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PREFACE 

The field of radio servicing has reached adulthood. Receiver 
circuits have become so complex that the day of the tinkering re
pairman is over. Definite and intricate areas of information are a 
necessity, but perhaps even more important is an approach to 
servICmg. It is the dual purpose of this book to furnish both the 
information and the approach required for successful radio servic
ing, especially for the beginner. 

It is assumed that the reader has acquired an elementary back
ground of radio theory prior to delving into service work. N ever
theless, elementary theory is presented in this book wherever it 
serves to make more clear a particular procedure. 

Design theory has been eliminated, since it is felt that such 
theory does not fall within the province of the serviceman. It is 
axiomatic that the serviceman must never redesign a receiver 
brought in for repair, unless so advised by the receiver manufacturer. 

A book of this size could not possibly cover all the variations in 
radio receivers, so the authors have confined their survey to the 
most widely used practices of the past ten years. It is felt that 
on this basis the serviceman will be able to comprehend other 
variations. 
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CHAPTER 1 

INTRODUCTION 

Functional Servicing.-Thinking, especially in the solving of 
problems, involves the application of random bits of information to a 
particular situation. Two distinct clements are involved in this 
procedure. The first is that sufficient information to draw from is 
available. The second is that the information necessary for the 
solution is applied to the particular problem. The first element is a 
static one; the information may be compiled in a book for continuous 
reference. The second element is a dynamic one and cannot be as
sumed to develop from the first clement unless specific exercise is 
provided. 

Too many servicing manuals and books are organized on the 
premise that servicing skills can be developed if only enough bits of 
information are presented. In this respect, they fail to develop 
functional skills. The learner finds his path a slow and uncertain one. 

The purpose of this book is to apply the psychology of learning to 
radio servicing. Basic information is presented at all times. In 
addition, the information is so organized that it develops whole 
dynamic procedures for application to specific radio troubles. 

Scope of the Book.-It would be impossible to present in any small 
book procedures for servicing all types of radio receivers, as well as 
all the variations of each type. For this reason, the scope is re
stricted to the most widely used receiver-the superheterodyne. 

All the individual variations could not be given. Therefore, a 
standard circuit, based on the most widely used practices, is pre
sented as the basis for study. This circuit is shown in Fig. 1-1. In all 
probability, there is no receiver that incorporates all the features 
indicated; but for study purposes, such a standard circuit will be 
found invaluable. Throughout this book, the standard circuit is 
broken down and analyzed by stages, in accordance with the plan 
described in the following section. 

All modern practices could not possibly be indicated in one 
schematic diagram. Therefore, a section on widely used variations 
in design is included in each chapter of stage analysis. It is felt that 
enough information will be obtained from the standard circuit and 
the variations sections to understand and service any other variation. 

1 



2 ELEMENTS OF RADIO SERVICING 

Finally, the latter part of the book is concerned with important 
topics that could not be handled in connection with the standard 
cIrcuit. These topics are the AC/DC power supply, the auto power 
supply, the service bench, etc. Each of them is important enough 
to merit a separate chapter. 

Organization of Dynamic Material.-In order to make the ma
terial of this book dynamically functional, information is presented 
in the sequence that it would be used practically in servicing a super
heterodyne receiver. Instead of proceeding from stage to stage in 
the order that a radio signal would pass from the antenna to the 
speaker, the stages are presented in the order that a serviceman 
would investigate a defective receiver. Standard radio-servicing 
procedures are given for each stage. In addition, simple practical 
tests performed by servicemen on the bench are presented. These 
tests are based on years of practical servicing experience. 

Each stage is analyzed in a similar manner. The outline of analy-
sis is presented below: 

1. Quick check for normal functioning of the stage. 
Q. Typical or basic circuit schematic. 
S. Function of the stage. 
4. Function and common value for each component part. 
5. Normal test data for the stage. 
6. Common troubles encountered in the stage. 

a. How they are found. 
b. Special problems involved in replacement of components. 

7. Variations from the typical stage that are frequently used; 
special trouble-shooting procedures in these variations. 

8. Summary of tests including outline of procedure to be followed 
in tracing various symptoms to their cause. 

The organization of the information, as outlined above, is the 
method by which the material information will become quickly 
functional. A little practice in its use will assure a quick practical 
approach to radio servicing problems. 

It should be understood that this book is not intended to be an 
encyclopedia of radio servicing. Once the method of attack is 
mastered, reference to service notes distributed by radio-receiver 
manufacturers will be more useful than before. 'Vhere an unusual 
circuit is encountered, such notes will prove to be of great value. 



CHAPTER 2 

SUPERHETERODYNE RECEIVERS 

Block Diagram of a Superheterodyne Receiver.-Before the stage 
analysis of the superheterodyne receiver is presented, it is advisable 
for the serviceman to have an overview concept of how it works. 
This picture will be obtained readily from a block diagram. Each 
block represents a stage that will be shown later in schematic and 
more detailed form. The accompanying wave forms or pictures of 
the types of electric currents show how each stage alters the signal 
entering it. It will be seen later that some of these stages may be 
omitted or that two stages may be combined into one. The block 
diagram of the superheterodyne receiver is given in Fig. 2-1. 

Q) 

1. RF (550 to I,GOO kc)-modulaled at audio 
frequencies. 

~. Tuned and amplified RF (550 to 1,600 h)-moG"-
lated at audio frequencies. 

S. Lnmodulaled RF (RF G) + 455 kc). 

4. IF (455 kc)-modulated at audio frequencies. 

5. Amplified IF (455 kc)-modulated at audio 
frequencies. 

6. Audio frequencies (50 to 10,000 cycles) for high
fidelity receivers. 

7. Amplified audio frequende, (;0 to 10,000 cydes) 
for high-fidelity receivers. 

8. Amplified audio fre'luencies (50 to 10,000 cye-b) 
for high-fidelity receivCfs. 

9. DC B-supply. 

10. 110-volt, 60-cycle AC supply or 110-volt DC 
supply. 

FIG. 2-1.-Block diagram of a superheterodyne receiver with associated wave forms. 

How the Superheterodyne Receiver Works.-An analysis of the 
block diagram shown will clarify this matter. Down the antenna 
come the modulated RF carrier signals of all stations within the 
receiving area of the set. In the broadcast band, they vary from 550 

3 



4 ELK"IENTS OF RADIO SERVICING 

to 1,600 kc. Before passing through the RF stage, one station i" 
selecbc'd by tuning and its signal is passed on. The modulated RF 
carrier signal is a high-frequency wave modulated or varied by a 
lower frequency wave. known as the "audio modulation." The audio 
modulations represent the useful component that will eventually 
drive the speaker. 

The RF stage merely amplifies the station to which we are tuned 
and passes the amplified signal with its audio modulation on to th,' 
mixer. The audio modulation retains the same wave form as the 
signal received at the antl'nna. 

The mixer and local oscillator work together as a team. Often the 
two stage functions are performed by one tube, which is called a 
"converter." The local oscillator is a generator of un modulated RF 
waves, automatically adjusted to a frequency of about 455 kc above 
that of the received station RF frequency. ·When the output of the 
local oscillator is mixed with the RF station frequency in the mixer 
stage, the resulting output of the mixer is at a frequency of 455 kc, 
with the same audio modulations as that of the original signal that 
came down the antenna. 

The 455-kc signal is then fed into the IF stage, which is fixed-tuned 
to about 455 kc. Here the signal is amplified and fed into the de
tector. The audio modulations still retain the original wave form. 

The detector stage removes the 45';;-kc RF component from the 
audio modulation component and passes the latter into the first 
audio stage. This detector is frequently referred to as the "second" 
detector, and the mixer or converter is called the "first"detcctor. 

The audio compon_ent enters the first audio stage, where its voltage 
is amplified. It still retains the same wave form as that of the original 
audio modulation on the station carrier. 

The second audio stage amplifies the audio signal even more, 
developing sufficient power to drive the speaker, which is a power
driven device. The audio signal still retains its same wave form 
at the input to the speaker. The speaker response is a series of sound 
waves. 

Power for the entire receiver is usually obtained from a nO-volt, 
60-cycle AC source or a nO-volt DC source. The power supply 
will rectify the AC supply, where such power is supplied, and will 
filter the rectified voltage to obta.in a fairly smooth direct current, 
which now becomes our B supply. ·Where nO-volt DC power is 
furnished, the power supply will merely filter it to obtain the B 
supply. In portable sets the B supply is obtained directly from 
batteries . 

. Using the Block Diagram.-It is important that the block diagram 
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shown in Fig. 2-1 be committed to memory before going on. Where 
test instruments are used, the input and the output waves of each 
stage will determine how to make proper settings. This is especially 
important in signal-substitution methods where a signal generator is 
used. 



CHAPTER 8 

SERVICING PROCEDURE 

Receiver Servicing Systems.-When a radio receiver is brought 
in for servicing, the demand made of the serviceman is that he put 
the set back into normal operation. The means is of relatively no 
importance to the customer. Although this end also becomes the 
aim of the serviceman, he is confronted with a more immediate goal. 
What method shall he follow in locating the defect? 

The various techniques that he uses can be grouped into a few 
systems of procedure, which are listed below: 

1. Reliance on sight, touch, smell, and past experiences with the 
same type of receiver. 

~. Part-substitution method. 
s. Voltage measurements across components. 
4. Point-to-point resistance measurements. 
5. Electrode-current checking. 
6. Signal substitution. 
7. Dynamic-signal tracing with a vacuum-tube voltmeter and 

oscilloscope. 

The first system is a self-evident one. Wherever a component 
appears to be broken or burned, or smells as if it has been overheated, 
or feels too hot, the assumption might reasonably be made that it is 
defective and should be replaced. Similar difficulties previously 
experienced with the same type of receiver might guide the service
man. Unfortunately, too many defects will not result in extremes of 
breakdown. Also, the defective component is not disclosed as the 
cause of the receiver failure or the result of some other defect. 
Finally, experience as th~ guide can at most be a helpful rather than 
an infallible aid. 

The second system involves the substitution of a part, known to be 
good, for a similar part that seems to be defective in the receiver. 
The weakness in this procedure is that it is too time-consuming by 
itself and may be useless where the trouble involves a number of 
defective components. 

The third system is one in which voltage measurements are taken 
across various components. When the observed values are compared 

6 



SERVICING PROCEDURE 7 

with normal voltage data, defective components are readily found. 
There are several weaknesses in this system when used alone. The 
time required to make all voltage checks in a modern complex re
ceiver makes it extremely inefficient. At the very best, it may be 
used alone for making routine checks. In addition, many defects 
will not alter voltage readings to an extent that would indicate where 
the defects may be found. 

The fourth system is similar to the third, except that resistance 
measurements are taken with an ohmmeter across the various com
ponents, rather than voltage measurements with a voltmeter. Used 
alone, this system has the same weaknesses as the voltage test. 

The fifth system is one in which current measurements are made in 
various portions of the receiver to locate deviations from normal 
values. It is not often used, because it involves either the opening 
of circuits to insert ammeters in series, or the use of special adapters. 

The sixth system is a popular one. A signal, similar to the one 
normally encountered in operation, is fed into the input of a stage, 
and the result at the output is then observed and compared with 
normal expectations. It is not suitable when used alone, since it 
primarily locates a defective stage without indicating the defective 
component. 

The last system is one that involves expensive equipment and 
complex techniques. Commercial instruments are of various types, 
but most attempt to analyze the stages of the receiver under actual 
working conditions. Basically, all are combinations of vacuum-tube 
voltmeters, capable of making measurements without loading the 
circuits tested, and are excellent for measuring weak signals in the 
order of microvolts. The signal indicators are of various types: 
oscilloscopes, electron-ray tubes, loudspeakers, meters, etc. These 
instruments readily indicate loss of gain of stages, distortion, inter
mittents, regeneration, oscillation, noise, and other conditions. How
ever, they still require supplementation by the multimeter and the 
signal generator. 

Which Servicing Procedures Shall We Use?-No one of the servic
ing systems referred to in the above section can be used with speed 
and efficiency when taken alone. Experience has shown that it is 
most efficient first to determine the defective stage by means of a 
signal check and then carefully to analyze that stage for defective 
components. 

This book assumes that the intelligent and combined use of the 
first four systems listed, plus the signal-substitution system, will give 
a highly efficient trouble-shooting procedure. Reference to the stage 
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analysis in later sections will give great facility in the proper com
bined use of the suggested systems. 

What instruments should the serviceman have? To follow the 
suggestions that are recommended, a voltmeter, an ohmmeter, and a 
signal generator are required. Two of these are combined in one 
popular instrument called a "multimeter," which combines a volt. 
meter, ammeter, and ohmmeter in one unit, with a switching device 
to obtain the desired function as well as the proper range. 

Order of Use of Instruments.-The advantages of the recom· 
mended procedures will become evident with use. The general rule 
to be followed in servicing a receiver is, first, to use the signal genera· 
tor in order to locate the defective stage or interstage components. 
The voltmeter and ohmmeter are then applied in order to close in 
for the kill, that is, the determination of the actual defective com· 
ponents. 

The latter part of this book breaks down a typical superheterodyne 
receiver into its stages and gives procedures for testing the normal 
operation of each one. For each stage, typical test voltage and reo 
sistance measurements are listed for comparison with those actually 
found in the defective receiver. In addition, where possible, practi. 
cal methods of testing stages are listed. 

Finally, the order of presentation of the stages analyzed is, in 
general, the order in which a serviceman would be expected to sub. 
ject the defective receiver to analysis. It is felt that in this way he 
will use this book with a more functional approach to his problem. 

The question might arise at this time as to the place of a tube tester 
in a service shop, since many receiver defects may be due to faulty 
tubes alone. A word with regard to this matter will explain the lack 
of emphasis placed on th~t instrument. 

There are two types of tube testers: the mutual-conductance type 
of tester and the emission tester. In the first, a small designated 
change of grid voltage is applied to the tube. The resulting change 
of plate current determines whether to call the tube good or baa. In 
the emission tester, the current flow or emission that results when the 
filaments are heated and a fixed voltage is placed on the plate deter
mines whether to call a tube good or bad. Emission decreases with 
the age of the tube. In addition, both types of testers have circuits 
for determinating whether there is leakage or a short between th" 
tube elements. 

The tube tester is suitable for testing rectifier tubes. However, 
for other tubes, it does not measure their operation under the same 
dynamic conditions that they encounter in actual operation. Tubes 
that test good in it may be poor in actual receiver operation. A far 



SERVICING PROCEDURE 9 

better check for the serviceman is to hook up the signal generator and 
an output meter to the receiver and observe the output. Then 
substitute a good tube for the one believed to be bad and compare 
the two outputs. Of course, where the customer brings only his 
tubes for testing, the tube tester is the instrument to use, its limita
tions being understood. 



CHAPTER 4 

MULTIMETERS 

A Typical Multimeter.-The multimeter is one of the radio service. 
man's constant companions. It is the instrument that finally local. 
izes troubles in the receiver after the defective stage is found. A 
typical multimeter is shown in Fig. 4-1. Its purpose is primarily to 

FIG. 4-1.-The Weston Model 772 multimeter. 

make voltage, current, and resistance measurements throughout the 
receIver. 

To perform its functions, the multi meter is a milliammeter, volt. 
meter, and ohmmeter combined in one case. In addition, it is de. 

10 



MULTIMETERS 11 

signed to furnish various ranges of current, voltage, and resistance 
measurements. To select a particular function and a particular 
range from the instrument, a front-panel selector switch is provided. 
Each position of the switch is labeled for that purpose. 

In describing the components of the multi meter, it is better to 
treat the voltmeter and ohmmeter as though they were separate. 
Nothing will be said about the milliammeter as a current-measuring 
device, since few servicemen will make such measurements without 
adapters. The only principle to be kept in mind, when currents are 
measured, is to be sure to be on the correct range. A good policy is 
to start at the highest range and switch down to lower ones until the 
correct one is reached. 

General Principles of the Voltmeter.-The purpose of a voltmeter 
is to indicate the potential difference or voltage between two points 
of a circuit. This is accomplished by connecting the two input 
terminaJs of the voltmeter to the two points to be tested in the cir
cuit. The placement of the voltmeter, in parallel with the circuit to 
be measured, brings up some interesting factors that will be described 
later. 

Ma.= milliammeter 
Rrn = series multiplier 

~'IG. 4-2.-.'\ basic voltmeter. 

Rm 
970n 

Ma.-30n 

+o-----~~-------o 

IV 

I rna 

FIG. 4-3.-Yoltmeter with 0- to I-volt 
range at full-scale deflection. 

Essentially, the voltmeter is a D'Arsonval galvanometer in series 
with a fairly high-ohmage resistor. The latter is commonly called 
the "multiplier." Figure 4-2 shows a basic voltmeter. The size 
of the multiplier determines the range of the voltmeter. A brief 
analysis will make this point clear. 
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Begin with a galvanometer that gives full-scale deflection at 1 
rna (0.001 amp). Such an instrument is usually called a "one-mil 
milliammeter." Assume that it has an internal resistance of 30 ohms. 
'Yhat must be the resistance of the multiplier to convert it into a 0 to 
1 voltmeter? When so converted, 1 volt placed across the milliam
meter and multiplier will drive 1 rna through it to give full-scale 
deflection, as shown in Fig. 4-3. Using Ohm's law, determine the 
resistance that will give this condition. 

R= 
E 
I 

1 
= 1,000 ohms 

0.001 

Since the milliammeter has a resistance of 30 ohms, the multiplier 
Rm must have a resistance of 1,000 minus 30, or 970 ohms. An instru
ment of this sort is called a 1,000-ohms-per-volt voltmeter, because 

Rm 
99,970n 

Ma-30n 

1 met 

+0----1111111111111..---0 
IOOV 

FIG. 4-4.-Yoltmeter with 0- to 100-volt range at full-scale deflection. 

1 \'olt is applied across 1,000 ohms: (1,000/1) = 1,000. This desig
nation is an indication of its sensitivity. 

Suppose that it was desired to convert the same milliammeter into 
a voltmeter of 0 to 100 volts. What must be the resistance of the 
multiplier? By similar reasoning, 100 volts now placed across the 
milliammeter and multiplier will drive 1 rna through it to give full-



scale deflection, as shown in Fig. 4-4. Using Ohm's law 10J' the total 
resistance, 

R= 
E 
I 

100 
= 100,000 ohms 

0.001 

Again subtracting the milliammeter resistance from the total re
sistance, we find that the multiplier must have a resistance of 100,000 
minus 30 = 99,970 ohms. Its sensitivity is still found to be 
100,000/100, or 1,000 ohms per volt. A switch is usually provided 
on the multimeter to give a voltmeter of different ranges by cutting 
in different multipliers. Such a switching device is shown in Fig. 4-5. 

12V 120V 300V 
\ I 

12V ... ~ "'600V 

~ 

o 0 
Schematic View Front Panel View 

FIG. 4-5.-1\Tultirange voltmeter showing range switch. 

In using various voltmeters, the serviceman may be surprised 
when he measures the voltage across two points of a circuit and ob· 
tains two different readings. His first impulse might be to say that 
one of the instruments is inaccurate. Yet they may both be right, 
and the serviceman must interpret his results more carefully. 

The explanation for this condition lies in the different sensitivitieE 
of the voltmeters. The example given above was for a 1,000-ohms. 
per-volt voltmeter. Commercial voltmeters with different sensitivi. 
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ties have been made. There are voltmeters with sensitivities of 100, 
125, 1,000, 2,000, 2,500, 5,000, 10,000, 20,000, and fl5,000 ohms per 
volt. For example, let us assume that a galvanometer requires 50 
microamperes (0.00005 amp) for full-scale deflection. What must be 
the size of the total resistance to give a voltmeter with a range of 0 to 
1 volt? From Ohm's law, 

E 1 
R = -1- = 0.00005 = flO,OOO ohms 

The sensitivity of this voltmeter is 20,000/1, or flO,OOO ohms per volt. 
Similarly, with the same basic movement, we could convert it into a 
voltmeter with a range of 0 to 100 volts. From Ohm's law, 

E 100 
R = -1- = 0.00005 = 2,000,000 ohms 

The sensitivity is still fl,000,000/100, or flO,OOO ohms per volt. 
Now, consider the following circuit in Fig. 4-6, across which 60 volts 
are dropped. 

RI 
100,OOOa 

R2 
100,OOOn 

FIG. 4-6.-Voltage distribution 
across two equal resistors. 

FIG. 4-7.-Measuring voltage with a 
1,OOO-ohms-per-volt meter. 

R2 and Voltmeter = 
50,DOOn 

FIG. 4-S.-Voltage distribution resulting 
from loading the circuit with a 1,OOO-ohms
per-volt meter. 

Since Ri = R 2 , the voltage 
dropped across each is equal 
and is 30 volts. If the 1,000-
ohms-per-volt voltmeter is con
nected across R 2, we have the 
condition indicated in Fig. 4-7. 
The voltmeter and R2 are equal 
in resistance and in parallel. The 
combined resistance of the par
allel branch is now 50,000 ohms, 
and the circuit now appears as 
in Fig. 4-8. Since the two resis
tors are now not equal, the volt
age divides differently, (100,000/ 
150,000) X 60, or 40, volts across 
RI, and (50,000/150,000) X 60, 
or 20, volts is dropped across R2 
and the voltmeter. The volt
meter reads flO volts. If the 
flO,OOO-ohms-per-volt voltmeter 
is substituted for the 1,000-
ohms-per-volt voltmeter, the 
condition indicated in Fig. 4-9 
prevails. The combined resist
ance of the voltmeter and R2 is 
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.FIG. 4-9.-:\Ieasuring the \'oltage with a 
20,OOO-ohms-per-volt meter. 

R,=IOo,OOOn 

R2 and Voltmeter-
95,238n 

FIG. 4-10.-Yoltage distribution resul1.
ing from loading the circuit with a 20,000-
ohms-per-volt meter. 

about 95,238 ohms. The circuit 
now appears as shown in Fig. 
4-10. Across Rh (100,000/ 
195,238) X .60, or about 30.7 
volts are dropped. Across Rz 
and the voltmeter are dropped 
(95,238/195,238) X 60, or about 
29.3 volts. The voltmeter reads 
29.3 volts. In both cases above, 
the effects of change of current 
when the voltmeters were con, 
nected have not been taken into 
consideration because the rela
tive results would still exist. 

Which voltmeter was correct 
in its reading? If interpreted 
properly, both gave correct re
sults. The serviceman may use 
either of the two voltmeters of 

different sensitivities, hut at all times he must interpret his results. 
Generally, it is true that, when the voltage across a high-resistance 
circuit is measured, the voltmeter of the higher ohms-per-volt sensi
tivity will give a more accurate reading. However, many radio 
manufacturers often give voltage tables in their service data, and 
specify "Readings taken with a 1,000-ohms-per-volt voltmeter"; 
and some multimeters have switches for changing from 20,000 to 
1,000 ohms per volt for the above purpose. 

'Vhere the voltage is measured across a low-resistance circuit, the 
difference in readings between the voltmeters of different sensitivi
ties is not so great. This fact is tabulated in Fig. 4-11. 

To summarize, the voltmeter of higher sensitivity gives the more 
accurate readings, especially when measured across high-resistance 
circuits. Thus, when cathode voltages across a resistor of several 
hundred ohms are measured, the 1,000- and 20,000-ohms-per-volt 
voltmeters will give about equally accurate results. However, when 
voltages in the plate circuits across resistors of hundreds of thousands 
of ohms are measured, the voltmeter of greater sensitivity will be 
the more accurate, and the limitations of one of low sensitivity should 
be kept in mind. The 1,000-ohms-per-volt voltmeter may be used 
almost everywhere, except in very high-resistance circuits like the 
AVe bus and the actual cathode to control grid voltage in the audio 
stage, where the usual grid load is 500,000 ohms. A 20,000-ohms
per-volt voltmeter will give a reading on the A ve bus, but it will 
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load the circuit and throw off its operation. For best measurement 
in this case, a vacuum-tube voltmeter, with a high internal im
pedance in the order of 15 megohms, will load the circuit least by 

I,OOOn/v Voltmeter 20,OOOn/v Voltmeter 

R, = IOOOn 

60V 60V 

R,=IOOOn 

--''--~~~~ 100,OOOn 
V 2,ODD,OOOn 

R,=IDOOn 

RzC!nd Voltmeter=990.ln R2 C!nd Voltmeter=999.5n 

FIG. 4-11.-Comparison between a 1,OOO-ohms-per-yolt meter and a 20,OOO-ohms-per-yolt 
meter in a low-resistance circuit. 

drawing only an infinitely small current. Regardless of which meter 
is used, the results must always be properly interpreted. 

The voltmeter section of the multimeter is usually designed for 
various ranges of AC as well as DC voltage measurements. The 
voltmeter is converted into an AC meter by placing a rectifier in the 
circuit, as shown in Fig. 4-1~. The rectifier converts the alternating 
current to direct current, which is then read on the DC meter. 
Different ranges of AC voltage may be measured by use of the range 
switch, as was done for the DC voltmeter. The rectifier is switched 
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in and out of the circuit by a separate switch, one position of which 
is marked AC and the other DC. 

Several considerations must be kept in mind when using the volt
meter. "'hen used as a DC voltmeter, polarity must be observed. 

--AC voltage --

FIG. 4-1'2.~T'ypi('al multirangc AC voltmeter. 

There is a positive terminal and a negative terminal. The test leads 
are color-coded, one red and the other black. The usual convention 
is to connect the red lead to the positive terminal and the black lead 
to the negative terminal. It is advisable to clip the black, or nega
tive, lead to the B minus of the power supply or the chassis, and to 
tap the red, or positive, lead to points to be tested in the receiver, 
This latter step should be done with one hand to avoid severe shocks, 

'Vhen using the instrument as an AC voltmeter, such polarity need 
not be observed. Either terminal may be connected to any point. 
The rectifier takes care of the polarity required by the voltmeter 
itself. 

A final important precaution to remember is that a high voltage, 
applied across the voltmeter when it is switched to a lm,y-voltage 
range, ",ill burn out the meter. Good practice is to switch to the 
highest range and then to decrease the range by steps until the 
proper one is attained. Of course, voltmeter readings in the receiver 
are always taken with the power from the mains turned on. Voltage 
measurements on a receiver are usually taken with the volume con
trol turned full on, and the tuning dial in an off-station position. 

General Principles of the Ohmmeter.-The ohmmeter is an in
drument indicating the amount of resistance that a component offers 
to the flow of a direct current. 'Yhen used to make such measure-
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ments in a radio receiver, the power must be shut off if we do not 
wish to ruin the ohmmeter by placing an external voltage across it. 

Basically, the ohmmeter is a milliammeter that requires current 
to energize it. Since the power in the receiver is off, another driving 
source of voltage is required. A battery is included in the instrument 
itself for this purpose. To compensate for any change in battery 
voltage as time goes on, a zero-adjusting rheostat is included. A 
basic circuit for an ohmmeter is shown in Fig. 4-13. The component 

Ma 

EJ: ______ ~-------
X Rx X 

E ; Battery 
Rz = Zero -adjusting rheostat 
Rc=Calibrating resistor 
Ma=Md I iammeter 
Rx; Resistor being tested 

FIG. 4-13.-Basic ohmmeter circuit. 

Rc 

to be measured is placed across the points marked x-x in the figure. 
If the component has practically no resistance, the milliammeter will 
be fully deflected. The higher the unknown resistance, the less the 
amount of current through the milliammeter, and the less the de
flection. For this reason, the zero of the ohmmeter scale is at the 
right and the scale increases toward the left. 

Unfortunately, the scale is not linear; that is, the units are not 
equal. Values of resistance at the upper, or left, end of the scale are 
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very crowded and hard to read. For this reason, a switching device 
is included to give various ranges. In some ohmmeters, the switch 
markings and scales present a problem in reading. For this reason, 
an example in reading would be of great value. Figure 4-14 shows 
the ohmmeter scale of a typical multimeter, with the meter needle 

FIG. 4-14.-Typicul ohmmeter scale. 

indicating a particular reading. Note that the left end of the scale 
shows ~K. The letter K stands for 1,000. Unfortunately, owing to 
previous practice, the letter M is often used for 1,000. This latter 
practice leads to confusion. For example, ~M ohms equals ~,OOO 
ohms, while ~Mc equals ~,OOO,OOO cycles. It therefore becomes 
necessary for the serviceman to interpret the meaning of M in 
schematics. This book will use K for 1,000 and M for 1,000,000. 

The ranges of such an ohmmeter are 0 to ~,ooo ohms; 0 to ~oo,OOO 
ohms; and 0 to ~ megohms. The switch ranges are indicated in either 
of two ways by multimeter manufacturers. These are shown in 
Fig. 4-15. 

The switch designation in Fig. 4-15B is more convenient, since 
it tells directly by what value the scale reading must be multiplied 
in order to get the true reading for each range. It is suggested that, 
if the ohmmeter of the servicemen has scale indications as indicated 
in Fig. 4-15A, he paste over the ranges multipliers similar to those 
at B. 
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Now what is the reading if the switch of our metpr is at R? Here 
th~ scale is read directly as 43 ohms, approximately. If the switch 
i.:; at the R X 100 range, the reading is 43 X 100, or 4,300 ohms. 

}

'OOO Ohms 

@ 20QOOO Ohm, 

2 Megs. 

(A) 

FIG. 4-15.-Typical onmmeter range switches. 

When the switch is at the R X 1,000 range, the reading is 43 X 1,000, 
or 43,000 ohms. 

A good rule to follow is to select the range that gives the resistance 
reading about the middle of the scale. Of course, since a battery is 
included in the ohmmeter and is properly polarized, no polarity 
need be observed when the resistance of components is measured. 

A final word must be said about making resistance measurements 
in the receiver with an ohmmeter. The serviceman must be sure 
that there is no parallel branch across the component that he is 
measuring. Reference to a schematic of the receiver being tested 
will aid in such determination. \Yhen in doubt, disconnect one 
terminal of the component under test. The serviceman will also 
encounter difficulty where an electrolytic condenser is in parallel 
with a tested unit. Normally, condensers are practically infinite in 
resistance to direct currents. But electrolytic condensers have a 
fairly low leakage resistance (from 1 to 50 megohms). The rule to 
follow, where such is the case, is to measure the resistance of the 
component, then reverse the ohmmeter prods, and measure again. 
This is done because the polarized electrolytic condenser will show 
less leakage in one direction than in the other. Use the higher of the 
two readings obtained as the reading for the unit being tested. If 
there is any doubt, disconnect one terminal of the component, as for 
parallel resistors. 



CHAPTER 5 

SIGNAL GENERATOR-INTRODUCTORY 

Fundamentally, the signal generator is a device for placing into the 
input of a stage a signal similar to that of the input signal, when the 
receiver is operating normally. In this way, it can be determined if a 
stage is operating normally. By placing the signal from the genera
tor at various strategic points, interstage coupling components can 
also be tested for breakdown. Finally, the signal generator is an 
invaluable aid in receiver alignment. 

Types of Currents.-A better understanding of the use of the 
signal generator will be obtained if time out is taken for a review 
of the various types of currents. The simplest type is the pure direct 
current. It is a flow of electrons at a steady rate in one direction 
through a circuit. Such a current would result from the use of a 
battery as a power source. The build-up and steady flow of such 
current could be represented as shown in Fig. 5-1. The fact that 

IOhm 

t 1+3~ ~t2 

1= +1 
OJ 

~ °IL-1---------------------~ ~Tlme 

u ..... 1 ~ Switch-on time 3V 

FIG. 5-1.-Circuit and waYe form for a pure direct current (DC). 

the current is steady is shown by the horizontal current line. The 
fact that the current flows in one direction is shown by the fact that 
the current line (graph) is always above the zero base line, in the 
plus direction. 

Another type of current is the pulsating or varying direct current. 
Here, the electrons always flow in one direction but at a varying rate. 
Such a current would result from a varying voltage source or from a 
varying resistance in the circuit. Figure 5-~ represents the varying 

21 
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direct current resulting in a circuit that includes a flasher button 
which changes the resistance from that of the lamp alone to an infinite 

I Ohm 

+-- , 
~/ 

FIG. 5-2.-Circuit and wave form for t1 varying dircet current. 

(open) resistance. Notice that the direct current flows only in one 
direction, as shown by the fact that the graph is always above the 
base line. 

A third important type of current is the pure alternating current. 
This current continually changes in magnitude and periodically re
verses in direction. An AC generator as a power source would pro
duce such a current, often called a "sine-wave current." Figure 5-3 

t 

IOhm 

... 
I 
I 

3 volts (peak) 
AC Generator 

';) +3 
~+2 
'3 +1 
:OF--+.:....:;..;+-+-~F-'---

---7 Time ~ -\ 
'- -2 
~ -3 

u 

1·'lG. 5-3.-Circuit and wave form for a pure alternating current (AC). 

represents a pure alternating current. That the magnitude is COIl

stantly changing is shown by the fact that every point of the current 
curve is different in value from every point adjacent to it. That the 
direction of electron flow is regularly changing is shown by the fact 
that the current curve regularly rises above and dips below the zero 
base line, first in the plus direction and then in the minus direction. 

Alternating and direct currents need not be mutually exclusive. 
They may be mixed and combined in a single circuit. Figures 5-4 
and 5-5 show two such combinations. In Fig. 5-4, a pure direct 
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current from a 3-volt battery and an alternating current (I-volt 
peak) are mixed in a circuit. The result is a varying di~ect current, 
whose average is 3 amp, varying I amp above and below the average 
at the same rate as the alternating current. In Fig. 5-5, two aI-

++3 
~+2 
t+1 
.3 01-----

FIG. 5-4.-Circuits and wave forms for mixture of DC and AC currents. 

ternating currents from two generators of different outputs and 
different frequencies are mixed. Sometimes their phase relationships 
are such as to add to each other; at other times, they oppose each 
other. The result is the regularly recurring AC wave form in the 
diagram that is like neither of the two pure sine-wave components. 

lohm 

AC Generator AC Generator, +4 
*1 *2 +3 

+2 
++1 

1 sec._ ~ 0 I-_~""";''-'':-~ f--It---I~.......,- - L 

3 -I 
u-2 

-3 
-4 

FIG. 5-5.-Circuits and wave forms for mixture of two AC currents. 

Types of Alternating Currents.-Alternating currents present 
many interesting aspects that require explanation. Refer again to 
Fig. 5-3. The complete movement of electrons back and forth 
through the circuit is called one "cycle." The figure shows one cycle 
completed in I sec. Hence the frequency of the current through the 
circuit is said to be one cycle per second. It is possible to have cur
rents of any frequency, even up to millions of cycles per second. 

On the basis of different frequencies and therefore use, alternating 
currents are divided into various categories. The first are the power 
frequencies, which are the alternating currents used to deliver power 
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to lamps, radios, electrical appliances, etc. The most common 
frequency in this group is 60 cycles per second. Other power fre
quencies arc '25 and 40 cycles per second. 

The second category makes up the, audio frequencies (AF). These 
are alternating currents of frequencies from '20 to '20,000 cycles per 
second. They are characterized by the fact that, when fed into a 
reproducer like a pair of earphones or a speaker, they produce an 
audible sound. 

A third category makes up the radio frequC'ncies (RF). These are 
alternating currents of frequeneies above '20,000 cycles per second. 
Currents of such high frequencies have two important character
istics. If fed into a pair of earphones, they will not produce an 
audible sound. Also, they tend to radiate energy, in the form of 
radio waves out into space, from the circuit in which the current is 
flowing. 

Audio Frequencies.-Sound, as it comes to our ears, consistis of 
nothing more nor less than vibrations of the air particles. However, 
our cars are limited to a relatively small range of vibration frequen
cies, about ~o to '20,000 vibrations pcr second. Anything below or 
above that range will not be heard; within it, different vibration 
rates will produce sounds of different pitch. 

'Vhen a sound falls on our eardrums, it causes them to vibrate at 
the same frequency as that of the sound itself. Similarly, when it 
falls on a microphone, it sets up vibrations at the same frequency as 
the sound. A microphone is designcd to produce alternating cur
rents at the same frequency as the mechanical vibration produced 
by the sound. If these alternating currents are amplified and fed 
into a reproducer, like a loudspeaker, they make it vibrate mechani
cally at a frequency equal to that of the currents. This mechanical 
vibration of the speaker makes the air around it vibrate at the same 
frequency, and the original sound is reproduced. This sequence is 
illustrated in Fig. 5-6. If the sound is complex instead of one fre-

~ ':~IIIIIIIII11II£t==iU:~=::::,~/ IAmplif"'i Amplif,::::O'"'(n))))))))))))))))))))1t 
Sound of 400-/sec currents' " 

400 vlbrCltlons/sec f 400 .! Amplified sound' 
o -;sec. 400 vibrCltions/sec 

FIG. ,Ii-G.-Basic sOilcd system. 

quency, the electrical currents produced will also be complex as a 
result of the combination of various alternating currents. The end 
result will be the same. 
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Radio Frequencies.-The problem confronted by a broadcasting 
station is to radiate into space energy that will eventually result in 
sound at the reproducer of the radio receiver. Unfortunately, AF 
currents will not radiate into space to any great extent. 'Vhen we 
get up to currents of frequencies above 20,000 cycles per second, the 
radio frequencies, radiation of energy into space as radio waves be
comes efficient. Unfortunately, the radio frequencies will not pro
duce sound at the receiver reproducer. 

To obtain the desired results, the sound-producing audio frequen
cies must be combined with the radiating radio frequencies. In this 
combination the radio frequency' is called the "carrier" and the 
audio frequency the "modulating currents." The combined current 
is called a "modulated cqrrier." This relationship is shown in Fig. 
5-7. The carrier is shown as a pure sine current at 1,000 kc (1,000,-
000 cycles per second). The audio current is shown as a pure sine 

RF at IOOOKc 

RF at 1000 Kc 
modulated 
at 400~/sec. 

FIG. 5-7.-RF earrier (1,000 k(') modlllated hy 400-('yde alldio note. 

current at 400 cycles per second. The modulated carrier is an RF 
current whose peaks (envelope) vary at the audio rate (.tOO cycles per 
second). 

This type of modulation of a carrier wave is known as "amplitude 
modulation" (abbreviatt>d A-M), since the amplitude of the carrier 
wave is made to increase and decrease at the same rate or frequency 
as the modulating or audio signal. 

Another type of modulation of a carrier wave is known as "fre
quency modulation" (abbreviated F-M). In this system, the audio 
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signal does not alter the amplitude of the carrier but alters the fre
quency instead, at a rate equal to the frequency of the audio signal. 
For example, if a 400-cycle audio note were modulating an RF car
rier whose frequency is 42 megacycles per second, the carrier would 
be made to shift above and below 42 megacycles 400 times each 
second. A graph of the F -M system is shown in Fig. 5-8. 

R F Carrier 
42mc 

More them 
42 me -'~ 

~ 

Less than; 
42mc 

More than 
" 42 me 
1 

~ 

Less than; 
4Zmc 

RF Carrier will make 400 
such variations in one 
second Only 2 such 
variations are shown 
in the figure. 

FIG. 5-S.-RF carrier (42mc) frequency-modulated by 400-cycle audio note. 

The branch of F -M receivers is a system by itself. Since most re
ceivers at the present time are still A-M receivers, this book will con
fine itself to that type alone. This procedure does not intend, how
ever, to imply that F-M receivers are of minor importance. 

Nature of an Electric Current.-The question of-the nature of an 
electric current should be cleared up at this point. Too much con
fusion has arisen from comparing different books. About 1765, 
Benjamin Franklin evolved a theory of electricity that became 
widely accepted. He believed that electricity (whatever it was) 
flowed in an electric circuit. By convention, he and many others 
assumed that electricity flowed from the + pole to the - pole. This 
conventional current flowing from + to - was described in technical 
literature for many years after, and still leads a virile life. 

However, in 1897, J. J. Thomson discovered the electron, and the 
true nature of an electric current in a circuit became known. An 
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electric current is the flow of negatively charged electrons through 
a circuit. Hence, the electrons must always flow from - to +, an 
idea opposite to that of the conventional theory. 

The confusion arises because many authors do not define which 
concept they have in mind when referring to current. As a result, 
many beginning students confuse the two ideas and erroneously 
assume that when we say current flows from + to - (Franklin's 
convention), we mean that electrons flow from + to -. On the 
contrary, when we say current flows from + to -, we should forget 
all about electrons. Franklin did not know that they existed when he 
adopted that convention. When we say current flows from - to +, 
we are up to date and talking about electrons. Throughout this 
book, the authors will use the newer concept of the current; a flow 
of electrons from - to +. 

Signal-generator Output.-The description given above will make 
the signal output from the signal generator more meaningful. 
Figure 2-1 shows the block diagram and wave forms of the super
heterodyne receiver. Various types of currents are encountered. 
Modulated radio frequency enters the aerial and produces modulated 
RF currents up to the mixer. The local oscillator produces pure 
unmodulated RF currents. From the mixer to the detector stage, 
modulated RF currents at a lower frequency (called "modulated 
intermediate frequencies," or IF), are encountered. From the de
tector to the reproducer, the signal is at audio frequencies. 

It is the function of t4e signal generator to generate all of the above 
current types to simulate regular receiver signals for testing. Figure 
5-9 shows the output voltages and currents obtained from most 
generators. 

Signal 
Generator 

I---+-Unmodulated RF ) into RF and IF stages 

I---+-RF modulated by400~ ~ into RF and IF stages 

I---+- Externa lIy-modulated RF ----+ into R F a nd I F stages 

t---+-400- sine wave AF---~. into Audio stages 

FIG. 5-9.-0utput voltages and currents from a signal generator. 

The unmodulated radio frequency of the signal generator is an 
alternating current or voltage of a frequency anywhere above about 
75,000 cycles per second (usually written 75 kc). A?y frequency 
above that lower limit is selected by means of the varIOUS controls. 
Audio frequencies are alternating currents or voltages ranging from 
llbout 20 up to 20,000 cycles per second. Most signal generators 
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have a fixed-frequency audio output of about 400 cycles per second, 
which is the standarcl test frequency. Another important output 
from the signal generator is a mixture of the radio frequency and the 
400-cycle audio. This is known as "400-eycle modulated radio fre
quency." It simulates a modulated RF radio signal. Means are 
often provided for mixing the RF with an external AF signal. This 
gives an output on the signal generator known "as externally modu
lated radio frequency." 



CHAPTER 6 

SETTING UP THE SIGNAL GENERATOR 

Block Diagram of the Signal Generator.-There are various dif
ferences in detail between one signal generator and another; basi
cally, they are very similar. A block diagram will show to best 
advantage the elements that make up an average signal generator 
(Fig. 6-1). 

RF 
Oscillator 

Attenuator R F Output 

(
Modulated when ) 
modu lation sWitch 
is closed. 

Modulation 
Switch 

AF 
05cillatorl------~ AF Output 

FIG. 6-1.-BIo('k diagram of a signal generator. 

The RF oscillator generates an RF voltage with a range of about 
75 kc to 30 megacycles. This range includes the intermediate fre
quencies of any standard receiver. The output from the oscillator 
itself is unmodulated. 

The AF oscillator, as its name implies, generates a voltage at an 
audio frequency, which is usually the audio test frequency of 400 
cycles per second. On some signal generators, the audio output is 
variable from approximately 100 to 10,000 cycles per second. The 
AF oscillator is used to modulate the RF voltage generated by the 
RF oscillator. In addition, most signal generators provide front
panel terminals where the AF output is independently available. 
This independent AF output may vary in voltage up to several volts. 
It is used to check the AF stages in the receiver. 

The modulation switch shown in Fig. 6-1 enables the operatcr to 
modulate the RF with the AF signal. The usual practice is to have 
30 percent modulation at an audio modulating frequency of 400 
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cycles. The 30 per cent modulation means that the RF voltage is 
made to dip and rise 30 per cent below and above its peak value, as 
shown in Fig. 6-2. Many signal generators make provision for 
modulating the RF voltage with an external AF signal of any fre
quency. 

The strength of signals at various test points throughout the 
receiver will vary greatly, beginning at the antenna and ending at 
the loudspeaker. Since the signal generator must substitute signals 

T 
100% 

...L 

FIG. 6-2.-A 30 per cent modulated RF signal. 

comparable to the actual signals, it must have a great range of out
put. This function of variable output is taken care of by an attenua
tor that breaks the complete range of output into steps and then 
gives smooth variation within each step. For the most part, the 
output readings obtained from the attenuator primarily furnish a 
value to any setting of the output, rather than give an exact micro
volt output for radio-servicing procedures. Later chapters in this 
book will make this statement more significant, especially in stage
gain measurements. 

Up to this point, the description of the signal generator has been 
generalized to give an overview picture. A more detailed discussion 
of the actual controls will give greater skill with the instrument. Of 
course, there is great variation in the control designations. Some 
common ones will be described and should be sufficient to aid the 
serviceman in understanding any other variations. The manufac
turer's instructions for all signal generators should serve as the final 
guide for operation. 

A Typical Signal Generator.-To get a better understanding of the 
various signal generators in existence today, it might help to syn
thesize a typical front panel of such an instrument and study its 
controls. Of course, there probably is no generator that has this 
exact make-up. Figure 6-3 shows the signal generator that would 
be constructed. On the left center is found the POWER switch to 
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energize the signal generator when it is to be used. On the right cen
ter is the OlJTPCT jack from which the various outputs for applica
tion to various test points in the receiver are taken. 

To determine the nature of the output, there is an OUTPUT SELECT 

switch for obtaining pure RF, modulated RF, or audio signals. This 
instrument is of the usual fixed AF type with an audio output at 400 
cycles per second. Therefore, when the OUTPUT SELECT switch is in 
the MOD. RF position, the output is an RF signal modulated approxi
mately 30 per cent by a 400-cycle audio note. 

4
5

6 {W 
o 10 

MICROVOLTS 

100 

10(&)'K 
I 10K 

MULTIPLIER 

o 
OUTPUT 

OUTPUT SEL. BAND SW. 

FIG. 6-S.-Front panel, showing ('ontrols of a typiml signal generator. 

The entire RF coverage is accomplished by the large tuning dial 
. in the center. This frequency range of RF output is quite large an( 
could not be covered in one sweep of the tuning dial. Therefore, a . 
band selector switch (BAND sw.) is provided to divide the complete 
coverage into bands. The complete swing of the tuning dial will 
therefore cover only one band. Four distinct bands are shown in our 
typical signal generator. They are labeled A, B, C, and D, each 
with a different range. Figure (j-3 shows band C chosen for coverage. 

The output level is controlled by the two dials marked MICROVOLTS 

and MULTIPLIER. The first of these controls gives the number of 
microvolts from 0 to 10. It is usually a potentiometer control. The 
second is a 5-point switch for a step attenuator and determines by 
what value to multIply the reading from the MICROVOLTS dial to get 
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the output level. The multiples shown are 1, 10, 100, lK (l,COO), 
and 10K (10,000). For example, the reading shown in Fig. 6-:~ 
would be 6 X lK, or 6,000 microvolts. The caution given in the 
previous section about the true value of this reading should be kept 
in mind. 

The general information given above is important because the 
serviceman should see in what ways all signal generators are alike. 
However, each specific instrument will have its own variations, and 
the service manual supplied by the manufacturer should serve as the 
guide. The next few sections will describe three different signal 
generators, to show how the controls should be operated to get the 
various outputs and output levels that are required in service work. 

The Precision E-200 Signal Generator.-In the Precision signal 
generator, the usual tuning dial is found in the upper center part of 
the front panel (see Fig. 6-4). Frequency coverage from 90 kc to 
QQ megacycles is performed in six bands, indicated as A, B, C, D, E, 
and F. The BAND SELECTOR switch is located at the lower left end 
of the panel. The frequencies covered by each band are as indicated 
below. 

A 90-250 ke 
B 2I5-GOO ke 
C 550-1,700 ke 
D 1.5G-5.0 me 
E :3.75-10.0 me 
F 7.4-22 me 

RF output is taken from two jacks above the BAND SELECTOR 

switch. ,\Vhen large output is desired, the jack labeled IIIGII is used; 
when low output is requircd, the jack labeled LOW is used. From 
these two jacks are obtained either unmodulated RF signals or RF 
signals that are modulated by the audio oscillator signal. 

The type of output is determined by the setting of the control at 
the lower right end of front panel. The settings of this dial are RF . 

. UNMOD., MOD. RF, EXT. MOD., and 400 '" AUDIO, giving unmodulated 
RF, modulated RF, externally modulated RF, and 400-cycle audio 
signal, respectively. The audio signal for the last-named position is 
obtained from two jacks labeled AUDIO SIGNAL under this control. 

The level of the audio output is determined by the setting of a 
control at the upper right end of the panel. This is labeled MODULA

TION CONTROL. The setting of this dial also determines the percent
age modulation of the RF signal when the output type control is in 
the MOD. RF position. The AF output is very high-sufficient to 
operate a high-impedance speaker directly without an intervening 
amplifier. 
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Attenuation of the RF output signal is accomplished by two con
trols at the upper left end of the panel. They are labeled RF CONTROL 

-1 and RF CONTROL-2. Each of these dials is arbitrarily divided 
into 10 main units. RF CONTROL-1 delivers increasing outputs at 
each position as the knob is turned clockwise. The oUlputs in these 
various positions are not calibrated but arc relative. RF CONTROL-2 

is a decimal multiplier. Thus, if the first dial is in position 3 and dial 

FIG. 6-4.-The Precision signal generalor, series E-200. 

2 is in position 7, it means that 7/ 10 of t.he total available outputfor 
position 3 of dial 1 is available. If dial 2 is turned to position 9, it 
means that 9/ 10 of the maximum available output for position 3 of 
dial 1 is delivered. If dial 2 is at position 10, then 10/10 , or all, of the 
available output for position 3 of dial 1 is U\·ailable. To get more 
output, return dial 2 to zero and set dial 1 in position 4. The greatest 
available output is delivered when dial 1 is at position 10 and dial 2 
is also at position 10. In other words, dial 1 sets the limit of output 
and dial 2 tells us how many tenths of that limit are being delivered. 
Note, again, that the two dials give no actual output reading but 
merely arbitrary positions for any output obtained. 

A final control on this signal generator is one marked AVC CONTROL. 

It determines the level of steady AVe voltage delivered to two jacks 
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marked AVC VOLTAGE beneath it. This A VC voltage is used for 
checking AVC operation in receivers, and in aligning receivers with 
AVC control. 

R.C.P. Model 704 Signal Generator.-The Model 704 signal 
generator produced by the Radio City Products Company (R.C.P.) 
is shown in Fig. 6-5. The large tuning dial is at the center of the 
front panel. Frequency coverage from 95 kc to 25 megacycles is 
performed in five bands, indicated as A, B, C, D, and E. The band-

FIG. 6-5.-The Radio City Products signal generator, Model 704. 

selector switch is marked FREQUENCY BANDS and is located at the 
upper left portion of the panel. The frequencies covered by each 
band are as indicated below: 

A 90-290 kc 
B 280-900 kc 
C 825 kc-2.7 me 
D 2.5-8.3 me 
E 8.2-25 me 

It should be noted that there is a sixth band on the tuning dial, 
labeled F. There is no position on the FREQUENCY BANDS control for 
this band; it represents a frequency coverage of 16.4 to 50 mega
cycles and represents the second harmonic output of band E. Note 
that analogous positions of the hairline on bands E and F always 
have a 1 to 2 ratio. 
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RF output is taken from the phone jack marked RF OUTPUT at 
the right end of the panel. From this jack are obtained either un
modulated RF signals or RF signals that are modulated by the audio 
oscillator signal. 

The type of output is determined by the setting of the toggle 
switch at the lower left of the front panel. In the UNMOD. position, 
the output is unmodulated radio frequency. In the MOD. position, 
the output is radio frequency internally modulated by a 400-cycle 
audio signal. 

Two pin jacks at the lower left end of the front panel, labeled 
AUDIO OUTPUT, furnish an audio signal at a frequency of 400 or 
1,000 cycles per second, depending upon the position of the toggle 
switch above the jacks. Audio output is obtained only when the 
MOD.-UNMOD. toggle switch is in the MOD. position. 

Attentuation of the RF output signal is accomplished by the two 
controls marked OUTPUT MULTIPLIER and ATTENUATOR. The 
attenuator is a potentiometer whose coverage is divided into 50 
divisions. The OUTPUT MULTIPLIER is a step attenuator with mul
tiples of 1, 10, 100, 1,000 (IMl), and 10,000 (10M). Thus, if the first 
control were at 35 and the second control at 1M, the indicated output 
would be 35 X 1M, or 35,000 microvolts. 

A toggle switch at the lower right of the panel, marked ON-OFF, 

turns the signal generator on or off. 
General Electric Model SG-3A Signal Generator.-In the General 

Electric signal generator, the tuning dial is found in the upper center 
part of the front panel (Fig. 6-6). Frequency coverage from 100 kc 
to 33 megacycles is performed in five bands, indicated as A, B, C, D, 
and E. The BAND SWITCH is located to the left of the tuning dial. 
The frequencies covered by each band are as indicated below. 

A 33-10 me 
n lO.G-3.2 me 
C 3.2-1.0 me 
D 1.0-0.32 me 
E 0.32-0.10 me 

RF output is taken from two jacks at the lower left end of the 
front panel. The one labeled lIIGH OUTPUT furnishes 1.5 volts of 
RF output, which is directly metered by a vacuum-tube voltmeter 
whose meter is at the right of the tuning dial. This high output is 
obtained at all frequencies except the very highest, where the ca
pacity of the output cable limits the output. A potentiometer knob 
to the right and below the meter permits adjusting the meter to zero 

INote that this manufacturer uses M for 1,000. 
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when used. For all test signals up to 100,000 microvolts, connection 
is made to an attenuator at the jack marked LOW OUTPUT. In the 
latter case, the vacuum-tube voltmeter measures the RF input to 
the attenuator. 

For outputs up to 100,000 microvolts the LOW OUTPUT jack is used, 
while maintaining 1.0 volt in the meter by means of the control 
marked POWER at the lower right of the front panel. The output is 
then the setting of the MICROVOLT scale (0 to 10) multiplied by the 
setting of the MULTIPLIER. Both of these latter controls are at the 

FIG. 6-6.-The General Electric signal generator, Model SG-SA. 

lower left of the panel. The MICROVOLT control operates a potenti
ometer, and the MULTIPLIER controls a step attenuator with the fol
lowing multiples: 1, 10, 100, 1,000 (lK), and 10,000 (10K). When 
higher meter settings are used, the output should be multiplied by 
the meter reading. 

For outputs over 1 volt, the IIIGII OUTPUT jack is used. The at
tenuator controls are then disregarded, and the output is set by the 
POWER control and read directly on the meter. 

The type of output obtained is controlled by the knob at the 
lower right, marked OUTPUT. In the UNMOD. position, the output is 
unmodulated radio frequency. In the MOD. position, the output is 
radio frequency modulated by a 400-cycle audio signal with 30 per 
cent modulation. In the AUDIO position, a 400-cycle signal up to 1 
volt may be obtained from the LOW OUTPUT jack. 

Energizing power to the signal generator is controlled by the 
POWER control. The positions AC OFF and ON are self-explanatory. 



SETTING UP THE SIGNAL Gl.;NI';RATOR 37 

Checking Signal-generator Calibration.-lt is important that the 
frequencies of the signal generator should be accurately calibrated 
and regularly checked. To make such a check, it is necessary to have 
a standard for comparison that is accurate. The frequencies of the 
broadcast stations are valuable in this respect, since each station is 
assigned a fixed carrier frequency from which it deviates to a negligi
ble degree. 

lt is not necessary to check the frequency calibration of the signal 
generator all over the dial. In radio service work a few test frequen
cies are important. These are 455, 600, 1,000 and 1,500 kc. The 
instrument will be extremely useful if these frequencies are accu
r:1tely determined on the dial. 

Let us see how we could make the check suggested above. Sup
pose that it is desired to see if 600-kc output from the generator is 
obtained when the frequency dial is set at 600. The output lead 
from the instrument should be connected through a 0.00025-mfd/ 
600-volt condenser to the antenna of a broadcast receiver. The 
generator ground and receiver ground should be commonly con
nected to a good ground. 

If there is a station whose carrier frequency is exactly 600 kc, the 
check will be quite simple. "We first tune our receiver sharply to 
that station. Then set the output selector switch of the signal gen
(Tator to unmodulated RF output. As we tune the frequency dial 
close to 600 kc, a high-pitched whistle is heard. This effect is due to 
a phenomenon known as "beats." For example, if the signal genera
tor were producing an output at a frequency of 605 kc, it would mix 
with the station signal of 600 kc and produce a beat note of 5 kc
the difference between the two signals. Since 5 kc is in the audio 
frequencies, it would be heard in the receiver as a whistle. As the 
generator output approaches the station frequency, the difference 
becomes less, producing a lower and lower pitched sound in the 
speaker, since the beat frequency becomes less. 'Vhen the two 
frequencies are identical or very nearly so, the beat note tends to 
disappear. At that position we have tuned for zero beat. As w(' 

tune the frequency dial past zero beat, we again begin to get the 
beat note. At zero beat, we could safely assume that the signal 
generator is at the same frequency as the station; namel:,-, 600 ke. 

lt is not always possible to find a broadcast station with the exact 
frequencies that we wish to check. Such would be the case in the 
metropolitan New York area. Suppose the serviceman in that 
vicinity wanted to cheek 600 kc on his signal generator. The nearest 
stations to that frequency are WMCA at 570 kc and WNBC at 660 kc. 
To cheek the signal generator at 600 ke, tune it for zero beat with 
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WMCA, the station to which the receiver is sharply tuned. At that 
position, the output of the generator is 570 kc. Suppose its tun
ing dial reads 5()0 kc. We can then assume that it is 10 kc off and 
that therefore an output of 600 kc would be obtained when the gener
a tor tu~ing dial is at 590 kc. To VErify, tune for zero beat with WNBC 
at 660 kc and note whether it too is 10 kc off in the same direction. 

Similarly, tuning-dial positions on the generator should be found 
for 1,000 kc and for 1,500 kc. ,The stations to use for 1,000 kc might 
be WAAT at 970 kc and WINS at 1,010 kc. The stations to use for 
1,500 kc might be WHOM at 1,480 kc and WQXR at 1,560 kc. 

Determining the true setting for 455 kc requires a different analy
sis, because it is outside the broadcast band. At first, it would seem 
impossible to check until we realize that, when a signal generator 
oscillator is set at 455 kc, it is not only producing an output of 455 
kc or thereabouts but also whole-number multiples thereof. There
fore, there would be concurrent signals at frequencies of 455 X 2 = 
910 kc, 455 X 3 = 1,365 kc, 455 X 4 = 1,820 kc, etc. These simul
taneous multiple signals are known as "harmonics." The funda
mental frequency of 455 kc is often known as the "first harmonic," 
455 X 2 as the "second harmonic," 455 X 3 as the "third harmonic," 
etc. Now, if we use the second harmonic of 455, or 910 kc, we find 
that it falls in the broadcast band. Therefore, set the signal genera
tor up as before, but tune on the band including 455 kc. The two 
stations for comparison near 910 kc are WCBS at 880 kc and WAAT 
at 970 kc. If we are tuning for zero beat with WCBS, our generator 
tuning dial should be at 440 kc, since we are using the second har
monic. If we obtain zero beat at 445 kc, the signal generator is off 
5 kc. An output of 455 kc will then be obtained at a dial position of 
460 kc. Again, this fact should be verified by beating the second 
harmonic of 485 kc from the signal generator with station W AA T 
at 970 kc. 

A special precaution is required when checking calibration in the 
IF band. If the check receiver employs an IF amplifier tuned to 
455 kc, a confusing double beat may be obtained, since the signal-gen
erator output may beat with the signal in the IF amplifier as well as 
with the test station. However, if the receiver is equipped with an 
RF stage and an IF wave trap, there is little likelihood of the signal 
generator's output beating with the signal in the IF amplifier, and it 
may be used. Another way of avoiding this effect is to use a receiver 
whose IF amplifier is tuned to a frequency quite different from the 
signal being tested. Furthermore, a TRF receiver, if available, could 
be used for calibration purposes, since it has no IF amplifier. 
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The proper settings for the important test frequencies should be 
recorded in some manner by the serviceman for later use. The same 
technique may be used for regions other than the metropolitan New 
York area by similarly choosing local stations close to the test 
frequency points. 



CHAPTER 7 

SIGNAL-GENERATOR APPLICATIONS 

Uses of the Signal Generator.-Throughout this text, varIOUS 
purposes will be served by means of the signal generator. First, the 
instrument will be used to determine if a stage and its associated 
coupling circuits are functioning properly. By placing the "hot" 
t'ad at various points in the radio receiver, this fact can easily be 
determined. This system of servicing is known as the "signal 
substitution" method and will receive more elaboration throughout 
the text. 

Another use to which the signal generator may be put is that of 
receiver alignment. For most receivers brought into the service
man's shop, this will not be a usual procedure. 'Yhere alignment is 
necessary, it is advisable to follow instructions given by the radio 
manufacturer. However, a generalized procedure will be given for 
those cases where the manufacturer's notes are not available. 

A third use of the signal generator is to determine if each stage is 
giving proper gain. In this respect, a standard output will be meas
ured by means of an output meter. Then the settings of the out
put of the generator will be compared with those necessary for each 
stage on a known good receiver, to obtain the above-mentioned 
standard output. 

How to Connect the Signal Generator to a Receiver.-The output 
from the signal generator is fed to the receiver being tested through 
a coaxial cable or a shielded connector cable. In either case, the 
external conductor is grounded within the generator and the center, 
or hot, lead is connected to the receiver test points. The hot lead 
is usually coded red, and the ground lead is either black or bare 
braiding. 

Both the signal generator and the rcceiver should be at the same 
ground potential. This condition may be obtained by connecting 
the ground lead of the signal generator to the receiver chassis, which 
in turn should be connected to a good ground. In AC/DC receivers, 
where the chassis is connected directly to one side of the power line, 
there is danger of a short circuit in following this direction. This 
danger may be overcome by connecting a condenser of about 
0.1 mfd/400 volts in series with the ground lead. 

40 
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Where the hot lead is to be connected to an inductance like an 
antpnna coil, it is advisable to use the Institute of Radio Engineers 
(I.R.E.) standard dummy antenna in series with the lead. This is 
shown in Fig. 7-l. 

Under normal circumstances in using the signal generator for sig
nal substitution service work, it is necessarv onlv to connect a con
denser in series with the hot lead. This pr;vent~ high DC potentia! 
points of the receiver from ruining the test instrument. In eaell 

Dummy ~ntenna 
I , 

Signal 
Generator .OOO~mfd. 20A.l.H 

r.x(eJ---+ ____ --;/~ To Receiver 
L..-_____ ...... --'--~- l)~ 

.0004mfd 400n 

FIG. 7-1.-The I.R.E. standard dummy antenna, connected to 
signal generator and receiver. 

case, the manufacturer's instructions should be followed. Gener
ally, a O.1-mfd/600-volt condenser should be used where IF and AF 
signals are delivered to the set. Where RF signals are delivered to 
the receiver, a O.00025-mfd/600-volt condenser may be used. When 
short waves (high-frequency RF signals) are fed to the receiver, a 
400-ohm resistor is used. 

Signal Substitution Method of Servicing.-The signal generator, 
as used through the remainder of this book, will primarily concern 
itself with signal substitution for servicing receivers. At various test 
points in the receiver it will introduce a signal, similar to the one re
ceived in normal broadcast reception, and the results will be observed. 
Where observed results are not normal or typical, trouble is in
dicated. 

A brief description will serve at this time to set down the outline 
of testing to check that each stage is operative. Figure 7-2 shows a 
simplified diagram of a superheterodyne with strategic points in
dicated by the ballooned numbers. Above each number is indicated 
the type of signal input for testing the applicable stage. The se
quence of the numbers is the order in which to make the test. 

Point CD tests the speaker itself. The test cannot be made unless 
a signal generator with a high level of AF output is available. Where 
such is the case, the audio note should be heard in the speaker. 

Point CD checks the operation of the second AF stage, once the 
t;peaker has b~en found to be in good shape. Because of the stage 
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amplification, a lower level AF signal is required at the input. If 
operation of the stage is normal, the audio signal should be heard 
clearly. 

Point CD is the test point for operation of the first AF stage, if the 
preceding tests check perfect. Once again a lower level AF input 
signal is required. Normal operation would result in a strong, clear 
audio note in the speaker. 

Point 0 is the test point for operation of the detector stage. It 
should be remembered, as always, that all previous checks have 
shown proper stage operation. A modulated IF signal introduced at 
this test point should produce a clear modulation note in the speaker. 
The intermediate frequency, of course, is that for the particular 
receIver. 

IF 2-AF 

IID'\ 
B+ B+ '= 

FIG. 7-2.-Signa\ chain of a superhetero(\yne receiver showing test points. 

Point CD is the test point for the IF amplifier. A modulated IF 
signal from the signal generator, at the IF for the particular receiver, 
should produce a clear modulation note in the speaker. The level of 
this signal input should be less than that for point 0, because of the 
gain of the IF amplifier. 

Point 0, the signal grid of the mixer, is the test point for the mixer 
and oscillator. A modulated RF signal injected at this point should 
produce the modulation note in the speaker if the oscillator and the 
mixer are both operative. If no note is heard, then introduce a 
modulated IF signal at this point. If the note is now heard, then 
the mixer is functioning and the oscillator may be assumed to be 
inoperative. 

Point CD is the grid of the RF amplifier tube. A modulated RF 
signal is introduced at this point to check the operation of the RF 
stage. Again, it should require less input signal at point CD than 
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was needed at point 0, the converter grid, because of the gain of 
the RF tube. 

Point ® is the test point for the antenna coil. A modulated RF 
signal at a lower level than for point CD should produce a clear modu
lation note in the speaker, if all else is well. 

The check procedure presented briefly here will be elaborated in 
the stage analyses given later in the book. It should be noted that, 
where coupling devices are to be checked, introduction of the proper 
signal at the input and the output of the coupling device should pro
duce modulation notes in the speaker. If the note is heard at the 
output but not at the input, then the device or its associated circuit 
is presumed to be defective. 

Using the Signal Substitution Method cf Servicing.-An example 
of how to use the signal substitution method in localizing a defect 
will make clear its value. Refer to the receiver whose schematic is 
:o-hown in Fig. 7-3. We assume a defect and try to localize it. Sup
pose IF trimmer condenser C-14 is shorted. The receiver is brought 
in with the complaint that it does not work. 

Voltage analysis will not disclose the defect, because the DC re
~i.stance of parallel coil L-6 is quite low, and the DC voltage drop 
across it is very small. Ohmmeter analysis of the receiver would be 
too lengthy if used by itself. 

Let us proceed by the signal substitution method. An audio sig
nal from the signal generator is delivered to the signal grid of the 
output tube. It is heard clearly in the speaker. This stage is con
sidered to be all right. The audio signal is then introduced to the 
grid of the type 14B6 tube. Again the audio note is heard in the 
speaker and the first audio amplifier is assumed to be good. A 
modulated IF signal is now introduced on the signal grid of the 
IF amplifier. The modulation note is heard clearly in the speaker 
tend the detector, and IF stages need no further investigation. Now, 
when a modulated IF signal is introduced on the signal grid of the 
type 14Q7 converter, the modulation note is not heard. This indi
cates that the trouble is between th(' converter signal grid and the IF 
amplifier grid. Then a modulated IF signal is introduced on the 
plate of the converter, and still no modulation note is heard. This 
localizes the defect between the plate of the converter and the signal 
grid of the IF amplifier. Thereafter, a simple ohmmeter check across 
the primary and the secondary (L-6 and L-7, respectively) of the 
first IF transformer will show the short across L-6. 

Receiver Alignment.-The average superheterodyne receiver has 
seven or more tuned circuits, each one of which has to be in resonance 
at its proper frequency for best operation of the receiver. The pro-
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c('dure for bringing these circuits to resonance at their operating 
frequencies is called "alignment." 

The signal generator is an invaluable tool in receiver alignment, 
since it is used to feed the proper aligning frequency to each circuit. 
The procedure consists essentially in connecting an output-measur
ing device across the speaker, which is the output of the receiver; 
feeding a voltage at the proper frequency to the circuit being aligned; 
and adjusting the variable component, usually tr:mmer condensers 
provided for the purpose, to a maximum deflection of the output 
meter. 

Alignment is necessary when one of the components of any tuned 
circuit becomes defective and is replaced. Alignment will also perk 
up a receiver where, owing to natural aging of the components with 
time and moisture, the tuning-circuit parts change in value. 

Stage-gain Measurements.-In a superheterodyne receiver, each 
stage, except the diode detector, amplifies the signal before it passes 
it on to the next stage. 'Vhen the serviceman has an idea of the 
approximate amplification or gain that may be expected from each 
stage and is equipped to measure it while making a signal check of 
the receiver, he has a powerful service tool for quickly determining 
the location of many troubles. 

For example, assume an open cathode by-pass condenser in a stage 
of a receiver that is perfect in all other respects. The receiver would 
produce a weak output. In servicing such a receiver by the old 
methods, tubes would check good, voltage measurements would be 
normal, and a routine ohmmeter check would also show nothing. 
The serviceman would then proceed to substitute parts, more or less 
at random, until he came to the defective condenser. 

'Vith the aid of stage-gain lIwasurenwnts, he would be examining 
the defectivc stage in a matter of minutes. Although h(' would still 
be confined to the substitution of parts, he would be doing so for th~' 
components of only one stage found to be defective. 

Accurate stage-gain measurements, as made in engineering labora
tories, would require a considerable outlay in the matter of test 
equipment. However, for servicing purposes, great accuracy is not 
necessary since the offending stage will usually be far below normal 
when the receiver is brought in as defective. Adequate stage-gain 
measurements can be made with the equipment that the serviceman 
has on hand-a signal generator and an AC voltmeter. 

The theory underlying stage-gain measurements is quite simple. 
The receiver is held at all times during the check at one output, 
known as "standard" output. A signal from the generator is fed in 
to the input of a stage, and the voltage of that signal, necessary to 
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produce standard output, is noted. Then the signal is fed into the 
output of the stage. The voltage level of the signal is increased 
until standard output is again obtained. By dividing the second 
voltage by the first we obtain the gain of the stage. This sequence is 
illustrated in Fig. 7-4. 

Let us take an example to illustrate the point. If 1 volt of signal 
at the input of a stage gives standard output, and the signal level 
must be increased to 10 volts to maintain the standard output when 
it is connected to the output of the stage being tested, then the gain 
of the stage is 10/1, or 10. 

Adjust Attenuator 
to obtain smndard 
output. 

h--------~, 
I I 

I : 
I I 
I Staqe I 

beinq 
tested 

Intervening Stages 

2-AF 
Output 
Stage 

AC Voltmeter 

~ 
Hold at pre
determined 
voltage for 

standard output 

FIG. 7-4.-Sequence of measurements to obtain the gain of a stage. 

The standard output used in stage-gain measurements has been 
set by the I.R.E. at 50 mw of signal power fed into the speaker. The 
output power may be measured by connecting an AC voltmeter 
across the speaker voice coil or, more conveniently, across the 
primary of the output transformer. In stage-gain measurements, 
the signal input level is adjusted to keep the output meter at the 
proper fixed value. This value corresponds to approximately 
16 volts across the output transformer primary for most receivers. 
During stage-gain measurements, the A VC system must be inopera
tive, or it will invalidate results. For this reason, the receiver output 
is maintained at the low level of 50 mw so that input signals neces
sary to attain that level will be too weak to activate t~e A VC system. 

The measurement points in the receiver for stage-gain checking 
are usually taken from one grid to the next. The amount of signal 
necessary to give standard output from any point in the receiver is 
often called the "sensitivity" of the receiver from that point on. 
When a signal of 3,500 microvolts is required at an IF amplifier grid 
to give standard output, the sensitivity of the receiver at the IF 
amplifier grid is said to be 3,500 microvolts. 

For the practical serviceman, exact sensitivity measurements are 
not necessary. Comparative sensitivity measurements will serve as 



SIGNAL-GENERATOR APPLICATIONS 47 

well. These may be obtained by actually making sensitivity meas
urements from various points in receivers known to be in perfect 
operating condition. In each case, the attenuator reading of the 
signal generator necessary to give standard output should be re
corded. When completed, thc readings for each point are averaged. 
As a result, the serviceman will have comparative data for determin
ing proper sensitivity from various points for any receiver brought 
in. For example, if the attenuator position varies greatly at the 
grid of the IF amplifier of a;n unknown receiver from the average 
setting just obtained, a defect in the IF amplifier stage is indicated, 
if all later stages check perfect. 

On the average, the sensitivity of radio receivers from various 
points may be summarized in the accompanying table. The diode 
detector is omitted because its purpose is not amplification but 
rather demodulation. 

Sensitivity. 
Generator Generator hot 

Output from 
average input 

frequency lead connected 
the receiver 

set at to 

5-12 microvolts 600 kc Antenna terminal Standard 
50 microvolts 600 kc Modulator grid Standard 
3,500 microvolts 455 kc (or other IF) IF grid Standard 
0.032 volt 400"'-' ]<'irst AF grid Standard 
1.6 volts 400"'-' Second AF grid Standard 

After having obtained the attenuator setting at various points to 
give standard output, the serviceman may assume that the input 
values are those given in the table. Thereafter, he may make due 
allowance if he has service literature from the receiver manufacturer 
giving sensitivity at various points. For example, if the service data 
indicate that, for a particular receiver, the sensitivity at the IF grid 
is 3,000 microvolts to give standard output, he knows that he must 
turn the attenuator up to give less than his comparative output, 
which is presumed to be 3,500 microvolts. 

Stage-gain measurements are readily obtained from sensitivity 
measurements. Suppose that the signal generator delivered an out
put of 50 microvolts to the converter signal grid to develop standard 
output. The sensitivity of the receiver from that grid would be 
50 microvolts. Now, suppose that the generator delivered an output of 
3,500 microvolts to the grid of the next IF amplifier to develop 
standard output. The sensitivity of the receiver from the IF grid 
would be 3,500 microvolts. The gain of the converter stage would 
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then be found by dividing the latter sensitivity by the former. It 
is found to be 8,500/50, or 70. 

Gain per stage varies in different receivers; therefore a small range 
of figures rather than a single figure would be desirable for compara
tive work. The accompanying table lists the various stages of a 
superheterodyne receiver, gives the test frequencies to the input 
of each, the ranges of gain for many receivers, an.d an average gain 

Stage Test frequency Hange of gain A verage gain 

Second AF. ... . ... 400 '" 5- 15 10 
First AF (high-mu) . .. 400 '" 40- GO 50 
IF. ..... . ...... ....... . 455 ke SO-IZO 100 
Converter. ... . .. 600 kc (iO- SO 70 
HF .. '" . ...... . ... 600 kc 2)- 40 25 

used in this book. For specific receivers, gain data furnished by the 
manufacturer in his service notes should be followed, if available. 

Examination of the service notes of a typical receiver will now 
show the value of this stage gain technique. Figure 7-5 shows the 
schematic for the receiver. Service notes given by the manufacturer 
give the data shown in the accompanying table. The dummy 

Average microvolt Generator fecder Dummy antenna 
input Genera tor set at (,OImccted to capacity 

---

3,700 455 kc IF grid 0.1 mfd 
50 455 kc .Modulator gri,1 0.1 mfd 
55 600 kc l\I 0<1 ula tor grid 0.1 mf,1 
15 600 kc Antenna terminal 400 ohms 

antenna capacity indicates values to be connected in. series with the 
hot lead of the signal generator. In each case, the input signal 
is given which results in standard output. From the data given, it 
is seen that, from antenna to modulator grid (at the same modu
lated RF frequency), there is a voltage gain of 55/15, or approxi
mately 8.7. From modulator grid to IF grid (at the same modulated 
IF frequency) there is a voltage gain of 3,700/50, or 74. Any wide 
variations from these gain measurements would result in an indica
tion of a defective stage. 

Another method of indicating stage gain is shown in Fig. 7-3. 
Here, stage gain is indicated between specified points. Beneath the 
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stage-gain value is indicated the frequency to which the signal 
generator must be set in making the check. 

The data may be analyzed as follows. The level of input signal 
from the signal generator at a modulated 1,400-kc frequency should 
be 11 times as great at the i'iignal hJ'rid of the converter tube as it 
is at the RF tube signal grid, to give standard output. This means 
th3;t there is a voltage gain of 11 due to the amplification of the 
RF tube. The level of input signal a;t a modulated 1,400-kc fre
quency should be 61 times as great at the signal grid of the IF am
plifier as it is at the signal grid of the converter tube, to give standard 
output. The level of input signal at a modulated 455-kc frequency 
at the detector plate should be 100 times ai'i great ai'i it is at the signal 
grid of the IF amplifier, to give standard output. The level of input 
signal at 400 cycles per second should be 31 times as great at the sig
nal grid of the output tube as it is at the signal grid of the first audio 
amplifier, to give standard output. And finally, the level of input 
signal at 400 cycles per second should be 5.8 times as great at the 
plate of the output tube as it is at the signal grid of the same tube, 
to give standard output. 



CHAPTER 8 

AC POWER SUPPLY 

Quick Check.-If all the tubes in the receiver light, there is no 
sign of overheating, the hum level is normal, and the B plus voltage 
measures 200 to 300 volts, the power supply is probably functioning 
properly, and the trouble shooter proceeds to check the next stage. 

Function of Power-supply Stage.-The power supply furnishes 
A, B, and C voltages for the rest of the receiver. The A supply 
lights the filaments of the tubes, the B supply furnishes the neces
sary DC voltage to operatc the plate circuit of the tubes, and the C 
supply furnishes DC grid voltage for the tubes. 

The power-supply stage can be a set of batteries, as is the case in 
portable and emergency equipment. Lsually, the lighting mains are 
employed to furnish the power. The power-supply stage, therefore, 
converts ~he nO-volt lighting supply into the necessary A, B, and C 
voltages for the receiver. 

Two main types of power supplies will be considered: the AC 
power supply for use on AC mains, and the so-called ACjDC type 
which permits receivers to be plugged into either AC or DC mains. 
The ACjDC power-supply stage will be treated in a later chapter. 

Theory of Operation of AC Power Supplies.-The basic parts of 
the power supply can be shown by the block diagram of Fig. 8-1. 

(lOY. 
AC 

Power 
Trans
former 

Rectifier Filter 
Circuit 

r-----''-a..-_B+ (250Y) 
Voltage +IOOV 
Divider 

,--_...r---B-
Amplifier 

L-.~-------------~FilQment 
6V 

FIG. 8-1.-Block diagram of AC power supply. 

The power transformer, by stepping voltage up and down, supplies 
high voltage for the rectifier in the B supply, and low voltage for the 
tube filaments. Tht' low-yoltage windings of the power transformer 
are all that is needed for the A supply. 

The rectifier allows current to flow in one direction only. Its out
put, therefore, is pulsating direct current. 
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The filter circuit smoothes the pulsating direct current from the 
rectifier into unvarying direct current, for use as the B supply. 

The voltage divider, as its name indicates, subdivides the available 
B voltage into lower values, as needed in various plate and screen 
circuits. Sometimes additional taps arc added, so that C voltage 
is obtained from the same source. 

Standard Circuit.-See Fig. 8-2. 

T-7 

V-6 
Red. 
SY3-G 

L-IS 
Field 

'--,.----..-- B+ (250V~ 
R-IS 
30,000 

f~ f'O _ ;0,'800 +100 

~_::-:-________________ -; .. _ All 

-!:-9- ""tm 

FIG. 8-2.-Slandarcl ('in'uit of AC PO\\('f supply. 

Functions and Values of Component Parts.-Transformer T-7 is 
the power transformer. It operates on tIll' principle of electromag
netic induction. Current in the primary sets up a magnetic field in 
the iron core. Since the primary current is alternating, the magnetic 
field is constantly changing in magnitude and direction: building up, 
collapsing, building up in the opposite magnetic direction, collapsing, 
etc., with each change in the alternating current. A cha~ging mag
netic field induces voltage in any winding that is exposed to it, and 
the greater the number of turns, the greater will be the induced 
voltage. At this point, the inability of transformers to operate on 
direct current can be easily seen. Direct current sets up a steady 
magnetic field, and voltage will not be induced in the windings. 

Power transformers for radio work are usually designed to oper
ate at 2 to 4 turns per volt. Assume a 2,-turns-per-volt transformer. 
Then the 120-volt primary will be wound with 240 turns. (Although 
the lighting mains are usually called "a 1l0-volt line," line voltage 
will actually measure more nearly 120 volts. Design work assumes 
a line voltage of 117.) Each 2 turns of secondary winding will have 
1 volt induced in it. The 5-volt winding for the rectifier filament 
will be wound with 10 turns, and the wire will be comparatively 
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heavy to carry the '2 amp, that the rectifier filament draws. 
The high-voltage winding, usually 700 volts, will be wound with 
1,400 turns. This will be fine wire, since the radio requires only 
about 70 ma (0.07 alllp) of B current. 

Caution: 700 volts is dangerous. Care must be exercised in 
handling and measuring the high-voltage leads. 

The filament winding f01 tk' other tubes in the receiver will be 
wound with 1'2 turns for 6 volts, and th:' wire will be heavy enough to 
carry the current drain of several tubes. In the older receivers, this 
winding is designed for '2 Yz volts at heavy amperage, to accommo
date the '2 Yz-volt tubes used. 

The high-voltage winding is always center-tapped for use in the 
full-wave rectifier circuit. The other windings are sometimes also 
tapped: the primary at the '220th turn, for use in areas where line 
voltage is low. The amplifier and rectifier filaments may also be 
tapped in the center. 

In table-model receivers, the power transformer is usually smaller, 
the main difference being in the high-voltage winding, which is ap
proximately 500 volts at 50 ma rathl'r than 700 volts at 70 or 90 mao 

The rectifier is a conventional full-wave circuit. Vacuum tube 
V-6 is an 80, 5Y3-G, or 5Y4-G. In large radio sets where the B 
current drain is heavy, the rectifier may be a 5Z3 or 5U4-G. The 
full-wave rectifier, operating from a 60-cycles-per-second source, 
will deliver to the filter 120 pulses per second. 

The filter circuit consists of L-15, C-15, and C-16. L-15 is usually 
the speaker field. It consists of a large numbcr of turns of wire, 
wound on an iron corc. Its action in the filter circuit is that of an 
inductor or choke. An inductor acts to retard any change in current 
through it in the following way. Any change in current will produce 
a change in the magnetic field. The changing magnetic field will 
induce voltage in any winding exposed to it, as it does in the case of 
the transformer. In the case of the choke, where there is only one 
winding, the voltage will be induced in that winding. Since the in
duced voltage is opposite in direction to the original source, it will 
always tend to oppose any change in current in the coil due to th~ 
varying magnetic field. The choke, therefore, has a high opposition 
to any change in current (alternating current or pulsating direct cur
rent), while its opposition to direct current (unchanging magnetic 
field) is comparatively low. Since the choke is connected in series 
with the power-supply output circuit, it tends to keep pulsations out 
of the output. 

Condensers C-15 and C-16 are connected across the power-suppJy 
output, one on each side of the choke. The action of a condenser in a 



;54 ELEJIENTS OF RADIO SERVICING 

circuit containing pulsations is to stabilize the voltage across it. 
When the voltage across a condenser is exceeded by the momentary 
peak from the rectifier, the condenser charges and absorbs the peak. 
During the lull between peaks from the rectifier, when the voltage 
would drop, the condenser discharges and maintains the voltage. 
Condensers 0·15 and 0·16 are high.capacity, high.voltage electro· 
lytic condensers. Often they are in the same container, which is 
called a "filter-condenser block." A common size would be labeled 
"20-20 mfd-450 volts DC-Surge voltage 525." Sometimes the 
block contains three condensers, such as the one pictured in Fig. 8-3. 

1\' ote.' The triangle, square, 
and half-circle on the label 
are to identify the individ
ual condensers in the block. 
They are repeated on the 
insulating strip near the 
proper soldering lugs. 

FIG. 8-3.-A filter-condenser block. 

R·15 and R·16 form the voltage divider. These vary considerably 
in size and ohmage in different receivers, depending on the voltage 
required. 'Vhere moreo than one intermediate voltage is required, 
there will be more than two resistors. In some circuits, intermediate 
voltages are obtained from series voltage.dropping resistors, as is 
done for the screen of V.3 in the standard circuit (Fig. 1-1), and 
R·15 and R·16 may be omitted entirely. Although R-15 and R·16 
may be as low as 5,000 ohms and as high as 50,000 ohms, they do not 
differ very much from each other. The value of 30,000 ohms each 
has been chosen for the standard average receiver. 

Switch 8-1 is the on-off switch for the radio. It is often ganged 
with the volume control. Switch replacement notes will be found 
together with Vohl"le control replacement notes in Chap. 11 on the 
first AF stage. 

Condenser 0·17 is the line filter. Its action is to remove various 
RF line disturbances, such as those caused by sparking brushes on 
electric motors, from entering the radio. The value of 0-17 is not 
critical. Values ranging from 0.002 to 0.5 mfd are found in various 
radios. 
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NORMAL TEST DATA FOR THE POWER-SUPPLY STAGE 

Check for Normal Stage Operation. 
All tubes light or heat. 
No sign of overheating. 
Voltage check-B plus to chassis-200 to 300 volts. 
Hum level-normal. 
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Most receivers normally have a slight hum, since it is rather costly 
to remove the last traces. This is known as "residual" hum, and 
the serviceman must have some way of determining whether the 
amount present is normal or excessive. A good check is to place the 
ear close to the speaker with no station tuned in. If the hum is 
just discernible, call it normal. This small amount will not be ob
jectionable when the ear is at its usual distance from the speaker and 
a station is tuned in. If noises from the RF amplifier interfere with 
the test, the RF end of the receiver can be made inoperative by 
removing the IF amplifier tube. If the test is being made with the 
speaker out of its cabinet, as is usual at the bench, the serviceman 
should remember that the cabinet bailie accentuates low-frequency 
response and, since 120-cycle hum is low-frequency, he should allow 
accordingly. 

If the quick check indicates trouble in the power supply, discon
nect the line plug and, before proceeding to further tests, discharge 
the filter condensers by shorting them. The filter condensers may 
retain a charge, with subsequent danger of shock or damage to test 
equipment. 

Normal Resistance Data.-Normal resistance data are given in 
the accompanying table. 
Plug prong to prong. . . . . . . . . . . . ..................................... 5-15 ohms 
Chassis to rectifier plates. . . . . . . . . . . . . . . . . . . . . . . . . . . ............... 150-200 ohms 
Rectifier filament to B plus, across speaker field. . . . ........... 1,000-2,000 ohms 
Chassis to rectifier filament.... . . . . . . . . . . . . . . . ....... 61,000 ohms 

The last reading will vary considerably, depending on the voltage 
divider design of the particular receiver. Presence of electrolytic 
condensers C-15 and C-16 will also affect the reading. In circuits 
containing electrolytic condensers, always reverse the test prods 
and take the higher reading. 

Normal Voltage Data.-Normal voltage data are given in the 
accompanying table. 
Rectifier filament to filament .............................................. 5 volts AC 
Across other tube heaters ..... ........... 6 volts AC 
Chassis to rectifier plate ....... 250-380 volts AC 
Chassis to rectifi"r filament. . . . ....... 265-400 volts DC 
Chassis to B plus. . . . . . . . . . . . .............. 200-300 volts DC 
Chassis to screen....................................... . .......... 90-100 volts DC 
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Small receivers tend toward the lower B voltages. Large receivers 
tend toward the higher B voltages. 1'h(' measured voltage from 
chassis to rectifier plate is the R:\lS or effective value. The rectifier 
voltage, measured from chassis to rectifier filament, is usually a 
little higher than the AC input owing to the action of condenser 
C-I5, which maintains the rectified voltage at more nearly the peak 
value. 

COMMON TROUBLES IN THE POWER SUPPLY 

All the component parts in thc power supply arc common sources 
of trouble. Even the rectifier-tubc sockct is not immune. In the 
case of the socket, dirt between the rectifier plate pins causes the 
high voltage to arc across, burning up the socket material. This is 

T-7 
I~---

leL:-17 

q l~_'8 L-16 I 
I -=-
I L-19 
I 

C-17 I +' lEL-l 
FIG_ 8- ct.-The power transformer. 

found by inspection, and the cure is obvious: replacement of the 
socket. The power transformer should be carefully checked, sinc(' 
the heavy drain may have damaged it. 

Troubles Common to Power Transfcrrners.~Thc power trans
former develops man~- ills, the chief cause of which is overheating 
due to overloads within the transformer or to external shorts. The 
ohmmeter check is not entirely reliable. For example, a few shorted 
turns in the high-voltage winding will not affect the ohmmeter read
ing to any great extent, whilc it will cause a heavy drain from the 
primary and consequent overheating. In a case like the above, 
even though thc voltage would be considerably reduced, the radio 
would keep on playing, and it might not be brought in for repairs 
until the overload had caused the primary finally to open or the 
owr.cr had become concerned about the smell from his radio. In-
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cidentally, the smell from a burned transformer is unmistakable, and 
the serviceman need only follow his nose to the trouble. When the 
trouble has been determined, it is wise to check for external shorts 
before replacing the transformer. As an example of the necessity for 
this, assume a partial short in the dial-light wiring of a radio. The 
radio continues to play, and finally the overload causes the trans
former primary to open. The serviceman quickly finds the open 
transformer, replaces it, checks the radio, which appears to operate 
satisfactorily, returns it to the customer, and, bdore long, the new 
transformer is burned owing to feeding current to the partial short 
that is still in the dial-light wiring. 

How to Check the Power Transformer.-Thc best check for 
normal operation of the power transformer is a wattmeter, or AC 
ammeter, connected in the primary circuit. The serviceman's 
multitester, however, rarely includes scaks and ranges that are 
suitable for this purpose. A good check with inexpensive equip
ment can be made as follows: 

1. Remove all tubes from the radio. 
~. Plug the radio into an outlet that contains an ordinary ~5· 01' 

40-watt lamp in series with the line, as shown in Fig. 8-5. 
3. A good transformer will cause the lamp just to glow. 
4. Any short that is present will cause the lamp to glow brightly. 
5. If a short is present, remove the transformer secondary leads 

fj:om their connection points, one winding at a time, to determine 
whether the short is internal or external; in the latter case, to de
LTmine which circuit contains the short. 

IIOV 

250r40 
Watt 
Lamp 

AC -v------o 

c 

E 
c 

FIG. S-5.-Cheeking the power transformer. 

To interpret the above checks, it might be well 11t this point to 
give some more transformer tlwory. \Yith all the tubes removed, 
the secondaries arc not drawing current, and consequently, the 
primary should not be drawing current. This would be true if the 
transformer were 100 per cent efficient. Since this is not so, the 
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primary will draw a small amount of current to overcome the 
hysteresis and eddy-current losses in the iron core. 'With the average 
radio power transformer, this small amount of current is sufficient to 
cause the series 25-watt lamp just to glow. This is the test for a 
good transformer. 

Now, assume some shorted turns, or a short in the 6-volt amplifier
filament wiring. The primary must furnish the power that this short 
consumes. The added primary drain causes more current to flow 
through the series 25-,vatt lamp, and the lamp glows more brightly. 
Now, suppose that we disconnect the 6-volt transformer leads. If 
the lamp brightness drops to just a glow, we must inspect the re
ceiver filament circuit for a short. If the lamp filament continues 
to glow brightly, even after all circuits have been opened, the short 
is within the transformer. 

'When a power transformer is replaced, an exact duplicate is to be 
prderred. If this is unobtainable, the serviceman is beset by a num
ber of questions. 'Yhat size shall I use? Which winding is which? 
How can I tell the windings apart? What shall I do with the extra 
leads? 

What Size of Replacement Power Transformer Should Be Used? 
-Replacement transformers are usually rated in the voltages and 
currents obtainable from the various secondary windings. These 
data must be compared with the calculated requirements of the tubes 
in the receiver being serviced. For example, checking the require
ments of our standard receiver with the tube manual, we obtain the 
information shown in the aceompanying table. 

A requirements B r(''1uir(,lllPnts 

Tube 
complement I Plate Screen 

Yolts Amp Yolts 
('urrent. nut current. rna 

5Y3-G {) 2 
tlH-G G .!1 O.G 2;,0 45 4.5 
6SQ7 (i !1 0.:1 2,m O.!l 

6K7 (i !1 o .!J 2;,0 7 1.7 
6AS 6.3 0.3 250 3 5 2.7 

4 

6K7 6.3 0.:1 2,;0 7 1.7 

i---·---

Total. ..... I {j 2 250 volts at 78 ma 'j 

I 
63 1.8 
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Allowing 100 volts for the speaker field, adding this to the plate volt
age requirement, and ~lllowing for the voltage divider drain, a re
placement transformer with the following rating can be used: 

5 volts at ~ amp 
700 volts (center-tapped) at 90 rna 

6.3 volts at ~ amp 

The high-voltage winding is sometimes labeled "350-0-350," which 
indicates 350 volts on each side of the center tap. This is the way 
the transformer is used in a full-wave rectifier. 

A good rule to follow, as a check of the calculations, is that the 
replacement transformer should be about the same physical size 
as the original. 

Primary 
Windinq 

Black if 
not tapped" 

Black E.-Red --1.'---... 

Black £, Yellow 

Black ------" 

I 

: Yellow 
:~Yellow E.- Blue } 

Rectifier 
Filament 

I - Yellow 
I 
I-r-----Red 
I 
I 
I 
I 

Red f, Yellow 

'-----Red 

HilJh
Voltage 
Winding 

Green Amplifier 
L ____ Green E.. Yellow} Fil.am.ent c----.... _____ G WI ndlng 

reen No.1 
Brown e--- Brown f, Yellow} 

.... -----Brown 
Shield ---., 

Amplifier 
Filament 
Winding 
No.2 

Fig. 8-(i.-Po\\('I'·trallsformer ('0101' ('ode. 

Power Transformer Color Code.-2\lost transformer manufac
turers color their leads in accordance with the Radio 1\lanufaeturers 
Association (R.M.A.) color code. This can be used to advantage 
for replacement and is given in Fig. 8-6. 

How to Identify Leads of an Uncoded Transformer.-In case the 
manufacturer does not follow the code, the leads can be determined 
with an ohmmeter and voltmeter as follows: 
1. Pair up the winding leads by means of an ohmmeter. 

a. First connect the ohmmeter to any lead and chpck for con
tinuity with all the other leads, as shown in Fig. 8-7 A. The 
lead that shows continuity is the other end of that winding or a 
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tap. In the casc of a tapped winding, threc leads will show 
('olltinuity. 

Ohms 

A 
Ohms 

Q 
~l: 

B 
FI". S 7.-··-l'air·illg til<' leads. 

b. Separate these two or three leads, as thc ease may be, and re
peat to find the other windings, as shown in Fig. 8-7 B. 

~. Read the resistance of each winding, as shown in Fig. 8-8. 

FIG. S-s.-Hcsistarwc of ea("h winding. 

a. The primary will show a resistance of 5 to 15 ohms (240 
turns). 
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b. The high-voltage winding will show a resistance of swo to 400 
ohms (1,400 turns) for the entire winding. 

c. The filament windings will show a reading of less than 1 ohm 
(10 or 1!2 turns). 

There will be no mistaking the high-voltage winding. Tape the 
leads so there will be no danger of shock. 
3. Connect the primary to the AC line, and ch('ck the voltage of 

the filament windings to determirH' which is the amplifier and 
which the rectifier filament windillg (Fig. 8-H). 

Q Tape 

~ 

FIG. H-lJ.-Idpntifying the amplifier healer winding. 

What to Do with Unused Leads.-The replacement transformer 
often has leads that are not used in the original wiring diagram of 
the receiver. The filament center taps, for example, may not be 
used. If this is the case, tape the unused leads so that they will not 
short and dress them neatly in the receiver chassis. If the unused 
center tap is of the tnw that has two separate wires in a single piece 
of spaghetti, solder these two win's together before taping the end. 

Sometimes the replacement transformer has an un coded lead that 
does not show continuity to any of the other leads. This lead will be 
the connection to a noise-reducing Faraday shield, between the 
primary and the secondan' windings. If the transformer has such a 
lead, connect it to a chassis soldering lug. 

General Replacement Notes.-Bdore concluding this section of 
replacement notes on power transformers, the authors would like to 
remind the serviceman that it is 11 sign of good workmanship always 
to be cardul of wiring and soldering and that this is especially im
portant when replacing the powel' transformer. A poor connection or 
resin joint can cause IlllWh trouble wlwn it is in the low-voltage high
amperage filament circuit. Poor insulation and sloppy soldering 
can also cause a messy recall job from flashovers in the high-voltage 
circuit. Of course, the line cord should be examined for frays, the 
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grommet should be examined for breaks, and the knot should be 
in place behind the grommet on' the inside of the chassis. 

Troubles Common to the Rectifier Tube.-Rectifier tubes usually 
have a long life. The 5Y3-G, for example, is rated at 1'25 ma of 
output current. This is rarely exceeded or even reached by the 
typical receiver; when it is, a larger tube, the 5U4-G, is usually em
ployed. As the tube ages, it gradually loses its emission, with a con
sequent loss in output voltage. Tube checkers are reliable in in
dicating this condition. Another check is a comparison of output 
voltage with another rectifier tube that is known to be good. Occa
sionally, rectifier tubes become gassy and glow with a purplish light. 
In this case, the receiver will not operate at all, or its speaker might 
emit only a low tearing growl. Replacement of the tube is the 
answer. The above applies only to high-vacuum rectifiers like the 
80, 5Y3-G, 5Y4-G, 5U4~G, etc. It is normal for a glow to appear in 
gas rectifiers like the OZ4-G and in mercury-vapor rectifiers like the 
8'2 and 83. 

Troubles Common to the Filter Choke (Speaker Field)-The 
common fault with filter choke L-15, the speaker field, is that the 
winding opens. This will be found on check, by no voltage at B plus 
and abnormally high voltage at rectifier filament. When he finds 
this condition, before checking to make sure that the field is open, 
the serviceman should pull the receiver plug and discharge the filter 
condensers. Input filter condenser C-15 rema ns at full charge, since 
there is no discharge circuit when the field is open. 

",,'hen the ohmmeter shows an open field, the serviceman should 
not rush too soon for a replacement. Especially when the speaker 
is not mounted directly on the chassis, speaker plug contacts and 
connecting cables should first be inspected carefully for the open. 
Sometimes the open is due to corrosion or a break at the soldered 
connection between the field wire itself and the connection leads 
that leave the field, and this can often be repaired. The field cover
ing is cut into near the lead to expose the connection. The broken 
end is then picked up, cleaned with fine sandpaper, and tinned before 
soldering the new connection. The lead must be securely taped into 
position, since mechanical stress will break the fine field wire. 

Replacement field coils are not often obtainable, nor are speakers 
often of a type that can be taken apart for this purpose. A procedure 
for replacing field coils where feasible is given in Chap. 9, on Speakers. 
As a general rule, the entire speaker must be replaced. "'here the 
exact duplicate cannot be obtained, the chosen replacement must 
match the original as nearly as possible in size, mounting details, 
wattage rating, resistance of the field coil, and impedance of the 
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voice coil. The output transformer can usually be transferred from 
the old speaker to the replacement. 

Troubles Common to the Input Filter Condenser.-The input 
filter condenser C-15 is the most common cause of trouble in the 
power-supply stage. It is a high-voltage, high-capacity electrolytic 
condenser of either the wet or the dry type. With time, electrolytic 
condensers lose capacity and open. '''hen this is the case, the B plus 
voltage will be low and the receiver will hum. The defect is con
firmed by bridging the condenser with a good one of similar capacity 
and noting the improvement. 

T-7 

~ 

V-6 
Red. 
5Y3-G 

L-IS 
Field 

,..-----t---_-'lIIOlr'---r----t-- B+(250V) 

+100 

~t ,..---------------. HAe~ters r eil7 
~~ ~ 

FIG. 8-10.·-.\ typical input filter condensN, and its position in the 
power-supply circuit. 

Condenser C-15 also has the highest DC voltage in the receiver 
across it. In addition, there are large surges in voltage across it. 
As a result, it is subject to voltage breakdown and shorting. When 
this happens, the B plus voltage is zero, and the rectifier-tube plates 
become red hot from the heavy drain of current into the shorted 
C-15. 

How to Check an Electrolytic Condenser.-The handiest check 
for an electrolytic condenser is a resistance measurement on the 
high-resistance range of the ohmmeter. '''hen the condenser is 
checked, the meter pointer will kick up and then drop. The meter 
test prods are then reversed. The meter pointcr should kick up 
further and then drop again. The surge of current, indicated by the 
kick, is caused by the condenser's being chargcd by the battery in 
the ohmmeter. "-hen the test prods are reversed, the charged con
denser adds its voltage to the battery in the ohmmeter, causing an 
increased surge of current, as indicated by the increased kick. An 
open electrolytic condenser will show very little of this charge-and
discharge current. 
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Electrolytic condensers normally have leakages, which will be 
different, depending on the polarity of the ohmmeter connections 
and that of the condenser. Definite values cannot be assigned to 
the ohmmeter readings of this leakage resistance, owing to differences 
in condensers as well as in ohmmeters. An_ approximation for con-

Ohms Ohms 

Ohmmeter 

o 
~~ 

CD 
~;j 

+ On Reversal of Leads 

FIG. 8~11.-Che('killg all eledrdytic condenser with an ohmmeter. 

denser 0-15 is 50,000 ohms with the test prods connected one way, 
and 500,000 ohms on reversal. The difference is due to the fact that 
the condenser is polarized. Condenser C-15 must be disconnected 
from the circuit for this test, since other circuits are connected in 
parallel with it. The above explains the general rule when making 
resistance tests in a circuit bridged by an electrolytic condenser: 
Reverse the test prods and take the higher reading. 

Replacement of the Input Filter Condenser.-When filter con
denser 0-15 is replaced, the capacity and voltage rating of the 
original should be used. A lower capacity may cause hum; a lower 
voltage rating may soon cause breakdown. Correct polarity must be 
observed since, if it is reversed, the condenser will overheat and 
possibly explode. 

Sometimes, input~filter replacement condensers continually break 
down. This is due to high surge voltage and is found in large re
ceivers. The high surge voltage is due to the fact that, when the 
receiver is turned on, the filament-type rectifier immediately fur
nishes high voltage, while the cathode-type amplifiers, which con
stitute the load, have not yet warmed up and are not drawing cur
rent. During the period of no load or low load as the amplifier 
tubes warm up, the voltage output of the power supply is high. 
Normally, in the average receiver, this is of no consequence, since 
the surge voltage developed from a 350-0-350 high-voltage winding 
is approximately 450 volts, well under the 5'25 surge-voltage rating 
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of an electrolytic condenser. In large receivers, however, where the 
tube complement includes a 5U4-G and two 6V6-G or 6L6-G tubes, 
the high-voltage winding may deliver higher voltage, and the 
voltage across C-15 may be 550 volts until the output tubes warm up. 
'Vhere this is the case, there will be repeated breakdowns of con
denser C-15. 

Surge voltage is easil,\" checked. Simply allow the receiver to cool 
down, connect the voltmeter across condenser 0-15, turn the re
ceiver switch on, and watch the voltmeter. If the voltmeter goes up 
to 425 or 450 volts wht'n the switch is first turned on, and then settles 
back to about 350 volts as the tubes warm up, there is little likeli
hood of trouble from surge voltage. If the surge voltage climbl! 
above 525, the safest procedure is to replace condenser C-15 with two 
condensers in series, as shown in Fig. 8-12. Condensers C-15A and 
C-15B should each be twice the capacity of condenser C-15, since 
two equal condensers in series have a total capacity of half of one of 
them. The resistors should be 1 watt, 1 megohm (1,000,000 ohms) 
apiece. Their purpose is to equalize the voltage across condensers 
C-15A and C-15B. Each condenser, therefore will have half of the 
total voltage across it. A circuit of this type, employing condensers 
of the same voltage rating, will withstand any surge. 

(-ISA 1,000,000 

(-15 B 1,000,000 

FIG 8-1'i!.-Conneeting two ('olldellsers to im'rease voltage rating. 

When condenser C-15 is replaced with a wet electrolytic, it is con
sidered good practice to re-form the condenser plates, which may 
have deteriorated from shelf life. To do this, connect the replace
ment condenser (observing polarit~r) across the output filter con
denser C-16, where the voltage is smoother and more suited to form
ing plates. Leave the radio turned on for about half an hour. If the 
replacement condenser heats, it needed the re-forming process. 
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When a shorted input filter condenser is replaced, it is advisable 
to check the rectifier tube to make sure that it was not damaged by 
the heavy overload. 

Troubles Common to the Output Filter Condenser.-Output filter 
condenser 0-16 is usually similar to the input condenser 0-15 and is 
subject to the same troubles; it opens and shorts. When it opens, 
there is no effect on the B plus voltage, but there may be excessive 
hum, squeal, or motorboating, or a combination of all three. Sub
stituting another condenser to see its effect is the fastest check. 
When it shorts, B plus voltage is zero, and the rectifier tube over
heats, but not to the point of red plates. 

Before condemning condenser 0-16, the serviceman should look 
for even a small B plus voltage. In parallel with condenser 0-16 is 

DEl 
I-AF 

FIG. 8-13.-Skeleton diagram of the standard receiver showing the B circuit. 

the plate circuit of every tube in the radio, and the short may very 
well be elsewhere. Figure 8-13 is a skeleton diagram of the receiver, 
showing only the plate and B plus circuits. If, for example, con
denser 0-1~ were shorted, B plus voltage would be low, the voltage 
at the rectifier filament would be almost normal, and the plate volt
age of the second AF tube, V -5, would be zero. It would be a good 
idea, therefore, to check all plate voltages before going further. 
Another good indication as to the location of the short would be an 
overheated resistor. Resistor R-4, R-~~, or R-~5 would be badly 
overloaded if condenser 0-4, O-~~, or 0-~5 were shorted. If these 
methods do not locate the short, it would be necessary to open 0-16 
as well as the rest of the B plus circuit, one wire at a time, and hunt 
for the short with an ohmmeter. When the short is located, if it is 
an item other than condenser 0-16, replacement notes will be found 
for it in the chapter dealing with its particular stage. 
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When replacing condenser C-16, the serviceman must be careful 
to observe polarity. Also, when replacing an open output filter 
condenser, he should be careful to remove the connection from it 
when, for one reason or another, the original condenser is left physi
cally on the chassis. Even though the soldering lug might be handy 
for the replacement condenser, leaving the old one connected in the 
circuit is a potential source of trouble. Output filter condenser C-16 
is not nearly so susceptible to high surge voltage as input filter con
denser C-15, and the usual surge voltage rating of 525 volts is ade
quate. 

Finally, condensers C-15 and C-16 are often contained in one filter 
block. The fact that one condenser has proved defective is no in 
dication that the other cannot still give long, satisfactory service. 

T-7 

\J-6 
Red. 

SY3-G 
L-IS 

Fiela 

~ 

'--..----- B+(2S0V) 

(-15 (-16 
R-IS 
30,000 

t---;~+190 

R-16 
30.000 

V:r; r-7--::-:::---------------,J" All J' -,l,-~ H"t", 

1" I" 
~----~ ~ ~ 

FIG. 8-14.-.'\ typi('al voltage-divider resistor and its position in 
the AC power supply. 

Whether to replace the single unit or the entire block is up to the 
indidivual serviceman. Usually, it is preferable to replace the block. 

Troubles Common to the Voltage-divider Resistors.-Voltage
divider resistors R-15 and R-16 in modern receivers are usually of 
the 1- or 2-watt carbon type. The defects common to both are that 
they open or change in value. 

When R-15 is open, the radio will not play and the screen voltage 
will be zero. The ohmmeter then confirms that R-15 is open. Be
fore going further the serviceman checks resistance from chassis to 
screen, since a shorted screen by-pass condenser may have been the 
cause of its failure. 

When resistor R-16 is open, screen voltage is high and the radio 
may oscillate. An ohmmeter check confirms the condition. 
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If either R·15 or R·16 changes in ohmic value, the screen voltage 
will be abnormal and the radio may oscillate. Again the ohmmeter 
is the final check. It must be remembered in making these ohmmeter 
checks on resistors ]l·15 and ]l·16 that electrolytic condenser C·16 
is across the pair of them and will affect the readings. In all cases, 
the ohmmeter test prods must be reversed and the higher ohmic 
reading taken. 

In replacing either R·15 or R.16, it would be well to check the 
wattage rating against the wattage formula W = E2/ R. In the case 
of R.15, E is the potential difference between B plus and the screen 
voltage; in the case of R·16, E is the screen voltage. For example, 
R·15 in the typical circuit is 30,000 ohms, B plus is 250 volts, and 
screen IS 100 volts. Then 

W = E2 = 150 X 150 = 15 = ~ = 0.75 watt 
R 30,000 20 4 

Since a resistor should have at least a 100 per cent safety factor, the 
required wattage rating for R·15 is 1.5 watts. There is no 1.5-watt 
size, and the next larger size usually stocked is 2 watts. The replace
ment for R·15, therefore, should be a 2·watt 30,000.ohm resistor, 
even though the original may have been a l·watt size. 

Voltage-divider resistors R-15 and R·16 are a 
possible cause of fading in the receiver. As they 
warm up in operation, they may change in ohmic 
value. This causes a change in screen voltage, 
which will cause a change in the amplification of 
the tubes whose screen voltage is controlled by 
R·15 and R.16, with a consequent change in 
volume, known as "fading." This condition can 
be checked by dipping the voltmeter from screen 
to chassis, leaving the radio turned on, and noting 
the reading before and after the fading. 

Voltage-divider resistors ]l·15 and R·16 are 
sometimes tapped wire·wound resistors, as in Fig. 
8-15. The defect common to this type is that 

Flu.S-15.- Tapped the resistors open; they rarely change in value. 
wire-wound resistor Defects are found by the same procedure as was 
used as a voltage 
divider. explained above for the carbon resistor type. 

When replacing a section, any resistor of the proper 
ohmic value and wattage rating may be used. However, it is not 
wise to leave the old unit connected in the circuit. The open may 
heal intermittently, with consequent noise and fading. A trouble· 
free replacement for a section is shown in Fig. 8-16. 
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Troubles Common to the Line Filter Condenser.-Line filter 
condenser 0-17 is a paper tubular condenser, whose usual capacity 
is 0.1 mfd. 'Yith the usual rating of 400 volts, voltage breakdowns 
are unknown. The condenser may open, and this would theoreti-

-Replacement Resistor 

/Wiring removed from 
lug on Open Section 
and placed on Tie Point 

FIG. 8-16.-Replacement for an open section of a voltage divider. 

cally cause greater interference from line disturbances. An open 
line filter condenser, hmVl'n'r, lmt~· cause entirely different effects. 
Owing to its position in the circuit, the receiver chassis is grounded 

FIG. 8-17.-Paper tubular condenser. 

through condenser C-17 by the lighting mains, one side of which is 
grounded. The receiver installation may have no ground at all or 
an indifferent ground, in which casp C-17 takes on a new function
that of grounding the receiver. This explains why reception (ab
sence of hum or noise) is often improved by reversing the plug on 
AC receiver installations. It also explains why a tiny spark or small 
shock is experienced when connecting a ground to a receiver. When 
C-17 is open, its grounding function is gone. The most annoying 
manifestation of this is known as "modulation hum"; that is, the 
receiver does not hum when making a hum check. The hum comes 
on as a station is tuned in. There wiII be no hum between stations. 
Standard procedure for modulation hum is to check the ground and 
condenser C-17. Bridging condenser C-17 with another condenser of 
like value is the cheek for an open condenser. 

VARIATIONS OF THE POWER-SUPPLY STAGE 

There are many variations of the power-supply stage having to do 
with transformer taps, voltage dividers, two-section filters for better 
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elimination of hum, and methods of feeding current to the speaker 
field. These have all been incorporated in Fig. 8-18, which is fairly 
representative of many large, high-quality receivers. 

Condensers C-17 and C-117 filter both sides of the line. The elec
trostatic shield in T-7 aids in reducing line disturbances. The pri
mary is tapped so that the receiver can be easily adapted for high
or low-line voltage. The line is also protected by means of a low
amperage fuse, F-l. The high- and low-line switch and fuse are 

T-7 
V-6 
Red 

e::==~5==U4J-_G_--,~L-115 

r-------_+350V 

+ (-16 

I 

L-15 
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'-.,.----1.....--+ 250V 

R-IS 

+IODV 

RI6 

B-

I~L_-'='-________________ : H:~lters 
1 

~ 
FIG. S-IS.-Typical power-supply stage for a large high-quality receiver. 

usually combined in a simple arrangement, as shown in Fig. 8-19. 
Clipping fuse F-1 into the position marked 110 VOLTS automatically 
connects the line to the 110-volt primary tap. The connections for 
the fuse clip terminals are indicated in the schematic diagram of 
Fig. 8-18 by the circles near fuse F-l. For the sake of long life 
for the filter condensers, the 120-volt position is safest. 

The filament windings are shown center-tapped. There may also 
be a second filament winding of 2.5 volts, for lighting the filaments 
of 2A3 power output tubes. The other tubes are of the usual 6-volt 
type. A second filament winding is not necessarily for 2.5-volt tubes 
only. Since these are multitube receivers, the filament drain is 
quite heavy, and the filament circuit is often split up into two lines 
fed by individual windings. If there is only one winding, the re
ceiver filament hookup wire is very heavy to take the heavy current 
load. 

The rectifier used is usually the 5Z3 or 5U4-G. In this type of 
receiver, tht' rectified output voltage is considerably higher than is 
the case in the standard receiver, and surge voltage may cause prob
lems. This was discussed in the section dealing with replacement 
notes for input filter condenser C-15. 
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Filter choke L-115 is a low-resistance, high-current choke coil. 
It is usually very rugged and rarely gives trouble. If it should open 
(probably owing to corrosion in a moist climate), the procedure for 
finding it is identical with that given for speaker field L-I5. Speaker 
field L-I5 and condenser 0-116 form the second section of the filter 
circuit and offer no new problems. Voltage divider R-I5 and R-I6 

IIOV 120V 
= 01------10 = 
Fig. 8-19.-Line-voltage adjustment fuse. 

is usually a wire-wound tapped resistor of lower ohmic value and 
higher wattage rating than is found in the standard circuit. The 
lower resistance drives more magnetizing current through the 
speaker field and also provides a load known as a "bleeder," which 
is always connected across the rectifier output, whether the amplifier 

T-7 
V-6 

ReC+ 
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FIG. 8-20.-Fixed-bias type power snpply. nsing" a tapped speaker field ill the 

negative U I .. ad. 

tubes have warmed up or not, and is therefore instrumental in keep
ing down the surge voltage. Incidentally, when QA~3 or 6A3 tubes 
are used in the power output stagt', since th('se are filament-type 
tubes, they draw current as soon as the filament-type rectifier tube is 
able to deliver it. In this case, surge voltage can be neglected en
tirely. 
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Fixed-bias Type Power-supply Stage.-Another common varia
tion in the standard circuit occurs wherc the filter choke is connected 
in the negative B supply lead. The action of filter choke L-15, as an 
inductance in series with the load to offer high opposition to pulsa
tions, is the same whether it is connected in the positive or negative 
side of the B supply line. 

Since the center tap of the high-voltage winding is of necessity the 
most negative voltage point in the receiver, by placing choke L-15 

T-7 

V-6 
Red 

SY3-G 
r-------~------~--------~------~~--~+2S0V 

+ (-15 
20 +----+iOOV 

\ri--.B~C+ 

'------.. C - (3V) 

+-------.C-(12.5V) 

r---------------------------------------+- Heaters 

-=-~ 
FIG. 8-!21.--l'owcr snpply furllishing (' voltage by means of It C voltage divider. 

in the negative power-supply lead the transformer end of choke L-15 
is more negative than the B minus or ground end, by the voltage 
drop across the choke. Control grids in amplifier tuhes are kept at a 
potential that is negative with respect to cathode. This is called the 
"grid-bias" voltage, or, more simply, C voltage. In the ahove circuit, 
the amplifier cathodes will be grounded and the grids returned to the 
point in chokP L-15 which will develop the proper negative bias 
voltage. Choke L-15 is usually an 1,SOO-ohm speaker field, tapped 
at 300 ohms for bias voltage. 

Modern variations of this cire-Hit use a resistor in the negative B 
lead to replace the tap on the choke. This resistor is often tapped, 
as sllOwn in Fig. 8-21, where the resi:;tor is represented by R-115 
and R-1l6. The purpose of the tap is to give more than one bias 
voltage. This is done to provide a low value of C bias for the UF 
tubes, and a higher value for the last audio stage. The tapped re
sistor is called a "C voltage divider." In circuits of this type, the 
speaker field L-15 may be found in the positive leg of the B power 
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supply, since the bias voltage is developed across R-115 and R-116. 
The most common type of () voltage divider is a wire-wound tapped 
resistor. 

Either of these systems of obtaining C voltage is known as "fixed 
bias," because the voltage is due to the entire B current of the re
ceiver passing through the resistor or speaker field. 

All the component parts serve the same purpose as in the standard 
circuit, and most of the replacement notes are applicable. The 
fixed-bias circuit is quickly recognized, since the cans of the electro
lytic filter condensers are insulated from chassis and will show nega
tive voltage with respect to chassis. If the electrolytic condensers 
are of the cardboard-covered type, the negative leads do not con
nect to chassis. If C-15 and C-16 are enclosed in one filter-condenser 
block, the positive is the common lead. 

In the test procedure, readings are not taken from chassis. For 
example, chassis to rectifier plate would not be checking the high
voltage winding but would include R-115 and R-116 and the speaker 
field. It would be best, when servicing a power supply of this type, 
to keep the receiver wiring diagram constantly at hand for reference 
to the proper test points for ch:'cking each component part. A good 
reference point for readings would be the center tap of the high
voltage winding. 
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SUMMARY 

Quick check for normal operation of stage. 

All tubes light. 

No signs of overheating. 

Hum level is normal. 

B plus voltage measures !WO to 300 volts. 

Typical AC power supply. 

Typical AC power supply is shown diagrammatically in the accompanying figure. 
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Normal resistance data. 

Plug, prong to prong ........................................... 5-15 ohms 

Chassis to rectifier plates. . ................................. 150-200 ohms 

Rectifier filament to 11 plus, across speaker field .. . .... 1,000-2,000 ohms 

Chassis to rectifier filament .................................... 61,000 ohms 

Normal voltage data. 

Rectifier filament to filament .................................... 5 volts AC 

Across other tube heaters ............. 6 volts AC 

Chassis to rectifier plate .................................. 250-380 volts AC 

Chassis to rectifier filament. .............................. 265-400 volts DC 

Chassis to B plus ........................................ 200-300 volts DC 

Chassis to screen ......................................... 90-100 volts DC 
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SERVICE DATA CHART 

Symptom Abnormal reading Look for 

Tubes do not light Plug prong to prong checks Defective line cord and plug. 
open with ohmmeter Open fuse. Defective line 

switch S-l. Open power 
transformer T-7 (primary) 

Rectifier-tube plates show Chassis-to-rectifier filament Shorted input filter conden-

red checks short circuit with ser 0-15. Check surge volt-
ohmmeter age on replaC'ement 

Rectifier tube overheats. B plus voltage checks zero. Shorted output filter con den-
Chassis to B plus eheeks ser {7-16. Short eircuit in B 
short cireuit with ohm- plus wiring 
meter 

Rectifier tube overheats B plus voltage low Zero plate voltage on ampli-
fier tubes. Short-circuited 
plate filter eondenser 

Hum B plus voltage low Open input filter {7-1.'i 

Hum B plus voltage normal Open output filter C-16. Open 
grid 

Oscillation or motorboating B plus voltage normal, or Open output filter 0-16 (or 
fluctuating with motor- 0-116) 
boat beats. Screen voltage 
normal 

Hectifier tube shows purplish Gassy high-vacuum type of 
glow rectifier tube 

Weak reception. 1\'0 sign of B plus voltage checks low Weak rectifier tube 
overheating 

No signal from speaker. 1\'0 B plus voltage checks zero Dead redifier tube. Open 
sign of overheating (discharge filter eondenscrl filter choke L-15 

No reception. 1\'0 hum. B Screen voltage zero Open voltage-divider resist-
plus voltage normal or R-15. short-circuited 

screen by-pass condenser, 
or both 

Modulation hum Poor ground, open line filter 
condenser 0-17, or both 

Fading Screen voltage changing, owing 
to defective voltage-divider 
resistors R-15 and R-16 

Oseillation SCTeen voltage high Open voltage-divider resistor 
R-16 
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QUESTIONS 

1. The tubes of an AC radio receiver do not light. List the varIOus possible 
sources of trouble in the order in which you would check them. 

2. An AC receiver does not play, and the rectifier plates get red hot. What is 
the most likely cause of the trouble? 

3. An AC receiver is brought in for hum. How would you check to see if the hum 
originates in the power-supply stage? 

4. An AC receiver does not play. A check of the receiver shows that the tubes 
light and that there is no sign of overheating or hum, but there is no B voltage. 
List the possible causes of the trouble, and explain how you would check for each 
one. 

5. After a shorted input filter condenser has been replaced, what two checks 
should be made before checking the receiver for normal operation? 

6. The power transformer of an AC receiver overheats. The radio plays, the 
hum level is somewhat high, and B voltage is low. A voltage check of the power 
supply shows 280 volts AC on one rectifier plate and 80 volts AC on the other. 
'Vhat is wrong? 

7. Describe the series lamp check for a short in a power transformer or its asso
ciated circuits. 

8. 'Vhen using the series lamp check on a receiver with an overheating power 
transformer, the lamp glows brightly until the amplifier filament wires are removed. 
'Vhere would you look for trouble? 

9. When a 5Y3-G rectifier tube glows with a purplish light, what is likely to bc 
wrong? 

10. Thordarson lists the following general replacement power transformers: 

--------------,---------------,------------------

Type No .......... . T-13Rll 

HV winding. . . . . . .. .5S0 volts CT at 50 rna 
Rectifier filament. 5 volts at 3 amp 
Filament No.1. . . .. 6.3 volts CT at 2 amp 

T-13R12 

700 volts CT at 70 ma 
5 volts at 3 amp 
6.3 volts CTat2Yzamp 

T-13R13 

700 volts CT at 90 ma 
5 volts at 3 amp 
6.3 volts..«t 3Yz amp 

----------------~----------------~--------------------------------

"Vhich one would you choose as a replacement for the receiver of Fig. 10-14? 

11. Which of the power transformers listed in question 10 would you use as a 
replacement for the receiver of Fig. 10-17? 

12. The receiver of Fig. 11-24 does not play. In checking the power supply, n 
voltage measures ~()O volts, screen voltage measures zero. "'hat should the next 
check be? 

13. The receiver of Fig. 10-14 motorhoats. What component in the power 
supply is likely to cause this condition? 
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14. The receiver of Fig. 10-17 does not play. A voltage check shows B plus to 
ground voltage equals ?cro, and B pIlls to the center tap of the high-voltage wind
ing measures low--abollt 100 volts. The C voltagp divider, resistors (46) and (47), 
overheats. A resistallce check shows B pIlls to ground checks short, and B plus 
to high-voltage center tap is 350 ohms. What is likely to be wrong? 

15. The hum level in a receiver is normal, but the receiver hums badly wh\~n 
certain stations are tuned in. "'hat component in the power supply can cause 
this condition? 

16. Resistor R-3 of Fig. 11-24 is found to be open. The 11 plus voltage measures 
~60 volts, and the IF screen voltage measures 85 volts. What should be the wattage 
of the replacement resistor? 



CHAPTER 9 

LOUDSPEAKERS 

Quick Check.-To determine whether a loudspeaker is func
tioning, momentarily unseat the second AF tube. A loud click 
should be heard. Where the output stage is of the push-pull type, 
removing either tube will produce the same result. 

Function of the Loudspeaker.-The loudspeaker is a device that 
takes electrical energy or power at audio frequencies from the 
second AF output stage and converts it into sound energy. Its 
fidelity of reproduction depends on its ability to convert into sound 
all the component frequencies at the second AF output. 

Types of Loudspeakers.-Many varieties of loudspeaker have 
paraded across the stage throughout the period of radio evolution. 
All of them, however, can be grouped into three main types: the 
magnetic loudspeaker, the crystal loudspeaker, and the dynamic 
loudspeaker. Much could be said about each of these, but the trend 
in recent years has been toward the dynamic type. Therefore, the 
balance of the description will concern itself with that type. 

Theory of Operation of the Dynamic Loudspeaker.-The theory 
of operation of a dynamic speaker is quite simple. In these speakers, 
the AF signal from the second AF stage is impressed across a small, 
free-floating coil of wire (called the "voice" coil), which is suspended 
in a strong stationary magnetic field. The AF current causes a 
varying magnetic field around this coil. This varying field reacts 
with the stationary field and causes motion of the voice coil. The 
latter is cemented to a paper cone which vibrates. with the voice 
coil and produces the audible sound waves. 

Two main varieties of dynamic loudspeakers have been developed. 
The difference between the two lies in the manner in which the sta
tionary magnetic field is produced. The two types are the electro
magnetic dynamic speakers and the permanent-magnet (P -M) 
dynamic speakers. 

In the electromagnetic type of dynamic speaker, a powerful sta
tionary magnetic field is created by passing a direct current through 
a field coil, wound on an iron core which is part of an eleetromagnet. 
The pole pieces of the electromagnet are brought very close together. 

78 
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The voice coil, suspended freely by means of its paper cone, rides 
between the field poles. AF currents are fed to the voice coil from 
the output transformer coupled to the second AF stage. (The out
put transformer may be mounted on the speaker unit itself.) The 
result is a vibratory motion of the voice coil and its attached cone. 
The outer edge of the paper cone is attached by means of soft leather 
or plastic, or even directly to its basket, so that the voice coil may 
float freely. A typical electromagnetic dynamic speaker is shown in 
Fig.9-1. A flexible membrane, called a "spider," is usually attached 
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FIG. 9-1.-A typical electromagnetic dynamic speaker. 

to the voice-coil form and guides its motion within the space between 
the center pole piece and the pot. A dust cap, usually made of felt, 
is cemented at the front end of the voice-coil form to prevent dust or 
other grit from getting in between the voice-coil form and the adja
cent poles. 

The other type of dynamic speaker is the P-M dynamic speaker. 
This type is exactly like the electromagnetic dynamic speaker ex
cept that the field is created by a permanent magnet, made of such 
material as alnico, rather than by an electromagnet. In all other 
respects, the construction and operation of the two speakers are 
identical. 
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FIG. 9-2.-Energizing the field coil; field coil used as filter choke. 
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FIG. 9-3.-Energizing the field coil; field coil across the rectifier. 
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FIG. 9-4.-Energizing the field coil; field coil used as a voltage divider. 



LOUDSPEAKERS 81 

Energizing the Electromagnetic Dynamic-speaker Field.-The 
field of the electromagnetic dynamic speaker must be energized by 
means of a direct current. This DC supply is usually obtained from 
the power supply itself. 

In most cases, the speaker field serves as a filter choke and there
fore passes through it direct current with a small ripple component. 
Such a circliit is shown in Fig. 9-~. 

In other circuits, the field coil receives its DC supply by being 
placed across the rectifier output. Such a circuit is shown in Fig. 
9-3. 

In other circuits, the field coil receives its DC supply by acting as 
a voltage divider across the filter circuit in the power supply. This 
circuit is shown in Fig. 9-4 . 
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FIG. 9-5.-Electrodynamic speaker with a hum-bucking coil. 

The Hum-bucking Coil.-The electrodynamic speaker is very 
likely to have a high hum component. This condition occurs be
cause the DC supply for the field is not pure direct current but has a 
ripple component that affects the voice coil. Several devices have 
been employed to reduce this hum in the speaker so that it is not 
objectionable. The most widely used device is the hum-bucking 
coil, which consists of a few turns of wire, wound on the center core 
and fixed stationary to the field coil. This hum-bucking coil, how
ever, is connected in series with the voice coil. The two coils are 
connected in such manner that any voltage induced in them will be 
in opposite phase and cancel out. Thus, the hum component from 
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the field coil will be canceled out in the voice coil. Figure 9-5 shows 
an electrodynamic speaker with a hum-bucking coil. 

Another device used to reduce hum from the field is the shading 
ring. Here, a thick copper ring, fixed between the field and the voice 
coil, acts as a single-turn coil in which eddy currents are produced 
and tends to shield the voice coil from the ripple component in the 
field coil. 

The hum-bucking coil is used in speakers in which the field coil 
is the filter choke. Speakers in which the field is connected across 
the rectifier output use a hum-bucking coil or a shading ring. Speak
ers in which the field coil acts as a voltage divider do not require any 
hum-bucking device, since they are being fed direct current from 
which the hum ripple has been removed. 

CHECKS FOR LOUDSPEAKER OPERATION 

When the quick check indicates trouble in the speaker or if the 
servicing complaint is rattles or poor tone quality, the speaker should 
be carefully tested. The following section describes the quick check 
in detail and discusses other tests that may be applied to the loud-
speaker. . 

Quick Check for Speaker Operation.-In the quick check, the 
.second AF tube is unseated. When this is done, a click should be 
"heard in the speaker. Unseating of the tube causes -the B plus 
voltage to the plate pin of the tube to rise to maximum, with a con
sequent surge through the primary of the output transformer. 
This surge, induced in the secondary of the transformer, momenta
rily energizes the voice coil and produces the click, 

This quick check does not tell us how well the speaker is func
tioning, merely that the voice coil is not open. 

To determine if the field coil of an electromagnetic dynamic 
speaker is open, a blunt piece of iron, like a socket wrench, should 
be held near the center pole piece. A perfect field coil will cause the 
tool to be attracted strongly. An open field coil will give either no 
attraction or a slight attraction due to residual magnetism. Un
fortunately, the dust cover may in some cases make this test some
what unreliable. Of course, this latter test is not necessary for a 
P-M dynamic speaker. 

Signal-substitution Check for Speaker Operation.-In the signal
substitution test, an audio signal is fed into the speaker, and its 
response observed. The test may be made with a signal generator 
whose level of audio output is sufficiently high to drive the speaker 
directly. 
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The "hot" lead from the signal generator is connected, in such 
case, to the primary of the output transformer, and output from the 
generator is turned on full. The receiver is turned on to energize 
the speaker field, if the speaker is of the electrodynamic type. The 
receiver should be tuned to an off-station position, and its volume 
control set to minimum position to remove any station signal from 

. interfering with the test. When the signal generator is turned on, 
the audio note should be heard clearly and loudly, if the speaker is 
operative. If no note is heard, the voice coil is probably open. If 
the note is weak, the field coil is open or not receiving sufficient 
current. 

If the signal generator is of the type delivering a variable-fre
quency output, other checks may be made. After the test just 
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FIG. 9-6.-Checking a speaker with a beat-frequency oscillator. 

described indicates that the speaker is operative, its frequency re
sponse may be checked by swinging the signal generator output 
from low audio frequency through high audio frequency. In addi
tion, this last check will indicate rattles from the speaker or a vibrat
ing component in the receiver. Sympathetic vibrations of objects 
in the receiver, at anyone audio frequency, will also be found. 

The tests just described may be made with a beat-frequency os
cillator (BFO), if that instrument is available on the service bench. 
It furnishes high-level, variable-frequency audio output. The out
put from the BFO is a pure audio wave form, with good frequency 
and output stability. 

In using the BFO to check speakers, the speaker and the BFO 
are hooked up as shown in Fig. 9-6. Its proper impedance output is 
connected across the voice coil. It is not 'necessary to disconnect the 
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voice coil from the secondary of the output transformer. If the 
speaker is of the P-M dynamic type, the test may now be made. 
If it is of the electrodynamic type, the receiver must be turned on to 
energize the speaker field. Then tune the receiver to an off-station 
position and reduce its volume control to minimum position. Adjust 
the BFO at a low output level for a 400-cycle note, which should be 
heard in the speaker. As with the signal generator, no note indicates 
open voice coil; a weak note indicates that the field coil is open or not 
receiving sufficient current. 

If a normal response is heard, the BFO frequency control is ro
tated from low to high frequency. The sound will indicate the 
frequency response of the speaker. In addition, rattles and sym
pathetic vibrations will be found. 

Substitution of a Test Speaker.-When the serviceman is not sure 
that the speaker is the cause of weak operation or distorted output, 
substitution of a test speaker will resolve this doubt. If the dis
tortion also appears in the test speaker, the cause is in the receiver, 
etc. A description of a bench test speaker is given in Chap. 24 on 
the Service Bench. 

Resistance Check for the Loudspeaker.-In the final analysis, 
the speaker is checked with an ohmmeter. To test that the voice coil 
is neither open nor shorted, disconnect it from the secondary of the 
output transformer and measure its ohmic resistance with the ohm
meter. It should have the resistance indicated by the receiver 
manufacturer on his schematic. If this information is not indicated, 
voice-coil resistance measurements are found to vary from 2 to 15 
ohms, the higher values being found in larger speakers. 

The resistance of the field coil may be measured without discon
necting. There will be considerable variation from receiver to re
ceiver, and it is best that its value be determined by actual reference 
to the schematic diagram. However, average values will be given 
where schematics are not available. 

Where a field coil acts as a filter choke in the power supply, as 
shown in Fig. 9-2, its value may be found on the average to be as 
follows: 

For AC receivers ..................................................... 800-~,000 ohms 
For AC/DC receivers ..................................................... 450ohms 

Where a field coil is connected across the rectifier output, as shown in 
Fig. 9-3, its value may be found on the average to be as follows: 

For AC receivers ................................................. 6,000-10,000 ohms 
For AC/DC receivers .................................................... 3,000 ohms 
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Where the field coil is part of the voltage-divider system, as shown 
in Fig. 9-4, no average value can be given, and the serviceman should 
refer to the schematic diagram and service notes for the receiver 
being checked. 

TROUBLES COMMON TO THE LOUDSPEAKER 

From the servicing point of view, the loudspeaker may be re
sponsible for many receiver defects. The receiver may be dead be
cause the voice coil is defective, or because the field coil, acting as a 
filter choke in the power supply, is open. The receiver may produce 
a weak output because the speaker field, used across the rectifier 
output, is open. Strange rattles may develop because of loose parts, 
torn cone, off-center voice coil, dirt between the voice-coil form and 
the field poles, or sympathetic vibrations of parts within the receiver. 
Each defect will be described from the point of view of its source. 

Troubles Common to the Voice Coi1.-Many receivers are brought 
in for servicing because of troubles attributed to the voice coil and 
its associated paper cone. Such conditions may be an open voice 
coil, an off-center voice coil, dirt and grit between the voice coil 
and the field pole pieces, loose voice-coil wires, broken cement be
tween the voice coil and the paper cone or spider, and a broken lead 
from the voice coil to the voice-coil connection strip. 

If a receiver is brought in as dead and unseating of the second AF 
tube does not produce a click, the voice coil may be presumed to be 
open. The signal-substitution and resistance check for continuity 
may then be used to confirm the condition. If an open is found, 
the leads to the voice coil should be inspected to see if one has not 
broken loose. The lead may be resoldered. If the open is in the 
voice coil, it is not advisable to try to rewind it. Rather, it and its 
associated paper cone must be replaced with an exact duplicate. 

Replacement of a voice coil and cone involves several steps, exe
cuted with extreme care. First, an exact duplicate is necessary. If 
such is not obtainable, a new speaker unit must be obtained. Second, 
the voice coil must be properly centered around the center pole 
piece. 

Centering of the voice coil is dependent upon the variety of speaker 
used. Usually, the outer edge of the paper cone is fastened to the 
outer housing or basket of the speaker by means of a ring and several 
bolts and nuts or cement. The voice coil itself is kept centered and 
freely floating by means of a membrane, called a "spider," which is 
cemented to the voice coil. The spider permits movement of the 
voice coil parallel with the length of the center pole piece but re
strains it from making sidewise movements. 
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Several types of spiders are used. One, shown in Fig. 9-7, is 
attached to the paper cone near the voice coil. A bolt through the 
center attaches it to the center pole piece. When a replacement is 
made, the new voice coil and cone should be placed over the center 

Spider 

Centering 
Bolt 

Outer Housing 
(Basket and Ring) 

.-..--\----T-- Pa pe r Cone 

Center 
Pole-Piece 

FIG. 9-7.-Front view of a speaker, showing the spider. 

pole piece. By means of cone-centering shims, which are flat steel 
or fiber strips made for the purpose, the voice coil should be centered 
around the center pole piece. The shims are inserted through the 
spaces in the spider between the center pole piece and the voice-coil 

FIG. 9-8.-Centering a voice coil with three shims. 

form, as shown in Fig. 9-8. Use three or four shims evenly spaced, 
depending on the spider structure. Then tighten the centering 
screw. This retains the voice coil in a centered position. Then 
fasten the outer rim of the cone, by means of cement or nuts and 
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bolts, to the basket of the speaker. Finally, remove the shims. A 
check is then made to see that the voice coil floats freely. Move it 
gently in and out manually, and watch for rubbing against its sur
roundings. The dust cap of the speaker, if one is used, should be 
cemented over the end of the voice-coil form. 

As a final step in replacing the voice coil of an electrodynamic 
speaker, the hum-bucking coil, if present, must be reconnected to 
the new voice coil and be in such phase that it reduces hum. If, 

Spider 
(cemented or held 
by screws to basket) 

Voice coil 

FIG. 9-9.-Inside spider connected to speaker basket. 

after connection, hum is excessively loud, reverse the connections 
of the hum-bucking coil to the voice coil. 

Another type of spider consists of a membrane, attached to the 
voice-coil form at its center and connected to the housing either by 
cement or by machine screws. This type is shown in Fig. 9-9. Here 
again, in replacement, the voice-coil form is centered around the 
center pole piece by means of shims. The spider is cemented or 
bolted to its support to keep the voice coil in position, and the outer 
rim of the cone fastened to its basket. Then the centering shims are 
removed. Move the voice coil gently in and out, and observe that it 
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floats freely. Finally, cement the dust cap over the voice coil and 
reconnect the hum-bucking coil, if present. 

Another condition that may develop from the voice coil is rattle. 
If the spider in some way becomes loose, it will permit the voice coil 
to go off center and rub against adjacent parts. The result is rattle 
and loss of power in the speaker, as well as distortion. The condition 
may be checked by moving the voice coil in and out manually, and 
observing if rubbing occurs; or a substitute test speaker will show 
improvement in power, tone, and elimination of rattle. Where such 
is the condition, repair is fairly simple. The voice coil is recentered 
in the manner just described, and the spider screws are retightened. 

Sometimes, the same condition of a rubbing voice coil may be 
caused by grit and dirt collecting between the voice-coil form and 
the center pole piece or pot. Here, the cone and voice coil are re
moved, the dirt is cleaned out with a pipe cleaner, and the coil and 
cone unit are replaced and recentered. 

A rubbing voice coil may result from a voice coil whose shape has 
become warped. This condition may be presumed when repeated 
recentering of the voice coil does not remedy the condition. It is not 
advisable to try to reshape the coil. Replacement of the voice coil 
and cone is suggested. 

Sometimes, the cement binding the voice coil itself breaks, and the 
turns come loose. This condition, too, will cause mysterious buzzes. 
The voice coil and cone should be removed, and new coil cement 
carefully applied. Then replace and recenter, as described. 

Again, rattles may occur if the voice coil loosens its cement con
nection to the cone or spider. Recementing is the cure. Then re
place and recenter as before. 

Infrequently, the pot and center pole piece may loosen or warp, 
giving the effect of an off-center voice coil. This condition will be
come obvious when repeated centering of the voice coil does not 
remedy the condition. The voice coil is removed under the impres., 
sion that it may be warped, but inspection shows that it is round 
but the field gap is not uniform. In some cases, the field gap is ad
justable, and a procedure for resetting the top pole piece is given in 
the section describing the replacement of field coils. When the gap 
cannot be adjusted, the entire speaker must be replaced. 

Troubles Common to Electrodynamic Speaker Field Coilso-The 
speaker field of an electrodynamic loudspeaker may be the source 
of many receiver defects. The manner in which it will make itself 
manifest depends on the way in which it receives its excitation. 
Where a defective field coil is indicated, replacement depends upon 
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the construction of the speaker and the availability of a similar coil. 
If replacement is not possible, the entire speaker must be replaced. 

Where the speaker field coil is used as a filter choke, the defect 
. will be located in a power supply check. It will be noticed from Fig. 
9-~ that an open coil will cut off the B plus supply, so that all stages 
will be inoperative. The receiver will be brought in dead. A check 
of the power supply will show no B voltage. Disconnect the power 
plug and discharge the filter condensers .. An ohmmeter check for 
continuity will confirm the open field. The open may be due to a 

FIG. 9-10.-Checking the magnetic pull of a speaker with a socket wrench. 

break in the field leads or in the connection between the field wire 
itself and the lead. These should be inspected and, if found at fault, 
repaired. 

The effects of a defective speaker field coil across the rectifier out
put, as shown in Fig. 9-3, will be different from that given above. 
The receiver will be brought in for weak operation if the coil is open. 
This is because the set is operating with no field, but only the re
sidual magnetism in the pole piece. The B voltage will not be dis
turbed. The quick check for speakers will show a weak click, focus
ing attention on the field. Confirmation will be obtained by trying 
the receiver with the test speaker or by checking the magnetic pull 
of the speaker field, as shown in Fig. 9-10. A blunt piece of iron like 
a socket wrench is brought near the center pole piece. Make this 
check with care, lest the tool tear the paper cone or dust cover. 
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When the field excitation circuit includes a separate rectifier and 
filter, as is the case in the circuit of Fig. 9-3, the lack of field strength 
may be due to defects in the rectifier or filter, while the field coil it
self is perfect. These associated components should be checked. 

Final confirmation of the field condition may be made with an 
ohmmeter. The serviceman is again cautioned to discharge any 
associated filter condensers before making ohmmeter checks on a 
speaker field. 

I~ 

I~ 
FIG. 9-1I.-A typical electrodynamic speaker with a replaceable field coil. 

Where the speaker field is used as a voltage divider, as in Fig. 9-4, 
defects would show up differently. If the field coil opened, the de
fect would be found in a routine check of plate voltages. The set 
would be dead.. There would be no B plus voltage on the RF and IF 
tubes. High B plus would, however, be present in the other stages. 
The socket-wrench test would show no field strength. Substitution 
of a test bench speaker for both fieldJtnd voice circuits would restore 
normal operation. The ohmmeter check for continuity would 
finally confirm the defect. 

Another field-coil defect, common to all three excitation circuits, 
is that of shorts between the field winding and the center pole piece 
or the outside pot. If the speaker is mounted on the chassis, the 

• 
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short will cause partial or complete loss of B voltage and possible 
damage to the power supply. This condition will be found in a check 
of the power supply. The power-supply chEck would seem to indi
cate a shorted filter condenser. The actual defect would be found 
when removal of the suspected filter condenser does not remove the 
short from the circuit. If the speaker is not on the chassis, the 
speaker case will become "hot" with high voltage, but the receiver 
operation may not be affected. 

Replacing a Speaker Field Coil.-The construction of the speaker 
pot does not always lend itself to the replacement of the field coil. 
N or are field coils obtainable for all speakers. When the field coil 
cannot be replaced, the entire speaker must be replaced. 

A typical electrodynamic speaker, which has a replaceable field 
coil, is shown in Fig. 9-11. Here, the entire pot can be taken apart. 

The procedure for removing the field coil is outlined in the fol
lowing steps: 

1. Remove the voice coil and cone in the manner described under 
Troubles Common to the Voice Coil. 

~. Remove the nuts from the bolts that hold the basket and the 
top pole piece to the pot. 

S. Remove the field coil (and hum-bucking coil, if used) by sliding 
it forward over the center pole piece. This may involve first un
soldering the field-coil terminals from a terminal strip. 

4. Slip a 'replacement field coil over the center pole piece and, 
where necessary, solder its leads to the terminal strip. The replace
ment coil should be as nearly like the original as is possible. Replace 
the hum-bucking coil (if used). 

5. Replace the basket and the top pole piece. Replace the bolts 
B, and loosely engage them with their nuts. 

6. The next step centers the center pole piece, so that the field 
space in which the voice coil floats is uniform. Place three or four 
pieces of drill rod of the proper size to fit exactly in the field space, 
as shown in Fig. 9-1~. 

7. The nuts for bolts B are then tightened. It is wise not to 
tighten anyone nut completely while the others are loose. The 
recommended procedure is to tighten one nut loosely, then the next, 
and the next, etc. Continue around several times until each nut is 
securely tightened. A socket wrench is used in this step. The 
serviceman is cautioned to use care, so as not to strip the nuts or 
bolts. 

8. Remove the drill rods. 
9. Replace and recenter the voice coil and cone, as described in 

the section on Troubles Common to the Voice Coil. 
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Since the above operation may have reversed the phase of the 
hum-bucking coil, should a hum now develop, the serviceman 
should try reversing the voice coil or hum-bucking coil connections, 
as well as checking the power-supply filter circuit. 

Where a pot and center pole piece may loosen or warp, giving the 
effect of an off-center voice coil, the procedure listed above must be 
folJowed, except for replacing the field coil. 

FIG. 9-1 ~.-Centering the center pole piece with drill rod. 

R.M.A. Color Code for Loudspeakers.-The various terminal 
wires of a loudspeaker may often be identified for servicing by means 
of the R.M.A. color code, tabulated below. 

Voice coil: 
1. Green. . . .................................. finish 
fl. Black ..................................... start 

Field coil (if any) 
1. Black and red. . ............................ start 
fl. YeHow and red ............................. finish 
3. Slate and red ............................... tap (if any) 

Troubles Common to the Paper Cone.-The troubles common to 
the paper cone are those usually associated with the voice coil. The 
cement binding the cone to the voice-coil form may dry and crack, 
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with resulting rattles from the speaker. This condition may be 
remedied by using a standard voice-coil cement for reconnection. 
This latter procedure should be done with care. 

On occasion, the paper cone may tear or crack and produce rattles. 
As a rule, it is not advisable to try to patch it, because the cement 
usually contracts when it dries and distorts the cone shape. A 
distorted cone produces distortions from the speaker. The entire 
cone and voice coil should be replaced. Where such a replacement 
is not available, the patch job should be done with a standard speaker
cone cement. 

In many receivers, there is a felt or cardboard ring that is fast
ened around the rim of the basket. Its purpose is to prevent acoustic 
continuity between the speaker and the bailie to which it is attached. 
After replacing a voice coil and cone or a speaker field coil, the ring 
should be either bolted or cemented back into position. 

Troubles Common to Speaker Assembly and Mounting.-After 
continuous operation, various parts within the receiver may have a 
tendency to become loose. Various screws in the speaker or asso
ciated with its mounting may also loosen, because of continuous 
operation. Where such is the case, rattles and buzzes may mar the 
speaker reproduction. The serviceman may verify this condition by 
connecting in a substitute test speaker from his test bench and ob
serving if improvement results. If the rattles and buzzes disappear, 
a careful hunt must be made for any loose part prone to vibrate. 
This is done by holding various parts with the fingers while the 
receiver is operating, and observing if the vibrations are damped. 
No part should be beyond suspicion. Even the cabinet must be in
spected for loose or cracked parts. 

Replacing a Complete Loudspeaker.-Many speaker defects re
quire the complete replacement of the entire loudspeaker assembly. 
Where such is the requirement, an exaet replacement is most de
sirable. This may not always be possible, and a speaker that re
sembles the original as closely as possible must be used. 

Several factors must be kept in mind by the serviceman. Is there 
sufficient space within the cabinet? Can the new speaker be 
mounted with sufficient ease? Is the resistance of the field coil, if 
an ~lectrodynamic speaker is used, similar to that of the original? 
Is the current-carrying capability of the field coil of the replacement 
speaker sufficient for the receiver? Is the impedance of the new voice 
coil the same as that of the old speaker? And finally, is the power
handling capability (wattage) of the voice coil of the new speaker 
sufficient for the receiver? 
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Replacement speakers are usually listed according to the following 
factors: 

1. Diameter of the basket in inches. 
2. Voice-coil impedance in ohms. 
3. Voice-coil wattage. 
4. Field-coil resistance in ohms. 

Although the current-carrying capability of the field coil is not listed, 
it is an important factor that must not be overlooked. In this con
sideration, the size of the pot is an indication of the current-carrying 
capability of the field coil. The pot of the replacement speaker 
should be no smaller in size than that of the old speaker. 

If the wattage output of the receiver is not indicated in the manu
facturer's schematic, the proper wattage for the voice coil may be 
determined in another manner. The tube or tubes used in the second 
AF or output stage are determined by inspection. Then reference 
to a tube manual will give the un distorted power output for that 
tube. This wattage may be considered as the voice-coil wattage. 

Often in making a speaker replacement, the old output trans
former, mounted on the old speaker, may be removed and used with 
the new replacement speaker. The transformer primary will thus 
match the second AF stage. Care must then be taken that the 
transformer secondary impedance matches that of the voice coil of 
the new replacement speaker. 

If the chosen replacement speaker has a voice-coil impedance 
differing considerably from the original, this will necessitate chang
ing the output transformer for proper impedance match. Replace
ment notes on output transformers are found in Chap. 10. 

Replacing an Electrodynamic with a P-M Speaker.-Sometimes 
an electrodynamic speaker has to be replaced, and a similar speaker 
is unobtainable. In such a case, a P-M dynamic speaker of proper 
voice coil, wattage, and size may be used with some provision to 
replace the field coil in the circuit of the receiver. 

When the field excitation is obtained by connecting the field 
across the rectifier output, no provision for its replacement need 
be made. When the field coil is acting as the filter choke for the re
ceiver, it should be replaced by a choke coil of equivalent inductance 
and current-carrying capability. The choke will probably have a 
lower ohmic resistance than the field. This will increase the availlble 
B-plus voltage. This increase in voltage will be small and will not 
alter the operation of the receiver to any great extent. 

When the speaker field acts as part of the voltage divider, it must 
be replaced by an equivalent circuit, composed of a choke that is an 
equivalent inductance, and a series resistor to give the unit an equal 
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resistance. The latter consideration is necessary to maintain proper 
operating potentials for the tubes in the receiver. The choke must 
have proper current-carrying capabilities. The series resistor plus 
the ohmic resistance of the choke should equal the resistance of the 
original field coil. The current in the field can be determined by 
Ohm's law, and the wattage of the resistor can be determined by 
substituting in the wattage formula W = E2/ R. Figure 9-13 shows 
a replacement of this type. 

~--...----o B+ (300V) 

1000.0. Field 
20H. 

] 
100ma. 

.---+----0 B+ (200V) 

~ ____ --+~ ____ ~~~+----oB-

Replaced by 

~--..----oB+(300V) 
350n. Choke 
20H. 
100ma 

650.n/20 watts 
.---.----0 B+(200V) 

----+-~~---~B-

FIG. 9-13.-Replacing an electromagnetic with a P-M dynamic speaker
field-circuit adjustments. 

Dual Speaker Systems.-Some receivers are built with two 
speakers within the same cabinet: Where a condition develops in 
such a receiver that one of these speakers must be replaced or re
quires a voice coil and cone replacement, the procedure is similar to 
that described for single-speaker replacements. 

However, a new consideration develops. If one voice coil moves in 
while the other moves out, interference effects develop and reduce the 
volume of total output. This condition is undesirable and may be 
remedied by reversing the voice-coil or field-coil leads to one of the 
speakers. The voice coils will then move in and out together, and 
the speakers are said to be in phase. 
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To determine if the speakers are properly phased after replace
ment, turn on the receiver and tune to a nonstation position. Place 
your hands on the cones of the two speakers. Then apply the voltage 
of a dry cell across the output transformer secondary. The move
ment of the cones will be felt and seen, and proper phase may be 
found. 

Adding a Speaker to a Receiver.-In some cases, a customer may 
desire a second speaker connected to his receiver and installed in 
another room. Since the speakers are remote from each other, 
phasing is not important. 

Output 
Transformer 

Voice Coil 
of Receiver 

Speaker 

Voice Coil 
of Auxiliary 
P-M Dynamic 

Speaker 

FIG. 9-14.-Adding an auxilliary P-M dynamic speaker to a receiver. 

A simple procedure in this requirement is to obtain a P-M dy
namic speaker and connect its voice coil in parallel with the voice 
coil of the receiver speaker. Of course, this will cause mismatch 
with the output transformer secondary, but the effect will not be too 
poor. Besides, the larger the impedance of the voice coil of the P-M 
dynamic speaker, the less will be the total mismatch, although less 
power will be fed to the auxiliary speaker. This may be of ad
vantage, since it is generally desirable to operate the auxiliary 
speaker at a reduced volume. The combination is shown in Fig. 
9-14. 

In the setup described above, both speakers will operate simul
taneously. If it is desired to shut off the receiver speaker while the 
auxiliary speaker functions, it is necessary to use a single-pole double
throw switch to cut out the first voice coil. In addition, a resistor, of 
comparable impedance to that of the voice coil jvst cut out, should 
be connected across the secondary of the output transformer. A 
second switch is connect~d at the auxiliary speaker to cut it out 
when not in use. This setup is shown in Fig. 9-15. 
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It is now possible to control the volume of the receiver and auxil
iary speakers only by means of the receiver volume control. If it is 
desired to vary the volume of the auxiliary speaker at the speaker 

Output 
Transformer 

Voice Coil 
#2 

FIG. 9-15.-Switching the receiver speaker and the auxiliary speaker
individual control. 

itself, a standard L pad control may be inserted across the voice coil 
of the auxiliary speaker. The ohmic rating of the pad should match 
the impedance of the auxiliary voice coil. The complete setup is 

Output 
Transformer 

Voice Coil 
'11'1 

FIG. 9-16.-Volume control for an auxiliary speaker. 

now shown in Fig. 9-16. No switch is required at the second aux
iliary speaker, since the L pad can replace its function. The minimum 
position of the L pad will cut out the auxiliary speaker. 

Adding Headphones to a Receiver.-A customer may request that 
headphones be installed on his receiver, so that he may tU!"n off the 
loudspeaker and still listen to the radio late at night. The simplest 
procedure is to connect the phones across the voice coil. The high 
impedance of the phones will cause great mismatch and keep power 
fed to the phones low, giving low volume. A switch may be in
stalled to cut out the speaker voice coil and to cut in an equivalent 



98 ELEMENTS OF RADIO SERVICING 

impedance resistor. A second switch may be used to cut out the 
phones. The setup is shown in Fig. 9-17. 

Output 
Transformer 

Speaker 
Voice COil 

Phones 

FIG. O-17.-Circuit for connecting earphones to a receiver. 

The same effect may be achieved by the installation of a circuit
switching phone jack, as shown in Fig. 9-18. Pushing the phone 

Output 
Transformer Spea ker 

Voi ce 
Coil 

Plug Phones 

FIG. 9-18.-Circuit for adding phones to a receiver-using jack and plug. 

plug only part way in will allow simultaneous operation of the phones 
and speaker. Pushing the phone plug all the way in will cut out the 
speaker voice coil and allow operation of the phones alone. 
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SERVICE DATA SHEET 

-----
Symptom Abnormal reading Look for 

Ko reception ~o B plus voltage (lnen field. See Chap. 8 

Ko click on quick check Open voice coil. Open voice-
coil leads 

Weak reception Weak click on quick check Deenergized field (open field 
or low excitation voltage). 
Jammed voice coil 

Distortion Rubbing voice coil. Low field 
excitation voltage. Warped 
cone. Factors within the 
receiver (eliminate the 
speaker by substitution 
test) 

Rattles Rubbing voice coil. Loose 
voice coil. Torn paper cone. 
Cone loose from basket rim. 
Loose spider. Grit and dirt 
III field gap. Loose dust 
cap. Loose screws on 
speaker. Loose parts in 
radio 

QUESTIONS 

1. A receiver is brought in as dead. No plate voltage appears to be present. If 
you suspect that the speaker is defective, what part would you suspect? How 
would you test for it? 

2. A new voice coil and cone are installed in a receiver. When the set is turned 
on, it hums excessively. What is probably wrong? What remedial measures 
would you take? 

3. A receiver requires a new speaker. An exact replacement is not obtainable. 
What considerations must be made in replacing a new speaker? 

4. A rattling, rasping speaker is reported by a customer. Examination shows 
an off-center voice coil. 'What remedial measures would you make? 

5. A receiver has a dual speaker system. One speaker requires replacement of 
a voice coil and cone. List the steps in order by which you ,,'ould make this re
placement. 

6. A customer has a receiver in his living room. He wants to add an auxiliary 
speaker to operate in the cellar. He wants to be able to operate either or both 
speakers and also to control the volume of the cellar speaker in the cellar. Design 
a circuit for these requirements. 

7. A customer wants to use headphones with his receiver at night, so that he 
can cut off the loudspeaker. Design a circuit for him. 

8. A receiver with a power supply like the one of Fig. 9-3 gives very weak re
ception. A signal check produces a very weak click in the speaker. What factors 
can cause this condition? How would you check for each? 



CHAPTER 10 

SECOND OR POWER AUDIO-AMPLIFIER STAGE 

The second AF amplifier stage is also called the "power-amplifier" 
stage or "output" stage. 

Quick Check.-If a plugged-in soldering-iron tip or finger is placed 
on the control grid of the second AF amplifier tube and causes a low 
growl to be heard in the speaker, the second AF stage is probably 
functioning properly, and the trouble shooter moves on to the first 
AF stage. 

Standard Circuit.-Figure 10-1 represents our standard second AF 
stage. 

From 

V-5 
2-AF 

6V6-G 

I-AF -~-----+-t 
Stage 

R-12 
50QOOO 

B+ 

T-6 

~ 
~ 

FIG. lO-l.-Standard circuit for a typical second AF stage. 

Function of Second AF Stage.-The control-grid circuit is the 
signal input of the stage; the plate circuit is the signal output. The 
signal fed into the stage is an AF voltage, the magnitude of which 
would be about sufficient to operate headphones. It is the function 
of the second AF stage to amplify this signal to an amount sufficient 
to operate a loudspeaker. To get an idea of the magnitude of the 
signal voltages handled by the second AF stage, a 6V6-G tube (most 
commonly used) gives an output of 4.25 watts with an input grid 
signal voltage of 12.5 volts peak. A smaller signal-input voltage 
would give a smaller output power; 12.5 volts is the maximum the 
tube will handle without undesirable distortion. The input signal 
is fed from the preceding first AF stage. The plate or output circuit 
of the stage feeds the amplified signal to the speaker. 

100 
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Regardless of whether the receiver is AC, ACjDC, or battery
operated, the function and operation of the second AF stage is the 
same. Indeed, this is true for all stages but the power-supply stage. 

FUNCTIONS AND VALUES OF COMPONENT PARTS 

Grid-load Resistor R-12.-Resistor R-12 is the grid-load resistor, 
and the input signal is impressed across it. Its value usually is 500,-
000 ohms. When a different ohmage is used, a lower value would 
result in lower gain and better frequency response, while a higher 
value would give slightly higher gain at a sacrifice of tone quality. 

Self-bias.-Since grid-bias voltage affects tone quality and ampli
fication and is a valuable indication of trouble to the serviceman, 
the theory underlying self-bias circuits should be thoroughly under
stood. 

Let us first remember that, in 
order to maintain a grid-bias 
voltage, the grid must be made 
negative with respect to its cath
ode. Assume no signal input 
voltage, and examine the ampli
fier circuit redrawn as in Fig. 
10-2, with components unneces
sary to the self-bias circuit elimi
nated. Observe that resistor R-13 
and the tube V -5 are in series 
across the B power supply. Trac
ing the screen circuit, current 

V-5 
2-AF 

6V6-G 
l:12 

1 

FIG. lO-~.-Circuit depicting self.bias. 

flows from B minus through R-13, through the tube to the screen 
and B plus. Tracing the plate circuit, current flows from B minus 
through R-13, through the tube to the plate, and finally through 
L-12, the output-transformer primary, to B plus. It is seen 
that both screen and plate ~urrents flow through R-13 and, as a 

. result, a voltage drop is developed across it. Note also that the 
cathode is made positive with respect to B minus by this voltage 
drop. Then, when the grid is returned to B minus through R-12, 
the grid is negative with respect to the cathode. A negative grid 
will not attract electrons and, as a result, there is no current in the 
grid circuit through R-12 and no voltage drop across it. The full 
voltage developed across R-13, therefore, is applied to the grid as 
the bias voltage. 

This system of obtaining grid-bias voltage is known as "self-bias," 
since the tube's own screen and plate currents cause the voltage drop, 
which is used for biasing the grid. The' self-bias circuit can be used 
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with a triode type of tube also, in which case the voltage drop is 
caused by the plate current alone. . 

The ohmic value of R-13 will depend on the tube used and its 
operating potentials. Several common values follow: 

6V6-G ................................................... 800 ohms 
25L6-G. . ............................................... 150 ohms 
6K6-G .................................................. .410 ohms 
6F6-G ................. , ......... , ........... , ........... .410 ohms 
6t6-G ..... ' ............................................... 170 ohms 
25A6 ..................................................... 600 ohms 

Self-bias By-pass Condenser C-13.-The input circuit of the tube 
is between grid and cathode. This involves grid-load resistor R-12 
and self-bias resistor R-13. The input-signal voltage divides itself 
between them, most of the signal being across the larger grid-load 
resistor R-12. The output circuit of the tube is between plate and 
cathode. This includes the output transformer primary L-12, the 
B power supply, and self-bias resistor R-13. The output signal 
divides itself among these three, most of it being across L-12, which 
has the highest impedance to the output signal. Resistor R-13 is 
common to both the input and the output circuits, and some of the 
input signal and some of the output signal will mix in R-13. This 
is coupling. Since a tube's output signal is 180 deg out of phase 
with its input signal, cancellation takes place where the two signals 
are coupled, as across R-13. This effect of coupling, where cancella
tion takes place, is known as "degeneration" and results in a de
crease in the gain of the tube. 

The degenerative action can be minimized by bridging R-13 with 
a condenser. The current through R-13 has components made up 
of the DC screen and plate currents of the tube, the AC input signal, 
and the AC output signal. When R-13 is bridged by a condenser, 
the impedance of the parallel combination to the signal current is 
reduced, while its opposition to direct current remains the ohmic 
value of R-13. The voltages across the parallel combination there
fore are reduced as regards signal voltage, while the DC bias voltage 
remains the same. The reduced input- ,and output-signal voltages 
across the parallel combination decrease the degenerative effect. 

The action of the parallel condenser has been called "by-pass," 
since, from one point of view, the signal current is taken out or re
sistor R-13 and passed around it through the condenser. The by
pass action depends on the impedance of the condenser to the signal 
frequencies. To be effective, it should be lower than the ohmic value 
of the resistor being by-passed. 

Since the signal in the second AF stage is at audio frequency, a 
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high-capacity condenser will be necessary for adequate by-pass ac
tion. Condenser 0-13 is usually a low-voltage electrolytic type. 
Capacities from 5 to 25 mfd will be found in various receivers. The 
higher capacities will provide better by-pass action, with a conse
quent improvement of the response, especially at the low audio 
frequencies. 

Self-bias circuits similar to R-13 and 0-13 are used to obtain bias 
voltages for the RF and IF tubes. The action in these tubes is 
similar, except that the cathode by-pass condensers need be only 
0.1 mfd for adequate signal by-pass, owing to the higher signal fre
quencies at radio frequency and intermediate frequency. 

Output Condenser C-12.-Condenser C-12 across the signal-out
put circuit by-passes high audio frequencies to ground. The pen
tode and beam-power tubes introduce a considerable amount of 
harmonics, which will be most noticeable in the high AF range. 
Placing C-12 across the signal output circuit by-passes some of the 
signal away from the output transformer. This effect will be great
est at the high audio frequencies, since the impedance of a condenser 

(" decreases as the frequency increases. Therefore, the harmonic con
tent will be reduced by the action of this condenser. 

An average value for condenser C-12 is 0.005 mfd. In individual 
receivers, this value may vary from 0.001 to 0.02 mfd. Receivers 
using the higher capacity values have been designed to favor the 
bass register, since the higher capacity by-passes more of the high 
frequencies out of the output transformer and speaker, making the 
response deeper by comparison. 

Output Transformer T-6.-Transformer T-6, called the "output" 
transformer, is often mounted on the speaker. Its function is to 
couple the output circuit of the tube to the speaker. The average 
beam-power tube requires a load of 5,000 ohms, and the average 
speaker voice coil has an impedance of 8 ohms at audio frequencies. 
The coupling transformer is designed, therefore, to have a primary 
impedance of 5,000 ohms and a secondary of 8 ohms. Obviously, if 
the output transformer should become defective, the original manu
facturer's part should be obtained for best results. However, where 
this is not possible, a universal-type transformer may be used satis
factorily. The replacement notes on output transformers explain 
this procedure more fully. 

Vacuum Tube V -5.-Vacuum tube V -5 is called the "power" tube, 
sometimes the "output" tube, as well as the second audio tube. 
The tube most commonly found in this stage is the 6V6-G beam
power amplifier. Smaller receivers, where the B supply voltage 
and the power output are lower, use the 6K6-G power-amplifier 
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pentode. Receivers equipped with locking-base type tubes use the 
7C5-LT. 

Older receivers use power-amplifier pentodes, like the 6F6-G, 
42, or 47. Receivers of the AC/DC type use the 25L6 or 50L6 beam 
power amplifiers. Older AC/DC receivers use a type 43 or 38 tube. 

All these tubes are characterized by high power sensitivity; that 
is, a low signal-input voltage causes a high power output. For 
example, in the case of a 6V6-G, an input signal of 12.5 volts gives 
an output power of 4.25 watts. By way of comparison, the very 
much older 45 power-amplifier triode requires an input signal of 50 
volts to give an output power of 1.6 watts. 

NORMAL TEST DATA FOR THE SECOND AF STAGE 

Check for Nonnal Stage Operation.-The signal check for the 
second AF stage is shown in Fig. 10-3. The signal generator is ad
justed to give an AF signal, and the attenuator is set for maximum 

Full AF 
~tt. ,/ 

Signal GenerCltor 

.IMFD. 

2-AF 
6V6-G 

3 

600V 5 

~~o-:---++ 

R-12 

FIG. lO-S.-SignaJ check of the second AF stage. 

B+ 

output. The signal generator ground lead is connected to the re
ceiver chassis, and the "hot" lead is connected through a O.l-mfd/ 
600-volt condenser to the plate terminal of the second AF tube 
(pin No.3 for a 6V6-G tube). The purpose of the condenser is to 
prevent the DC voltage, present at the plate of the second AF tube, 
from affecting the signal generator circuits. Normally, the full AF 
output of the signal generator is just sufficient to cause an audible 
note in the speaker. The hot lead of the signal generator is then 
shifted to the grid terminal (pin No.5 for a 6V6-G tube) of the second 
AF tube. The signal-generator note should be heard in the speaker 
at a much greater volume. The gain in volume is an indication of 
the gain of the tube. 

Experienced servicemen rarely go to the trouble to use this meth-
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od. A much faster check, given as the quick check at the beginning 
of this chapter, is to touch the grid terminal with a fing~r or the tip 
of a plugged-in soldering iron. In either case, a low growl will be 
heard from the speaker, indicating that the stage is functioning. 

Normal Second AF Voltage Data.-Voltages are measured from 
chassis or common negative to tube terminal indicated. In some 
AC/DC receivers, where the circuit insulates B minus from the 
chassis, the negative terminal of the voltmeter is connected to the 
common negative. This is most easily found at the line switch. 
See Chap. 18 on AC/DC Power Supply. 

Tube terminal 25L6 and 
6V6-G pin No. 

Plate ....................... . 3 
Screen .................... '" 4 

Grid ...................... '" 5 
Cathode .................... . 8 

AC receivers, 
volts 

235 
250 

0 
12.5 

AC/DC receivers, 
volts 

85 
90 
o 
6 

Voltages may vary somewhat from those given in the accom
panying table. A significant point for the observant serviceman to 
note, however, is that the screen voltage is slightly higher than the 
plate voltage. This is due to the plate current of the tube, which 
causes a voltage drop across the output transformer primary. Varia
tions in this voltage relationship are indicative of trouble For ex
ample. if the plate and screen voltages are exactly the same, there is 
no voltage drop across the output transformer primary. This 
fact indicates no plate current, a condition resulting from either an 
open self-bias resistor, or no emission in the tube. 

A positive voltage reading at the grid is indicative of breakdown 
of the coupling condenser 0-32 in the preceding stage. Service notes 
on this fault will be found in the chapter describing the first AF 
stage. 

N ermal Second AF Stage Resistance Data.-These data are given 
in the following table: 

Chassis to cathode ............................................. 300 ohms 
Chassis to control grid ...................................... 500,000 ohms 
Plate to B plus .......................................... , .200-600 ohms 

The 300 ohms of resistance from chassis to cathode is the ohmic 
value of self-bias resistor R-13. When a tube other than the 6V6-G 
tube is used, a different value will be found. Refer to the diagram 
of the receiver being tested, or to the table on page 102. The plate 
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to B plus reading measures the resistance of L-l~, the primary of the 
output transformer. 

COMMON TROUBLES IN THE SECOND AF STAGE 

Troubles Common to the Grid-load Re~dstor.-Resistor R-l~ 
rarely causes trouble. Ocasionally it may open, thereby opening the 
grid circuit and causing lack of grid-bias voltage. This will result 
in bad distortion. At other times, signal voltage at the grid may 
build up and discharge periodically through dirt at the socket 
terminals, acting as a resistance parallel to R-l~ and allowing a surge 
of current with each discharge. These surges may be heard in the 

From 

v-s 
2-AF 

6V6-G 

I-AF --,r------~ 
Stage 

Grid 
Load 

Resistor 
R-12 
500.000 

B+ 

~ 
~ 

.FIG. IO-4.-A typic-al grid-load resistor and its position in the second AI<' eircuit. 

speaker as a put-put known as "motorboating." If the surges come 
more rapidly, they will take the form of a low-pitched growl. The 
latter is sometimes mistaken for hum, which is also a low-pitched 
growl. Standard procedure in trouble shooting for hum is first to 
check the filter condenser in the power supply and then to look for 
an open grid-load resistor in this or any other stage. 

Open R-l~ would be found in a voltage check of the stage, since 
an open grid causes a much heavier plate current. This condition 
makes for a greater than normal voltage drop across L-l~ and, as a 
result, the plate voltage is lower. Since the screen voltage remains 
near its normal value, there will be a greater than normal difference 
between plate and screen voltages. Since conditions other than an 
open grid~load resistor will cause heavy plate current, confirmation 
must be obtained. This can be done with an ohmmeter. 

In replacing resistor R-l~, nothing in particular need be stressed. 
An exact duplicate of the original is desirable although not neces
sary. An ohmic value differing by as much as ~o per cent either 
way will cause no noticeable difference, and the wattage rating is 
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unimportant. However, the soldering must be carefully done, and 
the socket must be cleaned of dirt and excess rosin. 

Troubles Common to the Cathode By-pass Condenser.-The 
cathode by-pass condenser 0-IS often causes trouble. Like all elec
trolytic condensers, it is likely to dry out and lose capacity. As 0-IS 
loses capacity, approaching an open condenser, the stage would 
give low gain and poor low-frequency response. This condition 
would be found in checking for low gain or for poor tone by 
bridging the condenser with one of 5 mfd or greater that is known 
to be good. 

Less frequently, 0-IS shorts or leaks badly, acting as a partial or 
complete short across R-IS. This will result in poor tone quality 
due to lowered bias and would be found by a voltage check. Since 
plate current increases at lowered 
bias, a greater than normal voltage 
drop across the output transformer 
primary would be produced. This 
results in a lowered plate voltage 
and a large difference between 
screen and plate voltages. A shorted 
0-IS may have been caused by an 
open cathode resistor R-IS. Check FIG. lO-5.-Typical audio cathode by-

pass condenser. 
this condition before replacing. 

In replacing condenser 0-IS, the serviCEman watches for proper 
polarity, the positive side being connected to the cathode. The 
defective condenser should be removed. A capacity larger than the 
original may be used since, if anything, this will improve the low
frequency response. However, a condenser of capacity lower than 
the original will adversely affect the low-frequency response. Low
voltage electrolytic condensers are usually rated at ~5 or 50 volts. 
Either will do for 0-IS, since the voltage across the condenser is 
approximately 1~.5 volts for AC receivers and 6 volts for ACjDC 
receivers. This is the voltage developed across R-IS for self-bias. 

It is important to emphasize again that a shorted 0-IS may have 
been caused by an open bias resistor R-IS. Therefore, when replac
ing a shorted 0-IS, the bias resistor should be checked immediately 
after the shorted condenser has been removed. 

Troubles Common to the Self-bias Resistor.-Self-bias resistor 
R-IS is a likely source of trouble. It carries considerable current and 
is subject to heating. Sometimes it changes in ohmic value, and 
sometimes it opens. A change in ohmic value affects the bias voltage 
and, therefore, the tone quality. When R-IS is open, the cathode 
circuit is completed by the leakage resistance of parallel condenser 
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• 
C-13. Since this leakage resistance is comparatively high, the 
voltage drop across it will be high, making for abnormally high bias 
voltage. The condition would be found in a voltage check. The 
screen and plate voltages would be nearly equal, since at the high 
bias voltage, plate current would be low, the voltage drop across the 
output transformer primary would be low, and plate voltage would 
be high. The open would result in a high cathode bias voltage which 
might damage parallel condenser C-13. 

Any change in ohmic value of R-13 is found in a voltage check of 
the stage. If it becomes low in ohmage, cathode voltage will be low, 
resulting in high plate current and a large voltage drop across the 
output transformer, increasing the voltage difference between screen 
and plate. 

When replacing R-13, it would be wise to use at least a I-watt 
resistor, regardless of the size of the original. Manufacturers often 
cut corners on this item by using the less expensive Y2-watt size. 

Troubles Common to the AF By-pass Condenser.--Condenser 
C-12, the high AF by-pass, often comes up as the cause of a dead 
radio. Its position in the receiver is not only at a high DC potential 
but also where the AC signal potential (audio variation) is at its high
est. This high voltage causes frequent breakdown of insulation, re
sulting in a shorted condenser, which shorts out the audio signal from 
the primary of T-6 and also the power supply at this point. This 
condition is quickly found in a voltage check. Plate voltage equals 
zero, and screen or B plus voltage is low, since the power-supply 
voltage drops with the heavy load. 

Condenser C-12 may also open. However, a radio will rarely come 
in for this defect alone, since an open C-12 will merely increase the 
high-frequency response, and the customer may overlook this. In 
some radios, an open C-12 may cause a high-frequency oscillation. 
If this is the case, bridging C-12 with a similar condenser or with a 
higher capacity condenser is the standard check procedure. 

When condenser C-12 is replaced, a good quality of condenser 
should be used. Regardless of the original value, the voltage rating 
of the replacement condenser should be at least 600 volts. The 
outside foil lead or ground lead should be connected to the chassis. 
Condenser C-12 sometimes is connected from plate to B plus. In 
that case, the outside foil lead is connected to B plus. The replace
ment condenser should have the same capacity as the original. If 
the capacity of the replacement condenser is changed for any reason, 
it should be borne in mind that a higher capacity will cut more 
highs out of the signal delivered to the speaker, while a lower ca
pacity will increase the high-frequency response. 



SECOND OR POWER AUDIO-AMPLIFIER STAGE 109 

Troubles Common to the Output Transformer.-Output trans
former T-6 is also a common source of trouble. In addition to carry
ing the audio signal, the primary winding also carries the normal DC 
plate current of the tube. An open primary often results. When the 
plate circuit opens, the positive screen attracts the total cathode 

From 
I-AF-P"-------'H 
Stage 

R-12 
500,000 

(-13 
10 

CI1 li~ 

B+ 

FIG. lO-6.-Tr.e AF by-pass condenser and its position in the second AF circuit. 

emission. It was not intended to carry so heavy a current, and the 
screen mesh becomes red-hot. This can be seen in the case of a glass 
pentode and is one of the things the experienced serviceman looks 
for when making a visual inspection of the receiver. In the case of 
a metal tube, the condition cannot be seen and will be found by 
voltage analysis, since the open plate circuit will cause zero plate 
voltage. 

As explained before, the output transformer should be replaced 
with an exact duplicate where obtainable. When this is not possible, 
a universal output transformer may be substituted. These usually 
come with an instruction sheet, but servicemen sometimes find it 
confusing and connect the transformers improperly. This results in 
poor tone quality. A bit of theory might help to clear up this 
matter. 

The output transformer, as an impedance matching device, works 
on the principle of reflected load, a term the average serviceman shies 
away from. Let us first try to explain it. 

Assume a power transformer that is. being used to light lamps. 
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For simple arithmetical figures, let us also assume a 100-volt line, 
rather than the usual no or 120 volts, and lamps requiring 10 volts 
at 1 amp each. For further simplification, assume 100 per cent 
efficiency in the transformer; that is, watts input equals watts out
put. The transformer has a 10 to 1 step-down ratio to furnish the 
10 volts needed for the lamps. Each lamp has a resistance of 10 
ohms (R = E/ I = 10/1 = 10 ohms). 

When one lamp is connected, as in Fig. 10-7, 1 amp flows through 
the lamp. Wattage dissipated is 10 watts (W = E X I = 10 X 1 = 
10 watts). To satisfy watts input equals watts output, the primary 
current will be 0.1 amp (l = W/E = 10/100 = 0.1 amp). To the 
100-volt line, the transformer primary looks like a 1,000-ohm im
pedance or resistance load, since it will drive only 0.1 amp into it 

Tp=O.IAmp. PRI. SEC. 

Is=IAmp 

FIG. lO-7.-Transformer lighting one lamp. 

(Z = E/I = 10010.1 = 1,000 ohms). Now let us light two lamps 
from the same transformer, as in Fig. 10-8. Two 10-ohm lamps in 
parallel have a combined resistance of 5 ohms and will draw 2 amp 
(l = E/ R = 10/5 = 2 amp) from the secondary, which remains at 
10 volts. The actual impedance therefore is 5 ohms. Watts consumed 
is 20 watts, (W = E X I = 10 X 2 = 20 watts). Once again to make 
watts input equal watts output, the primary current must now in
crease to 0.2 amp (l = W/E = 20/100 = 0.2 amp). The 100-volt 
line now looks at the transformer primary as though it were a 500-
ohm impedance, since it must furnish 0.2 amp to it (Z = E/ I = 

100/0.2 = 500 ohms). This is called "reflected load." Under the 
above conditions, a 10-ohm actual load reflects back to the primary 
a 1,000-ohm load, while a 5-ohm actual load gives a 500-ohm re
flected load in the primary. Note also the ratio of reflected to actual 
load, 100 to 1, which is the square of the turns ratio 10 to i; that is, 
a transformer with a 10 to 1 turns ratio would make the reflected 
load in the primary 100 times (102) as great as the actual load in the 
secondary. 

Now let us apply this bit of transformer theory to the output 
transformer. Assume a 10-ohm voice coil connected to the same 



SECOND OR POWER AUDIO-AMPLIFIER STAGE 111 

10 to 1 transformer that was used before to light lamps. The con
nections are shown in Fig. 10-9. The primary would look like 1,000 
ohms to any line feeding it. Obviously, this transformer would not 
do to couple the 10-ohm voice coil to a 6V6-G tube, which requires a 
5,000-ohm load resistance for optimum results. A turns ratio of 20 

Ip" 0.2 Amp PR1. SEC. 

FIG. lO-S.-Transformer lighting two lamps. 

to 1 would make a much better match, since the reflected load in the 
primary of a 10-ohm voice coil in the secondary would be (20)2, or 
400 times as great (4,000 ohms). A turns ratio of 22.4 to 1 would 
be exactly right. 

A universal output transformer is one supplying many possible 
combinations of turns ratio, so that almost any voice coil may be 
matched to almost any tube or combination of tubes. A typical 
universal output'transformer is shown in Fig. 10-10. The primary 
is center-tapped for use in push-pull circuits. In second AF stages 
using a single tube, the center tap should be taped up and disre
garded. Then, either end of the primary winding is connected to the 
plate, and the other to B plus. The secondary usually has six taps, 

10:1 
PRI. SEC. ------

}<'IG. IO-9.-Transformer feeding a IO-ohm voice coil. 

numbered 1 to 6, and a great number of turns ratio combinations is 
possible. 

In using a universal output transformer as a replacement, the 
first requisite is to use the proper size. They are rated by wattage. 
Physical size of the transformer is a rough indication of the wattage, 
Make sure that the replacement is as large as the original. Confirma-
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tion may be obtained by comparing the wattage size used with ,the 
tube-manual rating for the output tube or tubes in the receiver. The 
tube manual will also give the recommended load impedance. 

The next step is to determine the voice-coil impedance. To do 
this, determine its resistance on the low-ohm scale of your ohm-

Blue SEC. 

~'~ 2-0 : ~ Red 3-0 
4-0 
5-0 

Blue or Brown 6-0 

FIG. lO-lO.-A typical universal replacement output transformer. 

meter. Then multiply the reading by 1.25. (This rule of thumb is 
close enough for general service work.) Then check with the in
struction sheet, which comes with the universal output transformer 
for the proper taps to use. Figure 10-11 is a sample instruction 
sheet. As an example of how the sheet is to be used, let us find the 
proper taps for the standard receiver. The voice coil is measured 
on the low-range ohmmeter and found to be 5 ohms. Multiplying by 
1.25, its approximate impedance is found to be about 6 ohms. The 
single 6V6-G output tube requires a load impedance of about 4,000 
ohms. The output transformer must therefore match about 4,000 
ohms to 6 ohms. Look for the single 6V6-G, which is found in the 
column headed by 4,000 as the primary load impedance. Run down 
this column into the voice-coil impedances looking for 6 ohms. Then, 
read across horizontally to find secondary taps 1 and 5, which are to 
be used. 

There is sometimes an inverse feedback lead connected from the 
secondary of the output transformer back to a previous point in the 
audio amplifier circuit. In this case, when the output transformer. 
is replaced, the voltage fed back may be in the ~ong phase and cause 
an audio oscillation or squeal, which will be present with or without 
any signal being fed into the amplifier. When this happens, reversal 
of either the primary or the secondary leads will clear up the diffi. 
culty. More will be said regarding this matter in the section on 
circuit variations dealing with inverse feedback. 

Troubles Common to the Second AF Tube.-The tube itself may 
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Type No. !l774 ......................... A-watt size 
Type No. 2776 .......................... 6-watt size 
Type No. 2780 ......................... lO-watt size 
Type No. 2782 ......................... 12-watt size 
Type No. !l788 ......................... I8-watt size 

SIMPLIFIED CHART SHOWING PROPER USE OF SECONDARY TAPS 

Primary 

I 
load im- 18,000 l4,OOO 10,000 8,000 7,000 4,000 2,000 
pedance 

1F4- 10-38-950- 41-49-6G6G 89 pentode- 12A-20-31- 43-45-50- 48-2A3-6A3-
1F5G 12A7-1J5G 1G5G- 33-42-47- 71A-2B6- 6A5G-

6K6G- 59 pentode- 6L6-6V6- 6B4G-
6A4/LA 89-triode- 12A5- 6Y6G-

Single 2A5- 25A6- 25B5-
6AC5G- 25A7G- 25B6G-

6B5-6F6- 59 triode 25L6-
6N6G-GA- 25N6G-

PZ-PZH 35L6GT 

1J5G 41-47- 42-2A5- 43-50-71A- 45-6L6 48-2A3-
1G5G- 6AC5G- 2B6-6V6- Class AB, 6A3-6A5G-

6A4/LA- 6B5-6F6- 12A5 6B4G-6L6-
Push-pull 6E6-6K6G- 6N6G 25L6 

31-33-20-
GA-PZ-

PZH 

79 250V 19-49-52- 30-53-6N7 46-59-79- 10 

CIa .. B 6Y7G 250V 89-6A6- 180V 
6AC5G- 6Y7G 180V 

6Z7G-1J6G 

10 12A-31-33- 45-50-71A-

Parallel 41-42-49- 59 triode 
2A5-GA-

• PZ-PZH 

Secondary 
Voice-coil impedance tap 

----

I 
2-3 0.97 0.75 0.54 0.43 O. 38 0.22 0.11 
3-4 __ 1_.2_ 0.90 0.04 0.51 0.45 0.26 0.13, 

~ 1.8 1.4 1.0 0.80 0.70 0.40 0.20 
\-2 ~ 2.5 1.8 1.4 1.2 0.71 0.36 

~ ~- 3.3 

I 
2.4 1.9 1.6 0.94 0.47 

----"~ _4_.8_ 3.7 2.7 2.1 1.9 1.1 0.53 

~ 5.9 4.6 3.3 2.6 2.3 1.3 0.65 

~ 
--7-.7- 6.0 4.3 3.4 3.0 1.7 0.85 

2-5 11.6 9.0 6.4 5.1 4.5 2.6 1.3 

~ 12.5 9.7 6.9 5.6 4.9 2.8 1.4 
1-4 ~ 11.5 8.2 6.6 5.8 3.3 1.6 
3-6 21. 3 16.5 11.8 9.5 8.3 4.7 2.4 
1-5 27.0 21. 0 15.0 12.0 10.5 6.0 3.0 
2-6 31. 5 24.3 17.4 14.0 12.2 7.0 3.5 
1-6 54.5 

~ 
30.2 24.2 21. 2 12.1 6.1 

Primary 
load im- 18,000 14,000 10,000 8,000 7,000 4,000 2,000 
pedance 

FIG. lO-ll.-Universal output transformer-instruction sheet. 
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be the cause of poor operation of the stage. Low emission will cause 
low gain and poor power-handling capacity. A tube checker usu
ally shows this condition, or it will show up on voltage analysis. 
Low emission results in low plate current, consequently low self-bias 
voltage, and a too small diff~rence between plate and screen voltages. 
The tube also might be noisy (possible loose elements) or cause hum 
(cathode-to-filament leakage). The best check for these conditions 
is to substitute a similar type of tube, known to be good. 

A fairly common trouble, particularly in the case of 43, 25L6, and 
25A6 tubes, is known as "grid emission." The complaint here is 
that the radio starts playing normally, but after 5 min or so begins 
to distort badly. A voltmeter connected from chassis to grid will 
begin to show positive at the grid as the distortion begins. 

CIRcmT VARIATIONS OF THE SECOND AF STAGE 

Tone Control in the Second AF Stage.-There are many tone
control circuits, the most common of which is shown in Fig. 10-12. 
Condenser C-112 and variable resistor R-112 are in parallel with 
condenser C-12. Like condenser C-12, condenser C-112 by-passes 
high audio frequencies out of the speaker circuit. Condenser C-112 
has a comparatively high capacity, 0.05 mfd being usual. By itself, 
it would remove most of the high audio frequencies from the signal 
and make the low notes seem more prevalent by comparison. Vari
able resistor R-1l2, which by its setting allows more or less of the 
by-passing of high frequencies through C-112 to take place, consti
tutes a tone control. The usual value of R-112 is 50,000 ohms. 

All tests for the standard second AF stage are equally applicable 
to this variation, and all notes applying to condenser C-12 may also 
be used for tone condenser C-112. If this condenser sho·uld short, 
however, the path for the high B plus voltage to ground would be 
through the tone-control variable resistor R-112. This would give a 
variable shunt path depending on the tone-control setting. At the 
maximum bass position, there would be a very low resistance from 
plate to ground through the shorted condenser, the B voltage would 
be low, and the receiver would not operate. At the minimum bass 
position there would simply be a 50,000-ohm shunt path for the B 
supply, and the receiver would operate. The erratic action of the 
tone control would, of course, focus the serviceman's attention to this 
circuit, and the defect would be found by ohmmeter check. When 
a shorted tone condenser is replaced, the heavy current through 
R-112 may have damaged the tone control. It would therefore be wise 
to replace the tone control also. Replacement notes on volume con
trols given in Chap. 11 may be applied to the tone control. 
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A modem trend in the use of tone controls is to replace the variable 
resistor R-1l2 with a switch, thereby making a 2-point tone control. 
An example of this is shown in Fig. 10-13. Note the tone con
denser C-23 and its associated switch in the plate circuit of the 50L6 
tube. When the switch is open, there is no shunting action, and this 
is the treble position. In the bass position, where the switch is 
closed, C-23, which is 0.04 mfd, shunts some of the hi.gh audio fre
quencies out of the speaker. 

'2-AF 
6V6-G T-6 

II~ 

B+ 

FIG. lO-lQ.-Tone Control in the second AF stage. 

Figure 10-14 shows a similar 2-point tone control. In this case, 
the shunting action of C-21 and its associated switch is in the input 
circuit of the second AF tube. 

Inverse Feedback in the Second AF Stage.-Inverse feedback is a 
form of desirable degeneration often used in the audio amplifiers of 
radio receivers. There are many types of inverse feedback circuits 
in common use. In all of them, part of the output signal is fed back 
in an out-of-phase relationship (hence the name "degeneration") to 
some point in the input signal circuit, to provide improved over-all 
audio fidelity by canceling out harmonic distortions. Inverse feed
back is always accompanied by a loss in gain, but the amplifier is 
designed for higher than normal gain to compensate for this loss. 

In Fig. 10--13, the cathode by-pass condenser has been omitted 
to provide degen~ration through self-bias resistor R-3, which is com
mon to both the input and output circuits of the 50L6 tube. Since 
the input and output circuits of a tube are 180 deg out of phase, 
degeneration is automatic. Condenser C-18, the high-frequency by
pass condenser, is returned directly to cathode rather than to ground, 
so that the degenerative effect is greater at the higher frequencies 
(especially the high harmonic frequencies), thereby making for more 
uniform response for the stage. In Fig. 10-14 the inverse feedback 
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FIG. lO-13.-Schematic diagram for Emerson Model GB receiver. 
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circuit is shown by the heavy lines. The feedback voltage is taken 
from the plate of the 6V6-G output tube and fed through resistor 
R-14 back to the plate of the first AF section of the 6SQ7 tube. 

As a general rule, inverse feedback circuits do not cause many 
complications to the serviceman. All tests and service notes pertain
ing to the standard amplifier circuit may be applied. Resistor R-14 
in the feedback circuit, represerited in Fig. 10-14, will rarely cause 
any service difficulty. 

2-AF 
6V6-G 

B+ 

FIG. IO-15.-Inverse feedback circuit where the feedback is taken from the secondary of the 
output transformer. 

A servicing problem pertaining to inverse feedback circuits occurs 
when the feedback voltage is taken from the output transformer 
secondary, as shown in Fig. 10-15. In this case, the feedback voltage 
is reintroduced into the cathode circuit of the first AF tube, which 
has no by-pass condenser. Another variation of this same circuit 
introduces the feedback voltage into a tap in the grid load of the 
first AF tube. In either case, if the output transformer leads should 
become reversed, as may easily happen when the output transformer 
is replaced, the feedback voltage will be in phase with the signal 
voltage rather than out of phase. This will produce regeneration 
rather than degeneration, and the audio amplifier becomes an audio 
oscillator. The oscillation appears in the speaker, usually as a high
pitched squeal, and will, of course, be unaffected by tuning the re
ceiver. The serviceman must be aware of this possibility when re
placing the output transformer, since the usual service procedure for 
oscillation will not disclose it. Reversing the primary or secondary 
leads, whichever is simpler, will clear up the difficulty. 

Fixed Bias in the Second AF Stage.-The fixed-bias circuit is 
found in radios where the negative leads of the filter condenser are 
not at chassis potential, as shown in Fig. 10-16. In this circuit the 
cathode is grounded, and negative grid bias is obtained by connecting 
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the grid return to a point in the power-supply stage more negative 
than ground, and therefore more negative than cathode. Various 
circuits for the power supply stage are given in Chap. 8. Resistor 
R-113 and condenser C-113 form a filter circuit for the bias voltage. 
Representative values are 0.5 megohm (500,000 ohms) for R-11S 
and 0.1 mfd for C-113. This filter circuit may be omitted. 

Normal test voltage data for this type of circuit will be different 
from the standard circuit and are given below. 

T-6 

liE *<J 

c- B+ 

FIG. 10-16.-Fixed bias circuit in the second AF stage. 

Normal Voltage Data for Fixed-bias Second AF Stage.-Voltages 
are measured from chassis to tube terminal indicated. In some 
AC/DC receivers, where the circuit insulates B minus from the 
chassis, the negative terminal of the voltmeter is connected to the 
common negative. This is most easily found at the line switch. 
See Chap. 18 on AC/DC Power Supply. 

Plate voltage .......................... . 
Screen voltage ...•.•................... 
Grid voltage .......................... . 
Cathode voltage .. '" .................. . 

AC receivers, volts AC/DC receivers, volts 

235 
250 

Negative 
o 

90 
95 

Negative 
o 

The measured negative grid voltages will depend on the ohms-per
volt rating of the test voltmeter, owing to the high resistance in the 
circuit involved. High-resistance meters will show more voltage 
than low-resistance meters. All meters, however, will show some 
negative indication. The actual bias voltage can be measured more 
accurately from C mmus to chassis in the power supply, a low
resistance circuit. 
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,All parts have the same functions, values, and likely troubles as 
in the standard circuit. Of the parts peculiar to this circuit, there is 
little likelihood of trouble from R-118 in the C-minus bias filter. 
The associated condenser C-118 is a paper tubular condenser. Since 
it is in a high-resistance circuit, any leakage will cause decreased 
bias voltage, resulting in various degrees of distortion and power 
handling capacity. The condition would be found in a voltage 
check, since the decreased bias would cause high plate current, a 
large voltage drop across the primary of the output transformer, and 
a greater than normal difference between plate and screen voltages. 

The schematic diagram of the Motorola Model 61T23 receiver, 
shown in Fig. 10-17, is an example of the fixed-bias type of second AF 
stage. The bias circuit has been indicated by the heavy lines. Note 
the following conditions: The common terminal of the filter con
denser block is connected to the center tap of the high-voltage wind
ing. The cathode of the 6K6-GT second AF tube is connected to the 
chassis. The grid-load resistor, part number (88), is connected to 
the negative end of the bias voltage divider, parts numbers (46) and 
(47). The bias voltage is filtered by the 20-mfd/25-volt condenser 
section of the electrolytic condenser block (16). And the bias voltage 
for the second AF tube is indicated in the voltage chart as being 
measured from B minus to ground. Note also the 8-point tone switch 
(50) in the input circuit of the second AF stage. 
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SUMMARY 

Test for nonnal operation of the second AF stage. 

The tip of a plugged-in soldering iron applied to the grid of the tube causes a 
growl to be heard in the speaker. 

Piagram of a typical second AF stage. 

The accompanying figure shows the typical second AF stage. 

V-5 
2-AF 

6V6-G 
From 
I~F~1---------~ 
Stage 

R-12 
50QOOO 

N onnal voltage data. 

B+ 

T-6 

~ 
~ 

Voltage is measured from the chassis or common negative lead. Voltage data 
are given in the accompanying table. 

Tube terminal 25L6 and AC receiver, ACjDC receiver, 
6V6-G pin No. volts volts 

Plate ..................... 3 235 85 
Screen .................... 4 250 90 
Grid ...................... 5 0 0 
Cathode .................. 8 12.5 6 

N onnal second AF stage resistance data. 

Chassis to cathode ....................................................... 300 ohms 
Chassis to control grid ................................................ 500,000 ohms 
Plate to B plus .. : ................................................... 200-600 ohms 

The 800 ohms of resistance from chassis to cathode is the ohmic value of self-bias 
resistor R-18. When a tube other than the 6V6-G is used, a different value will be 
found. Refer to the diagram of the receiver being tested, or to the table on page 
10~. 

The plate to B plus reading measures the resistance of L-l~, the primary of the 
output transformer. 



SECOND OR POWER AUDIO-AMPLIFIER STAGE 123 

SERVICE DATA CHART FOR THE SECOND AF STAGE 

Symptom Abnormal reading Look for 

No signal from the speaker Plate voltage = O. Screen Trouble in the power supply. 
voltage = 0 See Chap. 8 

. Plate voltage = O. Screen Short-circuited high AF by-
voltage low pass condenser C-12 

Plate voltage = O. Screen Open primary winding of out-
voltage normal or high. put transformer T-6 
(Screen of a glass second 
AF tube glows) 

Plate voltage normal or Weak second AF tube. Open 
high. Screen voltage self-bias resistor R-IS 
same as plate ~. 

Poor tone quality Plate voltage low. Screen Defective second AF tube. 
voltage normal (large dif- Short-circuited cathode by-
ference between plate and pass condenser C-lS. Open 
screen voltages) grid-load resistor R-12. 

Shorted or leaky coupling 
condenser C-S2 (see Chap. 
II) 

Voltages normal Open cathode by-pass con-
denser C-lS. Mismatched 
replacement output trans-
former 

Motorboating Open output filter condenser 
C-16. Open grid-load re-
sistor R-12 

Squeal or oscillation Voltages normal Open output filter condenser 
C-16. Open high AF by-
pass condenser C-12. De-
generative feedback con-
nection from replacement 
output transformer incor-
rectly phased 

QUESTIONS 

1. A receiver is brought in for repairs, the complaint being "no reception." 
Visual inspection shows a red-hot screen grid in the type 6F6-G power tube. What 
is likely to be wrong? Indicate the tests that should be made to confirm your 
assumption. 
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2. In a dead receiver, the power supply is found to be operating normally. A 
voltage check of the second AF stage shows the following: 

Plate ................................................ 300 volts 
Screen ............................................... 300 volts 

What are the likely causes of the trouble? Indicate the tests that should be made 
to confirm the actual cause of the trouble. 

3. An AC receiver, using a 6V6-G tube in the second AF stage, gives a high
pitched squeal regardless of the setting of the volume control or tuning dial. What 
are the possible causes of the trouble? How would you check for each? 

4. The receiver of Fig. 10-17 has an open output transformer. If an original 
replacement is not obtainable, use the universal output transformer chart of Fig. 
10-11 for reference and choose (1) the type of transformer that should be used, and 
(2) the secondary taps that should be used. 

5. The receiver of Fig. 10-14 has low volume and sounds tinny. A voltage check 
shows normal voltage readings. Substitution of the bench test speaker causes no 
improvement. What should the next check be? 

6. The receiver of Fig. 10-14 motorboats. Bridging the output filter condenser 
C-26 with a 20-mfd/450-volt condenser causes no improvement. What should the 
next check be? 

7. The receiver of Fig. 10-13 begins to distort after it has been playing for 15 
min. What would you suspect is wrong? How would you confirm your suspicion? 

8. A distorting receiver gives the following voltage check for the 6V6-G tube in 
the second AF stage: 

Plate ................................................ 200 volts 
Screen ............................................... 250 volts 
Grid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 volts 
Cathode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 volts 

What is likely to be the cause of the distortion? How would you confirm your 
assumption? 

9. The receiver of Fig. 10-13 is brought in as dead and gives the following volt-
age readings for the second AF stage: 

Plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 volts 
Screen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 volts 
Cathode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 volts 

What is likely to be the cause of the trouble? How would you confirm your as
sumption? 

10. What precautions should be observed in replacing a shorted high-AF by-pass 
condenser? 



CHAPTER 11 

FIRST AUDIO-AMPLIFIER STAGE 

Quick Check.-If a wet finger or a plugged-in soldering iron is 
applied to the input of the first AF stage and a very strong growl 
comes out of the speaker, the stage is probably functioning properly, 
and the serviceman moves on to the next stage. 

Function of First AF Stage.-The control grid circuit is the stage 
input and is coupled to the detector output circuit. The plate cir
cuit is the stage output, which is in turn coupled to the grid or input 
circuit of the second AF stage. The detector has an output of rough
ly 1 volt of AF signal. The second AF stage, if it contains a 6V6-G 
beam-power amplifier, requires an input signal of 12.5 volts to drive 
the speaker to full volume. It is therefore the function of the first 
AF stage to build up the detector output signal voltage (1 volt) to 
the level necessary to drive the second AF stage (12.5 volts). 

Theory of Operation, Functions, and Values of Component Parts. 
From the function of the stage, to amplify 1 volt of signal to 12.5 
volts, it would seem that a voltage amplification of 12.5 for the stage 
would be sufficient. However, the detector output may be less than 
1 volt, in which case there would be insufficient volume. The first 
AF stage, therefore, is usually designed for high voltage gain, 50 or 
higher, so that low input signals can be amplified to the required 
level to operate the second AF stage. Then, should the input be 
excessive, the detector signal level feeding the first AF stage is 
reduced through a ·potentiometer, which is the manually operated 
volume control of the receiver. 

The first AF stage is called a "voltage" amplifier, while the second 
AF stage is called a "power" amplifier. The reason for these descrip
tions lies in their functions. The second AF stage drives the speaker 
and must furnish power to vibrate the speaker cone and the sur
rounding air. Electric power is measured in watts, which incorpo
rates both voltage and amperage. The second AF tube, the output 
transformer, and the speaker are all rated in watts. The second AF 
stage, therefore, is a power amplifier developing enough power to 
drive the speaker. The first AF stage, on the other hand, furnishes 
the grid excitation for the second AF tube. The grid of the second 
AF tube is always kept at a negative potential by the bias voltage 

1~5 
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supply, and the signal voltage does not normally exceed the bias 
voltage. As a result, the grid circuit does not draw current from the 
previous stage, and the signal grid excitation therefore requires volt
age but not current. For this reason, the first AF stage, which 
furnishes the grid excitation for the second AF stage, is called a 
"voltage amplifier." If the signal voltage at the second AF grid 
should exceed the bias voltage and grid current result, the first AF 
stage would also be furnishing power. Likewise, if the first AF stage 
were used to drive a pair of headphones, it would be operating as a 
power amplifier. 

The tube used as the first audio amplifier is usually a high-mu 
triode. Most often, it is the triode section of a dual-purpose diode 
and high-mu triode, like the 6SQ7, which will be used in our standard 
circuit. The diode section is used as the detector and will be de
scribed in Chap. 12. 

From 
Detector 

Output 

B+ 
FIG. ll-l.-Typical first audio-frequency amplifier stage. 

Standard Circuit.-Potentiometer R-27 is the manual volume con
trol for the receiver. Its usual value is 500,000 ohms. The detector 
signal output is connected across R-27, and the position of the po
tentiometer arm determines how much of the detector signal output 
voltage is fed to the audio amplifier. For example, if the arm is near 
the grounded end, little of the detector output voltage developed 
across R-27 gets amplified, and this is the low-volume position. 
If the arm is nearer the ungrounded end, more of the available signal 
voltage gets amplified, and this is the high-volume position. 

Condenser e-31 is the coupling condenser. It feeds the audio 
signal voltage from the volume control to the grid or input circuit of 
the tube and is usually 0.005 mfd. It may vary in different receivers 
from 0.001 to 0.02 mfd. 

Resistor R-31 is the grid load. It returns the grid directly to the 
cathode in a circuit known as "contact bias." As will be explained, 
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the grid-load resistor in a contact bias circuit usually is high: 2 to 
15 megohms. The average size for the standard circuit is 10 meg
ohms. 

Operation of Contact Bias.-When the schematic diagram is 
studied, it would seem at first glance that there is no grid-bias 
voltage on the triode section of V-4, since the grid goes to ground 
through R-31 and the cathode is also at ground potential. To under
stand how a bias voltage is developed between grid and cathode, 
first assume a condition of no signal input. In the tube, the cathode 
is emitting electrons which are attracted by the positive plate, as 
shown in Fig. 11-2. Some of these electrons impinge on the grid 
located between cathode and plate, as shown in Fig. 11-3. These 

R-32 

B+ 

FIG.1l-2.-Electrons being 
attracted from the cathode 
to the positive plate. 

R-32 

B+ 

FIG. 11-3.-Electrons impinging on the 
grid of a tube in developing contact 
bias. 

will How through the grid load R-31 back to cathode. Since R-31 
usually has a high resistance, it will not require very much grid 
current How to develop a voltage across it. By applying Ohm's law, 
E = I X R, a current of only 0.1 microampere (0.0000001 amp) will 
develop 1 volt across 10 megohms, the usual size of R-31. Note the 
arrow showing direction of electron How through R-31 in Fig. 11-3. 
Since electrons How from negative to positive, the grid end of R-31 
is negative, with respect to the ground or cathode end, by this volt
age drop. Therefore, a small negative bias is established on the grid. 
This negative bias remains constant for a particular circuit because, 
as fast as electrons leak off the grid across R-31, new electrons im
pinge on it, and therefore a condition of equilibrium is set up whereby 
a slight negative bias is maintained on the grid. Condenser e-31 
prevents electrons from leaking.across R-27 to ground. 

In amplifiers used in radio receivers, grids are maintained at all 
times at a negative potential. When the signal voltage is placed on 
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the grid, it drives the grid more negative or less negative with each 
alternation. If the signal voltage should be larger than the steady 
negative grid-bias voltage, the grid will be driven positive on the 
positive half of the signal cycle, resulting in serious distortion. For 
this reason, the signal voltage must always be lower than the grid
bias potential. In the case of contact bias, the grid-bias potential 
is low, and as a result the signal handling capacity is low. Contact 
bias, therefore, is used only in the first audio stage where the input 
signal is at a low level of potential. 

Tubes Used in the First AF Stage.-Vacuum tube V-4 is the volt
age amplifier tube. The one most often used in the first AF stage is 
the high-mu triode section of the type 6Q7 or 6SQ7 tube. Receivers 
equipped with locking-base tubes use the similar 7C6 loctal type. 
When lower gain for the stage is desired or the stage is to be followed 
by transformer coupling, the type 6R7 tube is employed. Where a 
separate diode is used for the detector stage, the tube employed for 
the first AF stage is a 6F5 or 6SF5; these have the same character
istics as the triode section of the 6SQ7. Even in the latter case, the 
6SQ7 is often used with the diode plates grounded. Older receivers 
used the 75 type of tube in a similar circuit arrangement. 

Receivers of the AC/DC type use the 6Q7 and 6SQ7 in circuits 
employing 0.3-amp filament tubes, and the I~Q7 or I~SQ7 types in 
0.15-amp filament tubes. 

Coupling Circuit to the Second AF Stage.-Resistor R-3~ is the 
plate load of the first AF tube. The value most often found is 0.~5 
megohm (~50,000 ohms). It may go as high as 0.5 megohm and as 
low as 0.1 megohm. Higher values would give somewhat greater 
gain; lower values would result in reduced gain. When the first AF 
tube is a low-mu triode like the 6SR7, resistor R-3~ is lower in value. 
50,000 to 100,000 ohms being usual. In all cases, wattage dissipation 
is relatively unimportant. The resistors generally in use are the 
Y2-watt size. 

Condenser C-3~ is the audio coupling condenser. This condenser. 
plate-load resistor R-3~, and grid-load resistor R-l~ of the following 
stage make up a resistance coupling circuit between the two stages. 
as shown in Fig. 11-4. Its function is twofold: It conducts the AF 
signal from the plate circuit of the first AF tube to the grid of the 
second AF tube; at the same time, it keeps the positive plate 
potential of the first AF tube from affecting the grid of the second 
AF tube. 

The capacity of coupling condenser C-3~ varies considerably with 
different receivers. Capacities ranging from 0.01 to 0.1 mfd are 
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common. The standard receiver uses 0.05 mfd. The larger capaci
ties give better bass frequency response. Some receivers purposely 
use a small~capacity condenser at C-32 and are generally designed 
to give a poor response to low audio frequencies so as to minimize 
the hum frequency (120 cycles for a full-wave and 60 cycles for a 
half-wave rectifier). 

I-AF 2-AF 

(-32 lIE I-

- J 
B+ B+ 

FIG. 11-4.-Resistance coupling between the first AF and the second AF stages. 

The insulation of condenser C-32 must be good, since any leakage 
would put a positive bias on the second AF grid from the first AF 
plate. Paper tubular condensers are usually used with a voltage 
rating of 400 or 600 volts DC. 

NORMAL TEST DATA FOR THE FIRST AF STAGE 

Signal Check.-In the signal-substitution method of service pro
cedure, only the final audio stage is measured as a single unit. 
Thereafter, as each stage is added, the test is over-all. In the case of 
the first AF stage, the test signal is applied to the first AF stage in
put circuit while the output indication is taken from the speaker. 

Most signal generators provide a pair of terminals, where a 400-
cycle current is available for the testing of AF circuits. When this 
test signal is applied to the input of an AF amplifier, a 400-cycle note 
is heard in the speaker. 

When the audio output from a signal generator is not readily 
available, a good substitute is found on every service bench. The 
tip of the soldering iron is a length of copper rod, partly enclosed in a 
heating coil, which is energized by 60-cycle current. The heating 
coil induces a small voltage in the tip, which is usable as a source 
of signal input voltage for AF amplifiers. The test frequency is low, 



130 ELEMENTS OF RADIO SERVICING 

60 cycles, which accounts for the note heard in the speaker being 
described as a growl. Also, the human body seems to pick up some 
60-cycle voltage, and many practical servicemen use a moist finger 
as their signal source. This last procedure is not recommended for 
beginners, who might accidentally touch a plate lead at 300 volts 
instead of a grid lead at zero volts. 

Quick Check for the First AF Stage.-If a wet finger or a plugged
in soldering iron tip is applied to the ungrounded (called the "hot") 
end of the volume control with the control in the full ON position, 
a very strong growl should be heard in the speaker. If it is not heard 
or if it is not considerably stronger than the growl heard when the 
second AF stage was checked, the trouble is in the first AF stage. 

The quick signal check can also be used for further narrowing down 
the location of the trouble. Assume normal response from the second 
AF grid (a low growl) and no response from the ungrounded (hot) 
end of the volume control, as in Fig. 11-5. 

Test signal applied 
here qives no 
respon?e 

.,k' 

(-31 

~r-<r-t-

Test signal applied 
here gives normal 

I-AF '!=p-onse 2-AF 
~---o ~-----, 

T-6 

II~ 

B+ B+ 

FIG. 11-5.-Trouble shooting an inoperative first AF stage by a signal check. 

Then, if the test signal is applied to the plate of the first AF tube, 
normal response (a low growl in the speaker) indicates that coupling 
condenser C-32 is functioning and the trouble is before the first AF 
plate. No response at this point indicates an open coupling con
denser, or a first AF plate-to-ground short. 

If there is normal response from the first AF plate, the test signal 
is shifted to the first AF grid. Normal response (a strong growl) 
from this point indicates trouble in the volume control or coupling 
condenser C-31. No response means that the trouble is between the 
first AF grid and the plate. The likely caus~s are 

1. An Inoperative First AF Tube.-Confirm by substituting a 
good tube. 

2. A Grounded Grid Lead.-:-Confirm with an ohmmeter. (The 
ground is probably caused by defective shielding.) 
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3. An Open Plate-load Resistor R-32.-Confirm by voltage and 
resistance checks. 

Use of Output Meter.-The ear, judging differences in sound in
tensity, can make only a rough estimate. Except at very low sound 
levels, the judgment of the ear is not very reliable. A more quanti
tative check for all receiver testing is to measure the actual signal 
power that is put into the speaker. 

Radiomen usually work to a definite level of output from any 
receiver and then make comparisons of input signal necessary to 
attain that output. This reference level is called "standard output" 
and is defined as 50 mw (0.05 watt) of signal power into the speaker. 
Note that the 50 mw is well below the output capabilities of any 
radio receiver and, therefore, the test signal level at any point in 
the receiver, necessary to attain standard output, will not overload 
any tube. 

The output power may be determined by measuring the signal 
voltage across the speaker voice coil with an AC voltmeter. For 
example, if we have a 5-ohm voice coil, 0.5 volt will correspond to 
standard output. 

W = E2 _ 0.5 X 0.5 _ 0.25 = 0.05 watt 
R - 5 - 5 

The only trouble with this is that Yz volt is not easily read on the low 
AC range of the usual multimeter. 

A more easily read output indication is obtainable at the primary 
of the output transformer where, owing to the turns ratio of the 
transformer, standard output will correspond to approximately 16 
volts. The primary of the output transformer, however, is in a cir
cuit where direct current, the plate current of the second AF tube, 
is flowing, the signal itself being a pulsation of this current. To keep 
the direct current of the plate circuit from affecting the AC meter, a 
condenser must be inserted in series, so that the meter will read only 
the AC signal component. This is shown in Fig. 11-6, which indi
cates the connections for an output meter. A convenient size for 
this series condenser is 0.1 mfd/600 volts. Some multimeters have 
the output condenser built in, in which case there will be test jacks 
on the instrument labeled OUTPUT METER, and the O.I-mfd con
denser need not be connected externally. The meter should be used 
on a suitable AC range where 16 volts will give a good indication. 
(About half scale is best.) It might be advisable for the serviceman 
to work to a reading of 15 or 20 volts as his reference level, to take 
advantage of a convenient marker on the meter scale. Then as far 
as his test bench is concerned, 15 or 20 'Volts, as the case may be, is 
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standard output, and he will work at this level except where service 
notes issued by the manufacturer of the receiver concerned specify 
differently. The voltage chosen to represent standard output will 
not vary too much from 50 mwand is sufficiently accurate for any 
service work. 

2-AF 

8+ 

.IMFD. 
600V 

Output 
Mefer 

AC 
Volts 

FIG. 11-6.-Connection of an AC voltmeter as an output meter. 

The serviceman would do well to provide himself with some spe
cial test leads for convenience in checking the output voltage. If 
the multimeter has a built-in output condenser, a pair of test leads 

Clip Connections from 
Multimeter with built-in 

Output Condenser 

AC Voltmeter 
connected up as an 

Output Meter 

Pin Tip 
to 

Voltmeter 

FIG. 11-7.-Test leads for the output meter. 

Convenient Method 
for connecting the 

Series Condenser 

terminating in alligator clips will be all that is needed. If the out
put condenser is not built in, one test lead is provided with a series 
0.1-mfd/600-volt condenser, as shown in Fig. 11-7. 
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Stage-gain Measurernents.-Now, having established standard 
output, let us make some gain checks on a receiver known to be per
fect to determine how this information may be used in later servic
ing. Figure ll-S shows the audio amplifier of the standard receiver. 
The output meter and the AF output of the signal generator are con
nected to make gain checks. The condenser in the hot lead of the 
signal generator (which may be connected internally) serves to keep 
DC plate potentials out of the signal generator circuit when the hot 

Si<;lna I Generator 

AF 
;/ 

!+---X50 --...... ~I. -XIO---+l Output 
Meter 

SIGNAL GENERATOR SETTING 
Approximately .04 Volt input signal 
at test point C3l to 'live standard 
output, and to show 'lain values 
Indicated. 

B+ 
RECEIVER SETTING 

Volume control - Maximum. 

2-AF 

FIG. 11-8.-Audio stage-gain measurements. 

IMFDI8] A( 
600V ./ Volts 

~l 

B+ 
OUTPUT [ND[CAT[ON 

For stage 'lain measure
ment: [6 Volts or manu
facturers specification. 

lead is connected to a plate terminal in the radio. The receIver 
volume control is set for maximum output (full ON) and the tone 
control, if any, is set for the minimum bass position. 

The gain per stage is approximately 50 for the first AF stage and 
10 for the second AF stage, as is indicated in Fig. ll-S. Now let us 
assume our test bench works to a reference level of 20 volts as 
standard output indication. Then when the hot lead of the signal 
generator is connected to point 0), the second AF grid, a 2-volt signal 
will be needed to give standard output from this point, since 2 volts 
input times 10, the amplification of the stage, equals 20 volts output. 
It is not necessary to measure the input signal voltage. Accurate 
stage-gain measurements would call for expensive test equipment 
and, although this would be of advantage in design engineering, 
service work to find a poorly operating stage does not require any-
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thing more than comparative data. For an idea of 2 volts input, 
simply note the position of the attenuator on the AF signal generator 
to obtain standard output on this perfect receiver. 

When the test signal is connected to point CD, the first AF plate, 
the signal-generator attenuator will have to be advanced slightly to 
maintain 20 volts on the output meter, to compensate for the loss 
caused by coupling condenser C-32. 

When the test signal is connected to point @, which is the grid of 
the first AF tube, only 0.04 volt will be needed to give standard 
output, since 

Input volts X gain of first AF stage X gain of second AF stage = output volts 
0.04 X 50 X 10 20 

The signal-generator attentuator position is again noted for the 
O.04-volt position. 

Moving the test signal to point @, the hot end of the volume con
trol, will again require a slight increase in signal input voltage to 
compensate for the loss caused by coupling condenser C-31. 

Having established comparative reference points on his signal 
generator and output meter, by trying the above procedure on a 
number of perfect receivers, the serviceman is in. a position to deter
mine the normal gain to be expected from any audio stage of a re
ceiver brought in for servicing, 

Normal First AF Voltage Data.-Voltages are measured from 
chassis or common negative to tube terminal indicated. In some 
AC/DC receivers where the circuit insulates B minus from the 
chassis, the negative terminal of the voltmeter is connected to the 
common negative: This is most easily found at the line switch. 
Normal data are given in the accompanying table. 

Tube terminal 12SQ7 and AC receivers, AC/DC receivers, 
6SQ7 pin No. volts volts 

Plate ..................... 6 100-170 40-60 
Grid ...................... 2 0 0 
Cathode .................. 8 0 0 

Voltages vary with different receivers and also with the ohms-per
volt rating of the multimeter. Since the plate-load resistor R-32 has ' 
an average value of 250,000 ohms, the plate circuit is a high-resist. 
ance circuit, and the plate voltage as read by a meter will depend 
on the extent to which the meter loads the circuit. In general, a 
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1,OOO-ohms-per-volt meter will read considerably less in this circuit 
than a flO,OOO-ohms-per-volt or vacuum-tube voltmeter. 

Normal First AF Resistance Data.-These data are given in the 
following table: 

Chassis to cathode (pin 3) ..•..................................... 0 ohms 
Chassis to grid (pin 2) ....................................... 10 megohms 
B plus to plate (pin 6) .................................•.... 250,000 ohms 

COMMON TROUBLES IN THE FIRST AF STAGE 

Troubles Common to the Volume Contro1.-Volume controls 
sometimes open. Since a signal check may give normal response 

R-27 
500,000 
Volume 
Control 

6t 

FIG. 11-9.-Typical volume control and its position in the first AF circuit. 

even with an open volume control, this difficulty may not be found 
until the detector stage is checked, the volume control being also 
an important component of the detector stage. 

More often, volume ct;mtrols are noisy in operation, usually 
because of dirt between the sliding arm and its contact ring. Al. 
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though a temporary repair is often possible by a cleaning, such pro
cedure is questionable, since a noisy control is also a possible cause of 
intermittent operation or fading. Debit the control to normal wear 
and tear of a moving part and replace it with a new one. 

In replacing the volume control for electric and mechanical de
fects, it is best' to obtain an exact replacement. When this is not 
possible, a repl~ceru~nt control as similar to the original as possible 
must be selected. When choosing the replacement control, the 
serviceman must keep several factors in mind: 

1. Space Requirement.-The replacement must not be physically 
larger than the original unless there is room for it. 

~. Length of Shaft.-The shaft of the replacement control may be 
longer but not shorter than the original. The excess can be cut off. 

If the original has an unusually 
~r-e""~"""""0-~~;>-: ----------....0 long shaft, an extension shaft 
- . (see Fig. 11-10) may be used. 

FIG. ll-IO.-A volume-control extension 
shaft. 

3. Flat Side of Shaft. - The 
volume-control knob should be 
examined. If it fastens with a 

setscrew, any shape of shaft may be used. If it is a spring push
on type of knob, the knob must fit the shaft snugly with spring 
tension. Too small a shaft will not do, since the knob will be loose. 
A round shaft or one with a small flat section will do, since it can 
be filed to shape. 

4. Resistance and Taper.-The total resistance and taper of the 
replacement control should be the same as the original. The wrong 
taper will cause the control to bunch all its action in a small segment 
of the control rotation, while the rest of the turn has very little effect. 
The serviceman need not concern himself too much about the taper, 
however, since the replacement-control manufacturers have gone 
into the matter thoroughly and specify the proper taper to use in 
accordance with the circuit arrangement of the control. 

5. Switch.-Volume (or tone) controls are usually combined with 
the line ON-OFF switch in one unit. When this is the case, if the 
volume control is defective, the switch is replaced at the same time. 
Similarly, if the switch is defective, the volume control is replaced 
at the same time. 

How to Replace a Volume Control. 
1. Choose a proper replacement control as described above. 
~. Do not remove the wiring from the old control. Loosen the 

mounting nut, slip the shaft through the hole, and let the old control 
dangle from its leads. 
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3. If necessary to cut the shaft of the replacement control, pro
ceed as follows: 

a. Measure it against the original as shown in Fig. 11-11 and mark 
the proper length. 

Olel 
Volume 
Control 

\ 
Replacement 

Volume 
Control 

FIG. ll-ll.--Measuring the replacement volume control for length. 

b. Clamp excess portion in vise with mark showing and cut to the 
mark with a hack saw, as shown in Fig. 11-1~ 

c. Remove saw burr with a file. 

FIG. 11-12.-Cutting the volume-control shaft to size. 
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4. If shaft is to be filed for a push-on type of knob, proceed as 
follows: 

a. Measure against the original, as shown in Fig. 11-13, and in
dicate with a mark the amount of shaft to be removed. 

Old 
Volume 
Control 

New 
Volume 
Control 

FIG. 11-13.-Marking the volume-control shaft for a push-on knob. 

b. Clamp in vise with mark showing. Cut vertically at A with a 
hack saw, as shown in Fig. 11-14. Stop cutting before reaching 

FIG. 11-14.-Cutting the volume-control shaft for a push-on knob. 

the horizontal line. File the material away, almost down to the 
line with the file held horizontally. 

c. Try the push-on knob. If too tight, one or two file strokes will 
bring the shaft down to the line where the knob spring should 
fit just right. 

5. Slip the replacement control through the chassis hole, using a 
lock washer or locating pin, as shown in Fig. 11-15. If there is no 
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hole for the locating pin, bend it down if it is metal or snap it off if 
it is bakelite. If this is not done, the locating pin will force the 
control at an angle when the nut is tightened up, either damaging it 
or giving the control erratic action. Tighten the mounting nut with 
an open-end wrench. An open-end wrench marked Y2 in. on one 

Lock 
Washer 

Chassis 

FIG. 11-15.-Mounting the volume control. 

Op'en end 
Wrench 

endand Us in. on the other will handle most volume-control mount
ing nuts. 

6. Remove the wires from the old control, one at a time. Each 
wire is to be soldered to the corresponding terminal lug on the 
replacement control. 

If the wiring has been disturbed before the new control is in place, 
it will be necessary to trace the leads before soldering them into place. 
First the switch leads are traced, one to the line cord and the other 
to the power-transformer primary. Next the wire to the first AF 
control grid through condenser 0-31 is found and soldered to the 
center terminal of the potentiometer. The last two leads go to 
ground and the detector circuit, and the serviceman must be careful 
not to reverse them or the control will work backward. The easiest 
way to be sure is to turn the control to the full ON position and 
imagine the position of the arm inside the control. At the full ON 

position the arm is stopped at the detector circuit end of the control. 
and the detector lead is soldered to the lug that stopped the arm. 
The final soldering lug connects to the chassis. These connections 
are illustrated in Fig. 11-16. 
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To check the volume-control action, tune the receiver to a strong 
local station. Turn the volume control to the position just before 
the switch shuts off power. The sound from the speaker should be 
just a whisper or completely off. As the volume control is rotated 
in a clockwise direction, the volume should gradually increase. At 

Full ·On" position 

Detector 

L To Gricl-Couplinq 
Ground Condenser C-31 

FRONT VIEW 
OF CONTROL 

From 
Detector 

R-27 
Vor. Cont. 

FIG. 11-16.-Volume-controI connections. 

the halfway point, the volume should be just about right to fill the 
average home living room. As the rotation is continued, the volume 
should increase. Beyond the three-quarter point there will probably 
be distortion, rattling of the speaker, and microphonics. 

To check the volume control for noisy action, the RF section of the 
receiver is made inoperative by removing the IF tube and rotating 
the volume control while listening for noise. In the case of an 
AC/DC receiver, where a tube cannot be removed without stopping 
all operation, the RF section of the receiver may be made inoperative 
by grounding the IF grid or the oscillator condenser stator. Ground
ing the oscillator condenser stator is a standard servicing procedure. 
A description of how the oscillator section of the gang tuning con
denser may be easily recognized is given on page 159. 

Troubles Common to the Input Coupling Condenser.-Coupling 
condenser C-31 rarely causes any service difficulties. It may open, 
in which case the condition would be found by a signal check: normal 
response from the grid of the first AF tube and no response from the 
arm of the volume control. 

When replacing the condenser, be sure to use one with the same 
capacity as the original. Place the condenser in the same position 
as the original and dress the leads in the same manner. The posi
tioning of the condenser and leads is stressed because any hum picked 
up at this point is amplified by the entire audio amplifier that fol-
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lows. Also follow the- original for the placement of the outside foil 
lead, although this procedure may be unimportant, since either end 
of the condenser is equally "hot." 

From 
Oetector 

Output 

C-32 To 
+----1~ 'l-AF 

Stage 

B+ 

FIG. 11-17.-The input coupling condenser and its position ill the input circuit 
of the first AF stage. 

Control-grid Wiring-Any of the wiring from the detector output 
to the first AF grid is likely to pick up hum and, as a result, should 
be either carefully routed or shielded. Where shielding is not used, 
the wiring is usually kept close to the chassis and away from filament 
leads that carry 60-cycle current. Often, when a top grid contact 
tube like the 75 or 6Q7-G is used, the wire goes up to the grid, inside 
the tube shield. In replacing tubes, people sometimes leave the grid 
lead off, replace the shield, and bring the grid wire up outside of the 
shield. Besides increasing the possibility of hum, the shield also 
may cut through the insulation of the grid wire grounding the signaL 
When a shielded wire is used, an end of the shielding may work its 
way through the wire insulation and likewise ground the signaL 

In either case, the trouble would be found by means of a signal 
check: normal response from the first AF plate and no response from 
the first AF grid. An ohmmeter check from grid to ground will 
confirm the trouble. 

In repairing the radio where the tube shield has cut through the 
insulation, it would be safest to replace the entire lead, since any 
repair job so close to the chassis is likely to work away and ground 
the grid wire again. 



14~ ELEMENTS OF RADIO SERVICING 

When a radio with a defective shielded lead is repaired, replace-
ment of the entire lead is also necessary. 

How to Prepare Shielded Wire for Use. 

1. Cut off the proper length. Include allowance for connections. 
~. Push back the shielding to loosen the weave, as shown in Fig. 

11-18A. 

(0) 

(f) 

FIG. 11-18.-How to prepare shielded wire for use. 

S. Bend a loop in the lead, as 'shown in Fig. 11-18B. 
4. Work the weave back and forth with a pointed instrument at 

the top of the loop, until the hole made is large enough to pull the 
wire through. See Fig. 11-180. 

5. Slide the scriber under the wire and pull the end through the 
hole, as shown in Fig. 11-18D. 

6. Pull out the empty piece of sleeving, as shown in Fig. 11-18E.: 
7. Repeat steps 1 to 6 at the other end of the shielded wire. 
8. Strip and tin the ends of the lead ready for connecting, as 

shown in Fig. 11-18F. 
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When a shielded cable is replaced, use the prepared ends of the 
sleeving for the connection to the chassis. Do not attempt to solder 
the shielding in the middle of the lead to the chassis. The heat of the 
iron will probably ruin the insulation inside the shield. 

Troubles Common to the Grid-load Resistor.-Grid-Ioad resistor 
R-31 may open, resulting in motorboating as was described for R-1fl, 
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Output ~ C-31 
R-27 ---11--i:r--...--t-: 

VoL Control 

R-31 
Grid 
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B+ 

C-32 To r-- 2-AF 
Stage 

FIG. 11-19.-The first AF grid-load resistor and its position in the circuit. 

the grid-load resistor of the second AF stage on page 106. This 
would be found by the standard check for motorboating, which is to 
check the filter condensers in the power supply and then to look 
for an open grid circuit. 

When replacing R-31, be sure to use the same ohmic value as is 
called for in the receiver diagram. A wrong value here would 
change the contact bias (see page 1fl7) and result in poor tone. 

Troubles Common to the First AF Amplifier Tube.-The first 
AF amplifier tube V -4 is the most likely source of trouble in the 
stage. Hum, no reception, weak reception, noisy reception, and 
intermittent reception might all be due to the tube. The best check 
is to substitute a similar tube known to be good. When the signal 
check shows normal response from the first AF plate and weak or 
no response from the first AF grid, the tube is a likely suspect. 

Troubles Common to the Plate-load Resistor.-Plate-Ioad re· 
sistor R-3fl sometimes opens. The signal check would show normal 
response from the first AF plate and no response from the first AF 
grid. A voltage check would then show no voltage at the first AF 
plate. 

Troubles Common to the Output Coupling Condenser.-Coupling 
condenser C-3fl is subject to many ills that impair performance of 
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the receiver. It opens, shorts, becomes leaky, and opens inter
mittently. 

An open condenser would result in a dead receiver and is found by 
a signal check. There would be a normal response from the second 
AF grid and no response from the first AF plate. Such a response 
could also be caused by a plate-to-ground short or an open plate
load resistor. These last two possibilities would be eliminated by a 

From 
Detector 

Output 
R-27 

VoJ.Cont. 

B+ 

FIG, 11-20.-Coupling condenser C-32 between the first AF and second AF stages. 

normal plate-voltage reading. The open condenser would then be 
confirmed by substituting a test condenser. 

If C-82 is shorted or has low leakage resistance, the tone quality 
would be badly affected. Positive voltage from the first AF plate 
would leak over the defective coupling condenser to the second AF 
grid, disturbing the bias voltage on the second AF tube, with distor
tion as a result. The condition would be found in a voltage check of 
the second AF stage. Insufficient or positive bias on the second AF 
tube grid would cause heavier than normal plate current and result 
in an abnormally large potential across the output transformer 
primary and an unusually large potential difference between plate 
and screen voltages. This check is more reliable than a positive 
indication on the second AF grid, which may be small and therefore 
missed in the case of high leakage resistance. In the latter case, 
even though a small positive voltage leaks across the coupling con
denser, it will still decrease the applied bias voltage, with consequent 
increased plate current and reduced signal handling capabilities. 
Since a leakage resistance of several megohms would be hard to 
measure on the average ohmmeter but would still cause distortion, 
a good confirmation check would be the following: Open the cou
pling condenser from'its grid connection, and check for voltage to 
ground, as shown in Fig. 11-21. With a good condenser, the volt
meter needle will swing up as the condenser charges and return to 
the zero position, when the condenser is fully charged. Leakage 
resistance in the condenser will cause the voltmeter needle to remain 
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at some position higher than zero. Owing to the high activating 
voltage at the first AF plate, a leakage resistance of several megohms 
will cause a readable deflection on even a 1,000-ohms-per-volt 
voltmeter. 

If the coupling condenser is intermittently open, fading will re
sult; the receiver will not operate when it is open and will resume 
operation when it is closed. This condition is due to a poor contact 

~------. 
DC Voltmeter 

o 
j250V 

- + 

B+ 

FIG. 11-21.-How to check an audio coupling condenser for leakage. 

between one of the condenser leads and the tin foil of the condenser 
plates. Usually the condition can be confirmed by yanking gently 
on the condenser leads, thereby starting and stopping reception. 
Parenthetically, it may be added that, when a receiver is serviced 
for fading, all coupling condensers should be replaced as a matter of 
course. 

When coupling condenser C-32 is replaced, a good-quality con
denser should be used. The condenser should have a rating of 600 
volts. Although a 400-volt condenser is sufficient for the voltages 
normally found in this circuit, the thicker dielectric of the 600-volt 
size makes for less likelihood of leakage. The capacity used should 
be the one called for in the receiver diagram. If a different capacity 
is used, the serviceman should remember that a higher capacity will 
give a better low-frequency audio response. 

CIRCUIT VAR.IATIONS IN THE FIRST AF STAGE 

Bass Compensation Circuit.-It is characteristic of the human 
ear to be less sensitive to low audio frequencies than to high ones at 
reduced volume levels. To compensate for this deficiency, the cir
cuit of Fig. 11-22 is found in many receivers. 

Potentiometer R-27 is a tapped volume control with the tap lo
cated in the low-volume area. When the arm is in the high-volume 
position near the ungrounded end of the volume control, C-127 has 
little effect. As the volume is reduced and the arm approaches the 



146 ELEMENTS OF RADIO SERVICING 

tap, C-127 by-passes some of the high AF signal from the amplifier, 
thereby making the low audio frequencies seem stronger. The effect 
is greatest at the tap which will be at the low-volume position for the 
particular receiver. Resistor R-127, which may be omitted from 
some circuits, is to keep the by-passing effect from being too pro-

From 
Detector - .... -.., 

(-32 To 

t---It-I ---~ 2-Af 
Stage Output 

B+ 

}'IG. 11-22.-Bass compensation in the first AF stage. 

nounced at the tap and to broaden the region around the tap where 
the bass compensation circuit is effective. 

Some receivers carry out the tone compensation at two points on 
the volume control, as shown in Fig. 11-23. The volume control is 

From 
Detector 

Output 

FIG. 11-23.-Bass compensation at two points in the volume range. 

tapped at two points. Again, at the high-volume position the high
frequency by-pass circuits have little effect. As the volume is re
duced, a slight amount of bass compensation is attained through 
C-127 and R-127. As the volume is reduced further, more bass com
pensation is attained through condenser C-131. All checks and 
operations are the same as for the standard circuit. 
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Condensers C-127, c-un, and resistor R-127 rarely if ever give 
any service difficulty. Volume control R-27, however, is subject to 
all the ills of volume controls. In replacing R-27, the serviceman 
must find an exact replacement for proper operation of the bass 
compensation circuit. 

Figure 11-24 illustrates some of the points taken up in this chap
ter on the first AF stage. Note the tone-compensation circuit con
nected to the volume control R-6. At high-volume levels the filter 
is ineffective. When the potentiometer arm is in a low-volume posi
tion near the tap, condenser C-Sl and resistor R-12 by-pass high 
audio frequencies to ground. Since the attenuation of very high 
audio frequencies will be excessive, the circuit composed of R-11 
and C-SO restores some of these frequencies to the arm of the volume 
control. The net result is an increase in low AF response at low
volume levels without entirely removing the high audio frequencies. 

Note also the use of a separate detector tube, the 6J5-GT, with 
the plate tied to the cathode as one diode element while the grid 
functions as the other. The rest of the first AF circuit follows the 
standard circuit closely except for the use of condenser C-22 across 
the plate circuit of the tube. This limits the high-frequency re
sponse. Note that C-22 is a 600-volt condenser and will therefore 
give little service difficulty. If condenser C-22 were shorted, the 
trouble would be narrowed down to the first AF stage by signal 
check, since there would be normal response from the second AF 
grid and no response from the first AF grid. A voltage check would 
show no plate voltage at the first AF plate. Since this condition 
could also be caused by an open plate-load resistor R-S, an ohm
meter check would finally confirm R-S open or C -22 shorted. 
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SUMMARY 

Quick check for normal operation of the first AF stage. 

A wet finger or a plugged-in soldering-iron tip applied to the ungrounded end of 
the volume control causes a very strong growl to be heard in the speaker. 

Standard first AF diagram. 

The accompanying figure shows the standard first AF diagram. 

From 
Detector 

Output 

Normal first AF voltage data. 

B+ 

Voltage is measured from chassis or the common negative in an AC/DC receiver. 
Data given in the accompanying table. 

Tube terminal 12SQ7 and AC receivers, AC/DC receivers, 
6SQ7 pin No. volts volts 

Plate ..................... 6 100-170 40-60 
Grid ...................... 2 0 0 
Cathode .................. 3 0 0 

N(}rmal first AF resistance data. 

Chassis or common negative to cathode ............................... 0 ohm 
Chassis or common negative to grid ............................. 10 megohms 
Plate to B plus .............................................. ~50,OOO ohms 
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SERVICE DATA CHART FOR AN INOPERATIVE FIRST AF STAGE 

Assume an inoperative first AF stage as shown by normal response when an AF test signal 
is applied to the second AF grid, and no response when the test signal is applied to the un
grounded end of the volume control. The following service procedure is recommended. 

I 

Step Signal check Response Trouble 

1 Apply AF test signal to None or weak Look for open coupling condenser 
first AF plate C-32 or first AF plate short-circuit-

ing to chassis 

Normal Proceed to step 2 

Ii! Apply AF test signal to None or weak Look for plate voltage on first AF 
first AF grid plate (open R-32). Substitute a 

good first AF tube. Look for a 
shorted grid lead (shielding) 

Normal Proceed to step 3 

S Apply AF test signal to None or weak Look for open coupling condenser 
volume control arm C-3l. Look for grounded volume-

control arm (shielding) 

Normal Open volume control. Grounded 
"hot" end of volume control 

-"';' 

SERVICE DATA CHART FOR OTHER SYMPTOMS 

Symptom Abnormal reading Look for 

Poor tone quality First AF plate voltage low Short-circuited or leaking 
coupling condenser C-3!i! 

Voltages normal Short-circuited or leaking 
coupling condenser C-3l. 
Incorrect value of grid load 
R-31 

Motorboating Open grid load R-31 

Hum Voltages normal Defective first AF tube. In-
correctly dressed grid leads. 
Positioning of coupling 
condenser 

Intermittent reception (fad- Coupling condensers C-31 and 
ing) C-32 may open intermit-

tently. Defective first AF 
tube. Defective volume 
control 
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QUESTIONS 

1. A receiver is being serviced for weak reception. A signal check shows no gain 
for the first AF stage. Outline a test procedure for determining the cause of the 
trouble. 

2. The receiver of Fig. 11-24 has poor tone quality. A voltage check shows 50 
volts on the first AF plate. What is likely to be wrong and how would you confirm 
your assumption? 

3. The receiver of Fig. 11-24 has a noisy volume control. After the volume con
trol is replaced with an exact replacement, the volume remains at one level regard
less of the position of the control arm. What is wrong? How would you check to 
prove it? 

4. A receiver very much like the standard superheterodyne motorboats. How 
would you check to find the cause in the power supply? In the second AF stage? 
In the first AF stage? 

5. An AC receiver hums excessively. When the first AF tube is removed from 
its socket, the hum level drops to normal. How would you check the various possi
bilities for hum in the first AF stage? 

6. What are the possible causes of intermittent reception in the first AF stage? 
How would you check for each? 

7. A receiver gives normal response when an AF test signal is applied to the first 
AF grid and a very weak response when the test signal is shifted to the hot end of 
the volume control. What are the possible causes of the defect and how would you 
check for each? 

8. A receiver gives normal response when an AF test signal is applied to the 
second AF grid and no response when the test signal is shifted to the first AF grid. 
What are the possible causes of the trouble and how would you check for each? 

9. What is a good test for high leakage resistance in a coupling condenser be
tween a first AF plate and a second AF grid? 

10. The receiver of Fig. 10-14 has been completely overhauled and reconditioned. 
As part of the servicing procedure the first AF grid-load resistor R-11 had been 
found to be open and replaced. However, it had been replaced with a I-megohm 
resistor in error. The customer later complains that his radio does not sound so 
clear as before. Could the incorrect first AF grid-load resistor be the cause of this 
condition? Explain your answer. 
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DETECTOR STAGE-AVC 

Quick Check for Operation of the Detector Stage.-A modulated 
signal at the intermediate frequency of the receiver being checked 
is applied to the IF control grid. If the signal-generator modulation 
note is heard in the speaker, the detector stage is probably function
ing properly, and the serviceman moves forward to the next stage. 

Since the Ave (automatic volume control) action is dependent on 
the operation of the RF converter and IF stages, there is no quick 
check for AVe operation at this point. 

Function of the Detector and AVC Stage.-In modern receivers, 
detection and automatic volume control are accomplished in one 
circuit and, although they are two separate functions, must be 
treated together. 

The input signal, normally fed to the detector stage, is an alternat
ing voltage at the intermediate frequency of the receiver and modu
lated by the audio component of the original signal picked up by the 
antenna. The signal that appears across the output of the detector 
stage is the audio component only. One function of the detector and 
AVe stage, therefore, is to demodulate the signal; that is, to remove 
the audio component and pass it on to the audio amplifier. 

The detector stage or tube is sometimes called the "demodulator," 
the reason for which is obvious from its function. It is also some
times called the "second detector" to distinguish it from the mixer 
tube, an old name for which was "first detector." 

AVe action can be described as follows: A strong local station de
livers a strong signal to a receiver. A station at some distance away 
will deliver a much weaker signal to it. Yet it is desirable for each 
of these stations to produce approximately the same volume from 
the speaker. This effect could be performed manually by means of a 
volume control, but it is far superior if this effect is performed auto
matically. That is the function of the AVe system. 

The upper limit of sensitivity of a receiver is set by the design 
characteristics of the receiver itself. However, the AVe circuit 
reduces the sensitivity of the receiver more or less below the upper 
limit-more for a strong signal and less for a weaker signal. This 
effect is produced by the use of supercontrol (variable-mu) tubes in 

15~ 
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the RF and IF stages of the receiver. The gain of these tubes 
changes with different control grid-bias voltages: at greater negative 
bias, the gain is lower; at lower negative grid bias, the gain is greater. 
In an A VC circuit, the station signal itself develops negative bias 
voltage for the control grids of the supercontrol tubes. A strong 
signal develops a large negative bias voltage which reduces the gain 
of the controlled tubes. A weak signal develops a smaller negative 
bias voltage which does not reduce the gain of the controlled tubes 
so much. As a result, a fairly constant volume is obtained from the 
speaker, regardless of the original strength of the received signal 
within the limits of the sensitivity of the receiver. 
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FIG. 12-1.-Half-wave B power supply. 
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Theory of Operation.-The detector and AVC stage in modern 
receivers performs its functions in a circuit arrangement very sim
ilar to that of a power supply; that is, it also employs a diode 
rectifier and filter circuit. Since power-supply circuits are generally 
understood, a parallel will be drawn to explain the operation of the 
detector and AVC stage. 

Consider the half-wave rectifier circuit shown in Fig. 1~-1, com
mon in AC/DC receivers. The input is 11~ volts AC. Only when 
the positive phase of the input voltage is impressed on the plate 
will current flow through the tube. The circuit is completed through 
load resistor DL. Condensers Cx and Cy and choke L make up the 
smoothing filter. The wave forms of Fig. l~-l show the complete 
action of the circuit. Note the polarity of the voltage across load 
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resistor DL and the hum ripple that is present. If it is desired to 
eliminate the hum ripple, a second section L-C filter would be added, 
as in Fig. 12-2. 
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FIG. 12-2.-Eliminating hum ripple by means of a second section filter. 

In the detector stage, to draw a parallel, the input voltage is across 
the tuned secondary of the IF transformer T-5, as shown in Fig. 
12-3. The graph below T-5 represents the input voltage at the inter
mediate frequency and modulated by its audio component. Similar 
to the acti.on in the power supply, the rectifier chops off the negative 
half of the input voltage, as represented in the graph under the recti
fier tube V-4A. Now let us examine the filter circuit. A filtering 
resistor R-26 has been substituted for the choke. It serves a similar 
functi.on. In the power supply, the filter condensers are usually 
20 mfd each. In the detector filter circuit, C-26 and C-27 are usu
ally 0.0001 mfd apiece. This filter circuit will not give unvarying 
direct current as its output but will make an effective filter at the 
intermediate frequency (455 kc). The output at this point will be 
the audio component of the signal which is impressed across the re
sistor DL, since the audio signal cannot be by-passed across the low
capacity condensers C -26 and C -27. Resistor D L is called the" diode 
load" and is usually the manual volume control of the receiver. 
With the audio signal across the volume control, the position 
of its arm determines the strength of the signal fed to the audio 
amplifier. 
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The audio signal, owing to its strong pulsations, is not suitable for 
use as an automatic bias voltage, since any bias voltage should be 
pure direct current. Therefore a second section filter, R-28 and C-28, 
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FIG. 12-3.-Diode detector operation-developing the audio output signal from the 
modulated IF input signal. 

is added after the audio circuit to smooth it to direct current, as 
shown in Fig. 12-4. The capacity of C-28 is 0.05 mfd to make it 
effective at audio frequency. 

Now note again the polarity of the voltage across the diode load. 
If the diode cathode is grounded, the voltage at R-28 will be negative 
with respect to ground, and therefore suitable for use as bias voltage. 
The amount of voltage available at R-28 will depend on the voltage 
of the signal impressed across the secondary of the IF transformer 
T -5, since it is the rectified and filtered output of the signal voltage. 
For strong signals, the signal voltage across T-5 is high, the AVe bias 
voltage is high, and the amplification of the controlled RF and IF 
tubes is reduced. For weak signals, the signal voltage across T -5 is 
low, the Ave bias voltage is low, and the amplification of the con
trolled tubes is greater. 

Figure 12-5 shows the detector and Ave system, including the 
control-grid circuits of the controlled tubes, and the coupling to the 
first AF stage. The wire that feeds the Ave voltage to the con
trolled tubes is known as the "Ave bus." 
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Resistor R-SO and its associated condenser CoSO in the RF grid 
return lead isolate the RF stage from the other stages. This is 
called a "decoupling" filter, which will be described in a later section. 
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FIG. 12-4.-Developing audio signal 'and AVe voltage from the modulated intermediate
frequency signal. 

Resistor R-29 and condenser C-29 serve a similar function for the 
converter stage. 
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FrG. 12-5.-Typical detector and AVe circuit. 
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Functions and Values of Component Parts.-Potentiometer R-27 
is the manually operated volume control for the receiver. In the 
detector stage, it acts as the diode load resistor, and the audio com-
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ponent of the signal voltage is developed across it. A portion of this 
voltage is taken off at the volume-control arm and is amplified as was 
described in Chap. 11. The ohmic value of R-CZ7 is usually 500,000 
ohms, although higher values are' sometimes found in circuits where, 
at the increased load resistance, a higher value of audio output volt
age is possible. 

Condensers C-CZ6 and C-CZ7 and resistor R-CZ6 make up the IF filter 
circuit. In this circuit, the IF pulsations are removed, leaving the 
audio envelope. Resistor R-CZ6 is usually 50,000 ohms, and con
densers C-CZ6 and C-CZ7 are usually 0.0001 mfd for an intermediate 
frequency of 450 to 4S0 kc. Sometimes these capacities are a little 
higher, not so much for more efficient filtering as for attenuation of 
high audio frequencies with resultant improvement of the apparent 
low AF response. 

Resistor R-CZS and condenser C-CZS form the additional filter for the 
AVC voltage. In this circuit, audio pulsations are removed. Since 
the controlled grid circuits do not require current, R-CZS can have 
a high value of resistance for efficient filtering of the AF pulsations, 
and C-CZS by-passes the remainder to ground. In receivers con
taining an RF stage, R-CZS is usually 1 megohm. In receivers that do 
not employ an RF stage, R-CZS is usually higher, CZ megohms being the 
average size. C-CZS is almost always 0.05 mfd. 

The diode employed in the detector and A VC stage is the duo
diode section of the 6SQ7 tube, with the diode plates connected to
gether, and the triode section functioning as the first AF amplifier 
tube. Some receivers use a 6Q7 duo-diode high-mu triode which is 
very similar to the 6SQ7, the difference being in the location of the 
audio grid pin. Receivers that use the loctal type of tubes employ 
the 7C6. When a separate tube is used for the detector, it is the 6H6 
twin diode. 

Occasionally, the detector diode is combined with the IF amplifier 
in one tube, as is the case with the 6BS duplex-diode pentode. In 
these receivers, the following AF tube is usually a twin triode like the 
6SC7 which combines the first AF and inverter functions in one tube. 

Older varieties of the circuit combined the detector, AVC, and 
first AF functions in the 75 tube. Older circuits, using a separate 
tube, use the S7 triode with cathode and plate tied together to form 
one diode electrode while the grid functions as the other. An early 
issue of the 6BS is the 6B7 duplex-diode pentode, where the detector, 
AVC, and IF amplifier functions are combined in one tube. 

In AC/DC receivers employing O.S-amp heaters, the 6Q7 and 
6SQ7 are widely used. Where the 0.15-amp heater tubes are used, 
the HQ7, lCZSQ7, and 14B6 duplex-diode. high-mu triodes are found. 
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IF transformer T -5 couples the IF stage output signal to the de
tector stage. Usually both primary and secondary are tuned to the 
intermediate frequency by trimmer condensers C-I0 and C-l1. The 
latter are usually part of the transformer assembly. Sometimes con
densers C-I0 and C-11 are fixed, and tuning is accomplished by vary
ing the position of powdered-iron core plugs inserted in the coils of 
the transformer. The latter method is known as "permeability 
tuning." 
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FIG_ 12-6.-SignaI check and stage-gain measurement connections for the detector 
and Ave stage. 

NORMAL TEST DATA FOR THE DETECTOR AND AVC STAGE 

Signal Check.-The input of the detector stage is the IF trans
former T-5. However, when the stage is checked, the signal genera
tor is connected to the grid of the IF tube, as shown in Fig. 1~-6. 
There are several reasons for this connection: 

1. The IF tube is generally a 6K7 with the control-grid connection 
at the top of the tube and therefore readily available for connection 
to the signal generator. 

~. Since the detector input is the last step in the RF chain, the 
signal voltage at this point is high, higher than the RF output of 
most signal generators, and the amplification of the IF tube may be 
needed to make the signal more easily heard in the speaker. 

3. If the added capacity of the signal-generator leads were 
connected to the IF plate, the normal input of the detector stage, 
it would seriously detune the primary _ circuit of T -5, making the 
response broad and possibly at an off-frequency setting. 
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The O.l-mfd condenser in the hot lead of the signal generator acts 
to isolate the signal generator from DC receiver potentials in case 
the signal input is connected to a plate lead. It is also the standard 
dummy antenna capacity (coupling device) between the signal 
gen~rator and the receiver for IF measurements. The output in
dication is the signal-generator modulation note in the speaker. 
This can be measured by connecting the output meter (35- to 60-volt 
AC range of the multimeter with a O.1-mfd/600-volt condenser in 
series) from the second AF plate to ground, as was discussed on 
page 132. 

When the signal check is made, it is also wise to check the inter
mediate frequency of the receiver, which is always listed in the 
manufacturer's service notes. In modern receivers it is usually 
455 kc. For several years, the intermediate frequency chosen by the 
receiver manufacturers has varied between 450 and 480 kc. In 
very old receivers intermediate frequencies of 260, 175, and 130 kc 
have been used. In checking the alignment and operation of the 
stage, the previous stages of the receiver should be made inopera
tive. This is done by shorting the oscillator section of the tuning 
condenser. To determine which of the sections of the gang tuning 
condenser is the oscillator, the serviceman should trace the circuit; 
or it is sometimes possible to locate the oscillator section by faster 
methods. In some receivers, the oscillator rotor plates are smaller 
than the other rotor plates in the gang condenser. Another method 
that can be used when the receiver is operating on a station is to 
touch only the stator plates of the various sections. When the RF 
and converter sections are touched, there will be little difference 
observed. When the oscillator section is touched, the added capacity 
of the body will cause the station to disappear. A short piece of 
flexible wire with a clip at each end will serve as the short. One end 
is clipped to either stator terminal lug; the other is clipped to the 
condenser frame. 

To check alignment, the signal-generator dial is rotated through 
the intermediate frequency, while the output meter reading is ob
served. The presence of two peaks, broad tuning, too Iowan output, 
or the peak at a considerable difference from the specified frequency 
-all indicate misalignment. 

Stage-gain Measurements for the Detector Stage.-When mak. 
ing sensitivity and stage-gain measurements, since it is unlikely that 
the test oscillator has a calibrated output, the serviceman should run 
checks on several receivers in perfect condition, as was done for the 
audio amplifier (see Chap. ll), until he has a basis of comparative 
data for normal gain to be expected from the stage. 
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The signal generator, receiver, and output meter are hooked up, 
as shown in Fig. 12-6. The receiver is adjusted for maximum output 
as follows: The volume control is set at maximum; the tone control 
is set at the minimum bass position; the fidelity control (if present) 
is set for maximum selectivity. The RF portion of the receiver is 
made inoperative by shorting the oscillator section of the gang vari
able condenser. 

The signal generator is adjusted to give a modulated signal at the 
inte~mediate frequency of the receiver. The signal-generator dial is 
rotated back and forth through the intermediate frequency while the 

Output 
Input I F Transformer 
From ---..., T-5 r------£~r-

IF Stage 

Ave 
Voltage 

C-IO 

.. 
Output 
to I-AF 

Stage 

FIG. 12-7.-Typical detector and Ave stage. 

output meter is being watched, and is carefully adjusted for peak 
deflection. If the output meter deflection goes off scale, the signal 
input is reduced by adjusting the signal-generator attenuator. After 
the peak deflection has been obtained, the signal-generator attenua
tor is further adjusted to give the standard output of 50 mw in the 
speaker. Standard output corresponds to an output meter reading 
of 16 volts (see page 131). 

The average signal input at the IF grid necessary to give standard 
output is 3,500 microvolts. The attenuator setting just obtained, 
therefore, corresponds to 3,500 microvolts. After several perfect 
receivers have been checked by the above procedure, a reference 
point corresponding to 3,500 microvolts has been duly established. 
It would be more important for the serviceman to remember this 
average attentuator setting for his signal generator rather than the 
corresponding 3,500 microvolts. For example, if his average at
tenuator setting turns out to be 50 X 100, or 5,000, he knows that a 
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setting of approximately 5,000 on the attenuator of his signal gen
erator should produce standard output when connected to the IF 
grid of any receiver. Any substantial variation from his average or 
normal attentuator setting indicates trouble in the stage. 

Normal Voltage Data for the Detector Stage.-The voltages 
normally present in the detector and AVe stage are the signal volt
age and the developed AVe voltage. Normal-voltage data are usu
ally given as an aid in determining the cause of defective operation. 
Since measurements of these voltages would require expensive equip
ment and are therefore not easily obtained, normal voltages will not 
be given, and defects for this stage will be localized by means of re-
sistance measurements. . 

Standard Circuit for the Detector and AVC Stage.-This is best 
illustrated by Fig. 12-7. 

Normal Resistance Data.-These data are given in the accom
panying table. 

Primary (L-10) of output IF transformer (T-5). . . . . . . . . . . Iron core 
Air core 

Secondary (L-n) of output IF transformer (T-5). . . . . . . .. Iron core 
Air core 

Chassis to diode plates (pin Nos. 4 and 5) .............. . 
Across entire volume control. ..................................... . 
Chassis to AVC bus ...............................••.............. 

5-15 ohms 
SO-50 ohms 

5-15 ohms 
SO-50 ohms 

550,000 ohms 
500,000 ohms 

1,500,000 ohms 

COMMON TROUBLES IN THE DETECTOR AND AVC STAGE 

Troubles Common to the Output IF Transformer Assembly.
The trimmer condensers C-I0 and C-11 are parts of the transformer 
assembly and will be considered with it. From a service standpoint, 
the trimmer condensers do not often cause difficulty, except in rela
tion to alignment. At worst, they collect dust or a trimmer screw is 
lost because of careless alignment. The cures for these conditions 
are obvious. In permeability-tuned transformers, the alignment 
screws and fixed mica condensers cause even less trouble. 

For ease in recognition, the symbol of a permeability-tuned trans
former and the illustration of a typical unit are given in Fig. 12-9. 

In operation, IF transformers open and cause noisy reception. 
Should either winding of the transformer open, the receiver would 
become inoperative. A signal check would locate the stage; a re
sistance check would show the open winding. Noisy reception, when 
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it is caused by the transformer, is due to corrosion of the fine wire in 
the windings. A resistance check discloses this condition also, since 
the resistance of a corroded winding is several hundred ohms instead 
of the 5 to 50 ohms that the winding should read. 

V-4 
DET-Ave 

65Q7 

Output 
~ .. ___ ----_~ to I-AF 

Stage 

FIG. 12-8.-Typical output IF transformer assembly and its position in the detector stage. 
Enlarged view of trimmers is shown at lower right. 

There is a rather wide divergence in the design of individual IF 
transformers, and the serviceman should make every effort to secure 
an original replacement. Where this is impossible, coil manufactur-
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ers offer a rather large variety of universal replacem~nt IF trans
formers. These are listed by the following factors: 

1. Size of the shield can. 
fl. Type of core (air or iron). 
3. Type of aligning adjustment (trimmer 

or permeability tuning). • 
4. IF range of the transformer (scope 

of trimmer). 
5. Type of transformer (input,interstage, 

output). These are the factors that the 
serviceman should have in mind when 
replacin~fI1 IF transformer. 

Sometimes the IF filter circuit com
posed of R-fl6, C-26,-'d C-27, or part of it, 
ill'mounted with the transformer and 
trimmer assembly inside the shield can. 
When this is the case and an exact replace
ment is unobtainable, provision should be 
made to include the filter circuit in the re
placement-transformer shield can. 

Replacement IF output transformers 
are usually color-coded in accordance with 
the R.M.A. specifications as follows: 

Blue ........... Plate lead 
Red ............ B plus lead 
Green .......... Diode plate lead 
Black .......... Diode return FIG. 12-9.-A permeability

tuned IF transformer. 
Before removing an IF output trans

former for replacement, the serviceman should study the wire dress of 
the leads, since oscillation can result from incorrectly dressed wiring. 
If the leads have already been disturbed, the following general notes 
should be observed. The leads are usually well separated as they come 
out of the shield can. In the case of a square shield can, the leads 
come out of the four corners. Before the replacement transformer 
is mounted, it should be so turned that the blue plate lead points 
toward the IF tube socket and the green diode plate lead points 
toward the detector-tube socket. These are the "hot" leads. They 
should not cross, and they should be dressed close to the chassis 
and routed directly to their connection terminals. 

When the transformer has been replaced, the trimmers should be 
aligned in accordance with the receiver manufacturer's service 
notes or the general alignment instructions given in Chap. 22. 
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Troubles Common to the IF Filter Circuit.-The voltages and 
currents encountered in this circuit are so small that there is no 
danger of burned-out resistors and condensers. In addition, con
densers C-fl6 and C-fl7 are the molded bakelite type with mica as 
the dielectric. This type of condenser does not give any trouble 
from leakage resistance. 

Troubles Common to the Volume Control.-The volume control 
sometimes opens. When this occurs, the receiver becomes inopera
tive. A signal check will show that the audio amplifier is working 
but the detector stage is not. A resistance check of the components 
in the detector stage will confirm the open control. 

R-26 
From 
IF • 

Transformer I ~~---<Ir---~· a~~ 1~c 
Circuits 

(-26 (-27 

10001 

1
0001 

FIG. l~-lO.-The IF filter circuit. 

The volume control is also part of the audio amplifier. Replace
ment notes on the volume control are found on page 136. 

Troubles Common to the Detector Tube.-The tube is the most 
likely source of trouble in the stage. A defective tube may cause 
hum, no signal, weak signal, or distortion. When checking for these 
symptoms, substitute a similar tube known to be good. In the case 
of a multiunit tube like the 6SQ7, which combines both the detector 
and the first AF functions, there is a possibility that the AF portion 
operates normally but that the detector does not. The serviceman 
should not assume that the tube is good because it shows normal 

• operation as an audio amplifier. 
Troubles Common to the AVC Filter and Decouplers.-Figure 

Ifl-ll illustrates the AVe circuit and shows it connected to the RF, 
converter, and IF stages. Resistor R-flS and condenser C-flS make 
up the AVe filter described previously. 

Strictly speaking, the purpose of the A ve circuit is to develop a 
biasing voltage, and it would seem best to test it by means of a volt
age test. However, such a measurement would require a vacuum
tube voltmeter, since the instrument would be across a low-voltage 
high-impedance circuit. It would also require an accurately cali
brated attenuator on the signal generator, and too often it is not 
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accurate. Therefore, analysis of troubles in the Ave circuit will 
be made from the symptoms encountered. 

Resistor R-28, being one of high resistance, may have a tendency 
to open. If it does so, the receiver will become inoperative and may 
develop hum because the grid returns to ground of the associated 
tubes will be open. Replace the resistor with one of similar value. 

The Ave filter condenser C-28 may open or become leaky. If it 
opens, the signal will become weak and oscillation may result. This 
condition would be found in a signal check of the IF stage. The gain 
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(A) 65Q7 (B) 

FIG_ l~-ll,-The AVe circuit_ 

of this stage would be abnormally low. Also, the IF tuning would 
be very broad and possibly off true frequency, with adjustments of 
trimmer condenser C-9 ineffective. 

If condenser C-28 becomes leaky, the AVe voltage would drop to 
an extent dependent on the resistance of the leak. This would result 
in insufficient bias to handle a strong signal. As a result, the receiver 
would overload and distort on strong local stations. Reducing the 
setting of the manual volume control would have little effect on this· 
distortion. Whether the condenser is open or leaky, confirmation of 
the condition would be obtained by substituting a similar condenser 
that is known to be good. If the trouble disappears, the condenser 
was defective. In replacing C-28, the serviceman should be careful 
to use the same capacity value as the original condenser. Even 
though the voltage across it is quite low, it is advisable to use a con
denser of high voltage rating so that the leakage resistance will be 
quite large. 

Associated with the Ave circuit are the decouplers, C-29 and R-29 
for the converter and C-30 and R-30 for the RF stage. As a rule, 
the resistors cause little trouble and are therefore of little conse-
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quence to the serviceman. However, condensers C-29 and C-30 
can cause trouble. If either one opens, reception would be very 
weak. This condition would be confirmed with a signal check when 
their respective trimmer condensers would not produce a peak. Con
denser C-30 is a particularly odd one. When it opens, the tuning 
circuit in the RF stage becomes inoperative, with a resulting drop 
in signal output. At the same time the loss of signal in the RF stage 
causes the AVC voltage to drop, resulting in high sensitivity so that 
the noise level goes up. The receiver sounds exceptionally lively 
even though strong local stations come in as weak ones do when 
the receiver is normal. 

Condensers C -29 and C -30 may become leaky. When this is the 
condition, the developed A VC voltage will be low and the receiver 
will overload and distort. If the external antenna (when used) is dis
connected and the sound of the receiver improves, the serviceman 
should hunt for leaky condensers. 

VARIATIONS IN DETECTOR AND AVC STAGE 

Use of Electron-ray Tuning Indicator.-Unless the superhetero
dyne receiver is tuned exactly to a station, serious distortion due to 
side-band cutting may result. Many receivers use some form of 
tuning indicator as an aid in tuning correctly, so as to avoid this dis
tortion. The tuning indicator in most general use in modern receiv
ers is an electron-ray (often called a "magic eye") tube like the 
6U5/6G5. This is a cathode-ray tube which shows a wide deflection 
when a low voltage is applied to its grid. The deflection narrows as 
the applied grid voltage is increased. The magic-eye grid is con
nected to the AVC bus as shown in Fig. 12-12. At no signal, the 
AVC voltage is zero and the deflection is wide; as a signal is tuned ill, 
the AVC voltage increases and the deflection narrows. When the 
signal is tuned accurately, the AVC voltage is at a maximum and the 
deflection is at its narrowest. To tune any station accurately, simply 
tune the receiver for the narrowest deflection of the magic-eye tube. 

Since this tube must be located on the front panel of the receiver, 
its socket is not on the chassis. The tube is usually supported in 
position by a clamp, with a cable of connecting leads running down 
to the chassis. 

Resistor R-128 is a 1-megohm/~-watt resistor. In an AC/DC 
receiver, it is a Yz-megohm/~-watt resistor. In either case, it is 
usually located inside of the tube socket. 

From a service point of view, the magic-eye tube adds few com
plications. All checks and tests are the same as for the standard 
receiver. If the tube does not glow, a new tube is needed; if the 
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tube glows but the deflection does not change as stations are tuned 
in, and if the receiver operation is normal in all other respects, 
R-128 is probably open. To change R-128, the tube socket must 
be opened. 

A receiver equipped with an electron-ray tube has a virtual 
vacuum-tube voltmeter already connected to the output of the RF 
and IF stages. It can be used as an indication of the AVe voltage 
and as an output meter for alignment purposes. 

C-1I 

Ave Bus l cO'5
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FIG. 12-12.-Electron-ray tube connected to the AVe bus as a tuning indicator. 

Delayed AVe.-The standard circuit of the detector and AVe 
stage furnishes a type of control known as "simple AVe." Some re
ceivers use a modified circuit known as "delayed A ve," shown in 
Fig. 12-13. 

The diode plates are separated, and one is used for the detector 
function while the other develops the Ave voltage. In simple 
AVe circuits, all signals-even weak ones-will develop Ave bias 
voltage. As a result, all signals will reduce the gain of the RF and IF 
stages. Since weak signals require all available gain, the reduction 
of gain for weak signals is undesirable. In delayed AVe (DAVC), a 
negative delay voltage of about 2 to 3 volts is fed through resistor 
R-128 to the A ve diode plate of the tube. This fixed voltage is ob
tained from a tap at the proper point on the C voltage divider 
R-1l5/R-1l6 (see Fig. 8-21). 

Part of the signal energy from the secondary of the IF transformer 
is coupled through condenser C-110 to the AVe plate. This plate 
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is maintained at a small negative voltage, referred to above, which 
prevents it from rectifying and developing the AVe voltage until the 
peak voltage coupled to it through C-110 overbalances the negative 
voltage of this diode. When the signal is weak, enough voltage is not 
developed on the Ave diode plate to overcome the existing negative 
potential. No AVe voltage is developed, and the gain of the RF 
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FIG. U-13.-Delayed AVe circuit. 

and IF stages remains the same as if AVe were not being used. 
But when strong signals are received, enough voltage will be coupled 
to the A ve diode to overcome the small negative plate potential 
and produce an A ve voltage drop across resistor R-128. 

From the serviceman's point of view, operation of the DAVe 
stage and testing of components is the same as for the simple AVe 
circuit of the standard receiver. 

Figure 12-14 is the schematic diagram of a receiver with a DAVe 
circuit. Note the following conditions. The delay voltage is de
veloped across resistor (52) in the C voltage divider in the power 
supply and is applied through resistors (36) and (34) to the AVe 
diode plate of the 7e6 detector tube. Resistor (35) and condenser 
(20) form the filter circuit and carry the A ve voltage to the first 
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IF and mixer stages. The second IF stage is fed a lower A VC voltage 
from the center tap of resistors (34) and (36). Condenser (19) filters 
this circuit. The 455-kc filter (part numbers 32B, 32C, and 32D) in 
the conventional detector circuit is enclosed in the IF transformer 
assembly (32). 

Radio-phonograph Operation.-Many receivers are equipped 
with a phonograph in a radio-phonograph combination. Or the 
receiver may come equipped with a phonograph switch and input 
jack so that the phonograph turntable and pickup unit may be 
added when desired. The phonograph will utilize only an audio 
amplifier and therefore will use only the audio stages and speaker of 
the receiver. At such time, it would be undesirable to have the RF 

RF, Cony. 
and IF 
Stages 

Rad'io 
Detector 
Staqe 

Phono, 
Pickup 

AF 
Amplifier 

~ Speaker 

FIG. 12-15.-Block diagram of radio-phonograph operation. 

portion of the receiver in an operating condition. Therefore, a 
switch is used to block the radio signals from entering the audio 
stages. Likewise, when radio signals are being received, it is desir
able that the phonograph pickup be disconnected from the audio 
stages. The setup is shown in the block diagram. of Fig. 12-15, 
together with a simplified switching arrangement. The switch is 
shown in the RADIO (R) position used for the reception of radio 
signals. 

The switching is usually arranged in the coupling between the 
detector and AF stages before the volume control so that the latter 
is operative for either the radio or the phonograph. A typical radio
phonograph switch hookup is shown in Fig. 12-16. 

The switch is shown in the RADIO (R) position which is normal 
operation for the receiver. When the switch is changed to the 
PHONOGRAPH (P) position, the pickup feeds the audio amplifier 
through the volume control. Since some radio signals may leak 
through the switch and spoil the phonograph reception, provision is 
made to kill the radio when the switch is in the phonograph position. 
This is accomplished by opening the cathode, screen, or plate circuits 
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of one or more of the tubes in the RF section of the receiver. The 
lower half of the double-pole switch in Fig. 1~-16 opens the plate 
circuit of the IF tube when the switch is adjusted for phonograph 
operation. 

The radio-phonograph switch is sometimes combined with other 
functions, making the switching arrangement somewhat compli
cated. As radiomen must service, replace, and sometimes design 
switching circuits, an example of a rather elaborate switching ar
rangement is chosen for detailed study. 

DET. ... -'_.A_F ___ To 2.AF: 

Stage 

IF 
TFilterT 

=!=R 
po: 0=1 J l 
R : 

C-31 
.005 

B+ 

FIG. 12-16.-Typical radio.phonograph switching circuit. 

The radio-phonograph combination of Fig. 1~-17 combines the 
on-off switch, the phonograph-motor switch, and the tone control 
with the radio-phonograph switch. The switch used is of the 5-
point, ~-gang wafer type. The front-panel view of the switch is 
shown below the wafers in the schematic diagram. The operation 
of the switch can be analyzed by a study of the diagram and the 
following table. 

Switch positions as marked on the front panel: 

1. OFF 

!l. RADIO MINIMUM HIGH (bass) 
3. RADIO MAXIMUM HIGH (treble) 
4. PHONOGRAPH MINIMUM HIGH 

5. PHONOGRAPH MAXIMUM HIGH 
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Rear wafer terminal connections: 

Terminal 10 is connected to the line cord. 
Terminal 9 is connected to the common negative. 
Terminal 7 is connected to the phonograph motor. 
Terminal 2 is connected through the tone-control condenser C-9 to the first AF plate. 

Front wafer terminal connections: 

Terminal 12 is connected to the volume control (input of the audio amplifier). 
Terminal I is connected to the audio output of the detector diode. 
Terminal II is connected to the phonograph input jack. 
Terminal 5 is connected to B plus. • 
Terminal 6 is connected to the plate and screen circuits of the IF and converter tubes. 

The switch is shown in the OFF position. When it is turned to 
the next position, the rotating arms move one position in the direc
tion of the arrows on the diagram. 

Position 1. OFF. 

Position 2. RADIO MINIMUM HIGH (bass). 

Rear wafer: 

Terminal 10 contacts 9. 
Terminal 2 contacts 9. 

Front wafer: 

Terminal 12 contacts 1. 

Terminal 5 contacts 6. 

Power is fed into the radio. 
Tone condenser C-9 is shunted across the output 

of the first AF tube. 

Receiver RF section is connected to the audio 
amplifier. 

B plus is connected to the IF and converter tubes. 

Position 3. RADIO MAXIMUM HIGH (treble). 

Rear wafer: 

Terminal 10 still contacts 9. 
Terminal 2 is open. 

Front wafer: 

Terminal I still contacts a. 
Terminal 5 still contacts 6. 

Position 4. PHONOGRAPH MINIMUM HIGH. 

Rear wafer: 

Terminal 10 still contacts 9. 
Terminal 10 also contacts 7. 
Terminal 2 contacts 9. 

Front wafer: 

Terminal 1 is open 

Terminal 12 contacts 11. 

Terminal 5 is open. 

Power connected to radio. 
Tone condenser C-9 is open. 

Radio remains connected to audio amplifier. 
B plus remains connected to converter and IF 

tubes. 

Power connected to radio. 
Power connected to phonograph motor. 
Tone condenser C-9 is shunted across the first AF 

output. 

Receiver RF section is disconnected from the 
audio amplifier. 

The audio amplifier is connected to the phono
graph input jack. 

B plus is disconnected from the IF and conve1ter 
tubes. 
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Position 6. PHONOGRAPH MAXIMUM HIGH. 

Rear wafer: 

Terminals 10. 9. and 7 in contact. Power is connected to the radio and phonograph 
motor. 

Terminal ~ is open. Tone condenser C-9 is open. 

Front wafer: 

Terminal U still contacts II. The audio amplifier remains connected to the 
phonograph input jack. 

Terminal 5 is still open. B plus remains disconnected from the IF and con
vert-er tubes. 
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FIG. 12-18.-Stroboscope disk used in regulating speed of phonograph motors. 

Troubles Common to Radio-phonograph Combinations.-Radio
phonograph considerations present two main problems to the service
man: the servicing of radio-phonograph combinations, and the re
wiring of existing straight radios so that they may be used to play 
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records through the radio loudspeaker. In the servicing category 
are troubles with the motor, the pickup, the wiring, and the switches. 

The servicing of phonograph motors and record changers is a 
field in itself and !les outside the scope of this book. The radio 
serviceman,. however, should be able to check a motor for proper 
operation and to make a proper installation of a replacement unit, 
as well as minor repairs. 

Phonograph-motor Maintenance Notes.-When a phonograph 
motor fails to operate, the line switch and wiring should be checked 
before condemning the motor. If the turntable speed is incorrect, 
the tone quality of the recording will suffer. The speed can be 
checked by means of a stroboscope disk, such as the one shown in 
Fig. 12-18. The turntable is operated under a single fluorescent 
or neon lamp. One of the circles of dots will appear to stand still. 
Reference to the number above the stationary circle of dots will give 
the number of revolutions per minute (rpm) of the turntable. Most 
recordings are designed to operate at a turntable speed of 78.26 rpm. 
The stroboscope disk of Fig. 12-18 has a solid line under the row of 
dots which corresponds to 78.26 rpm for easy identification. If the 
turntable has a speed adjustment, it may be properly set with the 
aid of the disk. 

If the proper circle of dots remains stationary for the most part 
but shows a periodic jump for some of the dots, erratic action of the 
motor or drive mechanism is indicated. A worn spot on a rubber
rim friction -drive wheel could cause such an effect. 

When the phonograph motor is sup
plied with oil cups, they should be 
filled with light machine oil. In lubri- PhoM~r;:ph 
eating a motor, the serviceman should 
be careful that oil is not smeared on 
the motor spindle or the rubber-tired Motor 
drive wheel of a rim-drive motor (see Spindle 

Fig. 12-19). These should be washed 
with carbon tetrachloride to remove FIG. 12-19.-Rim-drive phonograph 

any oil or grease. The same applies motor, showing location of oil cups. 

to the inner rim of the turntable. 
The phonograph motor and turntable should float freely on rubber 

or springs. In some cases the motor mounting is floating; in others, 
it is solid and the entire motor board is floated. Figure 12-fW shows 
the mounting details for a typical phonograph motor. 

In case the spring or rubber suspension is inadequate, rumble 
might ensue. This is particularly important in combinations where 
the phonograph motor and speaker are housed in the same cabinet. 
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The rumble is caused by a sort of mechanical feedb~ck between the 
speaker and the pickup. Speaker vibrations cause the turntable 
and the pickup to vibrate. The vibration is in turn amplified and 
builds up the rumble. 

Mounting Nut/"""", Motor Board 

---.j--+- M oto r 

FIG. 12-20.-Phonograph-motor board assembly, showing rubber suspension mounting for 
the motor and spring mounting for the motor board. 

Troubles Common to Radio-phonograph Switches.-Radio-phono
graph switches are subject to erratic action due to dirt between the 
contacts. This is almost always the case when it is necessary to flip 
the switch two or three times before positive contact takes place. 

FIG. 12-21.-Typical wafer-type switch used for radio-phonograph switching. 

A cleaning with carbon tetrachloride usually takes care of this 
difficulty. The usual procedure is to wet the switch arms and con
tacts with the carbon tetrachloride and then rotate the switch 
quickly. The procedure may be repeated if necessary. 

Sometimes a switch contact or the entire assembly becomes 
broken with use. When this happens, the switch must be replaced. 
Owing to the large variety in radio-phonograph switches, it is essen-
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tial that one similar to the original switch be obtained. In replacing 
the switch, considerable care must be exercised to make sure that 
the wiring is correct and that the heat of the soldering iron does not 
draw the temper from the spring contacts. For correct wiring on an 
identical switch, it would be best to remove the old switch with its 
wiring intact, install the new one, and then change the wires, one at a 
time. 

In soldering the switch terminals, it would be best to solder 
"uphill" where possible, so that the solder or resin does not roll down 

FIG. 12-22.-Method of applying solder when speed-soldering wafer-type switch 
conn~ctions. 

to the switch contact. Production speed soldering will not draw the 
temper from the spring contacts. In this method of soldering, the 
resin-core solder is applied to the joint first, as shown in Fig. 1~-~~. 
Then the iron tip is pressed to both the joint and the solder. This 
makes a fast, clean joint that will not heat the contact unduly. 

When an original replacement switch is unobtainable, the service
man must exercise his ingenuity to perform the operations of the 
original radio-phonograph switch with whatever standard switch is 
available arid will fit the space requirement. For an extreme ex
ample, assume a defective radio-phonograph switch in the receiver 
of Fig. 12-17 and that an original replacement is unobtainable. A 
two-deck, four-arm, five-position switch could be substituted in 
accordance with the diagram of Fig. 12-;~3. 
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The front wafer takes care of the radio-phonograph switching. 
The top half of the rear wafer takes care of the tone-control circuit. 
The bottom half of the rear wafer is the on-off switch for the radio. 
Switching the phonograph motor on and off cannot be done with the 
same switch. An auxiliary switch mounted on the motor board of 
the phonograph takes care of this function. 

Phono 
Input 

B+ for 
I F and Cony. ---\0"" 

Tubes 

To 
Diode Plate Return 

(Radio Input) 
To 

I-AF Plate 

L .002 
Tone Control 
Concfenser 

To Phono 
Motor 

~J 
Auxiliary Switch 
mounted on the 
Motor Board to 
control the 
Phono Motor 

FIG. 1~-23.-Altemate radio-phonograph switching circuit for the receiver of Fig. 12-17. 

Troubles Common to the Pickup Unit.-Most pickups in common 
use are of the crystal type. These develop troubles of no output, 
weak output, and distorted output. A good indication as to whether 
the pickup is at fault is to check the operation of the radio. 
If the tone quality and volume of the radio half of the combination 
are normal, the trouble lies in the phonograph unit, since the audio 
amplifier and speaker operate on both. 

No output from the pickup might also be caused by a defect in 
the radio-phonograph switch or phonograph wiring. The switch 
operation may be checked by reference to the schematic diagram, 
visual inspection, and an ohmmeter. The wiring usually consists of 
shielded flexible leads, which may break, or the shielding may short 
through the insulation to the wire. In either case a visual inspection 
and an ohmmeter will check the wiring. The wiring is particularly 
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vulnerable to defects near the point where it goes through the swivel 
of the pickup arm. A procedure for replacing shielded wiring is 
given in Fig. 11-18. 

The best check to determine whether the pickup is operating 
properly is to substitute another crystal unit known to be in good 
condition. The test pickup should be temporarily connected to the 
handiest soldering lugs on the pickup line, and its operation should be 
tried on a record. 

When a pickup unit is replaced, a replacement crystal cartridge is 
often obtainable. This should be the same as the original in weight, 

FIG. 12--fl4.-TypicaI phonograph pickup unit. 

mounting details, and output. Where a new cartridge cannot be 
obtained, the entire pickup unit must be replaced. Again it is prefer
able to replace with one similar to the original unit. In cases where a 
different pickup unit must be used, an important detail in making 
the replacement is to place the arm so that the needle will describe 
approximately the same arc across the record as was done by the 
original. For example, when replacing the pickup of Fig. HH~5, 
a replacement with a longer arm will describe a different needle arc 
than the original, if the replacement is mounted in the same hole. 
Moving the replacement pickup farther back will allow the needle 
to describe more nearly the same arc across the record. Readjusting 
the rest to accommodate the new pickup is also a matter of import
ance, since carelessness in this item may result in the new crystal 
being jarred and ruined. 

Rewiring Radios for Phonograph Operation.-The serviceman is 
often called upon to rewire an existing radio so that it may be used 
to reproduce recordings. When this is done, it would be wise to refer 
to the appropriate diagram manuals to see jf the manufacturer also 
made a radio-phonograph combination similar to the radio being 
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rewired. If such a diagram can be found, there will be several dis
tinct advantages. In the first place, a diagram known to be satis
factory is available. Then also, the exact switches and outlets are 
often procurable as replacement parts. Finally, since the chassis 
are Qften stamped alike for both models, there may be unused 
chassis holes or knockouts to accommodate the parts that must be 
added. Such a procedure may mean drilling a hole in the front panel 
Df the cabinet to accommodate the radio-phonograph switch, but 
this is best in any case. The switch should be readily accessible, 
and a workmanlike job on the front panel with a knob to match the 

@ 

@ 

Turntable 
I Spind Ie 

o 
\ 

Arc ' 
described ~ 
by needle " 

Switch for Phono Motor 

~-+--Swivel 

~--+---Pickup Arm 

"~--t--Rest 

@ 

FIG. 12-25.-Top view of phonograph-motor board. 

others is far more desirable to the owner of the radio than the make
shift arrangement of a switch screwed to the back of the cabinet or 
dangling from wires. 

The radio-phonograph service notes may even include a picture 
diagram, which would solve the problem of correct lead dress. Where 
this is not the case, the serviceman should remember that the pickup 
wiring is in the input circuit of the audio amplifier and that any 
coupling with other wiring may cause hum and oscillation. The 
wiring should be shielded and dressed close to the chassis and away 
from all other wiring. 

In cases where a diagram of a radio-phonograph combination 
similar to the radio being rewired cannot be found, the serviceman 
must make up his own. This is not very difficult for modern super
heterodyne receivers, since audio amplifiers usually follow a similar 
pattern of two stages of AF amplification with varying amounts of 
undistorted power output. The serviceman simply follows general 
principles; that is, he incorporates a switch that connects either the 
detector output or the pickup output to the input circuit of the 
audio amplifier. At the same time, the phonograph position of the 
witch breaks the plate, screen, or cathode circuit of the converter 
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or IF tubes, so that the radio is completely inoperative when re
cordings are being reproduced. If possible, the switch will be 
mounted on the front panel of the radio, and the general instruc
tions regarding lead dress and working with shielded wire will 
be followed. 

As a concrete example, if the receiver of Fig. 12-14 were to be 
rewired for phonograph operation, the serviceman might make up a 
circuit similar to Fig. 12-26. The phonograph motor is operated 
from a switch on the motor board, as shown in Fig. 12-25. 

To 
455 KC Filter 
(Radio Input) 

To 
I-AF Grid 

(Audio Input) 

1® 
.01 

Phono fliT_r' 
Input v-::t.. 

R 
P 7:::1": "0---.1\ 

To RF, Oscillator, ~ 
and I F Plate ~. 
and Screen CircLiits Z200n--@ 

I 
I 
I 
I 
I 
I 

R ~! 
p ~------~~ To B+ 

FIG. HHW.-Adding a radio-phonograph switching circuit to the receiver of Fig. 12-14. 

Since this is a fixed-bias circuit, opening the plate circuits of the 
RF tubes will cause the total B current to drop, changing the volt
age across resistors (52) and (53) in the fixed-bias circuit. This 
may seriously affect the tone quality in the phonograph position. 
The resistor marked 10,000 OHMS/IO WATTS has been added to 
replace the load of the tubes in the RF portion of the receiver. The 
serviceman should try several values for this resistor, using the one 
that shows no change in the bias voltage across resistors (52) and (53) 
in either position of the phonograph switch. 

The above precaution need not be taken in the case of a circuit 
using self-bias circuits, unless it is felt that the decreased B loading 
o~ phonograph operation will reduce the magnetizing current 
through the speaker field. 

Sometimes the rewiring job includes mounting the phonograph 
unit in an existing cabinet. In this case, the serviceman makes up a 
motor board similar to the typical mounting shown in Fig. 12-25. In 
laying out the motor board, he should remember to center the turn-
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table spindle so that 12-in. records can be accommodated without 
chopping holes in the cabinet. The pickup often includes mounting 
instructions relating to the proper arc that the needle should describe 
on the record. If no instructions are included, the arc shown in 
Fig. 12-25, where the needle extends just beyond the turntable 
spindle, is about average for most installations. The motor or motor
board suspension is important for the reduction of rumble. IJining 
the phonograph compartment with felt may also help in this regard. 
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SUMMARY 

Quick check for normal operation of the detector and AVe stage. 
The signal generator is adjusted for a modulated output at the receiver inter

mediate frequency and its output is applied to the grid of the IF tube. When the 
stage is functioning properly, the modulation note will be heard in the speaker. 

Diagram of standard detector and AVe stage. 
A diagram of standard detector and Ave stages is given iIi the accompanying 

figure. 

Output 
Input I F Transformer 
From -r---., T -5 .------i£~I ...... 

IF Stage 

Ave 
Voltage 

Resistance data. 

C-IO 

These data are given in the accompanying table. 

.. 
Output 
to I-AF 

Stage 

Primary of output IF transformer. . . . . . . . . . . . . . . . . . . . . .. {Iron core 
Air core 

Secondary of output IF transformer...... .......... .. ... {Iron core 
Air core 

Chassis to diode plates ............................................ . 
Across entire volume control. . . . . . . . . . . . . . . . . . . . . . . . . .. . .......... . 
Chassis to AVC bus .............................................. . 

5-15 ohms 

30-50 ohms 
5-15 ohms 

30-50 ohms 

550,000 ohms 
500,000 ohms 

1,500,000 ohms 
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SERVICE DATA CHART 

Assume an inoperative detector stage, as shown by normal response when an AF test signal 
is applied to the ungrounded end of the volume control, and no response when a modulated 
test signal at the intermediate frequency is applied to the IF grid. 

Step Check Response Trouble 

1 Advance the signal-gener- The modulation note ,is The IF transformer is out 
ator attenuator and heard at an off-fre- of alignment 
rotate the dial through quency setting 
the intermediate fre-
quency 

The modulation note IS PrOlleed to step 2 
not heard 

2 Apply the IF test signal The modulation note is The trouble is in the IF tube 
to the IF plate. Rotate heard in the speaker or its supply voltages. See 
the signal-generator Chap. 13 on the IF stage 
dial and advance the 
attenuator to full out-
put The modulation note is Defective tube. Substitute a 

not heard detector tube known to be 
good. The trouble may be 
an open IF transformer 
winding, a shorted trim-
mer condenser, etc. Make 
a resistance check of all 
components in the stage 

SERVICE DATA CHART FOR OTHER SYMPTOMS 

-

Symptom Abnormal reading Look for 

Hum Defective detector tube. Sub-
stitute a good one. Poorly 
dressed leads in the diode 
plate and plate return cir-
cuits. Open 

.. 
wlrmg or 

shielding in the phono-
graph section 

Weak reception and osciIla- If equipped with an electron- Incorrect alignment. Open 
tion ray tuning-indicator tube, AVC by-pass condensers 

the eye will not close fully 0-28, 0-29, and 0-30 

Distortion on strong signals Leaky A VC by-pass conden-
sers 0-28. 0-29. and 0-30 
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QUESTIONS 

1. A dead AC receiver gives a normal response when checking the AF stages but 
gives no response when a test signal at the proper intermediate frequency is applied 
to the IF grid. Outline a service procedure to be followed in finding the cause of 
the trouble. 

2. List the likely sources of trouble that will cause a receiver to give no response 
when an IF test signal is applied to the IF plate and normal response when an AF 
test signal is applied to the "hot" end of the volume control. 

3. A radio-phonograph combination has a distorted output when it is tuned to 
local stations. The to~e quality is normal when it plays phonograph recordings. 
Would you check the audio stages for the trouble? Why? What is likely to be 
wrong? How would you prove it? 

4. When a receiver with weak reception is checked, it is noted that the trimmer 
across the input IF secondary has no effect on the output. What circumstances 
can cause this condition? How would you check for each? 

5. Which components in the detector stage may cause hum? How would you 
check each? 

6. The receiver of Fig. 1~-7'has a defective phonograph-radio switch. An exact 
replacement is not obtainable. The customer indicates a desire to have the phono
graph motpr operated from the phonograph-radio switch and, since he always uses 
his radio in the position of maximum high, he is not interested in the tone control. 
Redraw the diagram of Fig. 1~-~3 to meet these conditions. 

7. It is desired to rewire the receiver of Fig. 10-13 for phonograph operation. 
Design a circuit for the necessary rewiring. Include provision for the radio-phono
graph switch to make the radio inoperative in the phonograph position. 

8. After the rewiring of the receiver of question 7, it is found that the tone on 
phonograph operation is poor. Radio operation is normal, and the pickup is not 
at fault since the test pickup gives the same results. When the receiver is checked 
with the bench (P-M) test speaker, operation is normal for both the radio and 
phonograph. This indicates insufficient magnetizing current through the field coil 
of the radio loudspeaker. What circuit rearrangement would you advise to over
come this condition? 

9. 'Vhat precautions in regard to lead dress should be taken when replacing an 
output IF transformer? What conditions might result from improper lead dress? 

10. A receiver equipped with an electron-ray tuning-indicator tube operates 
normally, but the magic-eye tube deflection does not change as stations are tuned 
in. What is likely to be wrong and how can it be checked? 

11. A radio-phonograph combination has poor tone on phonograph and normal 
tone on radio operation. What factors can cause this condition? How can you 
check for each? 

12. A radio is brought in with a complaint that reception is weak. The service
man also notices that the noise level is high. What is likely to be wrong? How 
can this condition be checked? 
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IF AMPLIFIER STAGE 

Quick Check.-If a modulated signal at the intermediate fre
quency is applied to the signal grid of the converter tube and the 
modulation note is heard in the speaker, the IF stage is probably 
functioning, and the serviceman proceeds to check the next stage. 

Function of the IF Stage-The input IF transformer couples the 
IF stage to the previous converter. The output IF transformer 
couples the IF stage to the succeeding detector stage. The signal 
at the input of the stage contains components at the oscillator fre
quency, the received signal frequency with its modulation, and sum 
and difference values of these two frequencies with the same. modula
tion as the signal. The signal at the output of the stage should be at 
the difference or intermediate frequency and will also contain the 
modulation component of the original signal. The function of the 
IF stage, therefore, is to tune and amplify at the intermediate fre
quency. 

THEORY OF OPERATION 

Standard Circuit.-This is illustrated by Fig. 13-1. 
Functions and Values of Component Parts.-The tuning function 

of the IF amplifier is accomplished by the action of the four tuned 
circuits of the input and output transformers: L-8 and C-8, L-9 and 
C-9, L-10 and C-10, and L-ll and C-1I. All are tuned sharply to 
the intermediate frequency, and the four tuned circuits make possible 
the well-known selectivity of the superheterodyne receiver. 

The amplification function of the IF amplifier is dependent on two 
factors: the design of the transformers T-4 and T-5, and the ampli
fication of the tube. In a circuit of this type, the transformers are 
usually designed for high gain, and the voltage amplification of the 
6K7 tube is roughly 100. A discussion of stage-gain measurements 
will be given in the section on the signal check. 

Input IF Transformer.-Input IF transformer assembly T-4 in
cludes the primary coil L-8 with its associated trimmer C-8, and the 
secondary coil L-9 with its trimmer C-9. This transformer is the 
coupling device between the converter and the IF stages. It is very 

186 
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similar to the output IF transformer T -5 and, although there may be 
some design differences between them, the input and output trans
formers are usually a matched pair. Both transformers are tuned 
to the intermediate frequency of the receiver. The tuning arrange
ment is usually by means of trimmer condensers on either air or 
iron-core coils. In some cases, condensers C-8 and C-9 are of the 
fixed mica type, and tuning is accomplished by varying the per
meability of the cores by a screw arrangement that withdraws or 
inserts the core plug. 

We might at this time refer to the intermediate frequencies in 
common use. Older receivers operate at an intermediate frequency 
of 130 or 175 kc. Later receivers operate at some frequency be-

I F Amplifier 
6K7 

3
-~-~9 

From 
Converter C-8 

StClge 

To 
AV( 
Bus 

(-28 

I·OS 

B+ B+ 

FIG_ IS-I.-Typical circuit of an IF amplifier stage. 

To 
Detector 

Stllge 

tween 450 and 480 kc, to minimize image-frequency interference 
(see Chap. 16 on the RF stage). An intermediate frequency often en
countered is ~60 kc. The trend in modern receivers is to standardize 
at 455 kc. In almost all cases, the intermediate frequency used in a 
particular receiver is indicated on the schematic wiring diagram of 
that receiver. 

IF Tube.-The tube employed in the IF stage is usually the metal 
6K7 supercontrol pentode. Sometimes the single-ended 6SK7 type 
of tube is used, the characteristics of which are quite similar to those 
of the 6K7. When glass tubes like the 6K7-G or 6K7-GT are used, 
they are almost always enclosed in a shield. Older receivers use the 
6D6 or 78 type of tubes that have similar characteristics. 

Where the IF amplifier tube is combined with a diode for detec
tion purposes, the tube employed is the 6B8. 
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AC/DC receivers may use any of the above tubes in circuits where 
all the tubes draw 0.3 amp of filament circuit. Where the 0.15~amp 
filament tubes are· used, the 12K7, 12K7 -G or -GT, or 12SK7 tubes 
are found. 

L-IO 

l-9 
R-24 

B+ B+ 

FIG. lS-2.-Self-bias in an IF amplifier without automatic volume control. 

Minimum-bias Circuit: R-23, C-23.-Components R-23 and 0-23 
form a self-bias circuit, similar to that of R-13 and 0-13 in the second 
AF stage (see page 101). To see the similarity more clearly, assume 
for the moment that the grid return goes to ground instead of the 

Ave 
Voltage 

(-J 

f<-Self-Bia~ 
Voltage 

I-Total Grid Voltage~ 

L-IO 

R-24 

B+ B+ 

FIG. IS-S.-The grid bias applied to the IF tube is the sum of the self-bias and AVe voltages. 

A VC bus, as in Fig. 13-2. Plate and screen currents flow through 
the cathode resistor R-23, making the cathode 3 volts positive with 
respect to ground. Since the grid is at ground potential, it is 3 volts 
negative with respect to cathode. This is the grid-bias voltage. 

When the grid is returned to the A VC bus, as in Fig. 13-3, there is 
no A VC voltage when no signal is present, and the grid is therefore 
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at zero or ground potential. This makes the condition similar to 
that of a grounded grid return; that is, the grid is at ground poten
tial, the cathode is at a potential of plus 3 volts due to the self-bias 
resistor R-23, and the grid is therefore 3 volts more negative than 
the cathode. When a signal is tuned in, it develops an A VC voltage, 
which is negative with respect to chassis, thereby making the grid 
negative with respect to chassis by an amount equal to the A VC 
voltage. The cathode is still positive with respect to chassis be
cause of self-bias, and therefore the actual bias on the grid of the 
tube is the sum of the A VC and the cathode voltages. The weaker 
the signal, the lower the A VC voltage will be, and the less it will add 
to the minimum grid bias. However the grid-bias voltage cannot 
fall below the self-bias voltage, even when no signal is received. 
Since the self-bias circuit of R-23 and C-23 sets a minimum limit to 
the grid-bias voltage, it is called the "minimum-bias" circuit. 

Cathode resistor R-23 is usually a Y2-watt resistor, and its ohmic 
value is usually 300 to 400 ohms. A higher value would mean a 
higher minimum-bias voltage and less possible amplification for the 
stage. 

Cathode condenser C-23 by-passes the signal from the self-bias 
resistor in the same way that C-13 by-passes the audio signal from 
R-13. However, in this case the signal is at the intermediate fre
quency, and a much smaller capacity will be effective. The usual 
capacity for C-23 is 0.1 mfd. The type of condenser most often used 
is the paper tubular type. Voltage rating is not important. A 200-
volt value is satisfactory. 

The A VC voltage is by-passed by condenser C-28, which is usually 
a 0.05-mfd/200-volt paper tubular condenser. 

Screen Voltage Supply: C-24 and R-24.-Resistor R-24 drops the 
B voltage, from the usual 250 volts available at B plus, to ap
proximately 100 volts at which the tube screen operates. It is 

. usually a Y2-watt, 80,000-ohm resistor. There is considerable varia
tion in this value in different models of receivers. In general, a 
higher resistance will make for a lower screen voltage, and a lower 
value of resistance makes possible a higher screen voltage. 

Screen resistor R-24 is sometimes omitted and the screen voltage 
is taken from the mid-point of the voltage divider R-15 and R-16 
(see Fig. 8-14). 

Condenser C-24, the by-pass for the screen voltage, helps to filter 
the screen supply. Its usual value is 0.1 mfd/400 volts. Its most 
important function, however, is to keep the screen of the tube at 
ground potential as far as the signal is concerned, since C-24 offers 
little impedance to IF signals. This effectively shields the control 



, 

190 ELEMENTS OF RADIO SERVICING 

grid from the plate, internally in the tube, and allows for stable 
amplification. 

Sometimes screen condenser C-24 is not readily located in the 
receiver schematic diagram. This inay be the case where the screens 
of other tubes are tied together with the IF screen for a common 
voltage supply. The screen by-pass condenser will then be found at 
one of the other screens. As a matter of fact, in some circuits, where 
an electrolytic filter condenser is used on the screen voltage supply, 
an additional paper screen by-pass condenser is often found in the RF 
or IF screen circuit, in parallel with the electrolytic condenser. This 
is to take advantage of the more effective RF filtering by the paper 
tubular condenser. 

L-IO. 

To 
C-16 I .. __ ...... _-.. __ Re .... ctifier 

FIG. 18-4.-Coupling in the plate circuit due to a common B power-supply component. 

In AC/DC receivers, operating potentials for the IF tube are 
approximately 90 volts for both the plate and the screen. In this 
case, the dropping resistor R-24 is omitted and the screen is con
nected directly to B plus. Screen by-pass condenser C-24 may also 
be omitted, in which case its by-pass function is taken over by the 
output filter condenser C-16 in the power supply. 

Output IF Transformer T-S.-Output IF transformer T-5 couples 
the output of the IF stage to the detector stage. Replacement notes 
for T -5 are found in Chap. 12, which describes the detector and 
A VC stage (see page 161). 

Decoupling Filters.-Whenever two or more stages are operated 
from the same voltage supply, there is a possibility of coupling be
tween the stages through the common power supply. This is illus
trated in Fig. 13-4. 
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If we consider the signal voltage in the plate circuit as being from 
plate to cathode, the signal voltage of tube V-I is across L-4, 0-16 in 
the power supply, and 0-1. The signal voltage of V-2 is across L-8, 
0-16 in the power supply, and 0-18. The signal voltage of V-S 
is across L-10, 0-16 in the power supply, and 0-2S. 

Let us consider the plate circuit of tube V-I. The greater part of 
the signal voltage will be where it is wanted-across the high im
pedance of L-4, where it will be transferred to L-5 and the grid 
circuit of the following tube. There will also be some signal voltage 
drop across the low impedance of 0-16 in the power supply and 0-1 
in the cathode circuit. 

L-15 

R-25 
600 

To 
RectIfier --....... --_ ..... ,,-. 

FIG. lS-5.-Decoupling filter in the plate circuit of tube V-S. • 

Now let us consider the plate circuit of V-2. Again, the signal 
voltage will be mainly across L-8, but there will be some across 
0-16 and 0-18. Note that the signal voltages of tubes V-I and V.2 
have a comnion circuit in 0-16 in the power supply. 

When we consider the plate circuit of V-S, again, most of the signal 
is across L-I0, but a small part will be across 0-16, which is common 
to all three plate circuits. 

If the signals from any of the tubes are in phase, oscillation may 
result owing to regenerative feedback through the common coupling, 
0-16. 

The coupling through the common power supply is usually avoided 
by the addition of a resistor and condenser known as a "decoupling 
filter" or isolation circuit, as shown in Fig. IS-5. 

The decoupling filter consists of R-25 and 0-25. Condenser 0.25 
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offers a low opposition path to ground for the signal, and R-Q5 offers. 
a high opposition path to the signal. The net result is to keep the 
signal voltage of v-s out of the power supply, so that it cannot mix 
with the signal from any other tube. An RF choke is sometimes used 
instead of R-25. This also offers high opposition to the signal. 

The decoupling filter may be applied in the plate circuit of tube 
V-I instead of tube V-S, as shown in Fig. IS-6. The result would be 
the same, since in this case the signal voltage of V-I would be kept 
out of the power supply and therefore would not react with the sig
nal from any other tube. 

L-8 

Te-16 Ie-Is 

• FIG. 13-6.-Decoupling filter in the plate circuit of tube V-I. 

L-IO 

To 
Rectifier 

In different receivers, there is considerable variation as to the 
placement of the decoupling filter. Sometimes it is in the plate cir
cuit of V-I, sometimes in the plate circuit of V-S, sometimes in both. 
Also, the plate circuit of V-2 may be tied to either that of V-I or 
V-S, or have its own filter. Since there is no standardization in the 
placement of the decoupling filters, a decision as to the placement in 
the standard receiver circuit (Fig. 1-1), which attempts to show 
the most commonly used practices, has to be reached. In the stand
ard receiver circuit, a decoupling filter is placed in the plate circuit 
of each tube, and servicing procedures are dealt with so as to include 
the filter. From the above discussion, it is to be hoped that the 
serviceman will expect an individual receiver to differ somewhat 
from the standard in that one or more decoupling filters may be 
omitted. 
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By a similar line of reasoning, there could be undesirable regenera
tive coupling, if the cathodes of three stages were connected to
gether and fed from a common cathode to ground resistor for equal 
seli'-bias voltages. The same thing could happen with the screen
voltage supply, or the grid returns through the AVe bus. Where we 

FIG. 13-7.-Cathode circuits with individual self-bias resisturs to avoid interstage coupling. 

have three stages operating at similar frequencies through a common 
coupling, decoupling filters will be found in at least one of these 
circuits. 

In the standard circuit, the cathodes of the RF, converter, and IF 
tubes have individual self-bias resistors to avoid coupling, as shown 

R-14 
600 

+IOOV +IOOV 

R-24 
80,000 

B+ 
250V 

FIG. 13-8.-Decoupling filters in the screen circuit to avoid coupling in the common power 
supply. 

in Fig. 13-7. It is fairly common practice, however, to find the 
cathode of V-~ joined to V-I, and R-18 and C-18 omitted. 

In the screen circuit, coupling is avoided, as shown in Fig. 13-8, 
where screen by-pass condensers, in conjunction with screen resis
tors, are used. It is most common practice to obtain screen voltage 
for the IF tube V -3 from a separate dropping resistor R-M connected 
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to B plus. The screens of V-I and V-2 may be tied together, with 
R-I4 and C-I4 omitted. Or all three screens may be tied together 
l'nd fed from a common voltage source. , 

L---------------------------~-----------------------------+------.AVCBus 

FIG. 13-9.-Decoupling filters in the grid return circuit to avoid coupling in the common 
AVe voltage supply. 

Decoupling filters in the grid returns of the RF and converter 
tubes are rarely omitted. In this case, the standard circuit is indeed 
standard. In Fig. IS-9, resistor R-SO and condenser C-SO make up 

L-IO 

R-25 
600 

8+ 

FIG. 13-10.-Plate-circuit dec~upling filter in the IF amplifier stage. 

such a decoupling filter for tube V-I, while R-29 and C-29 make up a 
similar filter for tube V -2. 

A great many receivers do not use an RF stage. In this case, 
since there are fewer stages with a common coupling component, 
the probability of regenerative feedback is lessened, and there is 
little necessity for decoupling filters. 

To get back to the IF stage, the plate decoupling filter consists of· 
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R-2-5 and C-2-5, as shown in Fig. 18-10. Resistor R-2-5 varies from 
400 to 1,000 ohms in different receivers, and C-2-5 varies from 0.05 
to 0.2-5 mfd. These values are not critical. 

NORMAL TEST DATA FOR THE IF STAGE 

Signal Check.-The test point for the signal check of the IF stage 
is the converter signal grid, as shown in Fig. 18-11. As was th~ case 
in the signal check for the detector stage, the input signal is applied 
to a previous tube, to avoid the detuning effect of the capacity in the 
signal generator. The converter-grid test point is readily available, 
either at the top contact of the 6A8 converter tube or at the stator- . 
plates terminal of the converter tu~ing condenser, C-5. The output 

Signal Generator 

.J 

FIG. 13-11.-Connections for the signal check and gain measurements of the IF stage. 

indication is the modulation note of the signal generator in the 
speaker, or its amplitude, as shown by the output meter. The out
put meter should be adjusted for a high-voltage range at the start 
of the signal check, since, from this test point, the amplification of 
the receiver is considerable. Until the signal generator's aUenuator 
is adjusted, the output signal may be high enough to harm the meter, 
if it is at its usual 2-5- to 60-volt range for output measurements. 
The RF portion of the receiver is made inoperative by shorting the 
oscillator section of the gang tuning condenser, as explained on 
page 159. 

The signal check consists in rotating the frequency control of the 
signal generator through the receiver's intermediate frequency, while 
listening for its modulation note in the speaker or observing the out
put meter reading. Unless the response is considerably stronger 
than that heard from the IF grid (quick check for the detector stage), 
the IF stage bears investigation for trouble. This is the quick check 
for the IF stage. 
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At the same time, the signal check may be used to check align
ment, operation at the proper intermediate frequency, and the 
presence of oscillation. The presence of two peaks close .together is 
not necessarily an indication of misalignment. This may be the nor
mal response from an overcoupled IF transformer. This is explamed 
in the variations section dealing with broad-band IF amplifiers. 

When the modulated IF signal is applied to the converter grid and 
there is no response or abnormally low response, the trouble may be 
in the converter tube or its operating potentials. This can be 
checked by shifting the signal generator test lead to the converter 
plate. In this case, normal response is a somewhat stronger signal 
from the converter plate than was obtained from the IF grid (quick 
check of the detector stage). Trouble in the converter tube or its 
operating potentials is handled in Chap. 14, which deals with the con
verter. If there is no signal response from the converter plate, the 
trouble is definitely in the IF stage. 

Normal Voltage Data.-Readings are taken from the chassis or 
common negative terminal to tube elements. The data are given 
in the accompanying table. 

Tube elements AC receivers. 6K7 pin No. AC/DC receivers. 
volts volts 

Plate ......................... 2110 8 90 
Screen ..................... '" 100 4 90 
Cathode ...................... 8 8 g 

Normal Resistance Data.-These data are presented below. 

Across L-8, primary of T-4 .... ........................ . 
Across L-9, secondary of T·4 .. ............ ' ............ . 
Across L-10, primary of T-5 ............... ............ . 
Across L·ll, secondary of T-ll ......................... . 
Cathode to chassis ................................... . 
Control grid to chassis ••••............................ 
Screen grid to chassis .••••............................ 
Screen grid to B plus ..••.............................. 
Plate to B plus ...................................... . 

Resistance. ohms 

Air core 

80-50 
80-50 
30-50 
30-50 

800-400 
1,500,000 

140,000· 
80,000· 

640t 

Iron core 

11-15 
5-15 
5-15 
11-15 

• The.e value. are for the standard circuit. Owing to the wide divergence in methods of obtaining 
screeD supply, these readings should be checked against the receiver schematic diagram. 

t If there i. no decoupling filter, this reading will be simply the DC resi.tance of L-IO, the primary of 
the output IF transformer T -5. 

I 
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A wide divergence is given for the coils L.8, L.9, L-10, and L-ll, 
to allow for differences between receivers. In anyone receiver, how
ever, owing to the common use of matched transformers, these coils 
should all check very close to the same value within the limits given, 

IF Stage-gain Measurements.-As was done for the previous 
stages, the serviceman should run some checks on receivers known 
to be good, so as to have a bas s of comparative data as to the opera
tion of his test equipment and the normal gain to be expected from 
the IF stage. 

The receiver, test oscillator, and output meter are connected, as 
shown in Fig. 18-11. The receiver's RF section is made inoperative 
by shorting the oscillator section of the gang tuning condenser. The 
receiver is set to the full volume and minimum bass positions. A 
selectivity control, if any, is set for the maximum selectivity position. 
The test oscillator is adjusted for modulated output on the IF band. 
The output meter is set at a high AC voltage range for safety's sake, 
although the range will be reduced for the final check of the standard 
output voltage. 

The signal generator is connected to the converter grid, and the 
frequency-control dial is rotated carefully through the receiver's 
intermediate frequency for peak deflection on the output meter. 
At peak, the attenuator of the signal generator is adjusted to give 
the standard output of 50 mw in the speaker. Standard output cor
responds to an output meter reading of 16 volts (see page 181). 

The average IF signal input at the converter grid, necessary to 
give standard output, is 50 microvolts for a modern high-gain re
ceiver. The attenuator setting just obtained, therefore, corresponds 
to 50 microvolts. After several good receivers have been checked 
by the above procedure and the results have been compared, a 
reference point, corresponding to 50 microvolts, has thus been es· 
tablished on the signal-generator attenuator dial. 

In the detector stage, it was seen that the average IF signal input 
necessary to give standard output from the IF grid was 8,500 micro
volts. From the converter signal grid, the average IF signal input 
necessary °to give standard output is 50 microvolts. The average 
gain of a receiver between the two grids, therefore, is 8,500/50 = 70. 
Having establ~hed comparative data on good receivers, the service
man is in a position to judge the gain characteristics of any IF 
amplifier. 

COMMON TROUBLES IN THE IF STAGE 

Troubles Common to the Input IF Transformer.-Replacement 
notes and troubles of the input IF transformer T -4 will be outlined 
briefly here. For a more detailed discussion, the replacement notes 

• 
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on the similar output IF transformer are equally applicable (see 
page 161). 

The IF transformers sometimes open. When this is the case, the 
receiver will not operate, and a signal check will indicate the de
fective stage. An ohmmeter check then shows the open transformer. 

The IF transformers also cause noise. This condition is usually 
due to corrosion of the windings. It will be found by an ohmmeter 
check, since a corroded winding will check several hundred ohms 
instead of its normal value of 15 to 50 ohms. 

If an exact replacement transformer is not available, the sugges
tions on page 163 should be helpful. 

V-2 
Converter 

V-3 
IF 

.-----..... Amplifier ,--__ --, 

~8 ~O 

1
C-28 C-25 

B+ J[ 
To AVe -:- -:-

Bus B+ 

FIG. 13-1!'l.-The input IF transformer and its position in the circuit. 

Input IF Transformer Color Code.-The R.M.A. color code given 
below will help to identify the leads. 

Blue ......................... Plate lead 
Red ......................... B plus lead 
Green ........................ Grid lead 
Black ........................ Grid return 

When a new transformer is installed, grid and plate leads should 
be short and direct and away from each other and all other wiring. 

Troubles Common to the AVC By-pass Condenser.-Replace
ment notes on the AVe by-pass condenser C-28 are found in the 
detector and AVe stage on page 165. 

Troubles Common to the Minimum-bias Resistor.-The voltages 
and currents encountered in the cathode circuit of the IF tube are 
such that there is no overload on minimum-bias resistor R-23, and 
the resistor rarely gives trouble. If it should open, the stage will 
110t operate and the condition would be found in a voltage check. 

• 



IF AMPLIFIER STAGE 199 

The cathode-to-ground voltage would check abnormally high, since 
the test voltmeter, with its high resistance, would bridge the open 
resistor in the circuit. 

The original should be duplicated as to ohmage and wattage. 
If the exact ohmage value is not available, a considerable tolerance 
may be allowed, since the value is not critical and will cause little 
effect on the over-all performance of the receiver. 

Troubles Common to Minimum-bias By-pass Condenser.-As with 
its associated resistor R-23, the low voltage encountered will rarely 
harm minimum-bias by-pass condenser C-23. Nor will leakage be 
overly important, since the condenser is in parallel with a low
ohmage resistor. Should the condenser open, however, there will be 
degeneration with a consequent loss in gain for the stage. If the 

IF Ampiifie-r-
6K7 

B+ 

R-24 
80,000 

FIG. IS-IS.-The screen circuit of the IF amplifier stage. 

open is intermittent, there will be intermittent loss in volume or 
fading. In either case, substituting a condenser known to be good 
and observing results is the best check. Sometimes wiggling the 
condenser leads will show up the intermittent open. When con
denser C-23 is replaced, a large tolerance in capacity is allowable. 

Troubles Common to the Screen By-pass Condenser.-In service, 
screen by-pass condenser C-24 sometimes opens and sometimes 
shorts. If it is open, the receiver will oscillate. Standard procedure 
for an oscillating receiver includes checking for open-screen by
pass condensers. Bridging the various screens to ground with a 
good O.l-mfd condenser is the regular test. 

If condenser C-24 is short-circuited, there will be no screen volt. 
age and the receiver will not operate. The condition would be found 
in a voltage check and confirmed by a resistance check. 

When a short-circuited C-24 is replaced, it would also be wise to 
replace the screen dropping resistor R-24, which may have been 
harmed by feeding heavy current to the short-circuited screen 
by-pass condenser. 
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The replacement condenser should not be smaller than the original 
as to the capacity and voltage rating. A higher capacity will do no 
harm. Although the screen operates at about 100 volts, the voltage 
rating of the condenser should be considerably higher. This is be
cause the condenser is at the full B plus voltage when the receiver is 
first turned on, owing to the dropping resistor circuit of R-24. 

Troubles Common to the Screen-dropping Resistor.-Screen
dropping resistor R-fl4 may change in value or open. A change in 
value might not be noticed until checking the screen voltage, since 
the over-all operation of the receiver would not be affected too much, 
unless the change is very great. If the resistor is open, screen volt
age is zero and the stage is i.noperative. 

Before resistor R-24 is replaced, screen by-pass condenser 0-24 
should be checked, since a shorted screen by-pass may have origin
ally caused the resistor to open. 

The ohmic value of R-24 is not critical, and a fairly wide toler
ance may be allowed. The replacement, however, should be at 
least a Yz-watt size. 

Troubles Common to the Plate Decoupling Filter.-Ifpresent, 
the decoupling filter may be a source of trouble. Condenser 0-25 
may short, with the result that there will be no plate voltage, the 
receiver will be inoperative, and resistor R-25 will probably burn. 
This condition would be found very early in the trouble-shooting 
procedure, since the B plus voltage will be very low. To find the 
short, however, might be more difficult, since there are several cir
cuits in parallel with the condenser. An overheating R-25 would be 
one indication. Another helpful device is to make a resistance check 
from all plates to ground. If condenser 0-25 were shorted, the IF 
plate would check approximately 40 ohms to ground (the resistance 
of L-10), while all other plates would check their normal plate load 
plus the resi.stance of their decoupling filter, if any, plus the resistance 
of R-25. 

It is not unusual to find only a by-pass condenser connected at B 
plus of an RF or IF tube, even though no other form of decoupling 
filter is used. This condenser therefore is connected from B plus 
to chassis and is in parallel with the power-supply filter condenser 
0-16. When this is the case, the ohmmeter check from each plate to 
ground would give no definite clue, since, with no decoupling resis
tors, all plate-to-ground readings would show their normal plate 
load. It would be necessary then to open the B plus wiring, one cir
cuit at a time, to find the short. 

A decoupling filter condenser may also open. In this case, all 
voltages would show normal readings, but the receiver would have a 
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tendency toward oscillation. Since it is common practice, in trouble 
shooting for oscillation, to bridge all by-pass condensers with a good 
condenser, the open decoupling condenser would be found in this 
manner. 

When replacing condenser C-fl5, voltage rating is important. A 
600-volt rating is recommended for all replacements. The capacity 
is not critical, so that a wide tolerance may be allowed. If a shorted 
C-fl5 is being replaced, the resistor R-25 in the decoupling filter 
should also be replaced, since it has been damaged by feeding heavy 
current to the short. Unless C-fl5 has been shorted, R-25 will, of 
itself, cause no service trouble. 

Any other 
R F or 1 F 
Stage 

FIG. 13-14.-The IF amplifier plate-decolipling filter. 

+(-16 in "s" ::f Power Supply 

Troubles Common to the IF Amplifier Tube.-The amplifier tube 
is the most common cause of trouble in the stage. The best check, 
of course, is to compare operation with a similar tube known to be 
good. 

Since there are many similar tubes that will operate in the IF 
stage, a previous tube replacement may have put a different tube in 
the IF socket, and the serviceman would do well to check the tube 
type for which the receiver was originally designed. For example, 
6K7-G, 6K7-GT, and 6K7 are all pretty much alike, and anyone 
of them might work in some circuits. They cannot be interchanged 
in all circuits, however, since they differ as to shielding and inter
electrode capacities. A receiver designed for a 6K7 -G may not 
ground pin 1, and a 6K7 or 6K7-GT would show a tendency to 
oscillate in this receiver. Similarly, a 6K7 -GT may oscillate in a 
receiver designed for a 6K7, unless equipped with a close-fitting 
shield in contact with the metal tube base. A 6K7-G would have 
to be shielded and the shield grounded. 
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CIRCUIT VARIATIONS OF THE IF STAGE 

Minimum Bias from Delayed AVe.-The IF stage in a receiver, 
using fixed bias and receiving AVe voltage from a delayed AVe cir
cuit, is similar to the standard circuit. It differs primarily in the 
manner of obtaining minimum bias for the IF ·tube. The cathode is 
grounded. Normal fixed-bias voltage for the IF tube, with no signal 
input, is obtained from the voltage drop across the C voltage divider 
R-1l6, through the grid return. This minimum bias is also the delay 
voltage, since the same end of R-1l6 is connected to the IF grid 
return' and the delayed Ave diode plate, through resistor R-128. 

L-9 

B+ B+ 
AVC~~----------------~~ 

To 
Negative End ___ -" 

of Power Supply 
Filter 

FrG. IS-IS.-The IF amplifier stage in a receiver using a DAVe circuit. 

When a strong station signal is received on the diode plate and it 
overrides the delay voltage, a voltage drop takes place across R-1~8, 
which adds to the fixed minimum bias delivered to the IF grid. In 
this manner, station signals may increase the IF grid bias, but under 
no condition will the bias drop below the minimum bias furnished 
by the C voltage divider. 

All service notes and tests for the standard IF stage apply here 
also, except for cathode-to-ground voltage. Owing to the high 
resistance of R-~8, a voltage check from grid to chassis may not 
show any indication with the usual voltmeter. This voltage, how
ever, can be measured across R-116. 

Broad-band IF Amplifiers.-The IF transformers of receivers, lik 
that of' the standard, are designed for great selectivity and gain 
Figure 13-16 shows the frequency-response curve for such trans-
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formers. However, such a circuit has a defect in that it is too selec
tive and attenuates the high-frequency audio signals. This defect is 
known as "side-band cutting." In high-fidelity reproduction, where 

Frequency_ 

FIG. 13-16.-Frequency-response curve of the usual IF transformer. 

the high-frequency audio notes are desired, it is necessary to broaden 
the response curve of the IF transformers to that shown in Fig. 
13-17. 

455KC 470KC 

Frequency -

FIG. 13-17.-Frequency-response curve of a high-fidelity IF transformer. 

In high-fidelity receivers, where the response curve of the IF am
plifier is broadened, the amplification of the stage is reduced. Usu
ally, a second broadly tuned stage is therefore added to make up for 
this loss. The over-all gain of the two-stage IF amplifier is some
what greater than the gain of a single-stage amplifier, and the over
all selectivity is equally good owing to the extra tuning circuits 
of the added stage. Figure 13-18 is a graphic representation of the 
response curve of each stage of a two-stage IF amplifier and the over-
all response of the amplifier. . 
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Several methods are in common use to obtain the desired broad
band response. One method is known as "overcoupled" trans
formers. In any IF transformer, the relative position of the primary 
and secondary windings to each other is called the "coupling." 

t 
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FIG. 13-1S.-Frequency-response curve of a high-fidelity IF amplifier. 

When the two windings are far apart, the energy transfer from prim
ary to secondary is small, and the transformer will give low gain and 
good selectivity. As the two windings are brought doser together, 
the gain of the transformer increases and the selectivity becomes 
somewhat broader up to a critical point, after which the gain is 
reduced and the selectivity becomes considerably broader, owing to 
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FIG. 13-19.-Effect of coupling on the frequency-response curve of an IF transformer. 

the appearance of two peaks, one on each side of the resonant fre
quency. When the primary and secondary windings are closer than 
this critical point, the transformer is said to be "overcoupled." 
Figure 13-19 illustrates the effects of the coupling on the gain and 
selectivity of a transformer. 

The design of the usual single-stage hansformer makes some com
promise as to coupling between the low and the critical points, so as 
to give high gain with good selectivity. Some receivers that feature 

• 
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broad-band IF amplifiers make use of overcoupled IF transformers. 
Often the coupling is made variable by a mechanical arrangement 
that raises and lowers one winding by turning a knob on the front 
panel of the receiver. The position of minimum coupling is labeled 
SELECTIVITY or SENSITIVITY, whereas the position of maximum 
coupling is labeled FIDELITY or TREBLE. This control is called a 
"fidelity" control. 

Another method of broadening the response of the IF amplifier 
is to load the tuned circuits with resistors, as shown in Fig. U~-20. 
The resistors may be placed across the primary winding, the second-

Converter Converter 

8+ To B+ To 
AVe Bus Ave Bus 

A. SHUNT LOADING 8. SERIES LOADING 

FIG. 13-~O.-Resistance loading to broaden response characteristic of an IF amplifier. 

ary, or both; or they may be placed in series with the trimmer con
denser. In any case, the introduction of resistance loads the tuned 
circuit and results in a decreased gain and a broader response curve. 
The amount of broadening is determined by the amount of loading; 
that is, the ohmic value of the resistor. The single-stage curve of 
Fig. 13-18 is typical for a resistance-loaded transformer. 

A third method of broadening the response of the IF transformer 
is to use loosely coupled primary and secondary windings, and to 
introduce a third winding, known as a "tertiary" coil, closely coupled 
to the secondary winding. The tertiary is also tuned to the inter
mediate frequency and absorbs energy from the secondary winding, 
thereby acting as a load and broadening the response. A resistor, 
if used in the tertiary winding, increases the effect. Figure 13-21 
shows a circuit for an IF transformer with a tertiary winding. 

From the serviceman's point of view, a two-stage IF amplifier 
presents few complications. The signal check is about the same as 
for a single-stage IF amplifier, since the gain per stage is consider
ably lower. It merely adds another grid from which to check. The 
presence of two peaks close together is to be expected, especially 
where overcoupling is employed. The IF transformers are subject 
to the same ills as with a single stage. They open and become noisy 
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because of corrosion; the same checks are applicable. However, when 
an IF transformer is replaced in a two-stage IF amplifier, it becomes 
more necessary to employ an exact replacement. 

Because of an added stage, more decoupling filters will be used. 
However, the treatment of them will not vary from that given for 
our standard circuit. 

The alignment of broad-band IF amplifiers can best be performed 
with an oscilloscope, but satisfactory alignment can be obtained 
with a standard signal generator and output meter. It is extremely 

FIG. 13-21.-Tertiary winding to broaden response characteristic of an IF amplifier. 

important to follow the manufacturer's service instruction. Where 
such instructions are not obtainable, a generalized procedure may be 
followed. Set the receiver for maximum gain position (not high
fidelity); that is, minimum coupling where a coupling control is used 
(shunt resistors switched out where this is the method), and align 
for maximum response, as usual. Then switch to the high-fidelity 
position and rotate the signal generator about 10 kc on each side of 
the intermediate frequency, noting the output-meter deflection. If 
it remains fairly constant for about 5 kc on each side of the inter
mediate frequency, the alignment may be considered good. If the 
output meter fails to remain constant, alignment adjustments should 
be repeated. 

Overcoupling and use of a tertiary coil may sometimes be used in 
a single-stage IF amplifier, where gain is sacrificed for fidelity of 
reproduction. The tertiary coil may be switched out here for greater 
gain at the expense of fidelity. 

Broad-band IF amplifiers are not usually employed in AC/DC 
receivers, where emphasis is on simplicity, low cost, and maximum 
gain from the fewest tubes. 
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SUMMARY 

Quick check • 

. Introduce a modulated signal at the intermediate frequency to the signal grid of 
the converter tube. 'When the IF stage is functioning properly, the modulation 
note will be heard in the speaker. The response will be much stronger than that 
heard when the detector stage is checked; that is, when the signal is applied to the 
IF grid. 

Diagram of typical IF amplifier stage. 

A diagram of the typical IF amplifier stage is given in the accompanying figure. 

I F Amplifier 
6K7 

T-4 

3
-8L-9 

From 
Converter (-8 

StClge 

Voltage check~ 

To 
AV( 
Bus 

(-28 

I'OS 

Bt Bt 

1
(-25 
.1 

To 
Detector 

Stage 

Readings are taken from chassis or common negative terminal. Normal voltage 
data are given in the accompanying tables. 

Tube elements 
AC receivers, 6K7 pin No. ACjDC receivers. 

volts volts 

Plate ......................... 250 3 90 
Screen ......... , .......... , ... 100 4 90 
Cathode ...................... 3 8 3 
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N onnal resistance data. 
Normal resistance data are given in the accompanying table. 

Resistance, ohms 

Across L-8, primary of T-4 . ........................... . 
Across L-9,secondary of T-4 . ......................... . 
Across L-1O, primary of T-5 . .......................... . 
Across L-ll, secondary of T-5 . ........................ . 
Cathode to chassis ................................... . 
Control grid to chassis ................................ . 
Screen grid to chassis ................................. . 
Spreen grid to B plus ................................. . 
Plate to B plus ...................................... . 

Air core 

30-50 
30-50 
30-50 
30-50 

300-400 
1,500,000 

140,000* 
80,000* 

640t 

Iron core 

5-15 
5-15 
5-15 
5-15 

* Thue values are for the standard circuit. Owing to the wide divergence in methods of obtaining 
screen supply, these readings should be checked against the receiver schematic diagram. 

t If there is no decoupling filter, this reading will be simply the DC resistance of L-lO, the primary of 
the output IF transformer T-5. 

A wide divergence is given for the coils L-8, L-9, L-I0, and L-ll, to allow for 
differences between receivers. In anyone receiver, owing to the common use of 
matched transformers, these coils should all check very close to the same value 
within the limits given. 

Signal-substitution test procedure for an inoperative IF amplifier. 
The test oscillator, receiver, and output meter are connected as shown in Fig. 

13-QQ. The signal generator is adjusted for modulated output on the IF band. 
The receiver is adjusted for maximum volume, minimum bass response, and maxi
mum selectivity (if there is such a control); the RF portion is made inoperative by 
shorting the oscillator section of the gang tuning condenser. Let us assume normal 
operation of the audio amplifier, as proved by a normal response when an audio 
test signal is applied to point 0, the input of the AF amplifier, and no response or 
weak response when a modulated signal at the intermediate frequency is applied 
to point CD, the converter signal grid. 

STEP 1. The test lead from the signal generator is moved to point 0, the con
verter plate. 

1. If a normal response results, the trouble may be 
a. A shorted converted signal grid (most likely a short in the gang tuning 

condenser) . 
b. A defective converter tube (substitute a good one). 
c. Open or shorted plate, screen, or cathode circuit in the converter tube (de-

tected by voltmeter check). 
Q. If the signal does not come through or remains very weak, move on to step 2. 
STEP Q. The test lead from the signal generator is moved to point 0, the IF grid. 
1. If a normal response (3,500 microvolts input for standard output) results, the 

trouble may be 
a. A defective input IF transformer (detected by ohmmeter check). 
b. An open Ave by-pass condenser C-Q8. (Bridge it with a good one and re

check from point CD.) 
c. Input IF transformer T-4 badly misaligned (check alignment). 

2. If the signal does not come through or remains very weak, move on to step S. 
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FIG. 13-22.-Signal check for locating trouble in an IF amplifier. 
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STEP 3. The test lead from the signal generator is moved to point @, the IF plate. 
The attenuator is advanced, and the frequency control is wobbled through the 
intermediate frequency. 

1. If the signal comes through, the trouble may be 
a. A shorted IF grid. (Detected by ohmmeter check. The short would most 

likely be between the grid wire or trimmer and the IF shield can.) 
b. A defective IF tube (substitute a good one). 
c. Open or short in the plate, screen, or cathode circuits of the IF tube (de

tected by voltmeter check). 
~. If the signal does not come through, check the detector stage (see Chap. l~). 

SERVICE DATA CHART 

Symptom Abnormal reading Look for 

No reception Plate voltage = 0 Open IF output transformer. 
Shorted plate by-pass con-
denser C-25. Open plate 
circuit decoupling resistor 
R-Q5. Plate-to-ground short 
in IF can 

Screen voltage = 0 Shorted screen by-pass con-
denser C-24. Open screen 
voltage-dropping resistor 
R-24 

High cathode voltage Open minimum-bias resistor 
R-2S 

All voltage checks are normal Dead IF tube V-So Shorted 
trimmers in the IF cans. 
Open IF transformer sec-
ondaries. Open AVC by-
pass condenser C-28 

Weak signal All voltage checks are normal Weak IF tube V-So Open 
AVC by-pass condenser 
C-28. Open cathode by-
pass condenser C-2S. Open 
plate circuit by-pass con-
denser C-25. Misalignment 

Noise All checks are normal Noisy IF tube V-So Corro· 
sion in the IF transformer 
windings 

Squeal or oscillation All checks are normal Open screen by-pass condens-
er C-24. Open ground 
connection to shielding. In-
correct IF tube V-So Open 
AVC by-pass condenser 
C-28. Open plate circuit 
by-pass condenser C-25. In-
correct wire dress 
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QUESTIONS 

1. A receiver does not play. Signal check shows normal operation when a test 
signal is applied to the IF plate; no response when the test signal is shifted to the 
IF grid. List the likely sources of trouble, and explain how you would check for 
each. 

2. A receiver does not play. Signal check shows normal operation when the 
proper test signal is applied to the IF grid; no response when the test signal is 
shifted to the converter plate. List the likely sources of trouble, and explain how 
you would check for each. 

3. The receiver of Fig. 12-17 is inoperative. A signal check shows that the 
trouble is in the IF stage. A voltage check gives normal readings for the stage. 
List the likely causes of the trouble, and explain how you would check for each. 

4. A receiver gives the following voltage readings for the IF stage: 

Plate .................................... 250 volts 
Screen ................................... 130 volts 
Cathode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 volts 

What is the probable trouble, and how would you check for it? 

5. A receiver gives the following voltage readings for the IF stage: 

Plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 volt 
Screen .................................... 95 volts 
Cathode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 volt 

What are the probable troubles? What should the next checks be? 

6. An AC superheterodyne receiver oscillates badly. The oscillation continues 
when the converter tube is removed but stops when the IF tube is removed. This 
indicates that the cause of the trouble is probably in the IF stage. What checks 
and adjustments should be made to track down the trouble? 

7. What factors in the IF stage can cause noisy reception? How would you check 
for each? 



CHAPTER 14 

CONVERTER: MIXER AND OSCILLATOR STAGES 

After the IF check, the next area for investigation is the converter, 
which consists of two distinct stages: the mixer and the oscillator. 
Their functions are so closely interrelated that they are best handled 
as one unit-the converter. In most receivers, the two stages are 
combined in one pentagrid converter tube. Although some receivers 
use separate mixer and oscillator tubes, service analysis is similar 
for both types of receivers. 

The modulated RF signal from the stage before the converter is 
fed to the mixer grid of the converter tube, where it is mixed with 
the unmodulated RF signal from the local oscillator stage. The sig
nal on the mixer grid, regardless of frequency, is changed by the 
converter to a signal with the same frequency, the intermediate fre
quency of the receiver. The signal at the intermediate frequency 
retains the same audio modulation that is present in the RF signal 
fed to the mixer grid. The IF signal is then fed to the input of the 
IF amplifier. 

Many superheterodyne receivers do not incorporate an RF stage. 
In receivers of this type, the antenna is coupled to the converter 
mixer grid. In the signal-substitution method of servicing, where the 
trouble shooter works from the speaker back to the antenna, the 
converter will be the last area of investigation for receivers of this 
type. 

Quick Check for the Operation of the Oscillator Stage.-Tune 
the receiver to 600 kc. Connect the signal-generator output to the 
converter signal grid through a 0.1 mfd condenser, and rotate the 
signal-generator dial through 600 kc. If the signal-generator modula
tion note is heard in the speaker at or near 600 kc, the oscillator is 
functioning. 

Quick Check for the Operation of the Mixer Stage.-Tune the 
receiver to 1,400 kc. Connect the signal-generator output to the 
RF grid (antenna if there is no RF stage) through a 0.00025-mid 
condenser, and rotate the signal-generator dial through 1,400 kc. 
If the signal-generator modulation note is heard in the speaker at 
or near 1,400 kc, the mixer stage is functioning. 

212 
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Function of the Converter.-The function of the converter is four
fold: 

1. It tunes and amplifies the received signal. 
2. It generates an unmodulated RF signal of its own at a fre

quency different from the received signal. 
3. It mixes the locally generated signal with the received signal. 
4. It maintains a constant frequency difference (the intermediate 

frequency) between the locally generated signal and any signal to 
which the receiver is tuned. 

Standard Circuit of a Cbnverter.-This circuit is shown in Fig. 
14-1. 

R-29 
100,000 

AVC 

V-2 
Converter 

6A8 r---------, 

Input IF 
T ra nsformer 

T-4 

B+ +IOOV B+ 
250V 250V 

FIG. 14-I.-Typical pentagrid converter circuit. 

To IF 
Stage 

Theory of Operation of the Converter.-The theory of operation 
of the converter can be explained by elaborating the four functions 
listed above. I 

1. It tunes and amplifies the received signal. The input of the stage 
is RF transformer T -2, which couples the preceding RF stage or 
antenna to the converter tube. Tuning is accomplished by the cir
cuit composed of L-5 and C-5, which feeds the signal to G-4, the sig
nal grid of the converter tube. Grids G-3 and G-5 are tied together 
and act as a screen, so that this section of the converter tube plus 
cathode and plate is a tetrode amplifier. Condenser C-5 is one sec
tion of the ganged tuning condenser. 
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2. It generates an unmodulated RF signal of its own at a frequency 
d1jJerent from the received signal. The cathode and grids G-I and 
G-2 act as a triode oscillator. This can be more easily seen by re
drawing the oscillator stage of the converter, as shown in Fig. 14-2. 
Grid G-I acts as the oscillator grid while grid G-2 acts as the oscilla
tor plate or anode. Coil L-6 and its associated condenser C-6 are 
located in the oscillator grid circuit and make up the tuning section 
for the oscillator. Condenser C-6 is the oscillator section of the gang 
tuning condenser. Feedback from the plate circuit is obtained by 
coupling between L-6 and L-7, the laUer coil being in the oscillator 
anode circuit. The feedback is in proper phase and of sufficient 

Plate 
Feed Back 
Coil L-7 

Grid Coil 
L-6 

6A8 

FIG. 14-2.-0scillator circuit in the 6A8 pentagrid converter. 

B+ 
250V 

strength to maintain oscillation, the frequency of which is controlled 
by L-6, C-6, C-6A, and C-7. The function of condenser C-7 will be 
explained in more detail in the section on tracking. 

3. The converter mixes the locally generated signal with the received 
signal. The electron stream coming from the cathode is caused to 
pulse by the oscillator action of grids G-I and G~2, at a rate deter
mined by the values of L-6, C-6, C-6A, and C-7. Since the oscilla
tor anode is not a solid plate but a pair of rods, most of the pulsing 
electron stream will go right through the oscillator anode G-2 to the 
rest of the converter tube. The received signal is applied at G-4, 
where it contributes its own effect on the pulsing electron stream, 
thereby mixing the signal and oscillator output in the converter 
tube. Grid G-4 in the converter tube is sometimes called the "con
verter signal" grid, and sometimes called the "mixer" grid. The 
plate output circuit of the converter tube, therefore, will contain a 
signal with components at the received signal frequency, the oscilla-
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tor frequency, the sum of these two frequencies and the difference of 
these frequencies. This type of mixing of two signals is known as 
"electron" mixing. 

4. The locally generated signal must maintain a constant fre
quency difference (the intermediate frequency) with any signal to which 
the receiver may be tuned. Of all the signals present in the converter 
plate circuit, the IF amplifier accepts only the one to which it is 
tuned. This is the signal that is at the difference frequency between 
the received signal and the locally generated signal. The oscillator 
frequency is usually higher than the frequency of the received signal. 
A few examples may clear this up. The most commonly used inter
mediate frequency is 455 kc. This will be used in the examples. 
Let us assume that the wanted station signal is 1,000 kc, approxi
mately in the center of the broadcast band. Then the signal tuning 
circuit (L-5, C-5) will be at 1,000 kc. The frequency of the oscilla
tor section, controlled by L-6, C-6, C-6A, and C-7, will be 455 kc 
higher, or 1,455 kc. 

The converter plate circuit will contain various frequency com
ponents: 

1,000 kc ................... Received signal 
1,455 kc ................... Oscillator signal 
2,455 kc ................... Sum of the above 

455 kc ................... Difference between the first two 

The sharply tuned IF amplifier will accept the signal at 455 kc, am
plify it, and pass it on to the detector. 

If the desired signal is near the low-frequency end of the broad
cast band at 600 kc, the signal input circuit (L-5, C-5) will be tuned 
to 600 kc, and the oscillator tuning circuit composed of L-6, C-6, 
C-6A, and C-7 will be tuned to 1,055 kc, making the difference fre
quency 455 kc. 

At the high-frequency end of the broadcast band, the oscillator 
must be adjusted to 1,955 kc to receive a signal at 1,500 kc. The 
two signals are mixed in the converter tube, giving, among others, the 
same difference frequency of 455 kc. 

From the above examples, it can be seen that the prime function 
of the converter is to change any received signal to a signal at 455 
kc, the intermediate frequency. It follows as a corollary that 
the oscillator frequency must be greater by 455 kc, the intermediate 
frequency, than the desired station signal frequency. 

An oscillator frequency 455 kc lower than the desired signal fre
quency could also be used. This is sometimes done in reception on 
the short-wave bands. 
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Tracking.-In a receiver operating on the broadcast band, con
denser C-5 tunes coil L-5 from 550 to 1,600 kc in the received signal 
circuit (the mixer grid <;ircuit). In the oscillator tuning circuit, con
denser C-6 tunes coil L-6 from 550 plus 455, or 1,005 kc to 1,600 plus 
455, or 2,055 kc, where the IF amplifier is tuned to 455 kc. Since 
condensers C-5 and C-6 are parts of the same tuning gang, there is 
considerable design work needed to make these two tuning circuits 
always 455 kc (or the intermediate frequency) apart. The ability of 
a recEiver to perform equally well on all parts of the tuning range is 
depEndent on this factor, which is known as "tracking." Alignment 
instructions often include tracking adjustments on both ends of the 
tuning range and a tracking check in the center. The usual check 

IndLlC+ance 
L 

Oscillator 
Grid Coi I 

L-6 

Osc. Section 
of Condenser 
Gang C-6 

"600 PCldder': 
(-7 

Capacity 
C 

FIG. }4-3.-0scillator tuning .circuit. 

Trimmer 
(-6A 

points on the broadcast band are 600 kc for the low-frequency end, 
1,000 kc for the middle, and 1,400 or 1,500 kc for the high-frequency 
end. 

Oscillator Tuning Circuit.-The RF tuning circuits have a tuning 
range for the broadcast band of 550 to 1,600 kc. The oscillator tun
ing circuit for the same band must have a tuning range of 1,005 to 
2,055 kc. The two tuning circuits must, therefore, be considerably 
different. 

The oscillator tuning circuit can perhaps be better understood if 
it is redrawn, as in Fig. 14-3. It can now be recognized as an L-C 
~ircuit, the L being the oscillator coil. The C of the L-C circuit is 
composed of the main tuning condenser C-6 with its shunt trimmer 
C-6A, both of which are in series with condenser C-7. The latter is 
an adjustable condenser of comparatively high capacity. Trimmer 
C-6A is a low-capacity unit. Now we need only remember that the 
capacity of condensers in series is lower than the individual con
densers, whereas the capacity of condensers in parallel is additive. 
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When tuning condenser 0-6 is in a low-capacity position, the 
lumped 0 in the tuning circuit is small (series condensers). Trimmer 
condenser 0-6A is an important cog at this position since its small 
capacity is added to the small capacity of the tuning condenser. 
The setting of trimmer condenser 0-6A, therefore, controls the low
capacity (high-frequency) end of the tuning range. This trimmer is 
often called the "high-frequency oscillator aligner." 

When tuning condenser 0-6 is in a high-capacity position, the 
lumped 0 in the tuning circuit is high since it is composed of two 
comparatively large condensers in series. Trimmer condenser 0-6A 
has little effect in this position since its small capacity is added to 
the large capacity of the tuning condenser. At this time, the setting 
of adjustable condenser 0-7 becomes of greater importance, since its 
capacity, now of about the same order as that of the tuning con
denser, will have a greater effect on the lumped 0 in the circuit. 
The setting of adjustable condenser 0-7, therefore, controls the high
capacity (low-frequency) end of the tuning range. Since this ad
justment is usually performed at 600 kc, condenser 0-7 is often called 
the "600 padder." 

Cut-plate Oscillator Tuning Condensers.-In some receivers 
oscillator tuning condenser 0-6 has been designed to maintain the 
455-kc difference without a low-frequency padder adjustment. In 
this case, the rotor plates of condenser 0-6 are smaller and differently 
shaped than the rotor plates of the other condensers in the tuning 
gang, as shown in Fig. 14-4. When the oscillator rotor plates are 
shaped in this manner, the gang condenser is known as one having 
a "cut-plate oscillator" section. The shape of the cut plates is so 
designed that tracking is automatic, in that the capacity in the os
cillator circuit maintains its frequency at a value 455 kc higher than 
the frequency of the received signal. 

Functions and Values of Parts in the Converter.-From the above 
discussion, it can be seen that the values of the component parts in 
the tuning section of the receiver are an important part of the design 
of any receiver. The serviceman rarely, if ever, changes the values 
of any of these parts, since any such changes will seriously affect the 
operation of the receiver in selectivity, sensitivity, and dial calibra
tion. Defective components in the tuning circuit usually require the 
serviceman to obtain the original manufacturer's replacement parts. 
As a result, values of parts need not be given, and it merely remains 
to state the functions of parts not yet mentioned. 

The oscillator grid leak and condenser, R-19 and 0-19, develop the 
oscillator grid-bias voltage. When a tube is in an oscillating condi-
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tion, there is considerable grid current.. This flows through R-19 
and causes a voltage drop across it. The grid end of the resistor is 
negative, giving the bias voltage for the oscillator section of the tube. 

The voltage developed across R-19 is also important from a service 
point of view, since it makes a good check as to whether the oscilla
tor is operating. 

Oscillator grid-leak resistor R-19 is usually a 50,000-ohmlY2-watt 
resistor. Oscillator grid condenser C-19 is usually a O.OOOI-mfd 
mica condenser. Occasionally, a paper tubular condenser is used for 
C-19. 

Condenser Gang 
With Similar Rotor 

Plates 

cut Plates 
~ondenser Gang 

With Cut Plates In 
The Osci.'lator, 

Section 

FIG. 14-4.-Comparison between condenser gangs with similar rotor plates and with a 
cut-plate oscillator section. 

Minimum-bias circuits were described in some detail in connec
tion with R-'23 and C-'23 in the chapter dealing with the IF stage. 
Resistor R-18 and condenser C-18 form a similar circuit for estab
lishing a minimum-bias voltage to be applied to the signal grid of 
the pentagrid converter, where A VC operation is used. 

Resistor R-18 is usually a 300-ohmlY2-watt resistor. In some 
circuits, R-18 is made somewhat larger, 500 to 600 ohms. In these 
circuits the tube is being operated at a higher minimum-bias volt
age. The by-pass condenser C-18 is usually 0.05 to 0.1 mfd. The 
voltage rating of this condenser is unimportant since it is a low
voltage circuit. In some circuits, C-18 may be omitted to provide 
some degeneration in the converter. 
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Finally, both R-18 and C-18 may be omitted, and the cathode of 
the converter tube is tied to the cathode of either the RF or IF tube, 
resulting in a common minimum-bias voltage for both tubes. 

The A VC decoupling filter (R-~9 and C-~9) has been described in 
the detector and AVC stage. Typical values are 100,000 ohms/Y2-
watt for R-~9, and 0.05 mfd/400 volts for C-~9. When there is no 
RF stage, R-29 and C-29 are usually omitted, and the signal grid 
return of coil L-5 is connected directly to the A V C bus. 

The tube used is the metal 6A8 pentagrid converter. The 6A8-G 
or 6A8-GT are also used in similar circuits. In the latter case, the 
tube is usually covered by a closely fitting metal shield. Receivers 
using loctal-type tubes use the 7B8 or 7B8-LM. An older variety 
of the same tube is the 6A7. 

Another tube very commonly employed is the 6SA 7 pentagrid 
converter. In this case the circuit is somewhat different. A cir
cuit using the 6SA 7 will be described in Chap. 15. 

AC/DC receivers may use any of the above tubes in circuits where 
the filament drain is 0.3 amp. In circuits utilizing a 0.I5-amp fila
ment line, 1~-volt!0.15-amp tubes like the I~A8, 12SA7, and I4Q7 
pentagrid converters are used. 

The oscillator anode filter circuit, R-~O and C-20, also acts as a 
voltage-dropping device for the oscillator anode. R-~O is usually a 
~O,OOO-ohm/Y2-watt resistor and C-20 is a 0.I-mfd/400-volt con
denser. Where the total B voltage of the receiver is 200 volts or 
less, R-20 and C-20 may be omitted. 

The converter-plate-circuit decoupling filter consists of R-~2 and 
C-~~. Resistor R-~~ is usually 400 to 1,000 ohms, while condenser 
C-~~ is 0.05 to 0.1 mfd. Like all decoupling or isolating circuits, 
R-2~ and C-~~ may be omitted. 

The input to the mixer stage of the converter is the RF transformer 
T-~. The primary L-4 is in the plate circuit of the RF tube, or an
tenna circuit where no RF stage is used. The secondary L-5, which 
is tuned by C-5 of the ganged variable condenser, feeds the signal to 
the signal grid of the pentagrid converter tube. In some receiver 
circuits, RF transformer T -~ is replaced by an untuned resistance
coupled stage. 

In receivers that do not use an RF stage, RF transformer T-~ 
couples the antenna to the signal grid of the pentagrid converter 
tube. In this case, L-4 the primary of the transformer is connected 
to the antenna and ground. In loop-operated receivers that do not 
use an RF stage, RF transformer T-~ is replaced by the loop an
tenna. Coil L-5 is the main part of the loop, which is still tuned by 
condenser C-5 in the usual way. Primary coil L-4 consists of two or 
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three turns on the loop, which may be connected to an external an
tenna and ground when it is desired to obtain greater signal pickup. 
Figure 15-2 shows a loop-operated receiver of this type. 

NORMAL TEST DATA FOR THE CONVERTER 

Signal Check for Normal Operation of the Oscillator.-When 
the operation of the oscillator is checked, the test signal is applied 
to the converter mixer grid (sometimes called the "signal" grid). 
This is the same point that was used in checking the IF amplifier. 
Before the oscillator check is made, any short that had been placed 
on the oscillator tuning condenser for previous tests is removed. 
The receiver is tuned to 600 kc. The signal-generator dial had been 
set at 455 kc for checking the IF amplifier. At this position, the 
modulation note will still be heard in the speaker. The signal-gen
erator dial is then rotated past 600 kc. As the dial leaves 455 kc, 
the modulation note should die out, and it should be heard again, 
at about the same volume as before, when the signal-generator dial 
pointer passes 600 kc. This is the signal check for normal operation 
of the oscillator portion of the converter. 

If the modulation note is not heard, the oscillator section is in
operative. If the note is considerably weaker than the note at 455 
kc, the converter tube is probably weak. If the note is heard when 
the signal-generator frequency control is at a considerable distance 
from 600 kc,·the oscillator circuit is probably out of alignment. 

This check could be performed at any position in the tuning range. 
However, it is recommended that the check be performed at 600 kc, 
since oscillator action is normally weaker at the low-frequency end 
of the tuning range. 

Signal Check for Normal Operation of the Mixer.-When normal 
operation of the oscillator section has been found, the next step is to 
check for normal operation of the mixer portion of the converter. 
The test signal is applied through a 0.00025-mfd condenser to the 
control grid of the RF tube. Where there is no RF tube, the test 
signal is applied to the antenna lead of the receiver. The antenna 
lead is, of course, readily available. The same applies to the control 
grid of the RF tube in the case of a 6K7 where it is the top contact. 
Where a single-ended RF tube is employed, the test point is most 
easily available at the stator connection of the RF section of the 
gang tuning condenser. 

The receiver dial is set to 1,400 kc. If an output meter is con
nected to the receiver, it should be switched to a high-voltage range. 
This is important since the amplification from the RF grid is very 
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high and even a moderate test-signal input may furnish sufficient 
output voltage to bend the output meter pointer. 

The signal generator frequency control is rotated a few points 
each side of 1,400 kc. When the receiver is functioning normally, 
the signal generator modulation note should be heard in the speaker 
as its dial pointer passes 1,400 kc. It should be considerably louder 
than the last check (the oscillator section), where the test signal was 
applied to the mixer grid. 

If the signal-generator note is not heard, the mixer section must 
be checked. The same applies if the check shows no gain over the 
check from the mixer grid. If the note appears at a considerable 
distance from 1,400 kc on the signal-generator dial, alignment is 
indicated. 

Normal Voltage Data for the Converter.:-Readings taken from 
indicated terminals to the chassis or common negative terminal 
of the receiver are given in the accompanying table. 

Plate ...••.................... 
Screen ....................... . 
Oscillator anode ............... . 
Oscillator grid ................ . 
Cathode ...................... . 

6A8 pin No. 

3 
4 
6 
5 
8 

AC receiver, 
volts 

!Z50 
100 
!ZOO 

-15 
3 

AC/DC receiver, 
volts 

90 
50 
90 

-10 
3 

Normal Resistance Data for the Converter.-Resistance data are 
given in the following table. 

Across L-4, primary of the signal input transformer T-!Z. . . . . . . .......... .40 ohms 
Across £-5, secondary of the signal input transformer ............................ 5 ohms 
Across L-6, grid coil of the oscillator transformer T-3 .. .......................... 5 ohms 
Across L-7, feedback coil of the oscillator transformer ............................ 3 ohms 
Cathode to chassis ........................................................ 300 ohms* 
Signal grid (G-4) to chassis ............................................ 1,600,000 ohms 
Screen grid (G-3 and G-5) to chassis ...................................... 30,000 ohms* 
Plate to B plus........................ ............. . ................ 640 ohms* 
Oscillator grid (G-l) to chassis... . . . .................... 50,000 ohms 
Oscillator anode (G-'2) to B plus. . . .. .......... . ............ '20,000 ohms 

*These readings are for the standard circuit and should be checked against service notes for any particu
lar receiver. 

In receivers where the signal input transformer T-~ is aloop an
tenna, the grid coil of the loop will measure 1 to 3 ohms. The an
tenna winding will measure less than 1 ohm. 
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Stage-gain Measurements for the Converter from the Converter 
Signal Grid.-The serviceman should run some checks on receivers 
known to be in perfect operating condition, so that he has a basis of 
comparative data on his bench test equipment, and normal gain data 
to be expected from the COllverter. In addition, he should tabulate 
his experience with each of the various types of converters. 

There are two check points for the converter: the converter signal 
grid G-4, and the RF grid or antenna, if the receiver does not use an 
RF stage. The receiver, signal generator, and the output meter are 
connected, as shown in Fig. 14-5 to check from the converter signal 
grid. The receiver is adjusted as follows: The volume control is set 
to the maximum-volume position; the tone control to the minimum 
bass position; the selectivity control is set for the position of maxi
mum selectivity; and the receiver dial is adjusted to 600 kc. Any 
short placed across the oscillator section of the tuning condenser 
gang for previous tests should be removed. The output meter is 
switched to a high-voltage range. The signal-generator output leads 
are connected shield to chassis, and the "hot" lead through a O.l-mfd 
condenser to the converter signal grid. The signal generator is ad
justed to give a modulated signal on the broadcast band. The at
tenuator setting is kept comparatively low, since approximately 50 
microvolts will give standard output from the receiver. 

The frequency-control dial on the signal generator is rotated 
through 600 kc for peak output from the receiver. When the peak 
position is found, the attenuator on the signal generator is adjusted 
to give the standard output of 50 mw from the receiver. When the 
output voltage is low enough, the range switch of the output meter 
is reduced so that the 16 volts which correspond to 50 mw can be 
read more accurately. 

The average 600-kc signal strength necessary to give standard 
output from the converter signal grid is 50 microvolts. In making 
stage-gain checks for the IF amplifier (see page 197), it was seen that 
the average IF signal strength necessary to give standard output 
from the converter signal grid was also 50 microvolts. From the 
above it may be seen that the gain of the receiver from the converter 
signal grid should be approximately the same for a signal at the inter
mediate frequency as for the RF signal to which the receiver is 
tuned. Any great difference in signal input for standard output 
would indicate a defective converter tube. 

Stage-gain Measurements for the Converter, Including the 
Tuned Signal Grid Input.-Since the capacity of the signal generator 
will detune the converter signal grid circuit, measurements to in
clude the tuned circuit must be made, as was done in all other checks, 
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from a previous point in the receiver. Figure 14-6 shows the con
nections for a receiver with an RF stage. ' Note that the condenser 
in the "hot" lead of the signal generator is 0.00025 mfd. When the 

Siqnal Generator 

~500KC 

Mod BC 

~t / / 

,00025 

F--1 

J1 
Ave 

RF 

B+ Ave 

Converter 

To 
Oscillator 

FIG. 14-6,-Signal-generator connections for stage-gain measurements of the converter 
when the receiver incorporates an RF stage. 

receiver has no RF stage, measurements are made from the antenna 
terminal, as shown in Fig. 14-7. When the receiver has no RF stage 
and is loop-operated and there is no antenna terminal on the re
ceiver, the signal generator is fed into a loop made up of a few turns 

Signal Generator 

-1'tt 

(/\SOOKC 

Mod 
./ 

BC 
./ 

-= Ave 

Converter 
.------- To 

I F Amplifier 

To 
Oscillator 

FIG. 14-7,-Signal-generator connections for measurement of converter gain when the 
receiver does not include an RF stage. 

of wire. This loop is then placed near the loop antenna of the re
ceiver, as shown in Fig. 14-8. In all cases, the receiver is adjusted 
for maximum gain; that is, the volume control is set to the full ON 

position, tone control to the minimum bass, and the selectivity-
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fidelity control to the position of maximum selectivity. The re
ceiver dial is turned to 1,500 kc. (If a station is received at this fre
quency, it will interfere with the check. When this is the case, the 
receiver is tuned to a quiet part of the dial between 1,400 and 1,600 
kc.) The output meter is set for a high-voltage AC range. The sig
nal generator is adjusted for a modulated output on the broadcast 
band. 

The frequency-control dial on the signal generator is then care
fully rotated through 1,400 to 1,600 kc for peak response from the 
receiver. When the peak position is found, the attenuator is ad
justed to give the standard output of 50 mw in the speaker. When 
the standard output has been obtained, the signal-generator fre-

Converter 
.-------_ To 

I F Amplifier 
Signal Generator 

(,/\SOOKC 

I 
Mod BC ~L-~t ,/ ,/ 

AVC To 
Osc i Ilator 

FIG. 14-8.-cMethod of connecting a signal generator to a loop-operated receiver. 

quency control is again adjusted for peak response on the output 
meter, and the attenuator readjusted if a response greater than 50 
mw was obtained. This repetition is necessary because a high-level 
signal input would bring A VC action into play with a consequent 
broadening of the peak. 

The average signal strength at 1,500 kc needed to give the stand
ard output of 50 mw from the antenna of a receiver that does not 
use an RF stage is 20 microvolts. Since an average of 50 micro- . 
volts is required to produce the same effect from the converter signal 
grid, the apparent approximate gain between the antenna and the 
converter signal grid is 50/20 = 2.5. 

When a receiver uses an RF tube, the average input signal (at 
1,500 kc) applied to the RF grid is 5 microvolts for standard output 
from the receiver. In this case the apparent gain between the con
verter signal grid and the RF grid is 50/5 = 10. The added gain is 
due to the amplification of the RF tube. 
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Having established comparative gain data with several good re
ceivers, the serviceman is in a position to judge the gain character
istics of any converter stage. He should remember, however, that 
these checks are approximate and that there will be considerable 
variation shown when different receivers are checked. 

A signal of 5 microvolts is about the lower limit that can be ex
pected from the average signal generator. Leakage in the attenua
tor ci.rcuits, insufficient shielding, and the increased noise level when 
working at lower signal levels make it extremely difficult to carry 
out even approximate stage-gain measurements. For this reason, 
gain data for the antenna circuit of a receiver that uses a tuned RF 
stage will not be given. 

COMMON TROUBLES IN THE CONVERTER 

Troubles Common to the RF Input Transformer.-The RF input 
transformer, T-2, is likely to be an interstage RF transformer cou
pling the RF stage to the converter, or an antenna coil coupling the 
antenna to the converter, or a coil loop acting as the antenna for the 
receiver, depending on the type of receiver. The three types of 
coupling units all have one common trouble-that is, the windings 
open-but they present different service problems and will be 
handled separately. 

Service Notes for an Interstage RF Transformer.-An open 
secondary winding of an interstage RF transformer will be found on 
signal check. At such time, when a test signal, either at RF or IF, 
is fed into the converter signal grid, the signal will come through to 
the speaker, but the gain will probably be low. In addition, the 
modulation note of the signal generator will have a rough tone due 
to the open grid circuit. When the test signal is applied to the RF 
grid, the response will be very low. The condition is then confirmed 
with an ohmmeter check. 

When the primary of the interstage RF transformer is open, the 
receiver will operate normally when the test signal is applied to the 
converter signal grid but will not operate at all when the test signal 
is shifted to the RF grid. A voltage check will then show no voltage 
at the RF plate, and a continuity check will confirm the trouble. 

Before a defective interstage RF transformer is replaced, it would 
be wise to examine the coil, since the break is often at or near a 
terminal lug and is easily repaired. Even removing a turn to effect a 
repair is permissible. 

An exact replacement of the RF interstage transformer'is neces
sary, since tuning circuits will not bear wide tolerances. However, 

I 
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at times, the coil is beyond repair, an original replacement cannot be 
obtained, and a general replacement transformer is the only alterna
tive. In this case, the serviceman should choose the replacement 
transformer carefully, so that it matches the original as closely as 
possible in physical characteristics. The important points to keep 
in mind are the size of the shield, length and diameter of the coil 
form, and size and location of the windings. 

RF 

B+ Ave To 
Oscli lator 

FIG. 14-9.-A typical interstage RF transformer and its position in the circuit. 

When the replacement transformer has coded leads, the color cod-
ing is the same as for an IF transformer. 

Blue wire ..................... Plate 
Red wire ..................... B plus 
Green wire .................... Grid 
Black wire .................... Grid return 

The placing of the green grid lead can easily be altered to conform 
to the placing in the original transformer. For example, if, in the 
replacement, the green wire comes through the shield can for con
nection to a top cap on the converter tube, whereas, in the original, 
the 'grid wire was brought through the bottom to a 6SA7 converter, 
it takes only a few minutes to remove the coil from the shield can 
and reroute the wire. 

When the replacement-transformer coil leads are brought to un
marked soldering terminals, the terminals can be identified as de
scribed in the next section. 
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How to Identify RF Transformer Coil Leads.-For the identifica
tion of RF transformer coil leads, see Fig. 14-10 and the following 
notes. 

Plate Lead.-Look for the gimmick loop. Trace it to the coil 
terminal lug. This is the plate lead, which connects to the RF plate. 

B Plus Lead.-Look for the leads on the primary coil. One goes 
to the plate lead. Trace the other lead to its terminal lug. This is 
the B plus lead. 

Grid Lead.-Look for the secondary coil leads. Trace the top 
end of the secondary winding (near the gimmick loop) to its terminal 

Secondary 

Grid Return 
End 

RF Converter 

"'--Grid Return 
t 

Bt AVe 

Fig. 14-1O.-Interstage RF transformer leads. 

lug. This is the grid lead, which connects to the tuning condenser 
stator and converter signal grid. 

Grid Return Lead.-Check to see that the remaining terminal lug 
goes to the bottom end of the secondary winding. This is the grid 
return lead, which connects to the A VC circuit. 

Service Notes for ~ Antenna RF Transformer.-An open sec
ondary of an antenna RF transformer will be found by a signal check. 
The radio will operate at reduced gain and possible hum, when a 
test signal, either RF or IF, is applied to the converter signal grid, 

/-~d at greatly reduced gain when the test signal is applied to the 
ant nna terminal. An ohmmeter check then confirms the condition. 

open primary winding mayor may not cause any appreciable 
difference in operation. The capacity of the gimmick loop may 
transfer sufficient energy from the antenna to the secondary winding, 
so that operation is apparently normal for local reception, and the 
trouble would not be found unless stage-gain measurements or rou
tine ohmmeter checks are made. In receivers where the open pri-. 
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mary winding causes· a large difference in reception, even a rough 
signal check will show a loss in gain between the antenna and the con
verter signal grid. 

All the service notes pertaining to the RF transformer can be 
applied to the antenna transformer, by making allowance for the 
fact that the primary connects to antenna and ground, instead of 
RF plate and B plus. 

ft.ntennc:! 
Coil 

(-29 _ 
.05 -

-= Ave To 
Oscillc:!tor 

FIG. 14-ll.-A typical antenna coil and a circuit showing antenna input to the converter tube 

Antenna Transformer Color Code.-The R.M.A. color code for 
the antenna transformer follows: 

Blue lead ..................... antenna 
Red lead. . . . . . . .............. ground 
Green lead .................... grid 

~ 
Black lead .................... grid return 

How to Identify Antenna Transformer Leads.-For the identifica
ti n of antenna transformer leads, see Fig. 14-12 and the following 
notes. 

Antenna Lead.-Look for the gimmick loop. Trace it to the coil 
terminal lug. This is the antenna lead, which connects to the an
tenna terminal of the receiver. 

Ground Lead.-Look for the leads on the primary coil. One goes 
to the antenna terminal. Trace the other lead to its terminal lug. 
This is the ground lead. 



230 ELEMENTS OF RADIO SERVICING 

Grid Lead.-Look for the secondary coil leads. Trace the top end 
of the secondary winding (near the gimmick loop) to its terminal lug. 
This is the grid lead, which connects to the tuning condenser stator 
and converter signal grid. 

Grid Return Lead.-Check to see that the remaining terminal lug 
goes to the bottom end of the secondary winding. This is the grid 
return lead, which connects to the AVC circuit. 

Replacement Notes for Antenna and RF Transformers.-When 
replacing an antenna or RF transformer, the serviceman should be 
careful of the placement of the leads. Improper lead dress may cause 
oscillation. The leads should be routed as they were in the original 
transformer of the receiver. If the wiring has been disturbed, the 

Secondary 
Gimmick", 

Ground Ground 

-=- AVe 
FIG. 14-12.-Antennacoilleads. 

following general rules should be observed. The blue (plate or an
tenna) .and the green (grid) leads are the "hot" wires. The trans
former should be so mounted that the green lead or grid terminal 
points to its connection point on the tuning condenser stator or 
signal grid terminal of the converter tube. At the same time the 
blue lead (RF plate or antenna terminal) points to its connection 
point, the plate terminal o:daRF tube socket or the antenna ter
minal. The leads are dressed cl e to the chassis and away from each 
other and all other wiring. Th dress of the other two leads is not 
quite so important, but they sh uld also be routed close to the chassis 
and directly to their connection points. 

When an antenna transformer is being replaced in an AC/DC 
type of receiver, the transformer antenna terminal connects to the 
hank of wire that acts as the antenna or lead in of the receiver through 
a condenser. The purpose of this condenser is to insulate the re
ceiver from accidental grounds through the antenna wire. The con-
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denser is usually a paper tubular type that almost never gives any 
service difficulties. However, the moving of leads, coincidental 
with the replacement of the antenna transformer, may have caused 
one of the condenser terminal leads to break away from the tin foil 
of the plates, causing an intermittent or fading condition. It is 
a good idea, therefore, when replacing an antenna transformer in an 
AC/DC receiver to examine carefully the associated condenser 
terminal leads. If they appear to move under the wax, or if a gentle 
pull causes the receiver to fade, the condenser should be replaced. 
The capacity of the condenser is unimportant. Any capacity over 
0.002 mfd will be satisfactory. 

When the antenna or RF transformer 
is replaced, the circuit will have to be 
realigned as must be done when any 
component in any tuned circuit is 
changed. It is usual practice to realign 
the entire receiver. 

When universal adjustable replace
ment antenna and RF transformers are 
employed, it is necessary to alter the 
standard alignment procedure some
what, so that the replacement trans
former may be adjusted to work properly 
in the circuit in which it is being placed. 
The adjustable feature of these coils is 
permeability tuning with a screw adjust- FIG. 14-13.-Universal adjustable 

ment similar to that used in IF trans- replacement RF or antenna coil. 

formers, so that the inductance of the 
coil may be varied to suit the receiver. An adjustable replacement 
coil of this type is shown in Fig. 14-13. 

The alignment procedure specified for the receiver being serviced, 
or the standard alignment procedure given on page 427, is followed 
down to the adjustment of the oscillator trimmer and padder con
densers. At this point, the receiver dial is correctly calibrated. The 
hot lead of the signal generator is connected through a 0.00025-mfd 
condenser to the antenna terminal of the receiver, the signal genera
tor and receiver dials are both turned to 600 kc, and the permeability 
adjustment screw of the replacement transformer is tuned for maxi
mum response on the output meter. The receiver and signal-genera
tor dials are then turned to 1,400 kc, and the RF or antenna trim
mers on the gang condenser are aligned for maximum output in the 
usual way. The permeability adjustment-screw setting is then 
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checked at 600 kc and, if readjustment is required, the procedure 
at 1,400 kc is repeated. 

Service Notes Pertinent to a Loop Antenna.-Loop antennas used 
with receivers are of many types, but they develop troubles that may 
be catalogued together. Loops are usually wound with heavy wire 
and, as a result, are rarely troubled with corrosion, which is the main 
cause of trouble in all other coils in the receiver. However, the posi-
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FIG. 14-14.-A loop antenna and the schematic diagram of a loop providing signal input to 
the converter tube. 

tion of the loop in the back of the receiver makes it vulnerable to 
troubles of a mechanical nature. The leads connecting the loop to 
the re~.~ er chassis become frayed and broken, various types of 
plug-in co nectors lose contact, and sometimes the loop becomes 
partly un ound. 

An ope loop will be found on signal check. The radio will operate 
at reduced gain and possible hum when a test signal, either at modu
lated radio frequency or at modulated intermediate frequency, is 
applied to the converter signal grid. When the test signal is shifted 

\ 
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to the antenna lead, .the radio may operate at greatly reduced gain 
or not at all. An ohmmeter check then confirms the condition. 

It is rarely necessary to replace the loop. The broken lead or 
loose contact is found by inspection and repaired. A partly unwound 
loop is rewound, and the wire is held in place with coil dope. 

If several leads have broken away, there is likely to be some con
fusion as to where they should be replaced. The manufacturer's 
service notes are helpful in this regard, since they often include a 
wiring diagram of the loop connections. When this information is 
not available, the serviceman should examine the loop antenna to 
determine whether the primary antenna winding (one or two turns) 
is on the outside or the inside of the loop winding. After that, the 
conventional connections for both types are shown in Fig. 14-15. 

Antenna 

Ground 

Ltt-tt- Grid 

Ave 

Antenna Winding On Outside 
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Antenna -t-H-t-' 

Ground 
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FIG. 14-15.-Identifying loop antenna leads. 

Grid 

Ave 

The outside and inside leads are always easily located. The two 
inner leads may not be so readily distinguished by visual inspection. 
A continuity check with the ohmmeter, however, will positively 
identify the inner leads. In the case of the ACjDC type of receiver, 
the serviceman should remember to check the insulating condenser, 
which should be in the antenna or ground lead. 

Troubles Common to the Tuning-condenser Gang Assembly.
Tuning condensers usually develop troubles of a mechanical nature 
which may be repaired by the serviceman. Replacement of a tuning 
gang with anything but the original part would be extremely difficult, 
since the replacement would have to match the condenser drive 
mechanism, and the dial and pointer. Also the plates would have 
to be so shaped that the dial calibrations would be reasonably ac
curate; in addition there are the usual considerations of size, capac
ity, etc. For this reason, maintenance notes on tuning-condenser 
gangs will be in considerable detail. 

A very common trouble is slipping or failure of the condenser and 
dial drive mechanism. Since there are such a large number of differ-
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ent types of drive assemblies in common u,se, the information under 
this heading will be generalized. 

Sometimes the drive mechanism operates the dial pointer but the 
condenser rotor plates do not turn, resulting in no stations or one 
station allover the dial scale, depending on the position of the rotor 
plates. This is usually due to loose setscrews between the condenser 
drive and the rotor shaft. The cure is obvious-tightening the set
screw. Before doing so, however, the serviceman should refer to the 
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receiver service notes to see if there 
are definite instructions about the 
positioning of the dial pointer. This 
information is usually given as part 
of the alignment instructions. If 
no reference can be found, the usual 
procedure is to rotate the gang 
tuning condenser until the plates 
are fully engaged, set the dial pointer 
to the last calibration mark on the 
low-frequency end of the dial scale, 
and tighten the setscrew in this 
position (see Fig. 14-16). 

The trend in modern receivers 
) -:r-Cond.enser is to use silk fish cord for the dial 
£. _____ --.:1 Dnve drive mechanism. Fortunately, re-
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1111111111111 
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FIG. 14-16.-Position of condenser 
drive, setscrew, and dial pointer. 

ceiver manufacturers are now issu
ing instructions for restringing the 
dial drive cords, as part of their 
service literature (see Fig. 15-~). 
Where this is not available, the 
serviceman must work out the me
chanical details for himself. After 
some experience, a man with av

erage mechanical ingenuity will have little difficulty with any of 
the multiplicity of dial drives in common use. 

Servicing Condenser Contact Springs.-Another common trouble 
with tuning condenser gangs develops in the contact springs, often 
called "wipers." Figure 14-17 shows the location of this item. The 
wiper makes co~tact between the rotor plates and the condenser 
shields tha~rounded. Sometimes a ground wire is soldered to 
the contact spring, and sometimes no wire is connected. In either 
case, when dirt gets between the contact spring and the rotor, there 
will be resistance between the rotor plates and the ground. This may 
cause noisy reception, and even no reception over parts of the tun-
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ing range. In TRF receivers, poor contact at this point is a cause of 
oscillation. The cure is to remove the wipers, clean them, readjust 
the spring tension, and return them to their positions. When the 
wipers are riveted in place, the spring can be pried back at the point 
of contact with a screw driver that has been dipped in carbon tetra
chloride. The screw driver is then removed, and the drop of cleaning 
solution is worked back and forth by rotating the condenser gang 
quickly. When this procedure is repeated a couple of times for each 
wiper, the contact between the rot'Or plates and ground is reestab
lished. 

At this time, it might be well to add a word about the general use 
of cleaning solutions, lubricants, and abrasives in radio service work. 

Contact Spring 
. (Wiper) 

Rivet 

E=~==?Rotor Plates 

Rotor Shaft/ Contact Spring 
(Wiper) 

Condenser 
Frame 

Soldering Lug Used 
For Rotor Connection 

FIG. 14-17.-Location of contact springs (wipers) for the rotor plate connection on a variable 
condenser. 

Carbon tetrachloride makes a good general-purpose cleaning solu
tion, since it dissolves grease, loosens dirt, dries quickly, is noninflam
mable, and is not harmful to radio parts. A light machine oil should 
be used for lubricating bearings, pulleys, shafts, etc. Tuning-con
denser bearings should not be lubricated, since they are self-lubricat
ing, and any oil at this point may work its way into the condenser 
contact springs and insulate the rotor from the ground. Where an 
abrasive is needed, sandpaper should be used. Steel wool and 
emery cloth should not be used on or near a receiver. Although 
steel wool will do a good cleaning job on a condenser contact spring, 
pa~ticles of it getting into the tuning gang or into the speaker will 

~use considerable trouble. The abrasive material in emery cloth 
is also a conductor and will cause similar troubles. 

Shunt Resistance and Shorts in Variable Gang Condensers.
Condensers, especially when not covered by shielding, collect a 
considerable amount of dust and dirt. When a bakelite stator-plate 
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support or a trimmer condenser is dusty, the dust will act as a shunt 
resistor between the stator and the ground. The shunt resistance 
may cause very little effect on the operation of the antenna and RF 
stages, but it can seriously impair the operation of the oscillator. 
Dusting with a soft brush usually takes care of the trimmer con
denser, and a wash with carbon tetrachloride cleans the stator in
sulator. 

A short between the stator and the rotor plates of any condenser 
in the tuning gang will cause noisy reception and dead spots in the 

Stator Connection 

~ "''' 
,.... 

I r-

Condenser 
Frame 

Bakelite Stator 
Plate Support 

Machine Screws which hold 
stator Plate Assembly to the 
Bakelite Strip 

FIG. 14-18.-Method of fastening stator plates in a variable condenser. 

tuning range. The short may be due to a number of causes: one or 
more bent plates (usually in the rotor), shifted stator plate, dirt and 
dust between the plates, and, in the case of plated condenser plates, 
slivers of plating sometimes peel, causing shorts as the condenser is 
rotated. A detailed procedure for locating and removing these 
shorts is given as part of the general overhaul procedure that 
follows. 

General Reconditioning Procedure forlVariable Gang Condenser. 

1. Clean. Blowout the dust by apply~gentle air pressure, 
as from a bicycle pump, to all parts of the variable gang condenser. 
Go over the trimmer condensers and stator supports with a soft 
brush. Wash the stator supports with carbon tetrachloride. Clean 
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the condenser contact spring as described on page 235. Clean and 
lubricate the dial drive mechanism. 

2. Tighten and align the stator plates. Examine the insulators that 
hold the stator plates in position. Figure 14-~8 shows a common 
method of supporting the stator plates. Most condensers have a 
similar arrangement. The machine screws that hold the assembly 
together may loosen, making for poor contact with the stator solder
ing lug and also allowing the stator plates to slip out of parallel 
alignment. Figure 14-19 represents a condenser where this has 
happened. To repair this condition, pry the stator plates back into 
parallel alignment with the rotor plates, making sure at the same 
time of equal spacing between the plates, and then tighten the 
screws. Even if the plates have not slipped out of position, the 

FIG. 14-19.-Stator plates out of parallel alignment because of loosened holding screws. 

screws usually require retightening. In condensers where the spac
ing between plates is very small and parallel alignment and equal 
spacing cannot be judged by eye, spacing shims can be made by 
cutting stiff paper into strips. An ordinary business card is of about 
the right thickness. The shims are inserted between the plates on 
both sides of the rotor shaft, the screws are tightened, and the shims 
removed. 

3. Check the tension on the rotor. The friction bearing on the rear 
of the rotor shaft should be tight enough to hold the rotor in any 
position, even if the radio is jarred, and should be loose enough so 
that the condenser rotor shaft can be turned easily by hand. If the 
tension is wrong, it should be adjusted. Most variable gang con
densers have a tension adjustment screw similar to that shown in 
Fig. 14-20. The lock .nut is loosened and the adjusting screw is 
turned. Tightening t~e screw tightens the tension. The screw 
should be turned about a'quat(er turn in the correct direction, while 
the rotor is held stationary. The lock nut is then tightened and the 
tension checked. If further adjustment is required, the procedure 
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is repeated. The front bearing of the rotor rarely reqUIres any 
attention. 

4. Locate and remove any shorts. The cleaning of the trimmer 
condensers and stat<tJ:" insulators, and the correct aligning of the stator 
plates, removed some of the possibilities for shorts and shunt re

sistance in the variable gang con
denser. There are still dust between 
plates, bent rotor plates, and slivers 
of plating to be considered. To find 

Rotor Tens·lon these, remove the wiring from the 
Adjusting Screw condenser stator soldering lugs, and 

then apply high voltage between 
the stator connection and the chassis 

Lock Nut while turning the rotor. The high 
voltage will show an arc at any 
shorting position. The arc will 

FIG. 14-20.-Rear view of tuning con- probably burn up any dust or sliver 
denser, showing rotor tension adjustment. of plating that caused the short 

(thereby automatically removing 
it) and will show the position of a bent plate. The high voltage 
is most easily obtained from the rectifier plate terminal. Use a 
test lead with an alligator clip on one end and an insulated test 
prod on the other. Clip the alligator to one of the plate leads of 
the full-wave rectifier (socket terminal 4 or 6 for a 5Y3-G rectifier) 
and keep the test prod where it can reach the condenser stator 
terminals. Switch the set on, touch the test prod to one of the stator 
lugs momentarily while watching for an arc either in the condenser 
or at the stator terminal. Turn the rotor plates in and out of mesh 
while the prod is connected. If a bent plate is discovered, turn the 
current off, straighten the plate, and then resume the procedure 
until all signs of shorts have disappeared. The procedure is then 
repeated for the other condensers in the tuning gang. 

In this procedure, it must be emphasized that the serviceman is 
working with a live lead at 300 or more volts, which is quite danger
ous. He should have the current on only when needed, the test lead 
should be well insulated, and he should exercise care and alertness 
in his movements. He should also remember that shorting the high
voltage winding may ruin the transformer. That is why the test 
prod is touched to the condenser stator momentarily for checking the 
location of a short. It should not be left on a shorted condenser for 
any length of time. ~. 

When an AC/DC receiver is serviced, the transformer ... h~~
voltage winding is not available right on the same chassis. In th1s 
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case, a separate transformer may be used, connecting one high
voltage lead to the chassis, and the other to the test lead. The same 
procedure is then followed. 

When all shorts have been removed, the stator leads are then re
soldered. 

5. Check the dial drive. The dial drive mechanism is then checked. 
If it is the cord or belt type and shows signs of wear, replace it. If 
it is the type that uses a friction rim drive, it will usually respond to 
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FIG 14-Ql.-A typical oscillator coil and its position in the converter circuit.:i 

a thorough cleaning. Finally check the position of the pointer, as 
described on page fl34. 

Troubles Common to the Oscillator Coi1.-As with all other coils 
in the receiver, the main difficulty encountered with oscillator coils 
is open windings. If either winding opens, the oscillator will not 
function and the receiver will not pick up any stations. Signal check 
will isolate the oscillator stage as the field of trouble, since when a 
modulated test signal is applied to the converter signal grid· at the 
intermediate frequency, there will be normal response from the re
ceiver, whereas when the signal gene or test frequency is shifted 
to radio frequency, there will be no re onse. An open feedback 
winding will be indicated in a voltage c eck, when no voltage ap
pears at the oscillator anode. Since an open R-20 0'1.' a shorted C-flO 
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can also cause no voltage at the oscillator anode, an ohmmeter is 
used for the final check. The ohmmeter check will also show up an 
open grid winding on the oscillator coil. 

If the oscillator coil proves defective, it is usually necessary to 
obtain an exact replacement of the original, since the oscillator cir
cuit controls the calibration of the dial scale. When an exact re
placement is used, it is necessary only to connect the wiring to the 
new coil without disturbing the lead dress and to realign. It is, of 
course, necessary to connect the leads correctly, since a reversal of 
the connections to either winding will reverse the phase of the feed
back coil, and the circuit will not oscillate. A good way to make 
sure that the rewiring is correctly done is to follow the procedure 
suggested for replacing volume controls. The old coil is loosened 
with the wiring intact, the new coil is mounted, and the wiring is 
shifted one wire at a time to its corresponding soldering lug. 

When an exact replacement oscillator coil is not obtainable, it is 
possible to use a universal adjustable replacement coil, where the 
inductance of the coil may be varied by means of a permeability 
adjustment screw. When this is done, it is necessary to follow the 
instruction sheet with reference to identifying the coil terminals, 
since oscillator coils are rarely color-coded. It is also difficult to 
determine the ends of the windings, since the windings are usually 
wax-impregnated and closely coupled. 

The replacement coil is mounted in such a way that the oscillator 
grid and anode leads are short. The replacement coil is then wired 
and the receiver is realigned. However; it is necessary to alter the 
alignment procedure, so that the universal replacement oscillator coil 
may be adjusted to work properly in the receiver in which it is placed. 

Aligning a Universal Replacement Oscillator Coi1.-When the 
receiver is of the type that uses cut plates in the oscillator section of 
the variable gang condenser and there is no 600 padder, the align
ment procedure is as follows: First, the IF transformers are aligned 
in the usual way. Then the "hot" lead of the signal generator is 
connected through a 0.00025-mfd condenser to the antenna, and the 
generator is adjusted to give a modulated signal at 600 kc. The 
receiver dial is turned to 600 kc, and the permeability adjustment 
screw on the replacement oscillator coil is aligned to give maximum 
response. The signal generator and the receiver dials are shifted to 
1,500 kc, and the high-frequency trimmer on the oscillator section 
of the gang condenser is adjusted for maximum response. The pro
cedure is repeated at 600 and 1,500 kc for optimum results. The RF 
and antenna trimmers are then aligned in accordance with the 
standard alignment procedure. 
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When a universal adjustable replacement oscillator coil is placed 
in a receiver that uses a 600 padder, the alignment procedure is 
somewhat more involved. 

Possibly, it would be best to review the function of each of the 
adjustments in the oscillator tuning circuit, in the hope that the pro
cedure may become more understandable and usable. This is done in 
Fig. 14-22. Condenser C-6 is the main tuning condenser, which is 

(-6 T 

p 

Universal 
Adj ustable 
Oscillator 

Coil 

FIG. 14-22.-0scillator tuning-circuit adjustments when a universal adjustable replacement 
oscillator coil is used. 

the oscillator section of the gang. The condenser T is the high-fre
quency trimmer. The condenser labeled P is the series 600.padder. 
The adjustment screw on the universal replacement oscillator coil 
controls its inductance and is labeled L. It will be remembered that 
the high-frequency trimmer T controls the frequency of the oscillator 
tuning circuit at the high-frequency end of the dial, and the series 
padder controls the low-frequency setting of the oscillator tuning cir
cuit. The actions of these controls are not entirely independent, 
since each will have some effect on the opposite end of the tuning 
range. This explains why alignment procedures always recommend 

. repeating the setting of these adjustments until they are at their 
correct positions, as proved by n~ed for readjustment. 

When the inductance of the oscillator coil is also variable, as is the 
case when a universal replacement is used, its adjustment will con
trol the frequency of the oscillator circuit all over the tuning range, 
since this depends on the inductance as well as the lumped capacity 
of the circuit. As a corollary, any adjustment of the inductance by 
means of its permeability screw L will necessitate readjustment of 
the series padder and shunt trimmer. With all three controls vari
able and dependent upon each other, proper alignment will be ex
tremely difficult, unless a planned procedure is followed closely. 

If the 600 padder has been undisturbed, one of these variables 
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will be eliminated, since the padder will be close to its correct setting. 
In this case, the 600 padder is neglected entirely, and the receiver 
realigned by the procedure just given for a circuit that uses cut 
plates in the oscillator section of the gang condenser, and no 600 
padding adjustment. 

l 

If the serviceman is not sure of the setting of the 600 padde:r, two 

C-6 

p 

FIG. 14-23.-0scillator tuning
circuit adjustments. 

alignment procedures may be used. 
In the first, the settings of the three 
adjustments are first made roughly 

T and, then by repeated readjustments, 
are brought to their final positions. 
This procedure, although simple, is 
not always operative, owing to vary
ing circuit constants and limited 
trimmer :ranges in many receivers. 
The second procedure is more difficult, 
but it is always successful. In it, the 
alignment of the receiver is carried 

the 600 padder, each one 
best tracking is chosen. 

out at several prefixed positions of 
is checked, and finally the position of 

Alignment Procedure No.1 for an Oscillator Circuit with Variable 
Trimmer, Padder, and Inductance. 

1. Check IF alignment. 
2. Connect the "hot" lead of the signal generator to the antenna 

terminal of the receiver through a O.00025-mfd condenser. Adjust the 
signal generator for a modulated output on the broadcast band. 

S. Set the trimmer and padder to center-capacity range. The aver
age trimmer and padder condensers require three full turns of the 
adjustment screw from full to low capacity. For approximate 
center-capacity setting, tighten the screws fully, then lOW en one 
complete turn. 

4. Adjust L at 1,000 kc. Tune the signal generator and r . er 
to 1,000 kc, and adjust the permeability screw L on the oscillator 
coil for maximum output. 1 

5. Adjust P at 600 kc. Tune the signal generator and receiver to 
600 kc, and adjust the 600 padder P for maximum output.I 

6. Adjust T at 1,500 kc. Tune the signal generator and receiver 
to 1,500 kc, and adjust the high-frequency trimmer T for maximum 
output. 1 

1 If the signal cannot be tuned in, the adjustment range is not large enough, or the first 
rough setting for center capacity is too far from the correct setting. Try the second align
ment procedure. 
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7. Repeat steps 4, 5, and 6 in sequence until each screw requires no 
further readjustment. 

S. Align the RF and antenna trimmers in the usual way. 
Alignment Procedure No.2 for an Oscillator Circuit with Variable 

Trinuiter, Padder, and Inductance. 

1. Check IF alignment. 
2. Connect the "hot" lead of the 

signal generator to the antenna terminal 
of the receiver through a 0.00025-mfd 
condenser. Adjust the signal generator 
for a modulated output on the broad
cast band. 

3. Set P for minimum capacity. 
Examine the 600 padder and the 
action of its adjustment screw. Set 
the adjustment screw in the position 
where the plates begin to move to
gether. This is the low-capacity set
ting of the 600 padder. 

4. Adjust L at 600 kc. Tune the 
receiver and signal generator to 600 
kc, and adjust the permeability screw 
on the oscillator coil for maximum 
response. If the signal cannot be 
heard over the range of this adjust
ment, increase the capacity setting of 
the 600 padder by a quarter turn and 
try again. Repeat this until the signal
generator note can be heard. 

If the receiver does not have an RF stage, and 
the signal-generator attenuator is well advanced, 
there is a possibility of tuning the oscillator stage 
to the second harmonic of the 600-kc sig I. To 
make sure that this error does not spoil the ahgn
ment when the 600-kc note is first heard, tune the 
signal generator to 1,200 kc. If the signal is not 
heard at this point, L is correctly adjusted for 600 
kc. If the signal is heard and with a stronger note, 
L has been adjusted for 1,200 kc. More inductance 
and probably:more capacity are needed in the circuit. 

5. Adjust T at 1,500 kc. Tune the 

L 

C-6 

p 

FIG. 14-24.-Oscillator tuning-
circuit adjustments. 

hr~ 
FIG. 14-25,-Low-capacity 

setting for padder P. 

FIG. 14-26.-Adjust L 
at 600 KC. 

receiver and signal generator to 1,500 kc, and adjust the high
frequency trimmer on the oscillator section of the gang condenser 
for maximum response. If the test signal cannot_he' heard, increase 
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the capacity of the padder P by an eighth turn of its adjustment 
screw. Then readjust L at 600 kc and try again to adjust Tat 1,500 
kc. Repeat this until the signal-generator note can be heard. The 
receiver is now tracking at 600 and 1,500 kc. , 

Gang Tuning 
Condenser 

FIG. 14-27.-Adjusting the 
high-frequency trimmer T. 

6. Measure sensitivity ,at 1,000 kc. 
Tune the receiver to 1,000 kc. Rotate 
the signal generator through 1,000 kc, 
while watching the output meter for 
maximum deflection. At p~ak response 
adjust the attenuator for standard out
put. Note the attenuator setting. This 
gives the sensitivity of the receiver at 
1,000 kc. 

7. Adjust for maximum sensitivity at 
1,000 kc. Tighten the padder another 
eighth turn. Adjust L fo~ maximum 
response at 600 kc. Adjust T for 
maximum response at 1,500kc. Meas
ure sensitivity at 1,000 kc. Note the 

reading. The receiver should show an improvement over the 
reading taken in step 6. 

Repeat with another eighth turn on P. Readjust L ;':1t 600 kc, 
T at 1,500 kc, and measure sensitivity at 1,000 kc. Continue until 
the sensitivity decreases. The previous adjustment of the 600 
padder was the correct one. Loosen P an eighth turn and complete 
the alignment. 

Troubles Common to the Pentagrid Converter Tube.-.-The con
verter tube is a common cause of trouble in the stage. Tube check
ers are not very reliable in indicating an inoperative tube, since the 
tube may show adequate emission but still not oscillate. If the 
signal check shows normal response when a test signal at the inter
mediate frequency is applied to the converter signal grid, but no 
response or weak response when the test signal is shifted to 600 k~ 
there is a sure indication that the oscillator is not functionin~ 
most probable reason is the tube. The best check is to substitute 
another similar tube that is known to be good. 

Another trouble often experienced with pentagrid converters is 
modulation hum, caused by cathode-to-heater leakage. Again the 
best check is substituting a similar tube known to be good. 

Sometimes a receiver is encountered where conditions for main
taining oscillations are critical, and the oscillator circuit will not 
operate over the entire tuning range. Substituting another penta-
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grid converter tube usually clears this up. The original tube may 
not be defective and may operate perfectly in another receiver. 
This matter is treated in greater detail in the next section. 

Critical Oscillator Conditions.-Superheterodyne receivers some
times develop a peculiar trouble. Reception is normal on the high
frequency end of the tuning range, erratic at the middle frequencies, 
and dead on the low-frequency end. Such a condition could be 
caused by shorts in the gang tuning condenser; more often it is due 
to failure of the oscillator at the low-frequency end of the tuning 
range. Which of the two possibilities is responsible can be quickly 
determined by the following procedure: Start at the low-frequency 
end of the tuning range, and tune toward the high-frequency end, 
noting the frequency of the first station received. Let us assume 
that it is at 1,100 kc. Then starting at the high 1,600-kc end, tune 
toward the 540-kc end, noting the stations as they are passed. If 
the 1,100-kcstation comes in, followed by stations at 1,000 and 900 
kc, and no stations after that, the trouble is sure to be in the oscilla
tor circuit. The stations at 1,000 and 900 kc cannot be tuned in 
unless the radio is being tuned from high to low frequencies. 

It is normal for oscillator operation to be more efficient at high 
frequencies than at low. Then if we assume, for example, an oscilla
tor tube with weak electron emission, it may oscillate at the high
frequency end of the tuning range, but not at the low. Also, when 
the circuit is in an oscillating condition, the oscillation may continue 
as the operating frequency is reduced beyond the point of a normally 
nonoscillating position. Such operation might be called "critical 
oscillating· conditions." 

A condition of critical oscillator operation may be caused by other 
factors thttn a weak tube. The tube, however, is the most easily 
checked, since we can substitute another that is known to be good. 
If the new tube does not entirely clear up the trouble but causes the· 
oscillation to stop at a lower frequency than before, it may be ad
visable to try still another tube, with the hope of finding one that 
will continue to oscillate all over the tuning~ r;~n e. 

At this point, it might be well to add that a ondition of oscilla-
tion is easily determined by a check of the volt ge between the os
cillator grid and the chassis. When the circ t is oscillating, the 
oscillator grid voltage will be negative with respect to chassis. When 
oscillation stops, the oscillator grid will check zero or slightly posi
tive. 

When replacement of the tube fails to clear up the trouble, all 
components of the oscillator circuit should be carefully checked. 
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This includes cleaning the oscillator section of the gang tuning con
denser, since a dusty shunt across the oscillator tank may be the cause 
of the condition. 

If all components seem to be in good condition, refer to the re
ceiver manufacturer's service notes, to see if later changes incor
porated in the receiver include any change in the oscillator circuit. 
Often the condition is widespread for a particular receiver, and later 
changes include remedial measures. The change may be a different 
value for the cathode resistor or for the oscillator grid resistor; or, 
the oscillator coil may have been changed, as indicated by a new 
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FIG. 14-28.-The oscillator circuit in a 6A8 pentagrid converter_ 

part number. If any such alterations can be found, incorporating 
this same change in the receiver being serviced will clear up the 
difficulty. 

Where the receiver service notes do not indicate any such changes, 
the serviceman should experiment with the ohmic value of the 
cathode self-bias resistor. When this is reduced, a stronger electron 
flow in the tube is assured, with consequent better chance for main
taining oscillations at the low-frequency end of the tuning range. 

Miscellaneous Oscillator Troubles.-When the signal check in
dicates trouble in the oscillator section, any of the component parts 
might be at fault. The tube, oscillator coil, and tuning condensers, 
which are the most common offenders, have been covered in previ
ous sections. The resistors and condensers in the cathode, oscilla
tor grid; and anode circuits remain as possible sources of faulty 
operation. 

Trouble in the cathode circuit would appear before the oscillator 
circuit is suspected, since it would interfere with the operation of 
the pentagrid converter as an amplifier and would therefore cause 
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trouble when the IF amplifier is checked from the converter signal 
grid. The usual trouble is an open bias resistor R-IS. This would 
be found on voltage check, since the cathode voltage would be 
abnormally high, 50 volts or thereabouts, depending on the 
sensitivity of the voltmeter, instead of the normal value of 
approximately 3 volts. Self-bias by-pass condenser C-lS rarely 
gives any trouble. 

In the oscillator grid circuit, resistor R-19 and condenser C-19 
rarely give any trouble. Occasionally, a paper tubular condenser 
for C-19 may cause oscillator trouble owing to leakage. When 
replacing condenser C-19, use a mica condenser of the proper 
capacity. 

In the oscillator anode circuit, resistor R-flO and condenser C-flO 
are in high-voltage circuits, where troubles and breakdown are more 
common. If condenser C-flO should short, the oscillator would not 
function owing to the absence of anode voltage. Signal check would 
show the inoperative oscillator, voltage check would show no voltage 
at the oscillator anode, and a resistance check would show a shorted 
C-flO. Since no voltage at the oscillator anode might also be caused 
by an open R-flO or an open feedback winding, the resistance check 
would also disclose these defects. If the trouble is a short in con
denser C-flO, resistor R-flO should also be replaced, since it has been 
forced to feed heavier than normal current to the shorted condenser. 

An open anode by-pass condenser C-flO would also cause the os
cillator stage to be inoperative. Voltage check would show low 
voltage on the oscillator anode, and no or little voltage on the os
cillator grid, the exact voltages depending on the stray capacity in 
the circuit. In addition, checking the oscillator anode voltage may 
cause the radio to play, since the capacity of the meter leads is added 
to the stray capacity in the circuit. 
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SUMMARY 

Quick check for normal operation of the oscillator. 
Tune the receiver to 600 kc. Connect the signal-generator output to the con

verter signal grid (mixer grid) through a O.l-mfd condenser. and rotate the signal
generator dial through 600·kc. If the signal-generator modulation note is heard in 
the speaker at or near 600 kc, the oscillator is functioning. . 

Quick check for normal operation of the mixer. 
Tune the receiver to 1,400 kc. Connect the signal-generator output to the RF 

grid (antenna if there is no RF stage) through a 0.000~5-mfd condenser. Rotate 
the signal generator dial through 1,400 kc. If the signal-generator modulation note 
is heard in the speaker, at or near 1,400 kc, the mixer stage of the converter is 
functioning. 

Standard diagram. 
This circuit is shown in the accompanying figure. 

V-2 
Converter 

6A8 
r---------------~ 

R-29 
100,000 

Ave 

Normal resistance data for the converter. 

(-21 I.I 

R-20 
20,000 

B+ +IOOV 6+ 
250V 250V 

To IF 
Stage 

Across L-4, primary of the signal input transformer T-'l. . . . . . . ............. 40 ohms 
Across L-5, secondary of the signal input transformer ............................ 5 ohms 
Across L-6, grid coil of the oscillator transformer T-3 ............................. 5 ohms 
Across L-7, feedback coil of the oscillator transformer ............................ 3 ohms 
Cathode to chassis ........................................................ SOO ohms* 
Signal grid (G-4) to chassis ............................................ 1,600,000 ohms 
Screen grid (G-S and G-5) to chassis ...................................... 30,000 ohms* 
Plate to B plus ........................................................... 640 ohms* 
Oscillator grid (G-l) to chassis ............................................ 50,000 ohms 
Oscillalor anode (G-2) to B plus. . . . . . . . . . . . . . . . ........... 20.000 ohms 

* These readings are for the standard circuit and should be cheeked against service notea·for any particu .. 
lar receiver. 
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In receivers where the signal input transformer T-2 is a loop antenna. the grid 
coil of the loop will measure 1 to 3 ohms. The antenna winding will measure less 
than 1 ohm. 

Normal voltage data for the converter. 
Readings take'l from the indicated terminals to the chassis or common negative 

terminal of the receiver are given in the accompanying table. 

6A8 pin No. AC receiver. AC/DC receiver 
volts volts 

Plate. . .............. ......... 8 250 90 
Screen. .. ..................... 4 100 50 
Oscillator grid. . . . . . . . . . . . . . . . . 5 -15 -10 
Oscillator anode. . . . . . . . . . . . . . . . 6 200 90 
Cathode...................... 8 8 8 

SERVICE DATA CHART FOR AN INOPERATIVE OSCILLATOR STAGE 

Assume an inoperative oscillator section in a dead receiver. as shown by normal response 
when an IF test signal is applied to the mixer grid. and no response when the test signal 
frequency is changed to RF. The following test procedure is recommended. 

Procedure Reading Trouble and subsequent check 

Make a voltage check Oscillator grid reads zero or Confirms the inoperative oscillator 
positive 

Oscillator anode reads zero Feedback coil is open. Oscillator 
anode dropping resistor R-~O is 
open. Oscillator anode by-pass 
condenser C-20 is short circuited. 
Confirm with a resistance check 

Oscillator anode reads low Oscillator anode by-pass condenser 
is open 

Voltages normal except for Nonoscillating converter tube. Sub-
oscillator grid stitute one that is known to be 

good. If the trouble still persists. 
it is in the' oscillator grid circuit. 

M.ke. re,;,!=re eh~k. Ch~k fo, tho followio, OOOditiO"'~ 
Open oscillator coil grid winding L-6. 

Make ohm eter check as shown 
below 

Shorted oscillator section of the gang tuning condensor C-6. 
Leakage across the oscillator tuning condenser C-6 or the shunt trimmer C-6A; 
Open padder condenser C-7. 
Open or leaking oscillator grid condenser C-19. 
Open or wrong resistance value for oscillator grid leak R-19 •. 
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SERVICE DATA CHART FOR AN INOPERATIVE MIXER STAGE 

Assume an inoperative mixer in a dead or weak receiver. as shown by normal response 
when an RF test signal is fed to the mixer grid. imd no or weak response when the RF test 
signal is fed to the RF grid. 

Procedure Reading 

Apply the test signal to Normal response 
the RF plate. 

No or weak response 

Trouble and subsequent check 

Trouble is in the RF tube or its as
sociated circuit. Substitute an 
RF tube known to be good. Make 
a voltage check and a resistance 
check of the RF stage to find the 
defective component. 

Trouble is in the mixer grid circuit. 
Check the mixer input transformer 
T-2 for opens. Check the A VC 
decoupling filter R-~9 and C-29 
for opens. 

SERVICE DATA CHART FOR THE CONVERTER 

Symptom Look for 

Hum Open mixer grid coil L-5 

Modulation hum Defective converter tllbe. (Cathode-to-
heater short or leakage) 

No reception on LF end of the tuning range Weak converter tube. Check oscillator cir-
cuit for critical oscillator conditions 

Distortion Short-circuited A VC condenser C-29 

Weak reception Open cathode by-pass C-18. Open plate by-
pass C-22. Misalignment 

Weak reception-high noise level Open AVC condenser C-29 

Squeal Open screen by-pass C-2l. Open plate by-
pass C-22. Shielding improperly grounded. 
Leads improperly dressed 

Squeals or birdies when tuning certain stations Image frequency interference. See Chap. 16 

Noisy, intermittent operation Defective converter tube. Corrosion in input 
transformer T-2 and oscillator transformer 
T-S. Check gang tuning condenser for 
shorts and poor wiper contacts. 
wiring for loose connections and rosin joints 

One station all over the tuning range Condenser gang not turning. IF amplifier 
tuned to the wrong frequency 

Receiver will not track on alignment Tuning-condenser stator plates incorrectly 
spaced 



CHAPTER 15 

FURTHER NOTES ON THE CONVERTER-VARIATIONS 

There are probably more variations in the converter than in any 
other stage in the receiver. Some receivers use separate mixer and 
oscillator tubes. Others use different converter tubes. In addition, 
there are a large number of oscillator circuits other than the anode 
feedback type, shown in the standard circuit for the 6A8 pentagrid 
converter tube. And finally, the mixing of the received signal and 
the locally generated signal can be accomplished in other ways than 
the electronic mixing described for the 6A8 tube. However, in all 
cases, the functions of the components remain the same, the signal 
check remains the same, and the service notes, applying to the main 
component parts of the stage, can be equally well applied to identical 
or similar components, regardless of the type of mixer and oscillator 
stage employed. 

The variations chosen for this section will be those commonly 
found, or those requiring a special service procedure. They will in
clude the popular 6SA7 or 12SA7 converter tubes, multiband re
ceivers, push-button tuning, and permeability tuning. 

Receivers Using the 6SA7 or 12SA7 Pentagrid Converter.-Many 
receivers employ a 6SA 7 instead of a 6A8 for the converter tube. 
The signal input circuit and the IF output circuit are the same for 
either tube. There are some important differences in the oscillator 
circuit. The oscillator circuit employed is the Hartley type, using 
a tapped coil with the feedback winding in the cathode circuit. The 
oscillator anode and the screen are combined in the second and fourth 
grids. 

From the serviceman's point of view, the following differences 
should be kept in mind. The signal input grid is pin No. 8 rather 
than the top cap. Signal-generator test signals, therefore, are most 
conveniently applied to the stator termina f the tuning condenser 
C-5. Since the oscillator anode and scr n are c mbined, one voltage 
measurement suffices for both and is usually called "screen" voltage. 
In AC/DC receivers, the screen voltage of the 6A8 averages 50 
volts, whereas the 6SA7 or 12SA7 averages 90 volts. The oscillator 
grid-leak R-19 is approximately 20,000 ohms in circuits using a 6SA7, 
whereas grid-leak values approximating 50,000 ohms. are found in 
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circuits designed around the 6A8 tube. Adjustments of the 600 
padder condenser 0-7 must be performed with a special aligning 
screw driver made of insulating material, since both sets of plates 
are at high RF potential and, as a result, any adjustment will be af
fected by hand capacity. 

Ave 

Converter 
6SA7 

+IOOV 

~C-22 -=- .I 

R-22 
600 

B+250V 
FIG. I5-I.-Schematic diagram of a !'SA7-type pentagrid converter. 

TolF 
St.:lge 

Normal Voltage Data for a 6SA7 Converter.-Readings are taken 
from the indicated terminal to the chassis or common negative 
terminal. Data are given in the accompanying table. 

Test terminal 6SA 7 or I2SA 7 AC receivers, AC/DC receivers, 
pin No. volts volts 

Plate ....................... 3 250 90 
Screen ...................... 4 100 90 
Oscillator grid ............... 5 -15 -10 
Cathode ..••................ 6 0 ~ 

The signal check and the approximate stal?e-g~in~asurements 
are the same as those given for the standard CIrCUIt. 

Figure 15-2 shows the service data wiring diagram of the RCA 
45 X 18 receiver which uses a 12SA7 pentagrid converter. Note the 
following points in the c(\nverter stage. The tube is labeled 1ST 
DET. OSC. Condenser 0-21, between the oscillator coil and the 
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tuning condenser, is a fixed condenser, which means that there is no 
600 padder, and the oscillator section of the gang-tuning condenser 
has cut plates. The oscillator grid condenser is replaced by a capac
ity winding on the oscillator coil, connected to terminal 0 of the 
oscillator coil. The oscillator grid voltage is minus 11 volts at 1,500 
kc and minus 9 volts at 600 kc, indicating greater oscillator output 
at the high-frequency end of the tuning range. The signal input 
transformer is a loop so that the receiver may be operated without 

,----------- 5-2 ------------------7 
/ I 

I / 
/ To IF / 

/ Amplifier / 
/ / 

S"2A/ 5-2B,' 
BC BC -' 5W 

AVC 

C"105A 
C"5 

R"19 
50,000 

, I 
/ / 

/ / 
I -= / _ 

/ / L _______________ J 

C"6 

FIG" 15-3.-Simplified switching (;ircuits for a multiband receiver. 

an antenna for local reception. For reception of weak signals, an 
antenna may be connected as indicated to the primary winding of the 
loop. Condenser C-15, connected between the primary loop wind
ing and the chassis, insulates the receiver against accidental short 
circuits in the power line, if the antenna should become grounded. 

Note also the following points of general interest in this diagram. 
The arrangement of the tube elements may make the diagram more 
difficult to read, but it facilitates the finding of tube pins for voltage 
checking. The voltages are marked for easy reference right at the 
socket terminal. Gain data are included above the diagram and, 
although the figures given are for the RCA Rider Chanalyst, they 
may be interpolated for any system of measuring gain. 

Multiband Receivers.-In multiband receivers, the inductances 
in the tunable circuits are switched, so that the receiver may operate 
over more than one band of frequencies. A simplified circuit in
dicating how this may be accomplished ~wn in Fig. 15-3. 

The gang tuning condensers 0-5 and OJ are pennanently con-
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nected across the signal grid and oscillator grid circuits. Switch 
S-2 is the wave-band switch. In the broadcast (BC) position shown, 
coil L-5 with its trimmer C-5A is connected in the sigrial grid circuit. 
In the oscillator grid circuit, for broadcast, the B section of the 
switch throws coil L-6 with its low-frequency padder C-7 and its 
high-frequency trimmer C-6A across the main oscillator tuning 
condenser C-6. 

When the switch is thrown to the short-wave (SW) position, coil 
L-I05 with its associated trimmer C-I05A is connected in the signal 
grid circuit, while coil L-I06 with its associated low-frequency padder 
C-I07A and high-frequency trimmer C-I06A is connected across the 
oscillator tuning condenser C-6. An arrangement such as the above 
makes it possible to align each wave-band position individually. 

By using more positions on the wave-band switch, each one 
throwing in a different set of coils with their associated trimmers, it is 
possible to have a multiband or all-wave receiver. The common 
bands used for radio receivers are as given in the accompanying 
table. 

Band 

X or LF .................. . 
A or.BC .................. . 

B or police ................ . 

Cor SW .................. . 

Approximate frequency range 

150-400 kc 
540-1,600 kc 

{ 
1. 5-4 .6 me } 

2-6.2 me 
5.8-18 me 

Type of program 

Maritime and aircraft 
Standard broadcast 

Police, amateur 

U.S. and foreign short wave 

The B or police band has either of the two frequency ranges shown, 
depending on whether it is desired to include state police at 1,600 to 
1,800 kc or the United States and foreign broadcast stations at 6 
to 6.~ megacycles. When the latter range is chosen, the broadcast 
band is usually extended to 1,750 kc to include the state police 
broadcasts. 

Multiband receivers usually include two or three of the frequency 
ranges listed above. All-wave receivers include all bands, and 
sometimes add a fifth which extends the high-frequency range to 
approximately 40 megacycles. 

The circuit of Fig. 15-3 is simplified in that it makes no provision 
for shorting the unused coils (a usual procedure), and does not show 
the primary of the coil in the signal grid circuit or the feedback wind
ing of the oscillator coils, either or both of which may also require 
switching. 

Practical multi~nd receivers use a variety of switching and coil 
arrangementJ addition to changing coils, the switch may in-
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clude extra sections which accommodate auxiliary functions. For 
example, pilot lights may be switched on and off so that the proper 
frequency range on the dial scale is illuminated. Another common 
practice is to increase sensitivity and to alter the tone response, when 
the receiver is switched to short-wave reception. 

Figure 15-4 is a three-band superheterodyne receiver. 0-1 and 
0-2 are the gang tuning condenser. The antenna coil assembly 
includes the antenna transformer T-l, the broadcast loading coil 
L-2, and the three trimmer condensers, 0-3, 0-4, and 0-5. The 
proper coil, with its associated trimmer, is switched to the tuning 
condenser 0-1 and the signal grid of the 6SA7-GT converter by the 
A section of the band switch. The oscillator coil assembly includes 
the oscillator coils, all labeled T-2, with their associated high
frequency trimmers, 0-6, 0-7, and o-s. Note the low-freque~cy 
padder 0-21 for the broadcast coil, the fixed condenser for the police 
coil, and no condenser for the short-wave coil. The B section of the 
wave-band switch connects the proper coil with its trimmer and 
padder to the main oscillator tuning condenser 0-2 and the oscilla
tor grid circuit. The 0 section of the band switch connects the proper 
feedback coil to the cathode circuit of the 6SA7-GT converter tube. 
Note the shorting arm on all three sections of the wave-band switch. 

Figure 15-5 is a t.wo-band superheterodyne receiver. The range 
switch has four decks or wafers, labeled A-I to A-4. The switch has 
three positions: broadcast band (antenna), broadcast band (loop), 
and short-wave band. In the position shown, broadcast band (an
tenna), range switch sections A-I and A-2 connect the antenna to 
the center tap of antenna coil L-3; antenna tuning condenser 0-4 is 
connected across L-3 with its trimmer 0-1; and the tuning circuit, 
composed of L-3 and 0-4, is connected in the grid circuit of the RF 
amplifier tube, which is a 6SK7 type. Oscillator tuning condenser 
0-5 is connected through switch sections A-3 and A-4 to broadcast 
oscillator coil L-6 and the oscillator grid circuit of the 6SA 7 tube. 
The cathode of the 6SA 7 tube connects through the tap on short
wave oscillator coil L-7 to the tap on broadcast oscillator coil L-6. 
Terminals 6 and 7 on switch deck A-3 throw a short across condenser 
0-2SA in the grid circuit of the lower 6V6-GT tube through the wires 
labeled Y- Y. This is a tone-compensation circuit which will be 
open on short-wave reception. 

When the range switch is moved one position to broadcast (loop), 
switch section A-2 opens the antenna circuit, and A-4 shorts out the 
minimum-bias resistor in the cathode circuit of the RF 6SK7 tube. 
The other connections"remain the same as in the broadcast (antenna) 

section. ' .. ) 
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FIG. 15-4.- Schematic diagram of the Emerson DX-356 three-band receiver. 
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When tHe range switch is moved to the short-wave position, the 
following changes take place: The antenna is connected to the cen
ter tap of short-wave antenna coil L-4 through terminals 9 and 10 on 
range-switch section A-2. Terminals 1 and 2 on the same section 
connect short-wave antenna coil L-4 to the 6SK7 grid circuit. Ter
minals 7, 6. and 5 on the A-I section of the range switch short the 
lower halves of the loop and broadcast antenna coil. Terminals 
2 and 3 on the same section connect antenna tuning condenser 0-4 
through 0-6 to the grid circuit of the 6SK7 tube. Condenser 0-6 is 
for band-spread purposes. In the oscillator section, terminals 8, 9, 
and 10 of section A-4 keep the RF tube in the sensitive position by 
shorting out the cathode resistor, and by grounding the bottom lead 
of the short-wave oscillator coil L-7 as well as the bottom half of 
the broadcast oscillator coil L-6. Oscillator tuning condenser 0-5 
is connected through band-spread condenser 0-11 to the top lead of 
short-wave oscillator coil L-7 and the oscillator grid circuit of the 
6SA 7 tube. Switch terminals 6 and 7 of section A -3 connect the 
condenser in the grid circuit of the 6V6-GT tube for tone com
pensation. 

Servicing Multiband Receivers.-Although multiband receivers 
look more complicated than a single-band unit and may take a little 
longer to service, they are no more difficult. As a matter of fact, 
the range switch opens a possibility of faster diagnosis in some ways. 
When a receiver is dead on the broadcast band but operates normally 
on other bands, the defective condition is more quickly narrowed 
down to defective coils in the RF or oscillator portions of the re
ceIver. 

Servicing procedures for the multiband receiver are the same as 
for any other, until the RF portion of the receiver is reached. At 
this point the serviceman need only make sure that the range switch 
is in the broadcast position in order to continue in the usual way .. 

There are, of course, some service problems connected with multi
band receivers that will not be present in single-band radios. These 
include the short-wave coils, the range switch, and alignment. 

Short-wave coils are usually wound as a single-layer inductance 
using heavy wire. This type of winding rarely gives any service 
trouble. The serviceman, however, should be able to check the 
windings with an ohmmeter. This may not be so easy as it sounds, 
since it is sometimes difficult to determine which lead is which on a 
multiunit coil assembly. Also, the serviceman may not be sure as 
to whether the winding is being shorted by the range switch. 

A better method would be to work with the schematic diagram 
and check the coils and switch at the same time. For example, in 
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checking the receiver of Fig. 15-4, the feedback winding of the oscil
lator coils could be checked as follows: Connect one ohmmeter 
terminal to chassis, the other to the cathode of the 6SA 7 tube, and 
rotate the range switch. The ohmmeter would read the resistance 
of each winding, which would be approximately ~ ohms for the 
broadcast position, 72 ohm for the police band, and "short" for the 
short-wave band. The other coils could be checked in a similar 
manner. To check the oscillator grid coils, 9ne ohmmeter terminal 
would connect to the junction of condensers C-~9 and C-1~, while the 
other ohmmeter prod would be moved with the band switch. It 
would connect to the 600 padder when checking the broadcast band, 
c-~o when checking police, and ground when checking the short
wave range. Because of the diversity of range switches, no standard
ized procedure can be arranged for checking coils and switches. 
However, the examples given will help to clarify the method of 
procedure. 

When an open coil is found, the serviceman should first make sure 
that the defect is not due to a broken lead wire. If the coil must be 
replaced, it is necessary to obtain an exact duplicate from the manu
facturer of the receiver. Even if it is necessary to replace an entire 
coil assembly for one open winding, this must be done since the 
chances of finding a usable section are very slim. 

The lead dress between the range switch and the short-wave coils 
is very important. In high-frequency circuits, stray capacity of the 
wiring represents a considerable portion of the total capacity of the 
circuit. Very often, the wiring in these circuits makes use of heavy 
bus bar, so that the positioning will be maintained. Any replace
ment of switch or coils should be accomplished with a minimum of 
bending or rearranging of the wiring, so as to avoid undesirable 
coupling or changes in the stray capacity. 

Range switches become covered with a layer of dust and dirt, 
resulting in poor contact and sometimes leakage between terminals. 
Dusting with a soft brush and then cleaning with carbon tetra
chloride comprise the usual service procedure. A good way to clean 
the contacts is to wet them and the contact arms with carbon tetra
chloride and then rotate the switch rapidly. 

If a switch contact or wafer becomes broken, it is necessary to 
replace the entire switch. Again, an exact duplicate must be ob
tained from the manufacturer. Service notes on the replacing of 
switches were given in connection with radio-phonograph switches 
(see page 176). 

Aligning Multiband Receivers.-In realigning a multiband re
ceIver, the manufacturer's instructions should be followed to the 
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last detail. This advice is given whenever the word "alignment" is 
mentioned. However, in the case of multiband receivers, it is of 
more than usual importance for two reasons. One is that the align
ment on one wave band may affect the alignment on the other ranges, 
and the proper alignment sequence should be followed. The other 
is the fact that some receivers are so designed that the oscillator 
frequency should be 455 kc lower than the signal frequency on the 
short-wave band, while the conventional 455 kc higher signal on 
the other bands is maintained. Often both frequencies are within 
the scope of the trimmer adjustment, and it is important to use the 
peak at the lower or higher capacity setting, as instructed, in order to 
maintain proper tracking. If alignment instructions are not obtain
able, the following suggestions may be of value. 

IF Alignment.-First turn the range switch to the broadcast 
position, short the oscillator section of the gang tuning condenser, 
and align the IF trimmers in accordance with the general alignment 
instructions given in Chap. 22. Then remove the short from the 
oscillator section of the tuning condenser and check the position of 
the dial pointer, by turning the gang tuning condenser to full ca
pacity (full mesh). The dial pointer should be in line with the last 
calibration mark on the low-frequency end of the dial scale. 

As for the sequence of range alignment, when trimmer settings of 
one band affect another, it is suggested that the broadcast band be 
aligned last, because the cumulative effect will be most noticeable 
on the lowest frequency band. In addition, the owner of a receiver 
is usually most concerned about the operation of the broadcast band. 
For these reasons, when more exact instructions are not available, 
it is advisable to align the broadcast band last. 

Short-wave Alignment.-Connect the signal generator through a 
dummy antenna of 400 ohms to the antenna and ground of the 
receiver. Turn the range switch to the highest frequency band on 
the receiver, and set the dial at a convenient mark near the high
frequency end of the scale. Adjust the signal generator to a modu
lated output at the same frequency as shown on the receiver dial. 
Adjust the short-wave oscillator coil trimmer for maximum response. 
If only one peak is obtained, the oscillator is adjusted to the proper 
frequency. If two peaks are obtained, choose the peak at minimum 
capacity. This sets the oscillator to a higher frequency than the 
signal. 

If the receiver has an RF stage, the interstage coil trimmer is next 
to be aligned. If there is no RF stage, the antenna-coil trimmer 
follows the oscillator adjustment. In either case, the trimmer is 
adjusted for maximum response. If two peaks are obtained, the 
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one that maintains the oscillator at the higher frequency is the peak 
that is nearer the maximum capacity setting of the trimmer. If the 
peak is unobtainable or if the receiver does not track at the low
frequency end of the dial, the alignment should be tried with the 
oscillator set for a lower frequency than the signal. This is done by 
choosing the maximum capacity peak for the oscillator trimmer and 
the minimum capacity peak for the antenna trimmer. 

If the receiver has more than one short-wave band, the next lower 
frequency range should be aligned. The same procedure is followed 
as for the highest frequency band except that the oscillator circuit 
should be adjusted for a higher frequency than the signal. However, 
it is doubtful if two peaks are obtainable on any but the highest fre
quency band. This band mayor may not include a low-frequency 
padder. 

Broadcast Alignment.-Set the range switch at the broadcast 
position and adjust the tuning condenser until the dial reads 600 kc. 
Connect the signal generator to the antenna and ground, using a 
0.000~5-mfd condenser as the dummy antenna. Adjust the signal 
generator for a modulated signal at 600 kc. Adjust the 600 padder 
for maximum response. Then set the receiver dial to 1,500 kc and 
adjust first the oscillator-coil high-frequency trimmer, then the RF 
coil trimmer (if present), and finally the antenna-coil trimmer for 
maximum response. Return both dial and signal generator to 600 
kc and readjust the 600 padder, if necessary. Then return to 1,500 
kc and check alignment. If readjustment is necessary, repeat the 
alignment at 600 kc and check at 1,500 kc until further readjust
ment is unnecessary. 

Receivers with Push-button Tuning.-Receivers that employ push 
buttons for tuning favorite stations use either mechanical or switch
ing arrangements. In the mechanical method, the tuning-condenser 
gang is turned to predetermined positions by means of an electric 
motor, or by the actual push on the button. In the switching method, 
the tuning condensers or the entire tuning circuits are switched out, 
and trimmers or tuning circuits preset to the favorite station are 
switched in. 

There are a large number of types of each of these arrangements. 
A typical example of each type will be described, together with ap
plicable service notes. 

Switched Push-button Tuning Circuits.-Figure 15-6 shows the 
schematic diagram of the Zenith Model 7S633R receiver. Push
button tuning is inaugurated by turning the range switch to the 
automatic tuning position. This disconnects the gang tuning con
denser, all three sections of which are labeled C-l, throws a row of 
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preset trimmers across the antenna tuning circuit, eliminates the 
converter signal-grid tuning circuit by converting it into an untuned 
resistance-coupled circuit, and throws anyone of a row of permea
bility-tuned coils in the oscillator grid circuit. 

The predetermined station is then tuned in by depressing the 
proper push button. The buttons are sprung so that they are nor
mally in the OFF position. Then as any button is depressed, a catch 
holds this button in place while automatically releasing any button 
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FIG. 15-7.-Simplified diagram of the tuning circuit of the receiver of Fig. 15-6. 

previously depressed. Each button controls a double-pole switch, 
one pole of which connects one of the permeability-tuned coils in the 
oscillator grid circuit, while the other pole connects the proper asso
ciated trimmer in the RF grid circuit. 

The trimmers and coils in the automatic tuner have a limited 
range (approximately 400 kc), so that each button cannot tune 
many desired stations in the broadcast band. However, the values 
of coils and condensers are staggered, so that any station can be 
tuned in on some one button. The tuning range of each button is 
usually marked near the adjustment screws. 

Figure 15-7 shows a simplified drawing of the tuning circuit of the 
Zenith receiver of Fig. 15-6, when the range switch is in the auto
matic position. One push button is depressed, showing one preset 
trimmer connected across the RF tuning circuit and one preadjusted 
permeability coil in the oscillator tuning circuit. The coupling be-
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tween the RF and converter tubes is of the resistance-capacity type. 
This coupling also remains the same for the short-wave position of 
the range switch. The circuit is tuned only in the manually operated 
broadcast position of the range switch. 

The system just described is typical for push-button tuners of the 
switching type. These systems differ mainly in the number of pre
set stations available. In some cases, switching from manual to 
automatic tuning is taken care of by an extra similar push button, 
rather than a position on the range switch. Often the radio-phono
graph switch is also an extra similar push button. In addition, some 
types provide two sets of trimmer condensers, instead of one set of 
trimmers and one set of permeability-tuned coils. In these types, 
the regular broadcast oscillator coil is used, the oscillator tuning 
condenser is switched out of the circuit, and one of the preset trim
mer condensers is substituted for it. 

Servicing Push-button Tuners of the Switchi~g Type.-Push
button systems of the switched tuning-circuit type give very little 
service difficu~ty. Occasionally, the switches do not make good con
tact. When this happens, the following cleaning procedure is effec
tive: Dust the entire switch assembly with a soft brush. Depress 
the first switch, and apply carbon tetrachloride to its contacts and 
also the arm and contacts of the next switch. Then depress the two 
switches alternately: first the second, then the first. Repeat the 
procedure for the first and second switches, this time depressing the 
second button before applying the carbon tetrachloride to it. Repeat 
on the next pair, making sure that each switch has been washed in 
both the open and the closed position. 

Another service problem is resetting the adjustment screws, which 
may change their position with time. When doing this, the receiver 
should be allowed a warm-up period of about 15 min, to allow all 
components to reach normal operating temperature. The oscillator 
control is adjusted first, followed by the antenna adjustment. If the 
adjusting screws are not marked, the serviceman can identify them 
by checking the wiring diagram or by the operation of the adjust
ments. The oscillator adjustment is critical-a fraction of a turn 
will bring the station in or out. The antenna adjustment is broad in 
comparison. If the receiver is equipped with a magic eye, it should 
be used to indicate exact resonance. An output meter cannot be 
used for this purpose, since the reading will vary with the modula
tion of the program. A vacuum-tube voltmeter, if available, con. 
nected to the Ave bus, can also be used as the resonance mdicator. 
If neither the magic eye nor a vacuum-tube voltmeter is available, 
the adjustments are set for best volume and tone by ear. A good 
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check for correct settings is to tune to the same station with the 
swit c:h set for manual operation, and then switch from manual to 
push button and note any difference. Operation should be the same, 
except in the case of a receiver like that of Fig. 15-6, where the 
manual switch throws in an extra tuning circuit. 

When push buttons are set up or when the adjustment screws are 
far from their correct alignment positions, it would be timesaving 
to use the signal generator for finding the desired stations. 

Figure 15-8 shows the method of connecting the signal generator 
to the receiver. Adjust the signal generator for a modulated output 
at the frequency of the first desired station. Depress the first push 
button, and adjust the associated oscillator control until the signal-

q .. J 

r7\ 
~----iL 

Be ~ .00025 
Ant. 0 0 0 0 0 a-Buttons 

Mod 
Gnd 000000 Ant ./ ./ .,." -!-Att ·000000 Osc 

Signal Generator Receiver 
FIG. I5-S.-Using a signal generator as an aid in quickly presetting push buttons .. 

generator note is heard. It will be accompanied by a squeal, caused 
by the beating action between the generator signal and the signal 
from the desired station. Disconnect the signal-generator "hot" 
lead. If the squeal does not stop because of leakage, detune the 
signal generator. Then readjust the oscillator control for maximum 
response from the station. Finally, adjust the antenna trimmer. 
Repeat the procedure for the other buttons. 

Mechanically Operated Push-button Tuners.-Figure 15-9 shows 
two views of a typical mechanically operated push-button tuning 
system. This type is known as a "rocker-bar" mechanism and is 
probably the most popular of all push-button tuners. Each button 
depresses a preset pawl, which turns the rocker bar as far as the 
pawl setting will allow. A gear connected to the rocker bar rotates 
the gang tuning condenser. The tuning knob and dial pointer ro
tate with the condenser gang. The return spring maintains the push 
button in its normal out position and, at the same time, keeps the 
pawl away from the rocker bar. 
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When a button is set up, the locking screw is loosened. A screw 
driver is kept pressed against the loosened locking screw, thereby 
depressing the push bar and pushing the pawl against the rocker 
bar. The desired station for each button is tuned in manually, 
thereby pushing the pawl to its proper setting. The locking screw 

Return Spring 

Button 

Button 

Rocker. 
Bar 

Return 
Sprin9~~--'" 

Locking Screw 

Gear to 
Tuning 

Condenser 
Gang 

Simplified Side View of a Push Button 

FIG. I5-9.-Mechanically operated push-button tuner. 

is then tightened, fixing the pawl firmly between the shoe and push 
rod. Subsequently, when the button is depressed, the pawl pushes 
the rocker bar to its set position, thereby bringing in the desired 
station. 

From the servicing point of view, loosened adjustments are about 
the only difficulty experienced with mechanical buttons of this type. 
A complete adjustment procedure follows. 

Adjustment of Push Buttons for Mechanical Automatic Tuners. 
-Rotate the range switch to the broadcast position. Select the 
stations desired for automatic tuning. Choose one of "these stations 
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and any button to be adjusted for it. Follow the procedure outlined 
below: 

Seat screw driver in 
screw slot. Push screw 
driver all the way in. Loosen 
Screw I to !y, turns. 

c 
e 

FrG. 15-10.-Adjustment of 
push button for mechanical 
p,utomatic tuners. 

1. Grasp the button firmly and remove 
it from its shaft by pulling straight out 
(see Fig. 15-lOA). 

. 2. Insert a screw driver into the slot of 
the locking screw. Press in and loosen 
the screw 1 to 172 turns (see Fig. 15-10B). 

3. With the screw driver seated in the 
screw slot, press the screw in as far as pos
sible. Hold it in firmly with one hand, 
and tune in the desired station with the 
other hand by pressing in and rotating 
the selector knob (see Fig. 15-10C). 

4. Release the selector knob and tighten 
the screw firmly. 

5. Check the adjustment by tuning well 
past the station, using the selector knob 
and then pushing in the button shaft. The 
station should come back in again clearly 
and with maximum volume. After the 
adjustment is tested, check to see that the 
locking screw is tightened firmly. Re
place the button on its shaft. 

6. Adjust the remainder of the buttons 
in the same manner as outlined above. 

Figure 15-10D shows a common method 
of inserting station tabs. 

Mechanically Operated Push-button 
Tuners of the Motor-driven Type.
Motor-driven push-button tuners are too 
varied in their operation, adjustment, and 
service problems for any generalized 
treatment in a book of this nature. The 
serviceman is referred to the manufac
turer's service notes when he experiences 
difficulty with any of these devices. For 
teaching purposes, as an example, the dia
gram and station-setting instructions of 
the Stromberg-Carlson No. 440 receiver 
are included in the text. 

Instructions for Setting Up Push 
Buttons.-Before reading the instruc-
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tions for setting up push buttons, note carefully the following im
portant items. 

Important.-(l) The stations selected should be the local favorite 
ones that give good reception at all times. (2) Set up stations in the 
daytime to avoid unnecessary interference. (3) Allow the set to run 
for about 20 min before setting up stations. (4) Always use the 
tuning indicator unit when setting up stations in order to determine 
when a station is exactly in tune. 

Set Up 
Switch 

FlO. 15-12.-Brush and commutator assembly of the receiver of Fig. 15-11. 

1. Put the call letters of the selected stations in place above the 
push buttons. The stations should be arranged according to fre
quency, with the highest frequency at the right and the lowest fre
quency at the left, just as on the dial. 

2. Set the TREBLE control in normal position. 
3. Turn the setup switch (located on the base just back of the 

brush and commutator assembly) to the setup position. (The slot 
in the screw should point toward SETUP.) 

4. Push the button of the highest frequency station to be set up 
(button No.3) and then tune in that station manually. Be sure that 
the station is exactly in tune by tuning carefully and watching the 
cathode-ray indicator. 

5. Slide the brush to which the blue wire is connected until it is 
over the slot in the commutator. Then adjust it very carefully 
until the pilot light goes out. This indicates exact adjustment. 
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6. Repeat operations 4 and 5 for each station. Work from right 
to left or from the higher to the lower frequencies in accordance with 
the accompanying table. 

Push button Purpose Color of wire 
No. on brush 

1 Manual 
2 Remote 
3 Highest frequency station Blue 
4 Next lower frequency station Orange 
5 Next lower frequency station Green 
6 Next lower frequency station Brown 
7 Next lower frequency station Slate 
8 Next lower frequency station Red 
9 Next lower frequency station Black 

10 Lowest frequency station Blue-white 
11 Phonograph 
12 Off 

7. Turn the setup switch back to the OPERATE position. 
S. Check the operation of all the push buttons to be sure that each 

has been accurately set up. If it is necessary to readjust any of the 
buttons, follow the procedure given above. 

Permeability Tuning Systems.-In the conventional receiver, 
tuning is accomplished by changing the capacity of a variable con
denser connected across a coil, thereby changing the resonant fre
quency of the combination. The same effect can be brought about 
by allowing the condenser capacity to remain fixed and changing the 
inductance of the coil. This is the basis of permeability tuning 
systems, where the inductance of the coil is changed by varying the 
position of an iron-core plug in the coil. 

Coils with adjustable cores are used as IF transformers, and for 
the fixed-tuned antenna and oscillator coils of the circuit-switching 
type of push-button tuners. In these cases, the inductances of the 
coils are adjusted during the alignment procedure or when setting 
up the push buttons, and remain undisturbed thereafter. In some 
receivers, instead of using a variable condenser, the antenna and 
oscillator core plugs are ganged, and their adjustment is brought 
out to the front control panel as a continuously variable adjustment 
of the tuning range of the receiver. Such a tuning system is known 
as a "permeability" tuner. Figure 15-13 shows a tuner of this type, 
where the positions of the core plugs are varied by means of a drive 
cord. 
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The coils, drive pulley, and idler pulley are fastened to a subassem
bly. The coil mounts are so arranged that either coil may be shifted 
slightly to the right o~ left for tracking purposes. Ordinary dial
drive cord is used to vary the position of the core plugs. Note that 
when the drive shaft is rotated in the direction shown, both core 
plugs are pulled into their respective coils. 

Holding device 
permits coi I 
move~ent 

Antenna Coil 

FIG. I5-I3.-Drive-cord type of permeability tuner. 

Idler 
Pulley 

From the servicing point of view, any trouble in the permeability 
tuner would be found in the same way that a similar trouble would 
be found in a conventional tuner, since the circuits are alike. The 

Ave 

Trimmer 
(-I 
1700Kc 

FIG. I5-l4.-Skeleton diagram of drive-cord type of permeability tuner. 

alignment procedure is somewhat different, and the manufacturer's 
service notes should be followed closely in this regard. Another 
difference lies in the fact that restringing the drive cord calls for 
realignment, since the restringing process will slightly alter the rela
tive positions of the tuning slugs. 

If specific restringing and alignment notes are not available from. 
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the receiver manufacturer, the following generalized procedure 
should be of help. The skeleton. schematic diagram of Fig. 15-14 is 
included as an aid in locating and identifying the trimmers. 

Restringing and Alignment Procedure for Drive-cord Permeability 
Tuners. 

1. Restring the tuning slugs, using the frayed or torn pieces of the 
old drive cord as a guide, so that the relative positions of the tuning 
slugs are as close as possible to their original settings. 

~. Set the antenna coil in the center of its positioning range, so 
that it may be shifted either to the right or left. 

S. Rotate the drive so that the antenna core plug is completely 
out of the winding. 

4. Set the oscillator coil so that its core plug is in the same relative 
position as the antenna coil and its core plug. Set the dial pointer 
to the highest frequency division on the dial scale. 

5. Rotate the drive to make sure that the dial pointer and tuning 
slugs move together and cover the entire tuning range. 

6. Check the alignment of the IF amplifier, and if necessary, align 
in the usual manner. 

7. Connect the signal generator to the receiver antenna, using a 
0.000~5-mfd dummy antenna. Rotate the drive to· the high-fre
quency end of the dial scale, and adjust the signal generator for a 
modulated output at the same frequency. Adjust the oscillator 
trimmer C-~ to a maximum response. Then adjust the antenna 
trimmer C-l to a rnaximumresponse. 

8. Rotate the drive to 1,400 kc, and adjust the signal generator 
frequency control to a peak. This should occur at 1,400 kc. If it is 
too far off, the starting position of the oscillator core plug was in
correctly adjusted. This should be corrected and steps 7 and 8 
repeated. 

9. When the peak at 1,400 kc in step 8 has been obtained, the 
antenna coil is shifted to the right or left for a maximum tracking 
peak. 

10. Return the dial and signal generator to the highest frequency 
reading on the dial scale, and check the adjustment of the antenna 
trimmer C-1. If no appreciable change is needed, the antenna coil 
is in track. If a considerable change has been made, repeat steps 
9 and 10. 

Screw-drive Permeability Tuners.-Another type of permeability 
tuner uses a screw for driving the ganged tuning slugs. Figure 15-15 
shows a tuner of this type. The proportions have been altered to 
permit viewing the operation of the unit. . 
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The coils L-l, L-f1" and L-S are mounted on the back plate of the 
carriage. The bakelite strip is threaded to take screws attached to 
the core plugs. Adjusting these screws permits adjustment of the 
relative positions of the individual core plugs with respect to their 
coils. Rotating the drive shaft causes the bakelite strip to move in 
and out, carrying the core plugs with it, and thereby changing the 
inductance of the coils. The drive shaft is the tuning control for 
the radio. The gear ratio is usually chosen to allow several turns of 
the drive shaft for complete coverage of the tuning range, thereby 
giving vernier tuning. A similar ratio on a drive pulley (not shown 

Drive 
Shaft 

FIG. 15-15.-A permeability tuner of the screw-drive type. 

in the diagram) operates a conventional dial pointer from the same 
tuning shaft. 

A tuner of this type, employing three coils, may be used for a re
ceiver with an RF stage. It may also be used in a receiver with a 
converter stage only, the antenna coil being used in a preselector 
circuit. Figure 15-16 shows a receiver of the latter type. 

Coils L-1, L-f1" and L-S, with their core plugs ganged in the 
permeability tuning unit, are identified as the antenna, mixer, and 
oscillator coils, respectively. Actually, coil L-S is not the oscillator 
coil with a function similar to the one in the standard receiver. The 
actual oscillator coil that furnishes the feedback voltage for opera
tion of the oscillator circuit is coil L-4, which is outside the perme
ability tuning unit. This coil, L-4, is referred to as the master oscil
lator coil. Coil L-S, in the tuner, is shunted across a portion of the 
master oscillator coil and acts to tune it. Trimmer condenser CoS. 
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is the high-frequency aligner for the oscillator circuit. The 600-kc 
aligner is the permeability adjustment screw on the master oscilla
tor coil L-4. 

The antenna plate is a sheet of metal, insulated from the chassis, 
and acting as a self-contained antenna for the receiver. It is usually 
mounted behind the chassis so that it also acts as the back of the 
cabinet. The lead for a standard antenna is capacitively coupled, 
as shown, by a few turns of the antenna lead around the antenna 
plate lead. The antenna signal is impressed across the antenna coil 

Antenna 
Plate 

C-4 
-=!=-.0008 

Mixer C-2 

Converter 
6SA7 

Coil Trimmer L...---+---c< 
L-2 

AVC 

FIG. 15-16.-Three-coil permeability tuner with a preselector circuit. 

L-l and condenser C-4. The condenser acts as the common coupling 
to feed the mixer coil L-2 in the converter signal grid circuit. Trim
mer condensers C-l and C-2 are the alignment controls for the an
tenna and mixer circuits. 

Antenna plates are commonly used in receivers employing perme
ability tuners. However, there are some receivers that employ a 
loop antenna. Figure 15-17 shows a two-gang permeability tuner 
of the screw-drive type fed by a loop antenna. 

From the servicing point of view, the screw -drive type of perme
ability tuner likewise offers no new problems, except from the 
standpoint of alignment. A generalized alignment procedure 
follows. 

Alignment Procedure for Screw-drive Permeability Tuners. 

1. Align the IF amplifier in the usual way. 
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2. Check the dial pointer setting and positioning of the core 
plugs by the following steps. 

a. Rotate the tuning shaft to the low-frequency stop. 
b. Rotate the core plugs by means of the screws in the bakelite 

rack until they are fully engaged in their respective coils. 
c. Set the dial pointer at the lowest frequency calibration mark 

on the dial scale. 

Ave 
IIIG. 15~17.-Two-coil permeability tuner fed by a loop antenna. 

3. Connect the signal-generator output lead to the antenna con
nection through a 0.00025-mfd dummy antenna. Do not connect 
to the antenna plate. 

4. Set the signal generator to feed a modulated signal at 600 kc, 
rotate the tuning shaft to read 600 kc on the receiver dial, and align 
the master oscillator-coil permeability adjustment for maximum 
output. 

5. Tune the receiver to a quiet point near the high-frequency end 
of the tuning range, adjust the signal generator to feed the same 
frequency as that shown on the receiver dial scale, and align the 
oscillator high-frequency trimmer for maximum output. This 
trimmer is labeled 0-3 in Figs. 15-15, 15-16, and 15-17. 

6. Check the 600-kc adjustment by repeating step 4. If consider
able readjustment is necessary, realign the high-frequency adjust
ment by repeating step 5 and then recheck at 600 kc. 
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7. Tune the signal generator and receiver to a peak near 1,400 
kc, and align first the mixer and then the antenna trimmers for 
maximum output. 

QUESTIONS 

1. Outline a procedure for determining the cause of a defective oscillator circuit 
in a dead receiver. 

2. Outline a procedure for determining the cause of a defective mixer circuit in 
a dead receiver. 

3. A receiver operates on the high-frequency end of the broadcast band but not 
on the low-frequency end. List the probable causes and state how you would 
check for each. 

4. The receiver of Fig. 15-~ does not operate. Signal check shows normal re
sponse when checking with an IF signal at the l~SA 7 mixer grid, and no response 
when checking with an RF test signal from the same point. Voltage check shows 
no reading at the oscillator grid and normal readings for the l~SA 7 plate and 
screen. Resistance check on the oscillator coil shows a reading of 6.5 ohms. Where 
is the trouble likely to be? How would you check for it? How would you remedy 
the condition? 

5. The receiver of Fig. 15-4 operates normally on both short-wave ranges but 
not on the broadcast band. Outline a procedure to locate the cause of the trouble. 

6. The receiver of Fig. 15-5 gives no reception. Signal check shows normal 
operation when a test signal, either RF or IF, is applied to the 6SA7 signal grid, 
and no reception when an RF test signal is applied to the RF grid. Voltage check 
on the RF tube shows a reading of zero at the plate terminal. What are the prob
able causes of the trouble? How would you check each? 

7. The receiver of Fig. 15-6 operates normally on the manual and short-wave 
positions of the range switch, but gives no reception on any push button. 'Vhat 
is the most likely cause of the trouble? How would you check for it? How would 
you remedy the condition? 

8. What is the function of L-4 in Fig. 15-17? What is the function of L-3 in the 
same drawing? 

9. What are the important points to remember when replacing an oscillator 
coil? 

10. A receiver has a tunable hum. The line filter is checked and found to be 
O.K. What else is likely to cause this condition? How would you check for it? 

11. A superheterodyne receiver squeals all over the tuning range. How would 
you check the converter stage for this complaint? 

12. The receiver of Fig. 15-~ does not operate. When a test signal, either RF 
or IF, is applied to the converter signal grid, the response is heard weakly and with 
a rough note. What is likely to be wrong? How would you check for it? 

13. The receiver of Fig. 18-19 operates, but reception is a little weak and the 
noise level is high. Stage-gain measurements show a normal response when an 
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RF test signal is applied to the converter signal grid, and a loss in gain when the 
test signal is applied to the antenna lead. What is likely to be the cause of the 
trouble? How would you check for confirmation? 

14. The receiver of Fig. 15-4 is inoperative. Signal check shows a normal re
sponse when a 455-kc test signal is applied to the 6SK7-GT grid. There is no re
sponse when the 455-kc test signal is shifted to the 6SA7-GT grid. A resistance 
check of the converter tube shows the following abnormal readings: 

Plate to chassis ............................ 40 ohms 
Plate to B plus ............................... open 

What is wrong? 



CHAPTER 16 

RF AMPLIFIER STAGE 

Many receivers incorporate a stage of RF amplification ahead of 
the converter. It is called the "RF" stage, or sometimes the "an
tenna" stage. It requires no quick check for operation. Since it is 
last in a line of stage checks, if all others check perfect for a defective 
receiver, the RF stage must be defective by a process of elimination. 

Of course, the entire receiver may be normal and the trouble 
may lie in the antenna system, which is the first link in the signal 
chain. This possibility, however, should not occur on a test bench 
setup. Only at the customer's home will such trouble arise, and the 
alert serviceman will recognize the condition. Checking the an
tenna is usually a routine part of the home service call. Service 
notes relating to antennas will be included later in this text. 

Function of the RF Stage.-The RF stage receives energy from 
the antenna, tunes the desired signal (station), amplifies the signal, 
and passes it on to the converter. Because of these functions
tuning and amplification-it increases the selectivity and sensitivity 
of the receiver. The RF stage provides other advantages. One is 
the reduction of the noise level when a stronger signal is fed to the 
converter. Another is the improvement of the AVC action, since 
another controlled tube is added in the RF and IF chain. A third 
is the elimination of image-frequency interference--peculiar to 
superheterodyne receivers. 

Image-frequency Interference.-Examine the operation of a 
superheterodyne receiver. The antenna picks up station signals 
broadly at all frequencies. Where a receiver has no RF stage, the 
antenna energy is fed through a tuned circuit to the signal grid of 
the converter tube. For example, suppose the tuning circuit is set 
to receive a desired signal at 1,000 kc. The local oscillator of the 
receiver will then have an output at 1,455 kc if the IF amplifier of 
the receiver is fix-tuned to 455 kc. The station and oscillator sig
nals are mixed in the converter tube and the output from the latter 
is many frequencies. The IF amplifier, usually sharply tuned by 
four resonant circuits, accepts only the signal that is the difference 
in frequency between the station and the oscillator signal-in this 
case 455 kc, the intermediate frequency. This IF signal is then am
plified and sent on to the detector and AF amplifier. 

~79 
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Any signal at 455 kc in the converter plate circuit will be accepted 
by the IF amplifier and passed on. "Ye have just seen how one 455-
kc signal is developed at the input of the IF amp:ifier. Is it poss~ble 
for a second one to be present at the same time? 

Reexamine the converter s:gnal grid. It is tuned to 1,000 kc by 
means of one tuned circuit that is somewhat broad. As a result, the 
grid may receive signals of widely different frequencies picked up by 
the antenna. Normally, these signals mix with the local oscillator 
signal (1,455 kc) and produce difference frequencies which are re
jected by the sharply tuned IF amplifier. However, there might 
be one station signal at 1,910 kc on the converter grid which, after 
mixing with the local oscillator signal of 1,455 kc, will produce a 
difference frequency at 455 kc. This 455-kc signal will be accepted 
by the IF amplifier and result in two stations at the speaker out
put-1,000 and 1,910 kc. 

Similarly, if the receiver is tuned to a station at 600 kc, the oscilla
tor will be tuned to 600 + 455, or 1,055 kc, and an intermediate 
frequency of 455 kc will be produced at the IF amplifier grid. And 
a station signal at 1,510 kc at the converter signal grid will mix with 
the oscillator signal and again produce a difference, or IF frequency 
of 455 kc which will appear as an interfering station. Thus, any 
desired station is likely to experience interference from another sta
tion that happens to have a frequency which is higher than that of 
the desired station by twice the intermediate frequency (as much 
above the oscillator frequency as the desired station is below the 
oscillator frequency). This defect of superheterodyne receivers is 
known as "image-frequency interference." 

Since the two stations are rarely exactly twice the intermediate 
frequency apart, they will beat with the oscillator signal to produce 
intermediate frequencies very close to 455 kc and to each other. 
These two intermediate frequencies will be accepted by the IF am
plifier, where they will beat with each other to form a difference 
frequency which will be AF and result in a high-pitched squeal. 
Thus, image-frequency interference appears in the receiver in a form 
called "birdies" or "whistles," which mar reception on certain sta
tions. 

Early superheterodyne receivers employed an intermediate fre
quencyof 175 kc. Here, image-frequency interference would occur 
from stations 350 kc from the desired ones (twice the intermediate 
frequency, or ~ X 175 kc). If there were only one tuned circuit 
before the converter, that tuned circuit would not be sufficiently 
sharply tuned to eliminate image frequencies 350 kc from the de
sired signal and interference would be troublesome. Modern prac-' 
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tice employs an intermediate frequency of 455 kc, thereby placing 
the image frequency much farther away, 910 kc from the desired 
station. As a rule, with such a wide spread between desired and 
image frequency, even one RF tuning circuit is adequate to keep a 
station 910 kc away from affecting the converter signal grid. 

A preselector circuit is an added tuning circuit between the an
tenna and the converter signal grid, the purpose of which is to 
sharpen the tuning to reduce image-frequency response. Figure 16-1 
shows a typical preselector circuit together with its over-all selec
tivity curve. 

Q 
~ 3 

-

Converter 

-

Frequency ~ 

With 
Pre-selector 

FIG. 16-1.-A preselector circuit and its effect on selectivity before the converter signal grid 

Preselector circuits are rarely used in modern receivers, since they 
reduce the sensitivity, and the same reduction in image-frequency 
response is possible by increasing the intermediate frequency. 

A tuned RF stage, ahead of the converter, combines the added 
selectivity of the preselector in reducing image-frequency response 
and, because of the amplification of the tube, adds to the sensitivity 
of the receiver. 

Standard Circuit.-The standard circuit is shown in Fig. 16-2. 
Functions and Values of Component Parts.--'--The antenna trans

former T-1 couples the energy picked up by the antenna to the grid 
of the RF tube. The secondary winding L-2 is tuned by C-2, the 
antenna section of the gang tuning condenser. As explained before 
in connection with the components of the converter stage tuning 
system, the values of parts in any tuning system are important parts 
of the design of the receiver and cannot be changed without alter-
'ing the calibration and tracking. ' 

When the receiver is of the loop-operated type, antenna trans
former T-1 is replaced by the loop antenna. In this case, the main 
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portion of the loop winding acts as the antenna for the receiver and 
is tuned by condenser C-fl. Should it be desired to connect an ex
ternal antenna for greater sensitivity, the loop is equipped with a 
primary winding of one or two turns which is connected to the an
tenna and ground. 

IF Wave Traps.-Any superheterodyne receiver is especially sensi
tive to its intermediate frequency. With an intermediate frequency 
adjusted to 455 kc, if a signal at or near this frequency gets to the 
converter grid, it will be present in the converter plate and be ac
~epted by the IF amplifier and cause interference with the desired 

Antenna 
Coil 
T-I ,-Gimmick 

I 

To AVC Bus 

C-2A 
C-1 
.I 

R-14 
600 

Gimmick 
T-2 ,/ , 

+ 100V B+ 250V 
}'IG. 16-~.-Schematic diagram of a typical RF stage. 

station. In areas near the seacoast, many powerful shore-to-ship 
stations operate at frequencies close to 455 kc. These cause inter
ference that blankets the low-frequency half of the broadcast band 
and, in severe cases, covers the entire tuning range. 

A wave trap located in the antenna circuit of the receiver will mini
mize this effect. In the standard circuit of Fig. 16-fl a series-res
onant wave trap, composed of L-3 and C-3, is shunted across the 
primary of the antenna coil. The trap circuit is tuned to the inter
mediate frequency of the receiver, and offers a low-impedance path 
to ground for signals of that frequency present in the antenna. 

In most cases the trap is tunable by means of trimmer condenser 
C-3, as shown in the standard circuit. In some cases, the wave trap 
is fixed-tuned to the intermediate frequency of the receiver, and the 
condenser corresponding to C -3 is a fixed mica condenser. Some-' 
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times, the trap is tunable by means of an adjustable permeability 
plug in the coil in conjunction with a fixed mica condenser. 

In loop receivers, the trap is usually placed in the converter signal 
grid circuit, where it serves a similar purpose by providing a low
impedance path to ground for signals at the intermediate frequency, 
which may be present in the converter signal grid circuit. Coil L-12 
and condenser C-28 make up this type of wave trap in the receiver 
of Fig. 16-10. 

In some receivers, especially where the primary of the antenna 
transformer is of the low-impedance type, the wave trap is a parallel 
resonant circuit connected in series with the antenna transformer 

Wave Trap 
L-3, (-3 

Low-1m pedance 
Primary 

Antenna Coil 
T-I 
r--....... ---+-

(-z 

Ave 
FIG. 16-3.-Wave trap in series with the antenna circuit. 

primary, as shown in Fig. 16-3. The wave trap is tuned to the 
intermediate frequency of the receiver. This trap offers a high
impedance path to signals at the intermediate frequency appearing 
across the antenna circuit, and tends to dampen them. 

Decoupling Filters in the RF Stage.-When a receiver incorporates 
an RF stage, there is more likelihood of undesirable coupling. As a 
result, there must be more decoupling filters not only in the RF 
stage, but also throughout the receiver. The RF cathode may be 
tied to the converter cathode or IF cathode, but rarely to both. In 
some receivers the RF cathode resistor R-1 is variable. This pro
vides a variable minimum-bias resistor for the RF tube, and acts as 
a sensitivity control for the entire receiver. Such a sensitivity con
trol is usually 25,000 ohms. 

The screen supply voltage may also be common with that of the 
converter or IF tube, but again rarely to both. The most common 
screen supply consists of a suitably by-passed voltage-dropping 
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resistor in series with B plus for the IF tube and a voltage-divider 
a;rangement for the RF tube. The converter screen is then usually 
bed to the RF screen. The standard circuit connects the RF screen 
to the voltage divider through the decoupling resistor R-14. Con
denser C-14 by-passes the screen to ground, and its usual value is 
0.1 mfd/400 volts. 

To 
AVe Bus 

(-2A 
(-I 

.1 

R-14 
600 

+IOOV 

R-4 
600 

T-2 

B+250V 

FIG. 16-4.-Decoupling filters in the RF stage. 

The plate supply also usually includes decoupling filters for one 
or more of the RF, IF, and converter plate circuits. The decoupling 
resistor R-4 for the RF plate is ll.'mall.y 600 to 1,000 ohms. The 
plate by-pass condenser C-4 is usually 0.05 to 0.1 mid/600 volts. 

Tubes Commonly Used in the RF Stage.-The 6K7 supercontrol 
pentode is the most commonly used RF amplifier tube. When the 
6K7-G or 6K7-GT tube is used in this stage, it is usually covered 
by a closely fitting shield. The single-ended 68K7 supercontrol 
pentode is also often used. The characteristics of this tube are 
similar to those of the 6K7, the main difference being in the location 
of the grid terminal as pin No.4 instead of the top cap. Multiband 
receivers generally use the 68G7, which is also a triple-grid super
control pentode with a higher gain and leads brought out in such a 
way as to provide for wiring with minimum coupling effects. Re-

. cEivers with locking-base tubes use the 7 A 7 or the 7G7 11~3~. The 
7 A 7 is similar to the 68K7 and the 7G7 /1~3~ is similar to the 68G7. 
Older receivers use the 6D6 and 78 tubes, which are similar except 
for lower gain. 

AC/DC receivers use anv of the above tubes in circuits designed 
for 0.3-amp heaters. When the circuit is designed for 0.15-amp 
hEaters, the RF tubes used are the 1flK7, the 1flSK7, the 14A7, and 
the 6887. 
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NORMAL TEST DATA FOR THE RF STAGE 

Normal Signal Check for the RF Stage.-The signal generator is 
connected to the antenna and ground through a 0.000~5-mfd con
tienser, and adjusted for a modulated output at 1,500 kc, with the 
attenuator set for a very low output. The receiver is adjusted for 
maximum gain; that is, volume control full on, tone control at maxi
mum high AF response, and fidelity control in the selective position. 
The receiver dial is set for a quiet point between 1,400 and 1,500 
kc. If an output meter is connected to the receiver, it should be on 
a high-voltage range. The signal generator dial is then rotated 
through 1,400 to 1,500 kc. 

When the receiver is operating normally, the signal generator 
modulation note will be heard in the speaker very strongly as the 
signal-generator dial passes the point at which the receiver is tuned. 
The RF stage is then known to be functioning. Usually, the output 
in the speaker will be greater than the standard output of 50 mw, 
even with both attenuation controls set at zero. In addition, with 
the receiver gain controls set at maximum, random noise pulses, 
picked up by the receiver, cause considerable output meter deflec
tions, so that stage-gain measurements for the RF stage cannot be 
made to get the usual standard output. 

However, if the signal check does not show some gain over a signal 
measurement from the RF grid, it may be assumed that there is 
trouble between the antenna and the RF grid. 

Normal Voltage Data for the RF Stage.-Readings are taken from 
the indicated terminal to the chassis or common negative. Normal 
voltage data for the RF stage are given in the accompanying table. 

Tube terminal 6K7 or 12K7 AC receiver, AC/DC receiver. 
pin No. volts volts 

Plate ......................... 3 250 90 
Screen ........................ 4 

I 
100 90 

Cathode ...................... 8 3 S 

Normal Resistance Data for the RF Stage.-Norm.al resistance 
data are given in the following table: 

Antenna to ground, or across L-l (primary) ................................ 30-50 ohms 
Across L-2, secondary of the antenna transformer T-l .. .... " ................. 5 ohms 
Cathode to chassis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..................... 300 ohms 
Plate to B plus .................. 40 ohms plus the resistance of a decoupling filter, if used 
Control grid to chassis .............................. ' ................ 1,600,000 ohms 
Screen grid to chassis ........................................ : ........... 30,600 ohms 
Screen grid to B plus ................................................... 30,600 ohms 
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The screen grid readings are for the standard receiver and will 
vary, depending on the screen grid circuit of the receiver being 
tested. 

In receivers where the antenna transformer is replaced by a loop 
antenna, antenna to ground will measure less than 1 ohm and the 
grid coil of the loop will measure 1 to 3 ohms. 

COMMON TROUBLES IN THE RF STAGE 

Most of the parts used in the RF stage are similar to those used in 
other stages in the receiver. In this section, the common troubles 
and how they are found will be covered, but the reader will be re-

Ave 

V-I 
RF 
6K7 

}<'IG. 16-5.-An antenna coil and its position in the RF circuit. 

ferred to other parts of the text to avoid repetition of replacement 
notes. 

Troubles Common to the Antenna Transformer.-Either winding 
of the antenna transformer T-l is likely to open. An open secondary 
would cause weak, noisy reception, possibly accompanied by hum. 
The trouble would be localized on a signal check since there would be 
no gain between the RF grid and the antenna. An ohmmeter check 
would then confirm the difficulty. 

An open primary winding might not be so easily found, owing to 
the fact that the capacitive gimmick winding may transfer sufficient 
energy to the secondary for fair operation of the receiver. The na
ture of the open in the winding will affect the type of trouble 
experienced with the radio. Usually it will be noisy, and a noisy 
receiver always calls for a routine check of coils that will locate 
the trouble. 
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Replacement notes on antenna transformers will be found in 
Chap. 14. 

Troubles Common to the Antenna Tuning Condenser.-The an
tenna tuning condenser develops troubles in common with any sec
tion of the gang tuning condenser. The plates may touch and cause 
a short and no operation or very noisy operation over parts of the 
tuning range. Also the plates and the associated trimmer condenser 
collect dust and cause noisy operation and a partial short. Some
times the wipers make poor contact, again causing noisy operation 
or weak reception over parts of the tun:ng range. 

A shorted tuning condenser or trimmer would be found on signal 
check. When the converter stage from the RF grid is checked, the 
defective condenser would short the signal-generator output and 
cause no signal. An ohmmeter check would then disclose the short. 
Since this might be in the trimmer or the plates of the tuning con
denser,·the serviceman must determine which unit is defective. An 
easy way of doing this is to rotate the tuning condenser to the full 
open position and check again. If the short remains, it is probably 
due to cracked mica in the trimmer condenser. 

When the tuning condenser is causing noisy reception over part 
of the range, a thorough overhaul of the tuning-condenser gang will 
be necessary. A procedure for doing this is given in Chap. 14. 

Troubles Common to the RF-stage Decoupling Filters.-The 
resistors in decoupling filters usually give no service troubles unless 
the associated condenser shorts. If C-14 or C-4 should short, there 
would be an overload of current through R-14 or R-4 which might 
damage them. When this happens, the resistors are usually re
placed. Condenser C-30 in the AVC circuit rarely shorts and, if it 
should, there is insufficient voltage in this circuit to harm resistor 
R-30. 

If condenser C-4 shorts, the stage becomes inoperative owing to 
lack of plate voltage. The condition would be found much earlier 
in the test procedure, however, since the short would reduce the 
total B voltage and affect the operation of stages previously tested. 
Similarly, a short in condenser C-14 would affect the operation of 
any later stage whose screen supply came from the same source. 
The shorted condensers would be found by voltage and resistance 
checking. 

If condenser C-30 shorts, the A VC voltage applied to the stage 
would be shorted out. This would cause the stage to be operating 
at maximum volume with consequent overloading of itself or suc
ceeding stages. The overload would cause poor tone on .all but weak 
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signals, a symptom of ddective A ve operation, which would focus 
attention on this circuit. 

If any of these condensers open, the trouble would be found by 
checking for the symptom that ensues. If plate condenser C-4 
opens, the gain of the stage would be reduced with possible oscilla
tion also resulting. Signal check and stage-gain measurements 
would show normal response from the converter grid and insufficient 
gain from the RF grid. This could be caused by a weak RF tube, 
improper operating potentials, a ddect:ve interstage RF trans-

(-30 
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FIG. 16-6.-Decoupling filters in the RF stage. 

former, or an open plate by-pass condenser C-4, all of which would 
have to be investigated. The condition would be found when a test 
condenser, bridged across C-4, restores normal operation. 

If the screen by-pass condenser C-14 opens, the receiver will os
cillate. The oscillation will be tunable; that is, as the receiver is 
tuned, each station will come in with a squeal. This should not be 
confused with image-frequency interference. The latter causes a 
whistle on only one or two stations. Standard servicing procedure 
for oscillation includes bridging all by-pass condensers with a test 
condenser. This will disclose the open screen condenser. 

If AVe by-pass condenser C-SO opens, the tuning circuit in the RF 
stage becomes ineffective. This causes a weakening of the received 
signal, which in turn causes the AVe to step up the gain of the con
trolled tubes. The net result is that strong locals come in like weak 
stations, that is, with a high noise level, and weak ones do not come 
in at all. The trouble would be found on signal check, since opera-
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t:on would be normal from the RF gr·d and show no gain or a loss 
when checking from the antenna. An open antenna coil pr:mary 
may give the same results. The troub~e would be confirmed when 
a test condenser bridged across C-30 restores normal operation. A 
second check that may be used for confirmation is that the trimrr:er 
condenser across the antenna section of the gang tuning condenser 
is ineffective. 

Troubles Common to the Wave-trap Circuit.-The wave-trap 
circuit composed of L-3 and 0-3 rarely causes service difficulties. 
Figure 16-7 shows the two common connections for the wave trap. 

Gimmick 
T-I ; 

L-3 

E 
C-3 

FIG. 16-7.-Common wave-trap circuits. 

In either circuit, even if the wave-trap coil L-3 should open, the 
receiver would continue to operate normally. There may, of course, 
be a tendency for the receiver to have "code" interference, a hetero
dyne effect, but this would occur only if the receiver is located near a 
station transmitting at or near the intermediate frequency. 

If the complaint is code interference all over the tuning range, the 
wave-trap circuit would naturally be suspected and checked. Then, 
when the· trap is found to be defective, it is repaired or replaced. 
Using an exact replacement is desirable, but not essential. Any 
wave trap that is tunable to the intermediate frequency of the re
ceiver will do. 

Correct alignment procedure for the wave trap is first to have the 
receiver in perfect alignment, then to tune the receiver to 1,000 kc, 
feed a strong modulated signal at 455 kc (or the intermediate fre
quency of the receiver) into the antenna, and adjust the trap trim
mer condenser or permeability-tuned coil for minimum response. 
In some cases, the interference is more completely eliminated if 
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the trap is adjusted for minimum response at the frequency of the 
interfering signal. 

Reduction of Image-frequency Interference.-Interference caused 
by the normal response of superheterodyne receivers to stations 
operating at the image frequency causes service difficulties in rela
tively few instances. Receivers that incorporate a tuned RF stage 
are not troubled. Loop-operated receivers are likewise little affected, 
since the tunable loop antenna is less responsive to a station 910 kc 
off resonance than are the ordinary antenna and antenna coil which 
respond to a very large band of frequencies. The usual offenders, as 
regards image-frequency interference, are the types of receivers that 
employ an antenna and no RF stage, or an RF stage followed by an 
untuned converter stage. Also, the trouble is a local one, since 
another requirement is the presence of a strong image-frequency 
signal at the high-frequency end of the broadcast band (twice the 
intermediate frequency above the frequency of the desired station). 

Image-frequency interference can be recognized as a whistle, or 
"birdie," which mars reception on one station at the low-frequency 
end of the broadcast band while reception is normal for all other 
stations. In the metropolitan New York area the stations affected 
are either WMCA-570 kc, or WNBC-660 kc. In the case of 
station WMCA, the interference will be prevalent in the vicinity of 
station WHOM operating at 1,480 kc (570 + 910 = 1,480). Station 
WNBC may be troubled with image-frequency whistles caused by 
the presence of a signal from WQXR operating at 1,560 kc (660 + 
910 = 1,570). In addition, reception at many points in the tuning 
range may on occasion experience image-frequency interference, if 
the receiver should be in the vicinity of police or amateur stations 
operating on frequencies ranging from 1,700 to 2,400 kc. 

When the service job is to reduce image-frequency interference, 
various methods can be employed by the serviceman. A simple 
yet sometimes effective method is to reduce the signal input to the 
receiver. Modern superheterodyne receivers are usually more 
sensitive than needed for normal requirements of local reception, 
and may perform satisfactorily with very little antenna pickup. 
When this is the case, a reduced antenna may receive so much less 
signal from the interfering station that the whistle disappears. It 
is always worth while, therefore, to try the effect of a short indoor 
antenna on the interference. If it is effective, the serviceman should 
then check carefully to see that reception from all desired stations 
is satisfactory with regard to both signal strength and freedom from 
nOIse. 
. Another expedient is the installation of a wave trap tuned to the' 
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frequency of the interfering station. This frequency may be deter
mi~ed by adding twice the receiver intermediate frequency to the 
frequency of the station experiencing the interference. The wave 
trap chosen should have a range which includes the frequency of the 
interfering station. If such a wave trap is not obtainable, it may be 
made by adding a series mica condenser of approximately 0.0001-
mfd capacity to a standard IF wave trap. The circuit is shown in 
Fig. 16-8. Several capacities from 0.00005 to O.OOO~ mfd should be 
tried for the series condenser, in order to extend the range of the 
wave trap so that it covers the frequency of the interfering station. 

Still another method of reducing 
image-frequency interference is to 
change the intermediate frequency of 
the receiver. The operation of a re
ceiver is not greatly altered in respect 
to sensitivity, selectivity, tracking, 
etc., if the intermediate frequency is 
shifted about 10 kc, provided the 
receiver is completely realigned. The 
change, however, may reduce image
frequency interference. For example, 
assume a receiver with an IF amplifier 
tuned to 455 kc and experiencing an 
image whistle when tuned to a station 
at 570 kc. The whistle is caused by 
a station operating at 1,480 kc (1,480 
- 910 = 570). Suppose now that the 
IF amplifier is retuned to 46.5 kc, and 

Standard { 
IF 

Wave Trap L-I 

Adjust for minimum response at 
frequency of interfering station. 

FIG. 16-8.-Using a standard IF 
wave trap to reduce image-frequency 
interference. 

the entire receiver is realigned to operate at this intermediate 
frequency. The station at 1,480 kc will still be present and will 
cause image-frequency interference when a station at 550 kc is 
tuned in (1,480 - 930 = 550). But there is no local station at 550 
kc and the image-frequency interference that marred reception from 
the station at 570 kc will be greatly reduced or entirely eliminated. 

Variations in the RF Stage.-Multiband receivers will, of course, 
cause changes in the RF stage. These will be in the tuning circuit, 
switching arrangements, etc. The servicing of these components 
has been dealt with in connection with multiband circuits in the 
converter stage, and it is felt that the serviceman will be able to 
apply the same techniques to similar situations in the RF stage. 

However, a few points should be mentioned. One is that the RF 
stage is used only on the broadcast band in some receivers. Another 
is that some provision must be made for a loop antenna to operate 
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on more than one band. The Motorola 103Kl receiver of Fig. 16-9 
illustrates both of these points. . 

The antenna winding of the Joop feeds the arm of the range 
switch section marked "58-1." This arm is open in the broadcast 
position, and the grid winding of the loop feeds the control grid cir
cuit of the RF tube. In the police and short-wave positions of the 
range switch, the antenna winding of the loop feeds the appropriate 
antenna coil through this same switch arm. The secondary of either 
antenna coil feeds the signal grid circuit of the converter tube 
through the arm of range switch section 58-2, thereby dispensing 
with the RF tube in these positions. In the broadcast position of 
switch 58-2, the converter signal grid is fed by the interstage RF 
transformer which is marked BC-RF COIL in the diagram. 

Note also that the push-button arrangement for this receiver 
makes use of a motor-driven tuning condenser gang. A switching 
push-button system would require the removal of one of the three 
tuned circuits or three rows of trimmer adjustments. 

RF Stage Followed by an Untuned Converter.-Many receivers 
employ an RF stage that is resistance-coupled to the converter 
signal grid. This arrangement gives the receiver some of the ad
vantages of an RF stage while using only two tuned circuits: the 
RF grid and the oscillator. The Stromberg-Carlson No. 1000 re
ceiver shown in Fig. 16-10 uses this type of circuit. 

The coupling between the RF and the converter tubes consists of 
RF plate load R-14, coupling condenser C-5, and converter signal 
grid load R-13. The circuit composed of L-12 and C-28 in the con
verter signal grid is a wave trap tuned to the intermediate frequency 
of the receiver. Similar circuits in other receivers use different 
values for the components in the resistance-coupling circuit. The 
plate load varies from 5,000 to 10,000 ohms. The coupling con
denser varies from 0.0001 to 0.0005 mfd. The grid-load resistor is 
()Hen smaller than the one shown in the diagram, 25,000 to 100,000 
ohms being more usual. Another circuit difference is that some 
receivers bring the grid-load resistor to ground or common negative 
rather than to the AVC bus, as shown in Fig. 16-10. 

From a servicing p()int of view, receivers of this type are checked 
in the same manner as the standard receiver. There would be only 
two differences noted. In a voltage check, the RF plate voltage 
w()uld measure lower than usual, owing to the voltage drop across 
the plate load resistor. And also, in stage-gain measurements, when 
checking from the RF grid, there would be a lower gain found than 
for the tuned coupling. A tuned coupling produces an average gain 
of 20 between the RF and converter grids. Checking between the 
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same two points will show an average gain of approximately 7 for an 
untuned coupling. 

The components of the resistance coupling circuit rarely give any 
service difficulties. The coupling condenser is usually a mica type 
which is comparatively trouble-free. An open plate-load resistor 
would be readily found on signal and voltage checks. The grid-load 
resistor is also trouble-free. 
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SUMMARY 

Quick check for normal operation of the RF stage. 
If all previous stages checked showed a normal response, the trouble must be in 

the RF stage. 

Standard RF stage diagram. 

The accompanying figure shows the standard RF stage. 

Antenna 
Coil 
T-I __ Gimmick 

f 

To AVC Bus 

C-2A 

V-I 
RF Amplifier 

6K7 

C-I 
.I 

Normal voltage data for the RF stage. 

R-14 
600 

+IODV 

Gimmick 
T-2 / 

" 

B+250V 

Readings are taken from the indicated terminal to the chassis or common nega
tive. Normal voltage data are given in the accompanying table. 

Tube terminal 6K7 and 1~K7 AC receivers, ACjDC receivers, 
pin No. volts volts 

Plate ....................... 3 ~50 90 
Screen .................... ,. 4 100 90 
Cathode .................... 8 3 3 

Normal resistance data for the RF stage. 

Across L-1 .......... , .................................................. 30-50 ohms 
Across secondary of the antenna transformer .................................... 5 ohms 
Cathode to chassis ...................... , .................................. 300 ohms 
Across primary of interstage RF transformer ................................ 80-50 ohms 
Control grid to chassis .......................................... '" .... 1,600,000 ohms 
Screen grid to chassis .................................................. , .80,600 ohms 
Screen grid to B plus ...............•................................... 80,600 ohms 
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SERVICE DATA CHART 

Symptom Abnormal reading Look for 

No signal from the speaker Plate voltage = o. Other Open primary of interstage 
voltages normal RF transformer T-2. Open 

plate decoupling resistor 
R·4 

Plate voltage = o. Other Plate-chassis short circuit in 
voltages low the RF circuit. Short-cir-

cuited decoupling condens-
er C-4 

Cathode voltage high. Other Open cathode resistor R-I 
voltages normal 

Screen voltage = o. Other Short-circuited screen by-pass 
voltages normal condenser C-14. Open de-

coupling resistor R-14 

Cathode voltage = o. Other Dead RF tube V-I 
voltages normal 

All voltages normal Short circuit in gang tuning 
condenser C-2 

Weak signal All voltages normal Weak RF tube V-l. Open 
antenna transformer T-1. 
Open cathode by-pass con-
denser C-1. Open plate by-
pass condenser C-4. Open 
AVC by-pass condenser 
C-30. Misalignment 

Oscillation All voltages normal Open screen by-pass con-
denser C-14. Shielding im-
properly grounded. In-
correct lead dress 

Noisy operation All voltages normal Open or corroded antenna 
transformer T-I. Open 
AVC by-pass condenser 
C-30. Corrosion in the in-
terstage RF transformer 
T-2. Defective RF tube 
V-I. Defective gang tun-
ing condenser 

Code interference All voltages normal Open wave-trap circuit. Mis-
tuned wave trap 

Poor tone quality All voltages normal Short-circuited A VC by-pass 
condenser C-30 

Whistles on one or two sta- All voltages normal Image-frequency interference 
tions 



298 ELEMENTS OF RADIO SERVICING 

QUESTIONS 

1. Outline a procedure for checking the source of trouble in a receiver that has a 
defective RF stage. 

2. A weak AC superheterodyne receiver gives a normal response when the proper 
test signal is applied to the RF grid and a weaker response when the same test 
signal is applied to the antenna. What are the likely sources of the trouble, and 
how would you check for each? 

3. A dead AC superheterodyne receiver gives a normal response when the proper 
RF test signal is applied to the con veTter signal grid and no response when the 
same test signal is shifted to the RF grid. Use the standard circuit of Fig. 1-1 and 
list the possible causes of the trouble. How would you check for each? 

4. The receiver of Fig. 16-10 gives poor reception in the customer's home al
though it operates normally on the service bench. A long out door antenna was 
suggested and installed. The reception was greatly improved but the receiver is 
now troubled with code interference all over the tuning range. What is likely to 
be wrong and how should it be checked? 

5. A superheterodyne receiver gets a station operating at 570 kc all over the 
dial. What is likely to be wrong? How can you check for this condition? 

6. The receiver of Fig. 18-19 operates normally on all local stations except one 
at 660 kc. On this station, there is a persistent whistle that cannot be tuned out. 
What is the most likely cause of the difficulty? Outline a procedure to be followed 
in an attempt to minimize the condition. 

7. The receiver of Fig. 16-9 is inoperative. Signal check shows that the trouble 
is in the RF stage. A voltage check of the RF stage gives the following results: 

Plate .................................... 250 volts 
Screen .................................... 100 volts 
Cathode ................................... 50 volts 

What is likely to be wrong? How would you confirm your assumption? 

8. Assume the receiver of question 7 gave the following voltage readings: 

Plate .................................... 250 volts 
Screen .. , ................................ 100 volts 
Cathode .................................... 0 volt 

What is likely to be wrong in this case? How would you confirm your assumption? 

9. The receiver of Fig. 16-9 has poor tone quality on local stations. Removing 
the RF tube and connecting the antenna to the plate terminal of the RF tube clear 
up the tone. What in the RF stage can cause this trouble? How would the ser
viceman confirm the cause? 

10. A receiver with an RF stage like the standard circuit of Fig. 1-1 picks up 
local stations but the reception is below normal in strength and is coupled with 
considerable noise. A signal check shows normal response when the proper test 
signal is applied to the RF grid, and a loss when the same test signal is applied to 
the antenna. Name the parts that may cause this condition. How would each 
one be tested? 



CHAPTER 17 

ANTENNAS 

Function of the Antenna.-The antenna is the first link in the 
receiver signal channel. Radio waves from all stations sweep across 
the antenna. Radio waves are one of the variety known as "electro
magnetic" waves. When such waves sweep across a wire conductor 
like an antenna, they generate a voltage in the wire, which in turn 
drives a feeble current through the antenna-ground system in the 
receiver. The current produced has the same frequency as that of 
the current in the broadcasting-station antenna and possesses the 
same modulation that represents the desired intelligence. 

Types of Antennas Commonly Used.-Alrnost any wire connected 
to the antenna post of the receiver will function to some degree as 
an antenna. However, an antenna that is properly installed will 
result in far superior receiver performance than a makeshift one. 
It is wisest to install the type recommended by the receiver 
manufacturer. For cases where none is recommended, a standard 
antenna is described below. Other types will be presented under 
antenna variations. 

The old standby most frequently recommended is the Marconi 
antenna, in which the ground is an important part. The most com
mon variety of these grounded antennas is the inverted L. Here a 
wire is suspended horizontally between two insulators and is known 
as the "flat-top." Another wire, known as the "leadin," is connected 
to the flat-top-near one end-and brought down to the antenna 
post of the receiver. The ground post of the receiver is then con
nected to a well-grounded object. Within the receiver, the antenna 
and ground posts are connected to the terminals of the antenna-coil 
primary. Figure 17-1 shows such a setup. 

The inverted-L antenna is a fairly efficient one for most surround.,. 
ing stations. However, if not blocked by surrounding objects, it will 
have a little greater pickup from the direction in which the longer 
part of the flat-top points. This condition is shown by the arrow 
in Fig. 17-l. 

Signal-to-noise Ratio.-The purpose of the antenna is to pick up 
signals from the various broadcasting stations, and to conduct them 
to the l'eceiver. Unfortunately, the antenna cannot differentiate 
between desired signals and undesirable radio' waves that result in 
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noise in the loudspeaker. Beth signals come in simultaneously 
with disturbing effects for the listener, as indicated in Fig. 17-2. 

What is the origin of these undesirable noise waves? The explana-

Pick up best from this direction-

;Flat Top 
~ __ ~ __________ L ______________________ -1~~ ___ 

. Receiver 

Antenna 
--Coil 

Primary 

FIG. 17-1.-Simple inverted-L antenna. 

~e 
/ W~~~s 

Receiver 

FIG. 17-2.-Noise and signal pickup by an antenna. 

tion is simple. Any electrical machinery, especially rotary equip
ment, that emits a spark is a noise producer. A spark is an oscilla
tory discharge across a gap that produces radio waves of many 
frequencies. These latter waves chop up the desired signal and give 
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the noisy effect. All motor-driven devices, such as elevators, re
frigerators, vacuum cleaners, and fans, are noise producers. Press
ing irons .and diathermy and X-ray equipment are stationary devices 
that produce sparks and radiate undesired noise waves. Power lines 
will also pick up noise due to sparking devices along them and will 
act as an antenna for such noise. 

It has become common usage to compare the pickup of the an-

Low Signal-To-Noise Ratio 

High Signal-To-Noise. Ratio 

FIG. 17-3.-Low and high signal-to-noise ratios. 

tenna with respect to desired signal and undesired noise. The 
relationship is referred to as the signal-to-noise ratio. A high signal
to-noise ratio produces relatively noise-free reception from the 
receiver, since signal pickup is la.rge while noise pickup is small. 
A low signal-to-noise ratio produces noisy reception from the re
ceiver, since signal pickup may be large or small, but noise pickup 
is relatively great in comparison. Figure 17-3 shows a high and a 
low signal-to-noise ratio pickup by the antenna and leadin. The 
associated noise producer is the near-by power lines. 
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The antenna should be so designed that noise pickup is at a mini
mum. As stated previously, any wire will serve to some extent as an 
antenna, but its noise pickup may be high. A properly installed 
antenna attempts to reduce noise to a minimum. 

Because of the conditions stated above, indoor antennas, espe
cially in city apartment houses, have low signal-to-noise ratios. This 
is because of the presence of many noise-producing electric machines 
within the building and near-by power lines. For the same reason, 
the leadin close to the building will also pick up much noise, unless 
special types of leadins are used. This condition is not so bad in 
rural areas. 

So far, the antenna has been discussed only from the point of 
view of reducing noise pickup to give a higher signal:-to-noise ratio. 
The ratio may also be increased by designing the antenna more 
efficiently so that its signal pickup will be greater. The factors 
entering into antenna efficiency will therefore be discussed in the 
following section. 

Efficiency of the Antenna.-A highly efficient antenna has a maxi
mum signal pickup with a minimum noise pickup. Many factors 
enter into the over-all efficiency of the antenna. 

One factor is its length. A long outdoor antenna, about 25 to 75 
ft in length including the length of the leadin, is recommended by 
many manufacturers. Such a long antenna will usually carry the 
wire away from the vicinity of near-by noise producers. 

A second factor in antenna efficiency is its height. The greater 
the height of the antenna, the greater the signal voltage generated 
in it by the radio wave from any particular station, and the less the 
noise voltage generated in it. 

Another efficiency factor is the placement of the flat-top of the 
• antenna and the leadin. Wherever possible, the antenna should not 

be close to metal objects that absorb radio waves and block the an
tenna from the signal. Many a,receiver with an indoor hank antenna 
has been dead in a steel-frame building. 

Further, the antenna should be as far as possible from devices 
likely to produce noise. In this regard, near-by power lines and 
house elevators are troublesome noise producers. Antennas should 
be far from power lines and at right angles to them for minimum 
noise pickup. It is well to point out that at no time should an an
tenna wire cross over, or under, a power line because of the danger 
of contact. Elevator shafts usually terminate in a small housing on 
the roof covering the elevator motor which may radiate noise waves. 
Antennas should be located as far from the motor housing as possi
ble. The serviceman should remember that the leadin is an integral. 
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part of the antenna system and may pick up noise signals if near 
noise producers. 

A fourth efficiency factor is the directional characteristic of the 
inverted-L antenna. For anyone station, the antenna may be 
turned so that it obtains the greatest signal pickup. However, 
since all stations do not transmit from the same direction, the place
ment of the receiver antenna will at best be a compromise for all 
stations. 

A fifth efficiency factor is the associated antenna resistance. The 
feeble voltage generated in the antenna will be quickly dissipated if 
resistances along it are too great. All connections must be carefully 
soldered. Twisted mechanical connections should be avoided. 

A sixth efficiency factor is the antenna installation itself. Leakage 
from it will tend to weaken the signal current delivered by the an
tenna to the receiver. Therefore, supporting insulators should be 
made of such materials as pyrex glass or glazed porcelain, which do 
not absorb moisture and thereby do not provide a leakage path. 
Further, the flat-top must be taut. If it swings, two defects may 
appear. One is regular fading of the receiver signal. The other, if 
the swinging antenna touches grounded objects, is the production of 
noise in the receiver. Since the leadin usually lies close to the 
grounded building, a rubber-covered leadin should be used. 

The final efficiency factor is the ground connection. The ground 
lead is an integral part of the antenna system. As such, it may pick 
up noise. Therefore, it should be as short as possible and away from 
noise-producing devices. It, too, is made of wire, size No. 14, in 
rubber insulation. It should be attached to a grounded object, like 
a radiator or cold-water pipe; never a gas pipe. Good contact with 
the grounded object must be made. Paint or rust on the pipe should 
be scraped off, and use should be made of a good ground clamp for 
firm contact. A good ground connection may improve receiver 
reception, although many operate well without it. 

Installing a Receiver Antenna.-The discussion of the antenna 
installation will be confined to the inverted-L type. Before. actual 
construction, the serviceman must size up the situation. He must 
consider all the factors of antenna efficiency and then proceed to 
erect the antenna. Typical installations are shown in Fig. 17-4. 
Two rigid supports, sufficiently far apart and properly located, are 
chosen. Attach one antenna insulator firmly to one support, using 
a piece of the antenna wire. Then attach one end of the antenna 
wire by means of a nonslipping knot to the other end of the same 
insulator, as shown in Fig. 17-5. Antenna wire most commonly 
used is bare No. 14 copper wire, or stranded wire of an equivalent 
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size. Then attach the other end of the antenna wire firmly to the 
other insulator. Before proceeding with the mounting, solder the 
leadin near one end of the :Bat-top. This gives an L type of an
tenna. If the antenna wire used is of the enameled type, scrape 
the enamel away carefully before making this connection. 

r r 
r r 
r 
r 
r 

FIG. 17-4.-Typical receiver antenna installations. 

Now attach a pulley to the other rigid support. Tie a rope firmly 
to the other end of the second insulator and pass it over the pulley 
wheel. Draw hard on the rope until the :Bat-top becomes taut, and 
tie down the end of the rope to maintain the tautness. The result 
is shown in Fig. 17-6. Bring the leadin down the side of the build
ing, guided by means· of insulated nail knobs. 

At the window for entry, there is danger of breaking the lead-in 
wire because of window pressure. To avoid this possibility, the 
leadin is connected to an insulated :Bat copper mesh, called a "window 
lead-in strip," which can take more :Bexing and pressure. The window 
strip is in turn connected to a lead that goes to the antenna terminal 
of the receiver. All connections should be soldered, including those 
at the window strip, even if the latter is supplied with Fahnestock 
clips. The ground terminal of the receiver is then connected to the 
ground clamp and fastened firmly around a grounded pipe, as shown 
in Fig. 17-7. 

The last requirement is one made by the National Board of Fire 
Underwriters, namely, the use of a lightning arrester, designed to 
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FIG. 17-5.-Attaching one end of the antenna. 

FIG. 17-6.-Attaching the second end of the antenna. 

Grounc:! Clamp 

Ground Clamp Ground 
Connector 

Connection 
Screw 

"C Clump Ground Nail Knob 
Connector 

FIG. 17-7.-Antenna accessories. 

Winc:!ow lead-In 
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pass any heavy currents due to lightning to ground, rather than into 
the receiver. The arrester is merely connected directly from the 
antenna lead-in wire to a good ground connection, as shown in Fig. 
17-8. 

Lightning 
/Arrester 

Pi pe dr'lven into 
Ymoist earth 

r 
r 
r 
r 
r 

r 
r 

FIG. 17-S.-The installation of lightning arresters. 

TROUBLES COMMON TO THE ANTENNA 

Complaints related to the operation of the antenna may be di
vided into two main groups: weak signals delivered to the receiver, 
and noise pickup. Weak signal and its associated phenomenon, 
fading, will be considered as a servicing problem rather than an 
installation problem; that is, it will be considered as a problem arising 
after the antenna has been functioning properly for some time. 
Noise will be considered both as an installation and as a servicing 
problem and will be taken as the effect producing a low signal-to
noise ratio. 

Weak Signal and Fading.-To check whether a condition of weak 
signal or fading is due to the antenna system, remove the connection 
")f the antenna to the antenna post of the receiver. Then connect a 
length of wire to the post and see if the condition improves. If the 
receiver operates normally, making allowance for the short antenna 
of course, the trouble is in the antenna installation. If the condition 
does not improve, the receiver should be checked for the cause. 
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If this check shows a faulty antenna, a careful inspection of the 
entire antenna system must be made. Wires must be carefully 
checked for breaks. Corrosion at soldered connections is a common 
trouble. The antenna insulators must be checked to see if accumu
lated dirt has provided a leakage path across them for the signal cur
rent. The lightning arrester, in parallel with the leadin, must be 
checked to see that dirt has not provided a shunt path to ground for 
the desired signal. 

Where fading occurs, the antenna should be inspected to see that 
it is not loose and swinging. Drawing the antenna taut and refasten
ing it to the support will help the condition. Intermittent breaks, 
which make and break contact, will also cause fading. These are 
often found in window strips where constant opening and shutting 
of a window has broken the metal strap under the insulation. An
other intermittent break may result from a poor connection at the 
junction of the flat-top and lead-in wire. 

Noise Pickup.-Noise produced in a receiver may be traced to 
many sources, which may be grouped as follows: 

1. Antenna pickup of noise-from natural electrical phenomena 
like lightning (called "static"), or from a noisy area produced by 
man-made electrical machinery. 

2. Noise from the power lines. 
3. Noise pickup by the receiver leads. 
4. A noisy receiver. 

For this section, the first source is of prime importance. But the 
others may not be dismissed, since the serviceman must know how to 
limit noisy reception to that source. 

Lightning is simply a giant oscillatory spark from a cloud to 
ground, or from cloud to cloud. This spark produces a splash of 
radio waves of many frequencies, which produce noise voltages in 
near-by antennas. Nothing can be done about this situation. How
ever, the serviceman need not be concerned about this fact because 
the noise will be infrequent, and this is generally recognized and 
understood by the average customer. 

Much more significant is man-made noise picked up by the an
tenna or the receiver power lines. It is likely to be more or less con
stant and annoying to the listener, and therefore a valid servicing 
problem. The first question that must be answered by the service
man is that of determining the source of the noise. To do this, the 
serviceman should remove the antenna and ground connections to 
the receiver, and short the antenna post to the ground post. Then 
the receiver is turned on. If the noise still persists, the noise orig-
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inates either through the power lines or in the receiver itself. If 
the noise is eliminated, the antenna is probably at fault. 

If the antenna is found to be at fault, a thorough visual check of 
the mechanical construction of the antenna system itself should be 
made. Possible mechanical trouble sources are tabulated below: 

1. A grounding flat-top or leadin. This may be due to swinging 
of the wires against some grounded object like a drain duct. 

2. A break or poor connection in the system: flat-top to lead-in 
wire, ground lead to ground post, ground and antenna connections 
to the receiver, the window strip, etc. 

3. Conductive dirt across the antenna insulators or the lightning 
arrester. 

"I 
-, ~~f-Noise 

Area 

FIG. 17-9.-An antenna installed 
in a noise area. 

~~-Noise 
Area 

FIG. 17-10.-Moving antenna 
out of the noise area. 

Noise produced in the antenna system by the above defects will usu
ally be of the type that produces irregular crackles. A simple check 
for breaks in the leadin is to pull on the lead-in wire while listening 
to the radio. Increased noise indicates a break in the wire. 

If the noise is more or less regular as picked up by the antenna, the 
trouble is that the antenna is in an area of noise. In modern apart
ment houses with elevator motors and other rotary or sparking elec
tric machinery, there is likely to be a region of noise-producing radio 
waves of sufficient intensity to affect radio reception. This condition 
is shown in Fig. 17-9. If the antenna is a fairly short one, the remedy 
is simply to lengthen it in a direction such as to bring a major part 
of it in a relatively noise-free area, as shown in Fig. 17-10. Or the 
antenna might be elevated into a similar noise-free zone. A good 

1 
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rule is simply to avoid installation of the antenna near elevator 
shafts, power lines, and sirr.ilar noise producers. 

A timesaving servicing instrument to aid in locating noise-free 
areas for antenna location is a portable battery-operated rec£iver. 
Tune it to a nonstation spot on the dial and listen for the presence 
of noise. The loop antenna of the portable test receiver is quite 
directional. The source of the noise will always be at right angles to 
the broad side of the loop. When the test receiver is moved into an 
area of minimum noise, a good location for the permanent antenna 
installation is located. 

Even after the antenna flat-top has been placed in a noise-free 
area, the trouble may not be completely eliminated. The antenna 
leadin, passing through the noise area and being vertical, is espe
cially prone to pick up noise voltages. 

Several methods have been designed to isolate the leadin so that 
it does not pick up any signals whatsoever, but merely brings the 
signal from the flat-top to the re
ceiver. One method uses a com
pletely shielded lead-in wire of the 
type shown in Fig. 17-11. It must 
have low capacity between the lead 
wire and shield and must be weather-
proof. The outside tinned shield FIG. 17-1L-Structure of shielded 
must be connected to a good ground. lead-in wire. 

This type of leadin will be good for 
the broadcast band if the flat-top is long, but will be inefficient 
for short-wave reception because of the losses resulting from the 
fairly high shield-to-conductor capacity. By the ·use of coupling 
transformers at the antenna and receiver, this loss may be reduced. 
Such a setup is shown in Fig. 17-12. 

Another method uses a standard twisted-pair leadin, of special 
weatherproof wire. The connections are shown in Fig. 17-13. 

Complete kits of noise-reducing antennas of various types are 
purchasable. 

If the check, in which the antenna and ground leads were discon
nected and their respective receiver posts shorted together, indi
cates that the noise is not due to antenna pickup, the other possible 
sources are noise from the power lines, noise pickup by the receiver 
leads, and a noisy condition within the receiver. 

If the serviceman suspects that noise is Ol'iginating from the power 
lines, he should take the receiver to his shop where he knows the 
normal level of noise from the lines. If the noise disappears on the 
shop bench, it must originate in the customer's power lines. 
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Shielded 

Receiver 

Ant. 

Gna. 

FIG. 17-12.-Noise reduction by the installation of coupling transformers 
and a shielded leadin. 
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Receiver 
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FIG. 17-13.-Noise reduction by means of a twisted-pair leadin. 
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FIG. 17-14.-Line filter condenser in a receiver. 
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To reduce noise pickup from the power lines, many receivers use a 
line filtering condenser, as shown in Fig. 17-14, which is internally 
connected. A special consideration with respect to this filter, which 
by-passes noise frequencies to ground, comes up. In modern power 
lines, one line is "hot," and the other is grounded. To be effective, 
the condenser must be connected to the hot side. This condition is 
shown in Fig. 17-15. Sometimes, therefore, reversing of the line 

1/OV 
"Hot' AC ~ 

: (~ I 
. OJ:: Grounded -=-

Less Likely to Give Noise 

IIOV~ "Hot" AC 
: !~ 

+Grounded 

~ 
More Likely to Give Noise 

FIG. 17-15.-Noise reduction by reversing the receiver line plug. 

plug will reduce noise. Further, this line filtering condenser should 
be checked to see that it is not open. If a receiver has both lines of 
the power cord grounded through condensers, reversal of the line 
cord will, of course, make no difference. 

Where possible, placing a filter across the offending equipment 
right at the source will help to rcduee noise. A typical filter for the 

110 
Volts-V---, 

RF Choke 

RF Choke 

Noise-Producing 
Electrical 
Equipment 

FIG. 17-16.-Filtering line noise at the source. 

noise producer is shown in Fig. 17-16. Unfortunately, installation 
of such source filters is not always feasible. 

When the checks show that the noise pickup is from neither the 
antenna nor the power lines, another possibility is noise pickup by 
the leads within the receiver. To check this possible source, the 
serviceman should try the operation of the receiver in another room, 
on the theory that the regular installation spot is a noisy area. The 
serviceman should also check that a bottom metal shield, if provided, 
is on and has not been removed. In some cases, such a bottom shield 
may be added, even though it has not been originally supplied. 
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When all other sources of noise have been eliminated, there re
mains a noisy receiver as a possible cause. The causative factor here 
may be broken connections, noisy tubes, grounded leads, corroded 
joints, etc. If, while the receiver is operating, the serviceman gives 
it a sharp slap and the noise becomes worse, then something within 
the receiver is probably the cause. The hunt for the cause of noise 
within the receiver is fully described in Chap. ~3. 

Hank Antenna 

Moulding 

Hank Ante~nCI Mounted 
On A Mould'mg Strip 

FIG. 17-17.-The hank antenna. 

ANTENNA VARIATIONS 

There are several variations from the inverted-L type of antenna 
just described. Most of them present the same servicing problems 
as for the standard antennas. 

Indoor Antennas.-Several types of antenna have been designed 
for indoor use to avoid the nuisance of an outdoor antenna. They 
are primarily for use with portable, table-model radios. One type is 
the hank antenna, so called because it is merely a hank of wire. It 
may be stretched out along the floor of a room or mounted on the 
molding, as shown in Fig. 17-17. Both give good reception for local 
broadcast stations but are rarely effective for good short-wave re
ception. They are prone to be noisy, especially in large apartment 
houses. Little can be done to improve that condition, except the 
construction of a large outdoor antenna. 

Flagpole Antennas.-Many apartment-house owners forbid the 
construction of roof antennas. As an alternative, they furnish some 
sort of wall antenna connection. Unfortunately, most of these are 
poor. Of course, an indoor hank may be used. But a commercial 
flagpole antenna, similar to an auto-radio whip antenna, will pro- ' 
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duce better results. It is mounted like a flagpole from the window, 
as shown in Fig. 17-18. 

Loop Antennas.-In recent years, the loop antenna has come into 
vogue, especially with small, portable superheterodyne receivers. 

~--FIClq- Pole 
Arrl~nna 

FIG. 17-18.-The flagpole antenna. 

It consists of several turns of wire and is connected directly across the 
tuning condenser, as shown in Fig. 17-19. 

Loop 
Antenot:l 

L--_---l-. To RF Amplifier 
or Converter 

-Tuning Condenser 

Ave \"=" 
Ave By- Pt:lss Condenser 

FIG. 17-19.-The loop antenna. 

Loop antennas have small pickup, but modern superheterodynes 
are so sensitive that this is no weakness. However, the receiver 
may be in a noisy area. Provision is made to overcome this defect. 
A smaller primary is wound near the main loop, and this primary 
may be connected to a standard outdoor antenna. ~nergy is then 
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inductively coupled from the primary to the main loop. As a result, 
the signal-to-noise ratio is increased. The circuit is shown in Fig. 
17-~O. 

If the receiver is installed in a very noisy area, the addition of the 

~~_~ To RF Amplifier 
or Converter 

-Tuning Condenser 

AVC \ ~ 
AVC By-Pass 
Condenser 

FIG. 17-20.-A loop with an antenna winding. 

outdoor antenna may not be sufficient to give satisfactory reception, 
since the loop may still pick up much noise. In such a case, it is 
necessary to remove the loop and replace it with a standard antenna 

Signal 
I( 

Minimum Pickup 

( Top View) 
of Loop 

Maximum Pickup 

(
Top view, 

of Loop) 

:FIG. 17-21.-Directional characteristic of a loop antenna. 

coil, a shielded one being preferred. Of course, realignment of the 
receiver will be necessary after such a substitution. 

A loop is quite directional. Rotating the receiver will increase the 
signal pickup and increase the volume in the receiver. This condi
tion is illustrated in Fig. 17-21, showing the top view of the loop. 

Service notes for loop antennas are given in Chap. 14. 
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Hertzian Ungrounded Antenna.-'Yhere a receiver is designed for 
broadcast and short-wave reception, the antenna design is made 
partial to short-wave efficiency rather than broadcast efficiency. 
This is because the former signals are usually weaker and more 
subject to instability. 

A good antenna for such purposes is the Hertzian ungrounded 
antenna, shown in Fig. 17-QQ. It is also known as the simple doublet 
or dipole. The flat-top should be about 70 to 75 ft and with both 
sections of equal length, making reception especially good around 
the 49-meter short-wave band. In this antenna, reception for a 
particular frequency may be made highly efficicnt by making the 

It-· ----70-75 Ft.------I.! 

Twisted Pair 
Lead-In 

Receiver 

FIG. 17-22.-The Hertzian dipole antenna. 

flat-top about one-haH the wave length of the particular station de
sired. It will be fairly efficient also for broadcast stations. The 
leadin is a twisted-pair transmission line. 

Although no ground is associated with the dipole antenna system, 
the receiver itself should have a good ground to prevent chassis 
pickup, etc. 

The doublet is quite directional, receiving maximum signal when 
the broad side is in the direction of the desired station. 

The servicing procedure for the doublet antenna is the same in 
other respects as that for the standard antenna. It should be high 
and in a noise-free area. Broken leads and connections will produce 
crackling noise. Shorts and breaks in the conducting wire may 
result and produce noise if the weatherproof insulation corrodes. A 
good check is to yank the leadin from the window and listen for 
noise in the receiver. Increased noise indicates such defects. 
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In connecting lightning arresters to a doublet antenna, Fig. 17-23 
will serve as a guide. 

Asymmetrical Dipole Antenna for All-wave Reception.-A system 
often used for all-wave receivers is that in which one section of the 
flat-top is made responsive to a particular short-wave frequency, and 

Li9htnin9 
Arrester 

Lightninl3 
Arrester 

I 
Receiver 

FIG. 17 -!23.-Connecting lightning arresters to a twisted-pair lead in. 

r-
1'2 Wave lenqtht-
of desired High Approximately 25-40 Ft.-----J.\ 

Fre'luency 

Receiver 

FIG. 17-!24.-The asymmetrical dipole antenna. 

the other section is made considerably longer for better pickup on 
the broadcast band. Matching transformers at the antenna and 
receiver ends of the leadin are also common. The short section is 
usually one-half the wave length of the desired short-wave frequency. 
Such an antenna is shown in Fig. 17-24. 
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A-M/F-M Receiver Antenna.-Figure 17-Q5 shows an antenna 
used for a combination F-M and A-M receiver. The F-M antenna is 
a dipole whose size is about one-half the wave length of the center of 
the F -M band. The A-M antenna is a long lead connected at one 

Amplitude Modultltion 
Antenntl 

AM,F-M Receiver 

FIG. 17-25.-A-M and F-M antenna. 

end to one of the twisted-pair lead-in wires. A choke, made by coil
ing a few turns in the long A-M lead, prevents interaction between 
the two antennas. 

QUESTIONS 

1. What considerations must the serviceman keep in mind when installing an 
outdoor inverted-L antenna? 

2. List several possible sources of noise pickup by an antenna and leadin. 
3. A receiver is reported as suffering from fading. A check of the receiver shows 

it is perfect. What might be the cause? 
4. A receiver, after perfect operation for a long time, begins to produce crackling 

sounds. If it checks perfect, outline the procedure for tracking down the cause. 
S. An antenna is to be installed near several power lines. What precautions 

should be taken to reduce noise pickup? 
6. A receiver picks up noise from its power mains. What can be done to reduce 

the interference? 
7. A receiver with a loop antenna is in a noisy area. Use of an outdoor antenna 

fails to reduce noise sufficiently. What can be done to reduce the noise further? 



CHAPTER 18 

AC IDC POWER SUPPLY 

The wide popularity of the AC/DC type of receiver is due not so 
much to its ability to operate on either AC or DC lighting mains 
as to the fact that it makes possible an efficient inexpensive power 
supply for small receivers. The percentage of AC/DC receivers in 
use is very large as compared with the percentage of homes supplied 
by nO-volt DC lighting mains. The power transformer is an ex
pensive unit, and its elimination in the AC/DC receiver accounts for 
its wide prevalence. 

The signal circuits of the AC/DC receiver are the same as in an 
AC receiver, with minor differences. The signal checks and stage
gain data are approximately the same for both. The main differ
ence between the two lies in the power supply. Throughout the 
text, in the voltage data for each stage, for example, reference was 
made to comparable operation in AC/DC receivers. This chapter 
will discuss the operation and service problems connected with the 
AC/DC power supply and will also cover points pertinent to AC/DC 
receivers not previously covered in the description of the various 
stages. 

Quick Check for Proper Operation of the AC/DC Power Suprly.
If all the tubes in the receiver light, the hum level is normal, and the 
B plus voltage measures approximately 90 volts, the AC/DC power 
supply is probably functioning normally. 

Function of the AC/DC Power Supply.-The function of the AC/ 
DC power supply is like that of any other type: to furnish the 
necessary A, B, and C voltages to the filament, plate, and grid 
circuits of the rest of the receiver. In this case, the power source 
is the 110-volt lighting mains, to be used regardless of w4ether it is 
alternating or direct current. 

THEORY OF OPERATION OF THE AC/DC POWER SUPPLY 

RF and push-pull second AF stages are rarely found in AC/DC 
receivers. These are common adjuncts of large receivers where 
expense is not the main factor. Large receivers, therefore, are AC
operated. There are some AC/DC receivers incorporating RF and 
push-pull output stages, but these are the exceptions that were 
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actually designed to give large-receiver qualities in districts powered 
by DC mains. 

The most common type of AC/DC receiver uses a 5-tube super
heterodyne circuit. The stages employed are a converter, IF, de
tector and AVC, first AF, second AF, and power supply. The de
tector and first AF stage functions are combined in one tube. A 
receiver of this type should be kept in mind while studying the 
power supply stage. 

The power supply can be easily subdivided into a study of the A 
or heater circuit and the B or plate circuit. 

Heater Circuits in AC /DC Power Supplies.-The heater circuit 
in the AC/DC power supply is so designed as to use tubes for the 
receiver which draw the same heater current. The heaters are con-

Pilot 
Light 

FIG. 18-1.-A typical AC/DC heater circuit for D.S-amp tubes. 

nected in series, a dropping resistor is added if necessary, and then 
the circuit is connected directly across the power line. 

Figure 18-1 shows an AC/DC heater circuit commonly used in 
early receivers of this type. The heaters will light equally well on 
alternating or direct current in the same way that an ordinary lamp 
will. The tubes shown all draw a heater current of 0.3 amp. The 
pilot lamp draws 0.15 or 0.25 amp depending on type, the excess 
current being taken by the shunt resistor R-16. As shown in the 
diagram, the voltage drop across the tube heaters is 68 volts and the 
drop across the pilot light is 4 volts, leaving 45 volts across the drop
ping resistor R-15 to make a total voltage drop of 117 volts. 

Pilot-lamp shunt resistor R-16 is usually a wire-wound 5-watt 
resistor whose value ranges from 20 to 30 ohms. Calculations 
usually allow 4 volts across the pilot lamp because, although the 
lamp is rated at 6 to 8 volts, it is ncrmally operated at reduced 
brightness owing to the heavy initial current drawn by this type of 
circuit. The cold resistance of the tube heaters is low. This causes 
a heavy current when first the receiver is turned on; the heavy cur
rent would burn out the pilot lamp. In addition to shunting excess 
current from the pilot lamp, resistor R-16 has the added function of 
allowing the receiver to operate if the pilot-lamp filament should open. 
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Dropping resistor R-15 is found in many forms. Sometimes it is 
a heavy-duty wire-wound resistor of approximately 150 ohms; 
sometimes it is a ballast tube; sometimes it is in the form of a wire 
resistor included with the other wires in the line cord. The last 
type is known as a "resistor-type line cord." All three types are 
pictured in Fig .. IS-~. 

FIG. IS-2.-Types of voltage-dropping resistors for O.S-arnp heater circuits. 

Very often, resistors R-15 and R-16 are included in one tapped 
unit, the tap being used for the pilot-lamp wire. 

In wiring up the tube heaters, it is usual practice to place the de
tector and first AF heater nearest B minus or ground potential, 

r-----'~.. RECT. 2-AF RF IF CONIJ. DET.+AF 

117 V :o:=:::! AC/DC ~~ ______________________________ ~ 

FIG. IS-S.-Heater circuit for a receiver using an RF tube and two pilot lights. 

which is the position of minimum hum. The converter is usually 
next, to avoid hum modulation in the oscillator section. The sensi
tivity of the other tubes to hum places the RF and IF amplifiers 
next, followed by the second AF tube and finally the rectifier. This 
order is shown in Fig. IS-3. 

With minor modifications, the typical circuit of Fig. 18-1 is ca
pable of a large number of possible combinations. Figure 18-3 
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shows a variation of the same circuit to supply an RF tube and an 
extra pilot light. 

Modern ACjDC receivers use tubes that have a heater drain of 
0.15 amp. These tubes are very similar in all characteristics to the 
corresponding tubes with a heater drain of 0.3 amp. In order to 
maintain an equivalent heating effect on the cathode, that is, to dis
sipate the same wattage, the heater voltage is increased. Possibly 
an example will help clear up this point. 

Pentagrid converter 

6SA7 I!lSA7 

Heater voltage, volts ......................................... . 
Heater current, amp ......................................... . 
Heater wattage, watts ........................................ . 

6 

0.3 
1.8 

1:l 
0.15 
1.8 

The net result cf using tubes with heaters that require higher voltage 
and lower amperage is to eliminate the line dropping resistor. Fig
ure 18-4 shows a modern ACjDC heater circuit. 

RECl 2-AF IF CONV. DEHAF 
35Z5 50L6 12SK7 IZSA7 12SQ7 

:1"10. IS-4.-A typical AC/DC heater circuit for 0.15-amp tubes. 

The total voltage drop required by the tube heaters adds up to 
121 volts. This is slightly higher than the line voltage, which is 
considered to be 117 volts for all calculations. However, actual 
line voltage is usually 120 volts. Operation of the receiver will be 
very little affected if the applied voltage is somewhat larger or 
smaller than the rated voltage. Receivers with a circuit and tube 
complement similar to that shown in Fig. 18-4 are considered suit
able for operation on line-voltage ratings between 105 and 125 volts. 

Note that the pilot-light shunt resistor has been eliminated also. 
It is replaced by part of the heater of the 35Z5-GT rectifier tube, 
which is provided with a special tap for the purpose. 
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In order to use more tubes in a receiver and still take advantage 
of the simplicity of the heater circuit of Fig. 18-4, some special tubes 
were designed. These include the 35L6-GT beam-power tube, the 
6S7 RF and IF pentode, and the 6AF6-G electron-ray tube. The 
heater requirements for these tubes are given in the accompanying 
table. 

Tube Heater voltage, volts Heater current, amp 

35L6-GT... ........................... 35 0.15 
687. . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 0.15 
6AF6-G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 0 . Hi 

An example of a 6-tube AC/DC heater circuit is given in Fig. 18-5. 

117V 
AC/DC 

RECT. 2-AF IF RF CONV DEHAF 
35Z5 35L6 115K7 12SK7 I7.SA7 12SQ7 

fo.35V-+I 1-o-12V-+l 1-12V-+I'H2V-+I Jol2V 

FIG. IS-5.-Heater circuit for a six-tube receiver using O.I5-amp tubes. 

B Power Supplies in AC/DC Receivers.-The B power supply in 
AC/DC receivers consists of a half-wave rectifier and filter circuit. 
Figure 18-6 shows a typical circuit. 

Condenser C-17 acts as a line filter to keep RF disturbances like 
those caused by refrigerator motors, electric shavers, etc., from af
fecting the receiver. In addition, since one side of the line is 
grounded, it acts to ground the receiver, no other ground connec
tion being used with AC/DC receivers. It is usually a 200-volt 
condenser, capacity ranging from 0.006 to 0.25 mfd. 

The rectifier tube is a 25Z5, 25Z6-GT, 35Z4-GT, or 35Z5-GT de
pending on the heater design of the receiver. The 25Z5 and 25Z6-GT 
tubes are twin diodes, but the plates and cathodes are usually con
nected in parallel to form the same half-wave rectifier circuit shown 
in Fig. 18-6. The function of the rectifier is to allow current to 
flow in only one direction, from cathode to plate, thereby 'suppress
ing current flow in the load on the negative phase of the applied 
voltage. 

When the receiver is operated on a DC line, the rectifier simply 
acts as a series resistor. It is important that the line plug be in-
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serted in the correct polarity, so that the positive side of the line 
is connected to the rectifier plate. 

Another point is to be noted in the ACjDC power supply. Volt
ag~s on AC operation will measure higher than on DC operation. 
This is because the output voltage on AC operation is greater than 
the applied rms or effective voltage, sinee the condenser input filter 
system will give peak voltage or nearly so, depending on the load 
and capacity of the input filter condenser. In DC operation, the 
output is more nearly the same as the applied voltage. 

The filter circuit consists of the speaker field, and C-15 and C-16, 
the input and output filter condensers. Its purpose is to smooth 

1I7V 
AC/DC (-17 

Load represented by plate and 
screen circuits of the other tubes 

FIG. 18-6.-Typical AC/DC B power supply. 

the pulsing rectifier output into a direct current suitable for applica
tion to the plate circuits of the other tubes in the receiver. 

The speakers used in ACjDC receivers are usually 4,- 5-, or 6-in. 
electrodynamic units, depending on the size of the cabinet in which 
the receiver is housed. These speakers have a field coil of approxi
mately 450 ohms. The inductance of these small fields is com
paratively low, approximately 8 henrys as against an average of 15 
henrys for the larger speakers usually found in AC receivers. Be
cause of this and the fact that half-wave rectifiers require more 
filtering than is needed with full-wave rectifiers, the average ACjDC 
filter circuit is not so efficient as similar circuits in AC receivers. 
The normal hum level, however, is no higher than in the case of AC 
receivers, since the speakers and audio channels usually give poor 
low AF response. The output at 60 cycles, the hum frequency, is 
negligible. 

Input filter condenser C-15 is most effective in reducing hum and 
maintaining the output voltage. Output condenser C-16 also re
duces hum and acts as the decoupling filter circuit for the plate 
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circuits of the entire receiver. Both filter condensers are usually 
20 mfd or higher electrolytic types rated at 150 volts DC. They 
are usually enclosed in the same container. 

A voltage divider is not needed in an ACjDC power supply since 
the full B plus voltage is usually applied to the plate and screen 
circuits of all tubes. The only exception to this is the screen of a 
6AS or 12AS pentagrid converter. When one of these tubes is used, 
the screen voltage is usually supplied by a suitably by-passed drop
ping resistor of approximately 30,000 ohms. 

Some ACjDC receivers make use of' a P-M dynamic speaker. In 
this case, the filter circuit usually employs a small choke to replace 
the field coil in the same circuit of Fig. IS-6. Operation is similar 

Rectifier 
3SZS 

'v-+---oB+ 

FIG. lS-7.-An AC/DC B power supply using an R-C filter. 

except for a slightly higher B plus voltage. This is due to the fact 
that a choke of inductance equivalent to the field winding has a 
lower DC resistance. Some receivers with P-M speakers use an 
R-C filter circuit, as shown in Fig. IS-7. Since the resistor in the 
filter circuit cannot be of very high ohmic value without materially 
reducing the output B plus voltage, filter condenser capacities are 
increased to 40 or 60 mfd in order to maintain efficient filtering. 
Another method is to make use of a two-section R:C filter. 

Floating Chassis Circuits in ACjDC Receivers~-Early ACjDC 
receivers connected B minus to the receiver chassis, as shown in 
Fig. IS-S. Since one side of the lighting mains is always grounded, f 
it is desirable that B minus be connected to that grounded main. 
However, if the plug is reversed, B minus (and therefore the chassis) 
would be connected to the "hot" side of the line. Various disad
vantages would result. 

First, the antenna may become grounded. An outdoor antenna 
or lead-in wire may ground on some grounded object. Some in
stallations use a steam radiator antenna which is grounded through 
the water mains. All ACjDC receivers use a small condenser i,n 
series with the antenna circuit to isolate the antenna and to avoid 
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possible short circuits resulting from a grounded antenna. However, 
if the condenser were to short, then the grounded antenna would 
be connected to the hot side of the line and would short-circuit the 
power mams. Or, if the insulation of the antenna wire were to 

J 
L--------+--~-4B-

-:!:- -Indicates Ground to Chassis 

nh7 -Indicates Ground to Earth 

FIG. IS-S.-An AC/DC power supply with B minus connected to chassis. 

lead Shorted l 
to.~~.~~.~i ... : I--____ ....:C:..:h..:.;o:..:s:..:s..:.;is::...-____ --. 

"Hot" Main To "Hot" Main ...... ! 

~ ~'= .... = ... = .... = ... = .... = ... =j~ .. = ... =-.:1 ---'e Rectifier 

~ - Ground to Chassis 

mJm -Ground to Earth 

FIG. IS-9.-Possible short circuit when B minus is connected to chassis. 

become frayed as it goes through the chassis and make contact 
between the wire and chassis, it would connect the chassis ground 
to the grounded antenna, again resulting in a short across the mains. 
The dotted line in Fig. 18-9 traces the path of the short circuit 
under these conditions. 
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Another way in which the chassis may become grounded is ,con
nected with the portability of small ACjDC receivers. People 
carry receivers of this type from room to room in their homes, set 
them down on any convenient spot, plug in, and enjoy their favorite 
programs. If the convenient spot turns out to be a steam radiator, 
there is likelihood of a short circuit through the chassis holding bolts 
which extend through the bottom of the cabinet. 

This problem of possible short circuits of the lighting mains 
through the chassis does not occur with AC receivers, since the 
power tram-former automatically insulates B minus and the chassis 
from any direct contact with the line. In ACjDC receivers B minus 
must be connected to one side of the line. 

Many modern ACjDC receivers avoid the possibility of short
circuiting the line through the chassis by "floating" it, that is, in
sulating the chassis from B minus and consequently the line. A 
receiver of this type is the Motorola 61Xll series shown in Fig. 
18-10. 

The line switch connects to B minus. Note the use of the special 
symbol to denote B minus. This makes the diagram easier to read, 
since so many circuits are connected to B minus that connecting 
them with a line would complicate the drawing. The chassis is con
nected to B minus through the 0.25-mfd condenser near the line 
switch. Since this condenser offers practically no impedance to 
RF currents, it permits many components to be connected to the 
chassis and still act as if they are grounded. These components 
are the rotor of the gang-tuning condenser, the tube and coil shields, 
and the antenna coil primary. Its impedance is high with regard 
to low frequencies and therefore serves to isolate B minus from 
chassis for them. 

NORMAL TEST DATA FOR THE AC/DC POWER SUPPLY STAGE 

Quick Check.-The AC/DC power supply stage is probably func-
tioning properly when 

All tubes light or heat. 
The hum level is normal. 
There are no bad squeals or motorboating. 
The B plus voltage measures approximately 90 volts to the com

mon negative terminal. 
This is the quick check for the stage. 
The serviceman should familiarize himself with the normal 

brightness of tube heaters, since any marked variation is indicative 
of trouble in the heater circuit. Another aid to determining trouble 
in this regard is the length of time it takes for the tubes to reach 
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their proper operating temperature. Tube brightness is not of great 
importance when AC receivers are serviced, since variations in 
applied heater voltage are infrequent. 

If the quick check indicates trouble in the power supply, dis
connect the plug and discharge the filter condensers by shorting them 
before proceeding to further checks. The filter condensers may re
tain a charge with subsequent danger of shock or damage to test 
equipment. This precaution is especially necessary in AC/DC re
ceivers because there is usually no bleeder to discharge the filter 
condensers automatically. 

Normal Resistance Data.-Normal resistance data are given in 
the following table: 

Line plug prong to prong (switch closed) ................................. ~00-400 ohms 
Rectifier cathode to B plus ................................................. 450 ohms 
Rectifier cathode to common negative .....................•........... Condenser actiOn 
B plus to common negative ......................................... Condenser actiOn 

The reading from plug prong to prong takes in the heater circuit. 
There will be considerable variation in this reading depending on 
whether the tubes are still warm or not. Resistance of tube heaters, 
as of most conductors, varies with temperature. At the time of 
testing, the tube heaters may be anywhere from room temperature 
to several hundred degrees with a consequent difference in the 
resistance reading. 

Readings in all AC/DC receivers should be taken from the com
mon negative terminal rather than from the chassis. The common 
negative terminal is found either at the line switch or at the negative 
terminal of the filter condenser, both of these being easily identified 
parts. 

The readings from the common negative to B plus or rectifier 
cathode are called "condenser action" because the electrolytic filter 
condensers are connected across these points. Since there is usually 
no bleeder in an AC/DC power supply, the point at which the ohm
meter needle comes to rest will indicate the leakage of the elec
trolytic condensers. Reverse the test prods and take the higher 
reading as the leakage resistance. 

Standard Circuit.-The standard circuit is shown in Fig. 18-11. 
Normal Voltage Data.-Normal voltage data are shown in the 

following table: 

Common negative to rectifier plate .....••••••..•.•••••••••••••••.... 117 volts AC (line) 
Common negative to rectifier cathode ....••••.•....•••••••••••••••.... l1o-ll!O volts DC 
Common negative to B plus .. " .........•.........•••••••••••.••..... 85-95 volts DC 

Heater voltages should be measured across each tube heater. 
The normal heater voltage for each tube is the rated voltage as 
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found in the tube manual. An easy way of knowing the normal 
heater voltage is the first number in the tube designation. For 
example the heater of the 50L6-GT is rated at 50 volts, '?l5Z5 at 25 
volts, etc. Loctal tubes, an exception to this, can be recognized by 
the numbers 14 and 7. The 14B6 and the 7C6 are locking-base 
detector and first AF tubes. Their heaters are normally operated 
at the same 12 and 6 volts, respectively, as the corresponding 12SQ7 
and 6SQ7 octal base tubes. 

117V 
AC/OC 

S-I 

Rectifier 
35Z5-GT 

Speaker Field 
450n 

'--....... ---.06+ 

~------+-~--~6· 

Common Negative 

FIG. IS-D.-Schematic diagram of a typical AC/DC power supply. 

NOTE: Common negative is connected to the chassis unless the receiver is of the f1oating
chassis type. In this case, common negative is connected to the chassis through a condenser. 

COMMON TROUBLES IN THE AC/DC POWER SUPPLY 

Troubles Common to O.3-amp Heater Circuits.-Since the heater 
circuit in an AC/DC receiver is a series chain, any open in any part 
of the circuit will cause the entire circuit to be open and the tubes 
will not light. The series chain includes the line cord, the dropping 
resistor, the pilot-light circuit, the tube heaters, and the switch. A 
break in anyone of these can cause failure of the tubes to light, and 
all of them are common troubles. The serviceman must be able to 
find the break quickly and efficiently. 

When the tubes in an AC/DC receiver do not light, a good way of 
determining the cause is to make a continuity check of the heater 
circuit with an ohmmeter. Checking across the two prongs of the line 
plug with the switch turned to the ON position should, of course, show 
an open circuit. If it shows the normal reading of '?l00 to 400 ohms, 
the receiver had been plugged in to a defective or dead line outlet. 

The next check should be from the common negative side of the 
switch to each of the line-plug prongs, as shown in Fig. 1S-1'?l. One 
of the line-plug prongs should show continuity (zero resistance) to 
the common negative Wiring. If neither prong 'shows continuity, 
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the trouble is in the line cord connected to the switch or in the 
switch itself. Which of these two is at fault is determined by further 
checking across the switch terminals. 

R-15 R-16 

Switch 
Closed Common Negative (B-) 

FIG. lS-12.-Checking the line cord and switch in an AC/DC heater circuit. 

If the check from common negative to the line plug shows con
tinuity to one of the line-plug prongs, the test prod is shifted to the 
other prong that connects to the heater wiring, and this circuit is 
checked. 

The heater circuit of a receiver whose tubes draw O.S amp is shown 
in Fig. 18-1S, R-15 and R-16 being a ballast tube, a heavy-duty re
sistor, or a resistor in the line cord. The checks will be the same for 
all three. 

R-15 R-16 

FIG. IS-IS.-Checking the voltage-dropping resistor in an AC/DC heater circuit. 

The plug prong that connects to the heater circuit has already been 
determined. Checking from this prong to the rectifier heater shows 
whether the dropping resistor is open. Checking from the plug 
prong to the rectifier plate shows whether the line cord to the plate 
is open. If these show continuity, the open is in one of the tube 
heaters. The tubes are then checked in a tube checker or by an ohm
meter check across each pair of heater terminals. Of the tubes 
commonly used in receivers of t4is type, all heater pins are terminals 
2 and 7 except the 6SQ7 detector and first AF tube, the heater pins 
of which are 7 and 8. 
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A word of caution might be mentioned at this point. When any 
defective condition in an AC/DC power supply is found and re
paired, the filter circuit should be checked from rectifier cathode to 
the common negative, before plugging in. A shorted filter condenser 
will ruin a rectifier tube. 

Repairing Breaks in Resistor-type Line Cords.-If the con
tinuity check shows an open-line dropping resistor in a resistor-type 
line cord, it may be an easily repaired break. As was mentioned 
before, A C IDC receivers are often carried from room to room 
thereby giving the line cord and plug a greater than normal amount 
of handling. The resistance wire is attached to one of the plug 
prongs or to its associated wire, and, being a solid wire, it is much 
more easily broken by handling at this point than the other stranded 
line cord wires. 

line Wire showing continuity 
with Rectifier Plate 

ine Wire showing 
continuity with Switch 

FIG. IS-l4.-Repairing a break at the line plug in a resistor-type line cord. 

The plug should be taken apart and inspected. If a break in the 
resistance wire is found at this point, a repair is easily effected, 
since a slightly shorter length will not make much difference. When 
making the repair, the serviceman should, of course, be careful to 
connect the resistance wire to the proper lead. This is the one that 
shows continuity to the rectifier plate, as shown in Fig. 18-14. 
Taping the asbestos-covered resistance wire to its associated plate 
wire adds strength against future breakage. 

Breaks in other parts of the line cord are not easily found and call 
for replacement of the entire cord. 

Replacement Notes on Resistor-type Line Cords.-Replacement 
resistor-type line cords have various values of resistance, usually 
135, 160, 180, 200, 220, 250, and 290 ohms. Some larger sizes are 
also available as well as various tapped units. The taps are for 
purposes of a pilot-lamp connection as well as to make the line cords 
more universally adaptable. 

The proper resistance value is calculated as follows. The tube 
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heater voltages are added. In the receiver of Fig. 18-15, this would 
come to 68 volts. Adding 4 volts for the pilot lamp makes a total of 
72 volts for the heaters and pilot lamp. Subtracting from 117 volts 
leaves 45 volts to be dropped in the line cord resistor. The resistance 

117V -0-_-"1 
ACIDC 

FIG. 18-15.-An AC/DC heater circuit using a resistor-type line cord. 

value can then be found by substituting in Ohm's law, knowing that 
the tubes, and therefore the -circuit, draw 0.3 amp. 

E 45 
R = -[ = - = 150 ohms 0.3 

The standard resistance-type line cord nearest in value is 160 
ohms. The serviceman should always choose the value just higher 
than the calculated value in order to conserve the life of the tubes. 
in the receiver. A 180-ohm line cord, tapped at 160 ohms, could 
also be used, 20 ohms being the correct shunt for a 150-ma brown· 
bead pilot lamp. 

Bea4 

If separate pilot-lamp shunt resistors are em· 
ployed, 5-watt/20-ohm resistors should be used for 
the 150-ma brown-bead pilot lamps, and 5-waU/30-
ohm resistors for the 250-ma blue-bead pilot lamps. 
The bead mentioned is the glass bead that supports 
the filament in the pilot lamp, as shown in Fig. 18-16. 

How to Identify Leads in a Resistor-type Line 
FIG. 18-16. - A Cord.-The leads of a resistor-type line cord are pilot lamp showing 

position of bead. usually color-coded for identification, but the coding 
has not been standardized. It is usually possible to 

recognize the resistor lead by its asbestos covering, but sometimes 
even this is replaced by an ordinary lead. 

The following procedure identifies the leads in a tapped resistor
type line cord. It can be applied even more easily to an untapped 
resistor. 

Connect one prod of the ohmmeter to either prong of the line 
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plug. Connect the other test prod to each lead coming out of the 
line cord. As can be seen by referring to the diagram of Fig. 18-17, 
it will show continuity to either three leads or one, depending on the 
prong used. This identifies the single lead, which is usually coded 
red and connects to the switch in the receiver. 

Connect one test prod to the plug prong that shows continuity to 
the three leads. Check resistance to each of these three leads on the 
R or R X 10 scale of the ohmmeter. One will show a resistance of 
zero ohms or short. This lead, which is usually colored black, con
nects to the plate of the rectifier tube. 

Then carefully check the resistance from the same plug prong to 
each of the other leads. The one showing the higher value of 

Ohmmeter 

r------------, 
i ReCMi~r 

~------------------~ -------" 
L-. ____ --i-~J L __ _ 

L----------------a-, 
1 
1 

L_~~ 

FIG. 18-17.-Identifying leads of a resistor-type line cord. 

resistance is the end of the resistor. This lead, usually white (as
bestos), connects to the heater of the rectifier tube. The last lead 
is the tap that connects to the pilot lamp. 

Sometimes the braided covering of the resistor-type line cord is 
brought to a tie-cord finish at the lead end. Do not mistake this for 
a lead. After the line cord has been installed in the receiver chassis, 
fasten the tie cord to a convenient point. Its purpose is to take the 
strain from the other leads. 

Replacement Notes on Ballast Tubes.-When a ballast tube is 
replaced, the serviceman should be careful to use the proper replace
ment. Failure to do so may cause inefficient operation of the re
ceiver, or a shortened life for the other tubes in the receiver. The 
R.M.A. coding for ballast tubes is given for ease in determining the 
proper ballast tube to be used. 

Standard R.M.A. Designation Code for Ballast Tubes.-Ballast 
tubes are designated by a letter, followed by a number, and fol
lowed by a second letter as in the following example: K-55-B. 
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The first letter designates the type of pilot lamp: 
K = 6- to 8-volt/150-ma lamp (brown bead). 
L = 6- to 8-volt/250-ma lamp (blue bead). 

The numbers designate the total voltage drop produced by the 
ballast including the pilot-lamp voltage. 

The last letter designates the type of base wiring, as shown in Fig. 
18-18. 

~ 
A 

~~ 
m1~ 

FIG. 18-18.-Standard base wiring for ballast tubes. 

Some manufacturers use the letters BK for the first or pilot-lamp 
designation. This denotes a special pilot-lamp shunt section which 
limits the current delivered to the lamp when the receiver is first 
turned on. 

The accompanying table lists the usual voltage drops (including 
pilot-lamp voltages) provided by the manufacturers of ballast tubes 
and the receiver tube complements for which they are intended. 

Dropping Rectifier Second No. of 6-volt 
voltage AF tubes 

67 I~Z3 43 ~ 

61 1~Z8 48 8 
55 ~5Z5 ~5L6 i 
49 ~5Z5 ~5L6 8 
U ~5Z5 ~5L6 4 
86 ~5Z5 ~5L6 5 
80 25Z5 ~5L6 6 

As an example of how the R.M.A.listing can be used, assume that 
the receiver of Fig. 18-19 has an open ballast tube on which the 
markings cannot be read. 
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Inspection of the pilot lamp shows a blue bead supporting the 
filament. This makes the first letter L. Adding up the heater 
voltages brings the total heater voltage to 68 volts. Subtracting 
68 volts from 117 volts (the nominal line voltage) gives a voltage 
drop of 49 volts for the dropping resistor and pilot lamp. This 
makes our ballast L-49. Next the wiring is examined to determine 
the pins connected to the pilot lamp. This is compared with the 
type of base wiring shown in Fig. 18-18 and found to be type B. 
The correct replacement ballast is a type L-49-B. 

Replacement Notes on Line Dropping Resistors.-When a line 
dropping resistor of the type pictured in Fig. 18-20 is replaced, the 

serviceman should try to get an exact replace
ment. When this is not obtainable, mount
ing and space requirements and the possi
bility of harming near-by parts by heat 
dissipation make it advisable to replace the 

FIG. lS-!20.-A line voltage unit with a resistor-type line cord rather 
dropping resistor. 

than a resistor of proper resistance and 
wattage specifications. Calculating the resistance value and making 
provision for the pilot-lamp shunt is considered under the replace
ment notes for resistor-type line cords. 

When an exact replacement is used, examine and replace the con
necting leads if the insulation has deteriorated because of heat. 

Troubles Common to O.lS-amp Heater Circuits.-The 0.15-
amp heater circuit of the more modern AC/DC receivers is the same 
series chain as the 0.3-amp circuit, uncomplicated by a line dropping 
resistor. The same procedure described on page 329 can be used to 
determine an open line cord, pilot-lamp circuit, tube, or switch. 

The pilot-lamp circuit is somewhat different and deserves special 
attention. The pilot-lamp shunt resistor is part of the heater of the 
35Z5-GT rectifier tube. In addition, the plate of the rectifier tube 
is usually fed from the pilot-lamp tap as shown in Fig. 18-21. 

If the pilot-lamp shunt section of the rectifier tube opens, the 
pilot lamp burns out owing to the overload, and the heater circuit 
opens. When making a continuity check, the serviceman, in find
ing the open circuit, should remember that this is a shunt circuit 
and that both branches are open, requiring replacement of both the 
pilot-lamp and rectifier tube. 

Blinking AC/DC Receivers.-A fairly common complaint with 
AC/DC receivers is that, when the radio is turned on, it seems to 
operate normally for a short time but then stops and the pilot lamp 
goes out. A few seconds later, the lamp lights up again, reception 
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mayor may not be resumed only to go off again, and blink on and 
off intermittently. 

This condition is caused by an intermittent thermal open in one 
of the tube heaters. When the tube heats up, the circuit opens; 
when it cools down sufficiently, it heals again. The offending tube 
mayor may not act the same way in a tube checker where the 
conditions of applied heater voltage are likely to be different from 
those in the receiver. 

Rectifier 
35Z5-GT 

FIG. 18-21.-Pilot-lamp circuit for a O.15-amp heater line. 

When servicing a blinking ACjDC receiver, if the tube checker 
gives no indication, the serviceman may use either one or two 
methods. He can replace the tubes one at a time and observe receiver 
operation after each replacement. In doing so, it is best to start 
with the rectifier and second AF tubes since these turn out to be at 
fault more often than the other tubes in the receiver. 

The other method is to operate the receiver with the AC volt
meter (150-volt scale) hooked across individual tube heaters in turn. 
A good tube will show normal heater voltage when the receiver is 
on. This will drop to zero voltage when the receiver blinks off. The 
offending tube will also show normal heater voltage while the re
ceiver is on, but this will rise to line voltage, 117 volts, when the 
receiver blinks off. 

Troubles Due to a Short between Heater and Cathode.-Heater
type tubes are so constructed that the heater is inside a closely fitted 
cathode, and shorts between the two are fairly common. In an AC 
receiver, both heater and cathode are near ground potential so that 
a short between them will affect a bias potential or introduce a hum, 
confining the trouble to one stage. In an ACjDC receiver, a similar 
trouble will have more widespread effects. 

Consider the circuit of Fig. 18-~~ and assume a short between the 
cathode and heater of the l~SA 7 converter tube. Since the con
verter cathode is connected to the comm~n negative through the 
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low resistance of the feedback coil, a short between its heater and 
cathode will short out the detector first AF tube heater. 

With glass tubes, the situation would be sufficiently obvious as 
trouble somewhere in the heater circuit; when metal tubes are used, 
the trouble would be more obscure. Signal check would show a 
normal second AF stage and a dead first AF stage, and the service
man would lose time checking a perfectly good first AF stage until 
he reaches the point of replacing the tube, when he would notice 
that it is not even warm. 

Similarly, a short between heater and cathode of the 12SK7 IF 
tube would short out the converter and detector first AF tubes. In 
either of the above cases, the line voltage would divide itself among 
the remaining tubes and make them much brighter than normal. 

• 35Z5 50L6 12SK7 12SA7 12SQ7 
Red. 2-AF If Conv. Det-I-AF 

Common Negative 

Feed Back 
Coil 

FIG. 18-££.~How a cathode-to-heater short affects other tubes. 

The fastest way of recognizing troubles of this sort is for the 
serviceman to be on the alert for troubles in the heater circuit. 
These constitute a large proportion of all service difficulties ex
perienced with ACjDC receivers. Even if the tubes in the IF, 
converter, and detector first AF stages are metal tubes, the rectifier 
and second AF tubes are usually glass. When the heaters in these 
tubes appear to be too bright, a heater-cathode short should be 
suspected and checked for. 

The tubes can be tested in a tube checker which discloses cathode
heater shorts. Possibly a faster method of finding the offending tube 
is to remove the detector first AF tube, fully expecting the others to 
remain lighted. When this happens, the cathode-heater short is 
confirmed and the converter tube is also removed. If the other tube 
heaters start to dim down, the short is in the converter tube; if they 
remain bright, the shorted tube is still in the receiver. It is probably 
in the IF tube, which is then removed for confirmation. 

Troubles in the B Power Supply in AC/DC Receivers.-The B 
power supply in ACjDC receivers is similar to the B power supply 
in AC receivers except for the lower voltages involved. The unit is 
subject to the same troubles in the rectifier, the choke, and the input 
and output filter condensers which were described in detail in Chap. 
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8. To avoid repetition, the trouble and service procedures will be 
briefly outlined here except for those circumstances which apply to 
AC/DC receivers only. 

When the quick check discloses normal heater operation, coupled 
with hum, motorboating, low or no B plus voltage, the trouble is 
probably in the B power-supply section of the receiver. 

Troubles Common to the Rectifier Tube.-Aside from trouble in 
the heater, the rectifier tube may become weak or entirely inactive, 
resulting in low or no B plus voltage. When this is the Gase, a tube 
checker will confirm the condition. Before replacing the tube, the 

B+ 

(-16 

I B-

FIG. 18-23.-Typical filter block and its position in the circuit. 

serviceman should first check the filter circuit. This should be done 
because rectifier tubes used in AC/DC receivers have an easily 
fused cathode lead inside the tube. This internal cathode lead will 
melt on any overload, such as that caused by a shorted filter con
denser, thereby ruining the new tube. 

Troubles Common to the Input Filter Condenser.-The input 
filter condenser commonly opens and occasionally shorts. When the 
condenser is open, the receiver hums and the B plus voltage is low 
-approximately 30 volts. The receiver may still operate weakly 
at the low voltage, but the quality of the reception will be badly 
garbled by hum. 

The low voltage is due to the use of a half-wave rectifier, the out
put of which is half of the average of the applied voltage, when the 
rectifier is not followed by a condenser input filter. This is the 
condition when the input filter condenser is open. The rectifier 
output &ops to approximately 50 volts, which is reduced to 30 
volts on the B plus end of the filter. The best check for this con
dition is to substitute a test condenser. 

When the condenser shorts, it will short the .rectifier output, giv-
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ing zero B voltage. The condition will be found on resistance check, 
the resistance from the rectifier cathode to B minus checking short 
instead of the charge reading of the condenser. The condenser 
should be replaced with one of the same capacity and voltage rating 
as the original. The rectifier tube will also have to be replaced since 
the short will have ruined it. 

When replacing either filter condenser in an AC/DC power supply, 
the serviceman should be careful to use the correct capacity and 
voltage rating. Using condensers with higher voltage rating is not 
advisable, since experience has shown that electrolytic condensers 
rated at 450 volts used for replacement purposes in AC/DC re
ceivers deteriorate rapidly. 

FIG. 18-24.-Skeleton B circuit of a typical AC/DC receiver. 

Troubles Common to the Output Filter Condenser .-The output 
filter condenser C-16 also opens and rarely shorts. When it is open, 
the receiver operates, B plus voltage is normal, the receiver may 
hum slightly but it surely will squeal or motorboat, or both. This 
effect is much more apparent in AC/DC receivers than a similar 
condition in AC receivers, since the output filter condenser is usually 
the sole by-pass agent for all screen and plate circuits. 

The best check for this condition is to bridge the condenser with 
a test condenser. 

The output filter condenser may also short. This condition will be 
found by no voltage at B plus and almost normal voltage at the rec
tifier cathode. The rectifier tube may not be harmed owing to the 
intervening resistance of the speaker field. Since a short at this 
point may be due to other agencies-for example, the IF plate trim-
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mer shorting to its shielding-Fig. 18-24 shows a complete B circuit 
of a typical receiver, for analysis of the likely locations of the short. 

Troubles Common to the Speaker Field.-The speaker field is the 
filter choke in the AC/DC power supply and the common difficulty 
encountered is an open field winding. This would cause no recep
tion and no voltage at B plus. Voltage at the rectifier cathode 
would be high-I50 volts or more, the peak voltage of the line. 

When this condition is found, the receiver plug is removed from 
the outlet, and the filter condensers discharged by shorting them 
before making a resistance check to confirm the condition. 

An open field winding usually necessitates replacing the entire 
speaker. The replacement chosen should be exactly like the original 
or match it as closely as possible in physical and electric details. 

General Service Notes Pertaining to AC/DC Receivers.-The 
circuit of an AC/DC receiver causes some problems in service pro
cedure and techniques. For example, when a signal generator is 
connected for signal check or alignment, a bad hum may be experi
enced. This is especially prevalent in the floating-chassis type of 
receiver. It can usually be avoided by connecting the shielded lead 
from the signal generator to the common negative rather than to the 
chassis. Another expedient that sometimes gives good results is to 
connect the shielded ground lead through a O.I-mfd condense]\. 
The isolating condenser will still be used in the "hot" lead. 

Another difficulty often experienced is when the test bench is 
ringed with a grounded metal trim. This will cause shocks to the 
serviceman and danger of short circuits if the chassis should touch 
the metal trim. Another danger of short circuits exists when the 
signal generator test lead is connected. If this has exposed shielding, 
it is likely to touch any grounded object such as the plate of an elec
trical outlet, thereby causing a short circuit. 

VARIATIONS IN AC/DC POWER SUPPLIES 

Fixed Bias in AC/DC Receivers.-Some AC/DC receivers de
velop a voltage in the B minus lead for use in fixed-bias circuits. 
Figure 18-25 shows the schematic diagram of the Pilot B-3 receiver. 
The two resistors in the upper right corner of the diagram marked 
"47 ohms, part No. 30-352" are connected from B minus to ground. 
The negative end feeds C voltage to the grid of the 35L6 tube, the 
cathode of which is grounded. The tap between the two resistors 
is brought to the A VC bus to furnish the delay voltage for the 
AVC system. 
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From the servicing point of view, the power supply should be 
checked with the B minus end of the switch as the reference point, 
rather than the chassis. Then all checks would be the same as for 
the standard circuit with the exception of the output filter condenser 
and the bias circuit. These should be checked by referring to the 
diagram. 

Filter Circuits in ACjDC Receivers That Use P-M Speakers.
Most ACjDC receivers use dynamic speakers, the field coil acting 
as the filter inductance. When P-M speakers are used and the field 
coil is replaced by a small choke in the filter circuit, operation and 
service problems are the same as when a dynamic speaker is used. 
When an R-C filter is used, certain service problems arise. 

Figure 18-26 shows one type of 
such a filter circuit. The filter choke 
is replaced by a resistor, the value of 
which varies in different circuits from 
600 to 1,500 ohms. It is usually a 
2-watt size or larger. The filter con
densers are usually at least 40 mfd 
in capacity. When working on a I+~~D . 
receiver of this type, the serviceman _ 0 B-

should expect the B voltages to meas- FIG. 18-26.-An R-C filter commonly 
ure 70 to 80 volts rather than the 
90 volts of most ACjDC receivers. 

used in receivers with P-M speakers. 

The filter resistor is subject to considerable heating and may change 
in value or open. If this resistor has to be replaced, the service
man should try to get the same values of resistance and wattage 
rating as the original. A smaller resistance value will give less 
efficient filtering while a larger value will give less B plus voltage 
and be more subject to heating. Also, if replacement of the filter 
condensers becomes necessary, the same or larger capacity values 
should be used. 

Two-section R-C Filters.-Some receivers use a two-section fil
ter, as shown in Fig. 18-27. Since the second AF tube is the last 
amplifier, it does not require so much filtering as the other tubes in 
the receiver. Also the signal-handling capacity of the tube is im
proved by the larger B voltage available at the mid-point of the 
filter. The first resistor is usually a low-ohmage value, 100 to 300 
ohms. The second varies from 1,000 to 1,500 ohms in different re
ceivers. Both resistors are usually the I-watt size. The filter con
densers are each at least 20 mfd. Frequently, the first and third 
condensers 0-15 and 0-16 are 40 mfd or greater. The voltage rating 
is 150 volts. 
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When servicing a receiver of this type, the serviceman should 
expect a high voltage reading at the second AF plate, and normal 
voltage readings for all other points in the receiver. An open output 
condenser C-16 will cause squealing, motorboating, or a combination 
of both. An open input filter condenser C-15 will cause low B volt
age and hum. An open mid-section filter condenser C-115 will 
cause hum. The service notes on the filter resistor previously given 
for the single-section R-C filter also apply to the two filter resistors 
m the two-section R-C filter. 

Rect. 

B+ 
.--------OIOO-IIOV-For 2-AF Plate 

B+ To the 2-AF Screen 
v.-----oBO-90V -and all other Plates 
+ 20 

I MFD 

~----4-------~----oB-

FIG. 18-27.-Two-section R-C filter. 

Tapped Output-transformer Filter Systems.-Some receivers 
make use of a tap on the output transformer to introduce a hum
bucking voltage to cancel the hum that would otherwise appear in 
the speaker. Figure 18-~8 shows an R.C.A. 16X-1 receiver which 
uses a filter circuit of this type. 

The cathode of the rectifier connects to the input filter condenser 
C-~4 and the tap on the output transformer. The lower section of 
the output transformer is in series with the filter resistor R-16 which 
furnishes the B-plus voltage to the rest of the receiver. Condenser 
C-~5 is the output filter condenser. The location of the tap on the 
output transformer is designed so that just the right amount of hum
bucking voltage is introduced. 

From the servicing point of view, all checks are the same as for 
the usual ACjDC receiver except for the higher than usual second 
AF plate voltage. If the output transformer should become de
fective, it would be necessary to obtain an exact replacement. An 
ordinary center-tapped output transformer could not be used since 
this would introduce too much hum. In replacing the transformer, 
the serviceman should be careful to connect the leads properly since 
any reversal would cause hum, weak output, or both. 

If an exact replacement transformer cannot be obtained, . an . 
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ordinary matching transformer can be used and the filter circuit 
revised in anyone of the following ways. 

1. Use the circuit of Fig. 18-29. In case the hum level is high, 
it may be reduced by adding a 20-mfd/150-volt condenser as shown 
by the dotted lines. 

StGlndGlra Ot.ltpt.lt 
I TrGlnsformer , 

B+ 0----....... --, \I"'4 ....... ___ To Rectifier 
1200.n __ , CGlthoae 

+ +....0-
(-25 I (-24 T ""n1 

50 MFD 30 MFDJ--...J ',Add 20 MFD 
B- O.---~-~-----I- Condenser to 

reduce hum 

FIG. I8-29.-Replacing a hum-hucking-type output transformer. Method 1. 

2. Use the circuit of Fig. 18-30. This filters the second AF plate 
voltage supply also and will decrease the 13 plus voltage. The filter 
resistor should be replaced by one of higher wattage. 

l 
StGlnaGlra Ot.ltput 

/ TrGlnsformer 

B+O-----~_4~~ 
To Rectifier 'v-1_-- CGlthode 

B-O--------~--~ 
}<'IG. I8-S0.-Replacing a hum-hucking-type output transformer. Method 2. 

3. Use the circuit of Fig. 18-31. This replaces the filter resistor 
with a small choke. This method is satisfactory, provided that 
there is room in the receiver to mount the choke. 

4. Use the circuit of Fig. 18-32. This provides a second section 
R-C filter. 

5. Us'e the circuit of Fig. 18-33. This replaces the P-M speaker 
with an electrodynamic unit. 
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/
Standard Output 

Transformer 

B+O-------~~~~ ...... _----j.To Rectifier 
Cathode 

B-O------------*-----~ 

FIG. 18-Sl.-Replacing a hum-bucking-type output transformer. Method S. 

B+~----------+J~ 

~5tandard Output 
;'" Transformer 

To Rectifier 
\r-"--~ Cathode 

+ 1200n + + 
1:('25 1.20 'T (-24 

B_~o ____ ~._~.5~0~M~F~D_~~M~F~D~_J~~30MFD 

.FIG. 18-S2.-Replacing a hum-bucking-type output transformer. Method 4. 

Standard OutpU't 
" Transformer 

J' 
r-------, 

, E ledrodynamic 
/ Speaker 

B+o-------~~ .. .. ____ To Rectifier 
Cathode 

B-O~--------~------~ 

FIG. 18-SS.-Replacing a hum-bucking-type output transformer. Method 5. 
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SUMMARY 

Quick check for normal operation of the ACjDC power supply. 

All tubes light at normal brightness. 
The hum level is normal. 
There are no bad squeals or motorboating. 
The B plus voltage measures approximately 90 volts to the common negative 

terminal. 

Standard circuit. 

This circuit is shown in the accompanying figure. 

117V 
AC/DC 

5-1 

Rectifier 
35Z5-GT 

Speaker Field 
450 !l 

'---.------0 B+ 

+ 
C-16 
20 

~------~~----~B-
2-Af IF CONY DET-IAF 
50L6 12SK7 12SA7 12SQ7 

Common Negative 

NOTE: Common negative is connected to the chassis unless the receiver is of the f1oating
chassis type. In this case, common negative is connected to the chassis through a condenser. 

Normal resistance data. 

Plug prong to prong (switch on) ............................... 200-400 ohms 
Rectifier cathode to B plus ....................................... 450 ohms 
Rectifier cathode to common negative ...................... Condenser action 
B plus to common negative ............................... Condenser action 

Normal voltage data. 

Common negative to rectifier plate ....................... 117 volts AC (line) 
Common negative to rectifier cathode ...................... 110-120 volts DC 
Common negative to B plus ................................ 85-95 volts DC 
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SERVICE DATA SHEET 

Symptom Abnormal reading Look for 

Tubes do not light Plug prong to prong checks Open line cord. Open switch. 
open Open dropping resistor (re-

sistor, resistor-line cord. or 
ballast). Open pilot light 
and pilot-light shunt resis-
tor. Open heater in one of 
the tubes 

Pilot lamps keep burning out Open pilot-lamp shunt resistor 

Pilot laD;lp blinks on and off Intermittent thermal open in 
the heater of one of the 
tubes 

Some tubes are overly bright, Cathode-heater short circuit 
others do not light or warm in one of the tubes 
up 

Tubes light-no reception No B plus voltage Dead rectifier tube. short-
circuited input filter con-
denser, or both 

Tubes light-no reception No B plus voltage. Low volt- Short-circuited output filter 
age from common negative condenser. Short in the B 
to rectifier cathode plus wiring 

Tubes light-no reception No B plus voltage. Voltage Open filter choke (speaker 
from common negative to field). (Discharge filter 
rectifier cathode measures condenser before checking) 
150 volts 

Tubes light-bad hum B plus voltage measures 30 Open input filter condenser 
volts 

Tubes light and receiver mo- B plus voltage normal but Open output filter condenser 
torboats, squeals, or both jumps with the motorboat 

Modulation hum All tests normal 

I 
Open line filter condenser 

C-17 

QUESTIONS 

1. The tubes in an ACjDC receiver do not light. List the possible canses and 
explain how you would check for each. 

2. A dead ACjDC receiver is brought in for repair. All the tubes light, there is 
no hum or squeal, and the B plus voltage measures zero. List the likely causes of 
trouble and outline how you would check for each. 
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3. An ACjDC receiver continues to burn out pilot lamps. What is likely to be 
wrong and how would you check for it? 

4. The receiver of Fig. 18-19 needs a new ballast tube. The necessary L-49-B 
ballast tube is not in stock, but a K-49-F and an L-4~-B are on hand. Draw a wir
ing diagram of the heater circuit indicating the necessary changes needed so that 
the K-49-F ballast tube could be used. Repeat for the L-4~-B. 

5. When an ACjDC receiver hums, what is likely to be wrong and how would 
you check for it? 

6. It is desired to add a 6AF6-G electron-ray tube to the receiver of Fig. 15-~. 
It is proposed to accommodate the extra heater by changing the 50L6-GT tube in the 
second AF stage to a 35L6-GT. Redesign the heater circuit to accomplish these 
changes. Give the value of the needed resistor in ohms and watts. 

7. What precautions should be taken before replacing a dead rectifier tube in an 
ACjDC receiver? 

8. In an ACjDC receiver, the 35Z5-GT and the 50L6-GT tubes light up very 
brightly. The receiver does not play. What is likely to be wrong and how would 
you check for it? 

9. What is the most probable cause of a tunable hum (modulation hum) in an 
ACjDC receiver? 

10. Calculate the values of the line dropping resistor and pilot-lamp shunts 
needed for the circuit of Fig. 13-1. Assume 150-ma pilot lamps and a voltage drop 
of 4 volts across each. Give the values in resistance and wattage rating. 

11. When an ACjDC receiver squeals badly, which unit in the power supply can 
cause this condition? How would you check to determine whether or not this unit 
is at fault? 

12. In the B circuit breakdown of Fig. 18-~4, assume than an ohmmeter check 
from common negative to B plus gives a reading of 40 ohms. List some of the likely 
locations of the short. Outline a procedure that could be used in tracking down 
the short. 

13. The receiver of Fig. 18-10 chirps at a staccato rate. A voltmeter connected 
from the common negative to B plus reads about 80 volts, but the meter pointer 
fluctuates with each beat of the motorboat. What is the probable cause of the 
trouble and how would you check for it? 

14. List the bench provisions and techniques that should be observed when 
working with ACjDC receivers relative to the use of grounds. accidental ground
ing, and connections to a signal generator. 

15. What is the most probable cause of a blinking pilot light in an AC IDC re
ceiver? Outline a test procedure that will determine the exact cause. 

16. The receiver of Fig. 18-~8 has an open output transformer. An exact re
placement is unobtainable. What method would you use to repair it? 
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AUTOMOBILE RADIO INSTALLATION 

Radios designed to operate in automobiles are, for the most part, 
superheterodyne receivers incorporating radio frequency, converter, 
intermediate frequency, detector, two audio stages, and a power 
supply. This chain makes the auto receiver very similar to the 
standard home receiver. The differences lie in the special provisions 
made for operation under the conditions found in an automobile. 
These include reception with a small antenna, operation in a field of 

Raclio "A" Lead 

Mounting Nut 
grounds the Radio 
to CGlr Frame 

Dash 

@H;'«t'OCY L .. ' 
FIG. 19-1.-Typical automobile radio installation. 

considerable radio noise disturbance due to the electrical system of 
the car, and utiliiation of the power source available-the 6-volt 
storage battery. 

The same servicing procedures which locate a defective IF trans
former, for example, in a home receiver, will locate a similar fault in 
an auto receiver. This chapter and the next, therefore, will deal 
with the special servicing problems which relate to auto receivers 
alone-to repeat, operation with a short antenna, electrical noise, 
and the auto radio power supply. 

The first two are primarily design and installation problems rather 
than service problems. However, since the radio serviceman is often 
called upon to install auto radios, change them from one car to an-

351 
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other, or check for motor noise, these items will be covered in some 
detail in this chapter. The next chapter deals with the auto radio 
power supply. 

Typical Auto Radio Installation,-Figure 19-1 shows a typical 
auto radio installation. The receiver itself is usually mounted to the 
dash of the car behind or below the instrument panel. The antenna 
shown is the one in most common use, the side-cowl antenna, some
times called the "buggy whip." It is insulated from the car and is 

\ \ 
c D 

FIG. 19-2.-Common automobile· radio antennas. (A) Side-cowl; (B) insulated section of 
car body; (0) topper; (D) disappearing-cowl. 

connected to the radio receiver by a length of low-capacity, shielded 
leadin wire. Power for the receiver is usually obtained through a 
lead connected to the ammeter on the instrument panel, and the 
ammeter is in turn connected to the "hot" side of the storage bat
tery. The car frame or chassis acts as the common return lead. 
The receiver picks up a ground connection through its mounting 
bolts to the dash, and the ground side of the battery is connected to 
the car frame by a heavy bonding strap. The radio controls, dial, 
volume, etc., are usually mounted in a cut out designed for the pur
pose on the instrument panel of the car. 

Antennas for Auto Radios.-The auto radio antenna most often 
used is one of the types that mount on the cowl of the car. This is a 
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vertical telescopic antenna, the maximum length of which averages 
about 4 ft. The telescopic sections are plated for appearance and 
freedom from corrosion. The type illustrated in Fig. 19-2D is ad
justable in length from inside the car. These antennas are extended 
to full length to permit maximum signal pickup. The topper an
tenna illustrated in Fig. 19-2C is a similar type and is mounted over 
the roof of the car. The topper is usually not adjustable. 

Some car manufacturers insulate a section of the car body and use 
this insulated portion as the radio antenna. The part chosen for the 
purpose may be a door, the cover of the trunk compartment, or a 
section of the roof. Older cars that did not use the all-metal body 
construction often were equipped with an antenna that consisted 
of a wire mesh screen built into the roofing material. In addi tion 
to these there are some antennas designed for mounting under 
a car. 

These various antennas may be classified into two general groups: 
low-capacity and high-capacity types. The low-capacity antennas 
which act like a condenser of from roughly 25 to 250 micromicro
farads include the side-cowl and topper types. The high-capacity 
antennas whose capacity is roughly 250 to 2,500 micromicrofarads 
include the metal insert top, the roof screen, insulated door, and 
trunk cover. Under-car antennas may belong to either grouping de
pending on the area of the antenna and its closeness to the car frame. 
In general, the high-capacity antennas will pick up greater signal 
strength. 

Auto Radio Antenna Coupling Circuits.-The coupling between 
the antenna and the RF amplifier grid is somewhat different in auto
mobile radios than in home radios, in that provision is made to tune 
the input circuit so as to match it with the antenna being used. 
This allows for maximum transfer of energy and compensates for 
the comparatively small signal pickup of the small antennas used. 
A typical automobile radio antenna coupling circuit is shown in Fig. 
19-3. The antenna signal is impressed across the 0.006-mfd con
denser and condensers C-2 and C-2A. The junction feeds the main 
tuning section made up of coil L-l and condenser C-1. Condenser 
C-l is the antenna section of the gang tuning condenser. Parallel 
condenser C-IA is a trimmer and is used to align the circuit at 1,400 
kc in the usual way. Condenser C-2 and its associated trimmer con
denser C-2A are used to match the receiver to the antenna being 
used. Trimmer condenser C-2A is located so that it is accessible 
for adjustment after the radio is installed and connected to its an
tenna. The procedure is to tune the radio to a weak station at about 
600 kc and adjust the trimmer for maximum response. 
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The range of trimmer condenser C-2A is usually not great enough 
to' permit alignment with all automobile antennas. Usually the 
radio is designed to work with a side-cowl or other low-capacity 
antenna, since these are the most popular types. If such a radio 
were to be installed in a car equipped with an insulated top section 
or other high-capacity antenna, the adjustment would not bring 
the 600-kc station to a peak response. In that case, a condenser of 
approximately 500-micromicrofarad (0.0005-mfd) capacity IS con-

/Antenna Receptacle 

W{ 
'~-------------: 
~.006 II L-I ! 

I 
I 
I 
I 
I 
I 
I -------------..:!-

Ave 
FIG. 19-3.-Automobile radio antenna coupling circuit. 

nected in series with the antenna, thereby lowering the capacity and 
bringing the antenna system within the scope of the trimmer. 

Similarly, the condition is sometimes encountered where a custom
built radio, designed to work with a high-capacity antenna, is rein
stalled in another car equipped with a low-capacity antenna. Again, 
the antenna compensation condenser would be ineffective and re
ception would be poor-weak signals and a high noise level even on 
local stations. In this case, the condition could be rectified by con
necting a condenser of approximately 250-micromicrofarad (0.00025-
mfd) capacity from antenna to ground, thereby increasing the 
capacity and bringing the antenna system within the scope of the 
trimmer. 

Motor Interference.-From the point of view of the generation of 
RF interference, the ignition system of an automobile is really a 
spark transmitter. The sparks at the distributor and the spark 
plugs feed RF energy to the ignition wiring, which may be looked 
upon as the transmitting antenna or source of the ignition inter
ference. The radiations feed energy to the entire electric system of 
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the car and to any ungrounded metal parts in or near the motor 
compartment. The diagram of Fig. 19--4 represents the ignition 
system as a transmitter. 

The signal generated by the ignition system is very broadly tuned 
and will cover the entire broadcast band. Its strength in the near 
vicinity of the motor compartment is about equal to that of a strong 
local broadcast station. As a result, if no provisions were made to 
reduce the ignition signal, it would be received by an automobile 
radio all over the tuning range equally as strong as a strong local 

High Tension 
Leads 

___ "----.--Ignition Coil 

......................... D'"'""'"-S;t--Spark Plug 
n'--+--Distributor 

FIG. 19-4.-RF interference from the igIiition wiring. 

station, thereby interfering with all reception. Interference from 
this source is called "ignition" interference and can be identified as a 
series of ticks in the speaker at the same rate of speed as the spark 
plugs are firing in the motor. 

The generator is an additional source of disturbance because of the 
sparking at the brushes. The generator noise is distinguishable 
because its pitch is higher than that of ignition noise. Still another 
source of Jloise is a static electricity charge, generated by the ro
tating wheels, discharging periodically to the axle. 

General Notes on Reduction of Motor Interference;~ The re
duction of motor interference to a point where it will not disturb 
broadcast reception takes in three main factors. The RF radiation 
is reduced at the source by means of suppression, shielding, etc. 
The antenna is placed in a position where it will receive a minimum 
of signal from the motor. The radio itself is thoroughly shielded, 
so that the only signal applied to it comes from the antenna. 

Reduction of Ignition Interference.-Radiation from the ignition 
system can be reduced by installing a suppressor resistor in series 
with the high-tension lead, which connects the ignition coil and the 
center connection of the distributor. Figure 19-5 shows a typical 
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distributor-suppressor installation. The suppressor should be in
stalled close to the distributor connection. 

The resistor in the distributor lead reduces oscillations produced 
by the spark and, therefore, radiation. In the case of early auto
mobile radios, suppressor resistors were also installed in each spark
plug lead. This procedure would affect the motor performance by 
reducing the intensity of the spark and is not recommended. For
tunately, a careful installation makes it unnecessary to use more than 

Distributor 
O-'-'I.>-----Suppressor' 

FIG. 19-5.-Distributor-suppressor installation. 

the one suppressor resistor in the distributor lead. This does not 
materially affect motor performance. 

In the case of some cars, the high-tension wiring to the distributor 
is inaccessible. On these cars, a distributor suppressor cannot be 
used. 

In modern motors, the distributor is usually centrally located 
with respect to the cylinders, and the ignition coil is close by, 
thereby making for short high-tension leads with a consequent re
duction in radiation from these leads. In addition, some car manu
facturers route the high-tension leads through metal conduits or 
spreaders that are grounded to the motor block, thereby partly 
shielding the leads and further reducing radiation. 

The metal hood that covers the motor compartment is an impor
tant point in the reduction of ignition noise. When the hood is well 
grounded, a shield is interposed between the motor compartment and 
a roof or side antenna. The hood hinges and its holding clamps may 
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not make good electric contact with the car frame. A hood bond is 
usually employed to ensure the effectiveness of the shield. 

Figure 19-6 shows a typical hood-bond installation. The bond is 
a piece of brass one surface of which has been serrated to give an 
effect like the teeth of a rasp. The bond is attached to the cowl panel 
by means of·a self-tapping screw in such a way that the teeth are on 
top of the hood weather stripping. The self-tapping screw gives a 
good contact to the cowl panel while the teeth of the hood bond 
make good contact to the hood when it is closed. The hood bond 
need not be installed when the antenna is located under the car. 

In the above discussion, the importance of shielding the motor 

.. ---I •• 0 0 0 

00.0. 
o 

Hood Bond 

FIG. 19-6.-Hood-bond installation. 

Hood Bond 

Self-tapping 
Screw 

Weather Strip 

Cowl Panel 

compartment has been stressed. However, the serviceman should 
be warned against making any attempt to shield the high-tension 
wires themselves. Although this may be effective in reducing igni
tion noise, it must be remembered that the shielding would con
stitute a near-by ground to leads which are carrying current at ex
tremely high voltage, and excessive leakage would result. 

Removing Interference from Conductors near the Antenna.
Since the high-tension wiring is the main source of ignition noise, 
and the dash, hood, and car chassis form a shielded compartment 
around the source, any antenna installed outside of this compart
ment will be relatively free of ignition noise. This is particularly 
true for antennas installed outside of the cowl and over the roof of 
an all-metal body construction, where the nearest conductors are 
the grounded body cowl or roof. The other types of antennas, how
ever, may pick up ignition interference from near-by wiring or other 
ungrounded conductors. 

An antenna that consists of an insulated section of the roof or a 
screen in the roof will be subject to interference from the dome-light 
WIrIng. This type of interference can be identified by the fact that 
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it will be reduced slightly when the dome light is turned on. Inter
ference from this source is removed by installing a condenser on the 
dome-light wiring, as shown in Fig. 19-7. 

The dome-light wiring usually goes up the right-hand corner post. 
The condenser is connected to the wire near the point where it goes 
up the corner post, thereby by-passing the ignition signal out of the 
WIre. Some manufacturers recommend the use of a filter at this 
point. The filter includes an RF choke as well as the condenser and 
is therefore somewhat more effective. The filter or condenser is 
grounded to the cowl panel near the corner post. 

Wire to 
Antenna in 

Roof 

\\~\\ ---J ,i,'! Wire to L-------: Dome Light 
\~, /."c:.:-_--=-_--=-~:-~===_" II Condenser 

"C)\,~ 0 t linnnnr [ -"'<t,..",H''+--D-om~\ight 
~\ ~ I UUUU I 0 ~~_ / Filter 

, I I 
o "o-=- -- ~"'I O~O I 

Ammeter 

Steering Column 
Corner Post 

FIG. 19-7.-Condenser installation to remove ignition interference from the dome-light wiring. 

An under-car antenna may be subject to interference from the 
near-by gas gauge or stop-light wiring. The same wiring may cause 
interference in an antenna that consists of an insulated trunk cover. 
The under-car antenna may also pick up interference from the trans
mission housing or muffler, which extends toward the rear from the 
motor compartment, and may not be well grounded. This type of 
interference may be eliminated by installing condensers on the wir
ing and bonding on the ungrounded conductors. Figure 19-8 shows 
the installation of a gas-gauge condenser. Figure 19-9 shows the 
installation of a grounding bond on a transmission housing. When 
a bonding strap is used, it should be as short and heavy as possible 
and all paint and grease should be cleaned away under the connec
tion nuts so as to provide good ground contacts. Although the 
bonding strap should be short, it should provide some slack to avoid 
breakage from vibration. 

Reduction of Chassis Pickup.-The radio itself is thoroughly 
shielded by its container so that there will be no pickup of signal 
(motor noise or otherwise) from any source but the antenna. Figure 
19-10 shows a top view of a typical installation. The mounting 
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nut that holds the radio to the dash provides the ground for the 
radio. The installation man should carefully remove paint from 
under the nut so as to make sure of this ground contact. Another 
good ground contact is established at the antenna end of the shielded 

frame Cross·member, 

FIG.19-8.-Gas-gauge-condenser installation. FIG. 19-9.-Transmission-bond installation. 

lead-in wire. The cup that encloses this contact usually has a ser
rated surface, which makes good contact to the body cowl when the 
antenna assembly is tightened in place. 

Motor Compartment --+-----
(Source of Interference) 

Hood qrounclecl to 
Body Cowl by 
Hood Boncl~ 

Antenna 

Insulator 

Steering Column 

/

bonclecl to Dash 
_ Radio qrouncled 
- /to Dash 

fo:::.=-======f:J---t-- Antenna r Receptacle 
Bocly __ --II 

Cowl lfo===============~n=~~==========~==:;\ 66 
FIG. 19-10.-Top view of automobile radio installation. 

In spite of the shielding, motor interference sometimes gets 
through to the radio owing to its position in a relatively noisy field. 
Interference of this type is known as "chassis pickup." It can be 
identified by its presence even after the antenna is disconnected 
from the radio. 
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Interference of this type is usually carried to the radio by the 
steering column, temperature and oil-line tubing, and brake, throttle, 
and speedometer cables that lead through the dash to the motor 
compartment. It can be removed by bond-grounding the cables 
where they enter the dash from the motor compartment. Figure 

(abies 

FIG. 19-11.-ControI-cable 
bonding installation. 

19-11 shows a method of connecting 
the ground. The cables, tubing, and 
steering column are cleaned with fine 
emery or sandpaper. The bonding 
braid is wrapped and connected 
under the holding screws as shown. 
Paint is removed from under the 
screw head. The connection can be 
made permanent by spot-soldering 
the braid to the cable. 

Any wiring, other than the an
tenna, entering the radio, like the 
battery lead or the leads to an 
external speaker, is also a possible 

source of noise. However, the original design of the radio places 
filters at the entrance point for this wiring inside the radio, to by
pass any motor interference. These filters are in a low-voltage 
circuit and do not break down. From the servicing point of view 
they may be neglected. 

FIG 19-12.-Generator-condenser installation. 

Reduction of Generator Interference.-Sparking at the generator
commutator will also cause interference. This type will be recog
nized as a high-pitched whine which increases in pitch and intensity 
as the motor speed is increased. 

Generator interference is reduced by installing a condenser on the 
battery side of the generator. Two typical installations are shown 
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in Fig. 19-12. The installation man should remember the usual 
precaution of removing paint 'from under the ground connection. 

Reduction of Wheel Static Interference.-The wheels, in turning, 
generate static electricity which discharges to the axle, thereby 
radiating some RF interference. This interference will not usually 
affect a roof or topper antenna, owing to the shielding of the car 
body. However, its effect will be noticeable when an under-car 
antenna is used, and sometimes a cowl antenna will also pick up some 
disturbance from this source. The front wheels are the greater 
offenders, since they are usually weighted for wheel-balancing 
purposes. In addition, the rear wheels are usually grounded more 
effectively, thereby preventing the generation of static charges. 

Hub Dust Cap 

Cotter Key Hub Cap 

.I"IG. 19-13.-Front-wheel static-collector-spring installation. 

Wheel static interference usually starts when the car is traveling 
at a fair speed on a smooth, dry road. It can be recognized by driv
ing until the interference starts and then turning off the ignition 
key and coasting. If the interference persists with the motor 
turned off and gradually disappears as the car loses speed, it is 
caused by wheel static. 

This type of interference can be reduced by installing static-col
lector springs. The latter are spring contacts that ground the 
wheel to the axle, thereby eliminating the static. Various types of 
collector springs are available to fit the various makes of automobiles. 
Figure 19-13 shows the installation of two typical static-collector 
springs. Wheel weights should be cleaned for good contact to the 
tire rims. 

Checking for Motor Interference.-Motor interference need not 
be entirely eliminated. Like hum in a home radio receiver, a certain 
amount of motor interference is permissible. Good judgment should 



362 ELEMENTS of RADIO SERVICING 

be used as to just how much interference is objectionable. The car 
owner, of course, is the final judge in this regard, but the serviceman 
should have some idea of a normal degree of motor interference. 

In general, reception from local stations should be completely 
free of motor interference. A slight amount of it may be tolerated 
when listening to weak distant stations, since a high noise level is 
the general expectation in this case. When the radio is tuned to a 
position between stations, the Ave circuit brings the receiver to a 
condition of maximum sensitivity, and some motor interference can 
be expected. Some automobile radios have noise-reducing squelch 

Generator 

FIG. 19-14.-Standard automobile radio installation for side-cowl antennas. 

circuits. When this is the case, the receiver is prevented from 
reaching maximum sensitivity, and there should be no motor inter
ference, regardless of the position of the receiver dial. 

After the receiver has been competently installed and the motor 
interference is eliminated, there is usually very little service work 
needed in connection with motor interference. The interference con
densers operate in low-voltage circuits and rarely break down. Oc
casionally, a condenser or bonding strap is removed in connection 
with general repair work on the automobile and is not replaced. A 
bonding strap may break, or grounding nuts may become loose. 
Any of these will cause complaints of motor interference. Usually, 
a visual inspection of the installation will locate the faulty condition. 

The motor compartment should include a properly installed 
generator condenser and distributor resistor. Further inspection 
takes in the mounting nut for the radio and the ground connection 
at the antenna end of the shielded lead-in wire. The hood bond 
comes next, if the antenna is of the cowl or roof type. A roof an-
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tenna also calls for an inspection of the dome-light filter. An under
car antenna calls for inspection of the bonds on the transmission 
housing and muffler, and filters on the gas-gauge wiring. 

To antenna 
in roof 

Lead-in shielding 
grounded ~to::...::.:co:.:.w:.:.I __ -+-__ To dome light 

Control cables 
bonded on motor 

side to dash 

i:t;;2I,""",-@t;," 
Dome light d' 
f 'lt Groun In9 

I er . --- Screw -----J Outline of 0 Remove paint 
Ammeter instrument panel from under 

which is removed Dome screw head 
to permit better light 

Steenng column view filter 
bonded on motor '(Corner post side to dash (ross Section View Of Cowl 

Panel Showing .Dome Light 
Fi Iter Installation Detail ~ 

A generator condenser distributor 
suppressor and hood bond are also 
needed for this type of instlAllation 
These are as. illustrated in figure 19-14 

FIG. 19-15.-Stalldard automobile radio in,tallation for cars with built-in roof antennas. 

If the inspection does not reveal the trouble, the source of the 
motor interference may be more quickly localized by disconnecting 
the antenna plug from its receptacle and substituting a specially 

Remove paint under 
Radio Mounting Nut 

Ammeter 
"9"--'i);;;+':;:h.:bTT-=:;;;;;;~ Condenser at the 

Steering Column 
and Control Cables 

bonded to Dash 

Wheel Static 
Spring 

In Hub Cap 

Ammeter is optional 

Lead-in Shielding 
grounded 

to Chassis Frame 

Muffler Housing Under Car 
bonded to Chassis Antenna 

Frame 

FIG. 19-16.-Standard automobile radio installation for under-car antennas. 

prepared antenna plug which grounds the antenna wire to the plug 
casing. If the motor noise stops, the antenna installation should 
be rechecked more carefully. If the motor noise continues, it is 
caused by chassis pickup, and the receiver ground ·and bonding of 
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the tubing, which leads through the dash, should be more carefully 
checked. 

As an aid in locating check points, Fig. 19-14 shows a standard 
installation for cars with cowl antennas, Fig. 19-15 shows a standard 
installation for cars with roof antennas, anq Fig. Hl-16 shows a 
standard installation for cars with under-car antennas. 

GLOSSARY OF AUTOMOBILE RADIO TERMS 

Bond. A lead used for grounding to the car chassis. It is usually a short, heavy, 
flat, flexible piece of tinned and braided copper, provided with connection lugs. 

Buggy-whip Antenna. Same as the side-cowl antenna. 

Cowl. The section of the body that is between the motor section and the front 
doors. 

Dash. The wall between the motor compartment and the driver's compartment. 
The dash is sometimes called the "fire wall." 

Distributor. The part of the ignition system that operates like a rotary switch 
to transfer the ignition current from the ignition coil to the various spark plugs 
in rotation. 

Generator. The part of the automobile electric system that charges the storage 
battery. It is operated by the motor, usually by means of the fan belt. A 
generator is shown in Fig. 19-1~. 

Hinge Antenna. An antenna similar to the side-cowl type, but with a one
point mount designed to be fitted to the pin of the door hinge. 

Hood. The hinged cover of the motor compartment. 

Ignition coil. The part of the ignition system that supplies the high voltage 
required for firing at the spark plugs. It is cylindrical in shape and is usually 
mounted in the motor compartment. 

Ignition Wiring. The varnished high-tension leads that carry the ignition 
current from the ignition coil to the distributor, and from the distributor to the 
spark plugs. The distributor, ignition coil, and ignition wiring are shown in 
Fig. 19-5. 

Instrument Panel. The panel directly below the windshield on which is 
mounted the ammeter, speedometer, gas gauge, etc. It is sometimes called the 
"dashboard." 

Roof Antenna. A wire screen mesh antenna placed in the roof of cars that have 
a fabric-top construction. 

Running-board Antenna. A plate or series of metal straps designed to be 
mounted below the running board. 

Side-cowl Antenna. An antenna mounted on the cowl. 

Topper Antenna. An antenna designed to be mounted over the roof of the car. 

Turret Top. An all-metal body construction, which includes the roof of the car 
and prevents the use of any antenna inside the car. 
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SUMMARY OF GENERALIZED INSTALLATION NOTES 

The installation of radios in automobiles offers individual problems depend
ing on the type of car and the type of radio. The serviceman is referred to the 
instruction sheets that come with the radio for dealing with specific cases. Certain 
recommendations will apply to all installations, and these are tabulated below. 

1. Clean the area around the holes cut for mounting the radio so as to establish 
a good chassis ground contact. 

2. Establish a good ground connection for the antenna end of the lead-in wire. 

8. Connect the antenna and "hot" battery lead, and adjust the antenna com
pensating condenser. Where a high-capacity antenna is used with a radio de
signed for a low-capacity antenna, connect a series condenser in the antenna lead. 

4. Install the generator condenser and distributor suppressor. 

5. Install (a) hood bonds for a cowl, top, or roof antenna, (b) a dome-light filter 
for a roof antenna, (c) a gas-gauge filter, wheel static collector springs, and bond 
mufHer and transmission housing for an under-car antenna. 

6. Bond steering column and control cables as they enter the dash. 

7. Check for motor interference. 

S. Check for wheel static. 

QUESTIONS 

1. An automobile radio has the following motor interference complaint: a high
pitched whine which gets louder and higher pitched as the car speed is increased. 
What is likely to be wrong? How would you correct it? 

2. An automobile radio is removed from a car with an insulated top antenna and 
installed in a car with a cowl antenna. The antenna compensating adjustment will 
not come to a peak. What is wrong and how would you correct it? 

3. An automobile radio is troubled with motor interference only while the car 
is in motion. What is likely to be the cause of the trouble, and what is the remedy? 

4. An automobile radio operating with a cowl antenna is troubled with motor 
interference, which stops when the antenna is disconnected. Outline your check 
procedure in servicing this complaint. 

5. A check establishes motor interference as coming from an under-car antenna. 
How would you proceed to eliminate the trouble? 

6. A car with an insulated top antenna is troubled with excessive motor inte:'
ference. Outline a check procedure for eliminating the trouble. 

7. An automobile radio is installed in a car with an insulated top antenna. The 
antenna compensating adjustment will not peak. What is wrong and how may 
it be corrected? 

8. What is the check for chassis pickup? How is interference from this source 
reduced? 



CHAPTER QO 

AUTO RADIO POWER SUPPLIES 

Quick Check.-If all the tubes in the receiver light, the vibrator 
is buzzing, the hum and hash level are normal, and the B plus volt
age measures approximately ~oo volts, the auto radio power supply 
is probably functioning normally. 

Function of the Auto Radio Power Supply.-The function of the 
auto radio power supply is like that of any other type: to furnish the 
necessary A, B, and C voltages to the filament, plate, and grid cir
cuits of the rest of the receiver. In this case, the power source is 
the 6-volt storage battery, which is standard equipment for the 
electric system in the automobile. 

Con n e ded to 
"Hot" Battery 

Lead 

ISAmp 
Fuse 

FIG. 20-1.-Typical auto radio heater circuit. 

Tube 
Heaters 

THEORY OF OPERATION OF THE AUTO RADIO POWER SUPPLY 

The A power or heater circuit of the auto radio is quite simple. 
All tubes are of the 6-volt heater type, and are connected in parallel 
and fed directly from the battery. The only special provision 
made is the installation of a filter circuit designed to prevent motor 
noise from entering the radio through the "hot" battery lead. 
Figure 20-1 shows a typical A power-supply circuit. 

The condenser marked s.p. is connected to the "hot" battery lead 
at the point where it enters the receiver. It consists of a metal plate 
insulated from the chassis by a thin sheet of mica. The piece of. 

366 
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metal is one plate of the condenser, and the chassis is the other. 
Condensers of this type are called "spark plates." Figure 20-2 
shows such a spark plate connected in the circuit. They have a 
very small capacity but are effective in filtering RF currents. The 
rest of the filter consists of the 0.5-mfd condenser C-l and the RF 
A choke L-l. The latter is about 30 to 50 turns of heavy wire 
wrapped in the form of a flat coil, the diameter of which is approxi
mately lY2 in. The choke offers opposition to any current at radio 
frequency, while the two condensers offer an easy path to ground, 
thereby keeping radio frequency out of the receiver from this source. 
The choke is wound with heavy wire in order to carry the heavy 
current of the receiver (5 to 8 amp). 

Fuse Holder 

Eyelet~ 

FIG. 20-2.-Spark-plate filter connected to the "hot" battery lead at the point of entry to 
the receiver. 

Auto Radio B Power Supplies.-Early auto radios were entirely 
battery-operated. The car battery was used for the A supply and 
a set of B batteries took care of the plate requirements of the re
ceiver. The next step was replacing the B batteries with a dyna
motor powered by the car battery. The dynamotor combines 
motor and generator in one unit, the motor operating from the 6-
volt battery, and the generator delivering an average DC output of 
180 volts at 50 rna. Dynamotors are still used as the source of high 
potentials suitable for B power in a large number of mobile electronic 
devices. However, in automobile radio, a vibrator type of B power 
unit was developed and has been universally adopted. This chap
ter, therefore, will confine the discussion entirely to the vibrator 
type of B power supply. 

Vibrator-type B Power Supplies.-Vibrator-type B power supplies 
operate by changing the magnetic field that results from a direct 
current in the primary of a step-up tral!sformer. The changing 
field induces high alternating voltage in the secondary of the trans
former. The secondary voltage is then fed through a rectifier and a 
filter in the usual way to supply the high-v:oltage direct current 
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necessary to operate the plate circuits of the receiver. This sequence 
can be illustrated by the block diagram of Fig. 20-3. Grid bias 
voltage or C power supply is obtained in the usual way by self-bias 
or voltage divider circuits. 

Some receivers use a mechanical rectifier consisting of an extra 
pair of points on the vibrator. Such a system is known as a "syn
chronous-vibrator" type of power supply and is described in the 
variations section of this chapter. 

6V 
DC 

Pulsating Smooth 
DC '.---...., DC 

Trans- ~-~Rectifier Fi Iter 6+ 
former 6-

FIG. 20-S.-Block diagram of a vibrator-type B power supply. 

How the Vibrator Works.-To understand vibrator operation 
consider first the circuit of Fig. 20-4. The battery sets up a steady 
magnetic field in the core of the transformer. A steady magnetic 
field does not induce voltage in the secondary. If the battery ter
minals are reversed, the magnetic field goes through a reversal, which 
is a change that induces voltage in the secondary winding. 

No Voltage 

FIG. 20-4.-Transformer fed 
with direct current. 

8 AC Voltage Output 
when SWitch is 

<OO''"TY fHpp" 

FIG. 20-5.-Reversing direct current 
through a transformer primary. 

The reversal of the magnetic field could be accomplished by using 
a single-pole, double-throw switch and the circuit of Fig. 20-5. The 
primary winding is center-tapped, and the battery connected to the 
tap. When the switch is in the position shown, current flows through 
the top half of the primary winding and sets up a magnetic field. 
When the switch is thrown and makes contact with the bottom ter
minal, current flows through the bottom half of the primary winding 
and sets up the opposite magnetic field. The changing field induces 
voltage in the secondary winding. When the switch is thrown again, 
the magnetic field is reversed again, inducing a secondary voltage 
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again, this time in the opposite direction. If the switch is thrown 
rapidly, an alternating voltage is set up in the secondary winding. 

If the switch of Fig. 20-5 is replaced by a pair of contacts on a 
magnetically vibrating reed, we have the basic circuit of all vibrator 
type B power supplies. This is shown in Fig. 20-6. At the starting 
position, current flows through the top half of the transformer 
primary winding and the vibrator coil, which are in series. The vi
brator coil becomes an electromagnet which attracts the reed up
ward, making the top contact. The top contact shorts out the vi
brator coil, and a heavy current flows through the top haH of the 
primary winding. The deenergized vibrator coil allows the reed to 
break the top contact, swing through the starting position, and make 
the bottom contact. This drives a heavy current through the bottom 
haH of the transformer primary reversing the magnetic field. The 

Step-up 
Transformer 

FIG. 20-6.-A typical vibrator used in auto radio power supplies and a basic vibrator 
circuit. 

me 

broken top contact removes the short across the vibrator coil, and it 
is energized once again, attracting the reed upward. This cycle of 
events repeats itself continuously. The constant reversal of the 
magnetic field in the core of the transformer induces an alternating 
voltage in the secondary winding. The frequency of this alternat
ing voltage is determined by the mechanical structure of the vibra
tor. This is adjusted by vibrator manufacturers to be approxi
mately 115 cycles per second. 

Vibrator Hash.-The making and breaking of current at the vi
brator contacts are accompanied by sparking. The sparking de
creases the life of the vibrator points and causes RF interference in 
the receiver. This interference is known as "hash." Practical 
vibrator circuits include provision for spark suppression and hash 
filters. A typical circuit is shown in Fig. 20-7. 

Condenser 0-3 is known as the "buffer" condenser. It takes up 
the high-voltage surges that would otherwise result from the rapid 
magnetic changes taking place during the time the reed is traveling 
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between contacts. It also is effective in reducing sparking at the 
contacts. The condenser stores energy during high-voltage periods. 
The discharge circuit is the transformer, and the inductance of the 
transformer forms an oscillating circuit with the capacity of the 
condenser. For this reason, the capacity of the buffer condenser is 
an important factor in the design of the power supply, and its value 
should not be changed in service work. The buffer condenser is 
sometimes called a "surge cO:Q.denser" or a "timing capacitor." 
Common values for the buffer condenser vary from 0.005 to 0.03 

To 

r---------------------------------, r--------l Power .---___ ...... -+_---<.-___ T;.;.r.::.;a nsformer 

L __ -..;: ____ ...J 

L-2 
Vibrator 

Choke 

To 
Full-wave 
Rectifier 

To Rectifier 
Heater 

.. Hot " ___ +-....... --_---1 To O.ther 
()-< ...... ---------+-~ Tube 

A Heaters 

L-- ____________ ~----------------J 

FIG. 20-7.-Typical vibrator circuit including provision for hash suppression. 

mid. The condensers used are of the oil-filled type with a rating of 
1,600 volts. 

Resistors R-I and R-2 are connected across the vibrator contact 
points and are also effective in reducing sparking and hash. These 
resistors vary in different circuits from 50 to 200 ohms. 

They form a discharge path for back electromotive force in the 
primary which would otherwise cause a heavier spark at the contact 
break. These resistors rarely cause any service difficulty. Some
times condensers are used in the same circuit instead of resistors 
R-I and R-2. 

The vibrator choke and condenser C-2 form a hash filter. The 
choke acts to keep RF current from the vibrator out of the receiver 
heater lead, while the condenser offers a short path to ground for 
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the same currents. A similar hash filter is sometimes also con
nected to the B plus output lead. 

Other methods used for hash suppression are the total shielding 
of the vibrator, and sometimes of the power supply itself. The 

Power Supply 
Comp~rtment 

8 Shielding Partition 

R~dio Compartment 

FIG. 20-S.-Top view of an auto radio, showing separate shielded compartments 
for the receiver and power supply. 

vibrator is shielded by being enclosed in a metal can. The entire 
power supply is often shielded by being enclosed in a metal com
partment of the receiver assembly, as shown in Fig. 20-8. 

To~1 
Vibra~ I '--+-~>----I 

L-Z 
Vibrator 
Choke 

To "Hot" A ------' 

Rectifier 
6X5-G/GT 

To 
Filter 

}'IG. 20-9.-Full-wave rectifier in the vibrator-type power supply. 

Rectifiers Used in Auto Radio Power Supplies.-The vibrator and 
transformer convert 6 volts DC to a high-voltage alternating current. 
This is fed to a conventional full-wave rectifier and filter circuit. 

The rectifier in most common use is a full-wave, high-vacuum rec
tifier of the heater-cathode type. The circuit is shown in Fig. 20-9. 
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The heater-cathode type of construction is necessary because the 
heater is fed by the battery and is therefore at ground potential. 
The rectifier cathode in a full-wave circuit, on the other hand, is at 
the highest DC potential. 

The 6X5-G and 6X5-GT tubes are the most widely used rectifier 
tubes in auto radio receivers. Receivers that feature locking-base 
tubes use the 7Y 4 type. Older auto radio receivers use the 6Z4 and 
84 types. All these types have about the same ratings and charac
teristics. 

Cold-cathode Rectifiers.-Some receivers use a cold-cathode type 
of rectifier tube, like the OZ4 and OZ4G, which do not use a filament 
or heater to obtain electron emission from the cathode. Instead, 

(-4 
.0008 

To 
• Hot'" A -...----' 

Rectifier 
OZ4 

o--1f-........ ----- + 

c·s 
.0008 

To 
Filter 

FIG. 20-10.-Cold-cathode type of rectifier circuit. 

they contain a gas which ionizes when the AC potential is applied. 
The cathode of the tube is bombarded by gas ions until it emits elec
trons, after which the tube rectifies in the usual way. Figure 20-10 
shows the circuit of the cold-cathode type of rectifier tube. The tube 
emits a purplish glow when it is operating. 

Gas-filled rectifiers introduce an RF disturbance or hash of their 
own. Circuits of this type, therefore, require an extra hash filter. 
Condensers C-4 and C-5 serve this purpose in the circuit of Fig. 
20-10. The condensers function as RF by-pass units. Their usual 
value is 0.0008 mfd. 

Some receivers are wired so that either a 6X5-G heater-cathode 
type or an OZ4 cold-cathode type rectifier may be used. This is 
very easily arranged, since the plate and cathode pin numbers of 
both types of tubes are the same. 

Auto Radio B Filter Circuits.-The auto radio power supply uses 
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a standard L-C filter circuit to smooth the rectifier output. It con
sists of a small B choke and two electrolytic condensers, as shown in 
Fig. 20-11. The input and output filter condensers are usually 
rated at 10 mfd/300 volts. The choke usually has an inductance of 
10 to 20 henrys. Auto radio receivers do not use the field of an elec
trodynamic speaker as a B choke. The speakers in these radios arc 
either of the P-M dynamic type or, when electrodynamic units are 
used, the field winding is a 4- to 6-ohm coil, which is fed by 6 volt') 
DC from the heater line. 

Rectifier 

FIG. 20-H.-Filter circuit in the vibrator-type power supply. 

Some receivers use an R-C filter circuit. In this case, the B 
choke is replaced by a resistor, the value of which is 1,000 to 2,000 
ohms. The filter condensers may also be increased in capacity to 
20 mfd to maintain efficient filtering. It must be remembered that 
filtering in auto radios is more efficient than is the case in home re-

FIG. 20-12.-An RF filter in the B plus circuit for hash suppression. 

ceivers, because of the higher hum frequency, resulting from the 
vibrator frequency of approximately 115 cycles per second. 

Finally, some auto receivers include an RF filter in the B plus lead 
for hash suppression. A typical circuit is shown in Fig. 20-12. 
Condenser 0-6 is a O.Ol-mfd RF by-pass unit rated at 400 or 600 
volts. The RF choke is wound with fine wire and has an average 
inductance of 20 mho 

Auto radio receivers rarely use a voltage divider. Screen voltages 
are usually obtained from B plus by suitably by-passed dropping 
resistors. 
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A Typical Auto Radio Power Supply.-Figure 20-13 shows the 
schematic diagram of the Motorola Model 401 auto radio. Note the 
following points of interest in the power supply. The "hot" battery 
lead filter is composed of the A choke, part (10), the 0.25-mfd con
denser (37), and the two spark plate condensers labeled s.p. The hot 
lead then goes through the switch on the volume control, from which 
point it branches off to feed the dial lamp, speaker field, tube heaters, 
and power supply. RF choke (11) feeds the tube heaters, and vi
brator choke (9) feeds the power supply. Note the spark plate con
denser as the lead enters the power supply. The vibrator choke 
feeds the vibrator and also the 6X5-GT rectifier tube heater, the 
latter being separated from the other tube heaters for reasons of 
hash suppression. Condenser (45), connected across the high-voltage 
winding of the power transformer, is the buffer condenser. Resis
tors (34) and (35) are connected across the vibrator points for reduced 
sparking and hash. The B filter is an R-C filter composed of resistor 
(28) and condenser block (15). 

In this circuit, the common condenser connection in the block is 
not grounded, indicating a resistor in the negative B lead for bias. 
The C bias resistor is part number (31 )'near the second AF tubes. The 
20-mfd/25-volt condenser in the power supply by-passes the bias 
voltage. 

NORMAL TEST DATA 

Quick Check for Normal Operation of the Auto Radio Power 
Supply_ 

Vibrator is buzzing. 
Hum and hash level are normal. 
All tubes in the receiver light. 
B plus voltage measures 150 to 250 volts. 
The mechanical noise or buzz made by the vibrator is well damped 

by rubber cushions, etc., but is still discernible as soon as an auto 
radio is turned on. When he works on an auto radio, the service
man's first check is to turn on the receiver and listen for this buzz. 
Its absence is an indication of a blown fuse or a defective vibrator, 
both of which are common troubles in auto radios. 

Then, as the tubes warm up, the hum and hash become noticeable. 
A normal level for these may be established as an amount that is 
just discernible when the receiver is tuned to an off-station position. 
Hum is higher pitched than for a home receiver, owing to the higher 
frequency of the vibrator. Hash is a steady tearing sound. Too 
high a hum or hash level indicates trouble in the filter or hash-sup
pression circuits. 
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To check that the tubes light or warm up in the case of metal 
tubes, the receiver cover must be removed. B plus can be measured 
at the screen pin of the second AF tube or any other convenient B 
plus point. The wide variation (150 to 250 volts) given for the B 
plus measurement is not because vibrator power supplies operate 
over wide limits, but rather that the receivers have been designed 
for this wide variation. As a general rule, small receivers are de
signed to operate at the low voltages. 

Normal Voltage Data for the Auto Radio Power Supply.-Normal 
voltage data for the auto radio power supply are given in the ac
companying table. It is assumed that the test battery is in good 
condition and the charger is not operating. 

Point to point 

Chassis to "hot" battery lead ...................... . 
Chassis to center tap of transformer primary ............ . 
Chassis to rectifier plates. . . . . .............. . 
Chassis to rectifier cathode .......................... . 

OZ4 and 6X5 
pin No. 

3 and 5 
8 

Chassis to B plus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ............ . 

Current drain ...................................................... . 

Voltage 

6 
5.5 

150-250 AC 
160-260 
150-250 

5-8 amp 

In actual operation in the car, the battery voltage varies consider
ably, depending on the condition of the battery, the operation of the 
charger, and the charging rate. The normal B voltage shown has 
wide limits, which depend on the design of the receiver. The actual 
normal B voltage may be ascertained by reference to the receiver 
schematic or to the voltage rating stamped on the ·filter condenser 
block. When the filter block is stamped "200 volts," the serviceman 
will know that the receiver has been designed to work at a low B 
voltage. 

An ammeter check of the current drawn from the battery, if con
venient, is indicative of trouble in the power supply. The normal 
current drain of auto receivers is 5 to 8 amp, depending on the 
number of tubes in the receiver, the maximum B voltage, and the 
type of speaker used-P-M or electrodynamic. Trouble in the form 
of shorts in the B circuits of the receiver would cause a current 
drain increase of approximately 1 to 2 amp. A shorted buffer con
denser would cause an even heavier increase in battery current. 
When vibrator points stick, the current drain exceeds 15 amp. 

The ammeter check can be made in the automobile by connecting 
the "hot" battery lead to the proper terminal of the charge-discharge 
ammeter on the instrument panel. To make this check on the test 
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bench, an ammeter could be connected in series with the test battery. 
It is not advisable to use the ammeter range of the bench multimeter 
for this purpose. A shorted vibrator could draw sufficient current to 
damage the instrument. Instead, a single-unit ammeter with a 
range of 20 amp and of a rugged construction should be used. Am
meters designed for the instrument panel of an automobile are 
satisfactory. 

Standard Diagram.-The standard diagram is shown in Fig. 
20-14. 
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FIG. 20-14.-Typical auto radio vibrator-type power supply. 
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Normal Resistance Data for the Auto Radio Power Supply.
Normal resistance data for the auto radio power supply is given in 
the following table: 

Chassis to rectifier plate ................................................ 150-300 ohms 
Rectifier plate to plate ................................................. 300-600 ohms 
Chassis to B plus .................................................. Condenser action 
Transformer primary winding ......................................... Less than 1 ohm 

The rectifier plate readings measure the resistance of the high
voltage winding of the transformer. ltarge receivers with heavy B 
current dr~in will give the lower readings. When half the winding 
J. chassis to rectifier plate) reads as high as or higher than the full wind
ing, the B circuit is of the type that obtains C bias by means of a 
resistor in the B minus lead. 

The reading from chassis to B plus shows the charging current of 
the electrolytic filter condenser, since there is usually no bleeder in 
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an auto radio receiver. The reading after the charging current has 
subsided is indicative of the leakage of the electrolytic condensers. 
Reverse the test prods and take the higher reading as the leakage 
resistance. 

COMMON TROUBLES IN THE AUTO RADIO POWER SUPPLY 

The troubles that commonly develop in auto radio power supplies 
are in the vibrator, rectifier tube, buffer condenser, filter condensers, 
and switch. The power transformer and the B choke rarely cause a 
defective receiver. The other components operate in low-voltage 
circuits and breakdowns are also rare. 

On occasion, however, normal vibration in an automobile causes a 
grounding lug or screw to work its way loose. The resulting open 
circuit would most probably affect hash suppression. A servicing 
procedure for complaints of excessive hash includes checking for 
loose shielding and grounding screws. 

Troubles Common to Vibrators.-Vibrators are subject to many 
ills. Shorts and overloads in the B circuit of the receiver place an 
abnormally heavy load on the vibrator. In addition, it is a compo
nent that is normally in constant motion, and deterioration due to 
wear may be expected. The spring loses its tension, the contact 
points wear, and sometimes the points become pitted and stick. A 
defective vibrator can sometimes be repaired by filing the points 
and adjusting the spring tension and contact break distance. This, 
however, requires special techniques and equipment, and the re
pair effected may not be lasting. It is best to replace a defective 
vibrator with a new unit similar to the old one. 

As the vibrator points wear or the spring weakens, the unit will 
sometimes fail to start. The car owner soon discovers that, if he 
flips his switch rapidly two or three tiWes or hits a bump that gives 
his entire car some extra vibration, the receiver starts to play. The 
radio then seems to operate normally until the next time it is turned 
on. 

When a receiver is brought in with a complaint describing the 
above symptoms, the serviceman may be reasonably certain that 
the vibrator is at fault. To check, he verifies the condition by turn
ing on the radio and listening for the vibrator buzz. If it is not heard, 
he gives the corner of the radio a sharp slap. When this. starts the 
vibrator and normal operation, the condition is confirmed. If the. 
vibrator does start buzzing immediately after turning on the switch, 
the intermittent operation must be checked by other means. 

A good check for vibrator starting is to operate the receiver at a 
lower battery voltage. The "hot" battery lead is clipped to the 
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4-volt intercell connection strap on the storage battery. A vibrator 
that gives intermittent service, owing to the widened space between 
the worn points, will not start on a 4-volt input source, unless it is 
jarred. Even then, it will probably stop soon after having been 
started. A good vibrator will start without being jarred and will 
continue to operate when the input supply is 4 volts. 

When pitted vibrator points stick, there is a heavy current drain 
through the half of the transformer primary winding that is fed by 
that point. The heavy current blows the fuse in the "hot" battery 
lead. Again, it sometimes happens that the car owner finds the 

To·Hot· .... ___ --J 

A 

To 
Filter 

FIG. 20-15.-A typical buffer condenser and its position in the circuit. 

blown fuse and replaces it himself. This may restore normal oper
ation, but it will be short-lived, since the pitted points will stick 
and blow the fuse again. Continued blowing of fuses and checking 
with an ammeter comprise the method for determining sticking 
vibrator points. 

As mentioned before, when the symptoms and checks indicate 
that the trouble is definitely in the vibrator, replacement with a new 
unit is the best service procedure. There is considerable variation 
among vibrators, not only in the method of making connections but 
also in the construction and operating characteristics. For this 
reason, the replacement should be made with an exact duplicate of 
the original or, at least, with one that is specified by its manufacturer 
as being correct for the receiver being repaired. In the latter case, 
the replacement is not always the same size as the original, and the 
serviceman should be sure that provision is made for properly 
grounding the vibrator shield can and for holding it in place when 
sponge-rubber vibration-damping devices are provided. 

Troubles Common to the Buffer Condenser.-The buffer con
denser often breaks down owing to voltage overload. When this 
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happens, the radio is inoperative because of the absence of B volt
age. The receiver draws heavier than normal current from the 
battery to feed the short across the secondary of the power trans
former. 

The shorted buffer condenser will be found when a voltage check 
shows no B plus voltage and no AC plate voltage being fed to the 
rectifier plates. Then a resistance check shows the short from plate 
to plate of the rectifier tube instead of the normal 300- to 600-ohm 
reading of the power transformer secondary winding. 

The condenser should be replaced by one of the same capacity 
rating as the original, and the same or a higher voltage rating. Any 

(A) (B) 

FIG. ~O-16.-Variations in the buffer-condenser circuit. 

change in the capacity of the buffer condenser may cause a shortened 
life for the vibrator, increased hash, or both. The replacement 
condenser should be of the oil-filled type, with a rating of 1,600 
volts. 

In replacing the buffer condenser or any unit in an automobile 
radio, the serviceman should remember that mobile equipment is 
subject to a considerable amount of vibration, and parts should be 
installed with this point in view. With improper installation, normal 
vibration may break the connection leads of the replacement unit. 
Most of the parts in an automobile radio are strapped down to take 
the vibration strain off the leads. The serviceman should be care
ful to use the original, or a similar, secure fastening to hold down the 
replacement unit. Also, connections should be well wrapped and 
soldered .. 

Variations in the Buffer Condenser Circuit.-The buffer con
denser is sometimes connected in circuits like those shown in Fig. 
:20-16. The function of the buffer circuits shown is the same as the 
single condenser connected directly across the high-voltage windiJlg. 
The common trouble is also the same; that is, the condenser is likely 
to become shorted. The effect on the receiver, however, may be 
different. If either condenser in Fig. 20-16A should become shorted, 
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there would be a heavy load on the transformer and vibrator, but 
there may be some B plus voltage from the half of the transformer 
connected across the good condenser. If the buffer condenser of 
Fig. QO-16B should become shorted, B plus would not be shorted 
out. The voltage would be lower, however, depending on the size 
of the series resistor and the decreased efficiency of the vibrator 
without its timing capacitor. The receiver may play, but the hash 
content would be high. 

A shorted buffer condenser in either of the two examples of Fig. 
QO-I6 would be found in a routine voltage and resistance check of 
the power supply. They would both give incorrect readings for B 
plus voltage, and AC plate voltage. A resistance check would 
readily show the short in the circuit of Fig. QO-I6A, and the hash 
level would focus attention on the buffer condenser of Fig. QO-I6 B. 

Troubles Common to the Rectifier Tube.-The rectifier tube in an 
automobile receiver has the usual ills of any rectifier tube: weak or 
no electron emission. In addition, cathode-to-heater leakage 
causes trouble, since any leakage here acts like a short on the B 
power supply. The heater is at chassis potential, and the cathode is 
the point of highest voltage in the receiver. 

When the rectifier tube is weak or entirely inactive, low or no B 
plus voltage will result. The same condition can also result from 
other causes. Low battery voltage, a weak vibrator, an open or 
shorted filter condenser, or a heavy drain in the B plus line can cause 
the same effects. Checking the tube in a tube tester will eliminate 
the tube as the cause of the trouble. Before a poor tube is replaced, 
the B circuit should be checked for shorts and overloads, since a 
short here may harm the new tube as well as be the cause of failure 
of the old one. Figure QO-IS is a skeleton diagram of the B circuit of 
a typical auto radio and should be an aid in locating shorts in the B 
plus circuit. 

When the trouble is due to a cathode-heater short, B plus will be 
shorted out and the receiver will not operate. This condition mayor 
may not be indicated by the tube checker, depending on its design. 
A resistance check may not reveal the trouble either, since the short 
may not be present except when the tube is functioning, and the 
expanded heater touches the cathode. 

In this set of circumstances, the cathode-heater short would be 
found by a process of elimination. The vibrator is working. A heavier 
than normal battery drain indicates a shorted condition. A voltage 
check shows a reading of AC voltage at the rectifier plates. This 
reading would be lower than usual, but any reading at all clears the 
transformer and buffer condenser of suspicion. The voltage check 
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also shows a condition of no voltage in the B plus line, placing the 
short in this circuit. A resistance check then shows no apparent 
short in the B plus line, a contradiction that is possible only when the 
short appears under operating conditions. This makes the rectifier 
tube a likely suspect, since cathode-heater shorts that appear only 
when the heater is expanded by normal operation are quite common. 
Replacing the tube with one known to be good is the final confirma
tion. 

Cold-cathode rectifier tubes have the same failings as the thermi
onic types, with the exception, of course, of cathode-heater leakage. 
Not all tube checkers are equipped to test this type of tube, however. 
If this is the case and the serviceman suspects t~e rectifier because 
of low or no B voltage, and no sign of a short, the tube is checked by 
replacing. it with one known to be good. 

RF Choke "B"Choke 
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FIG. 20-17.-The auto radio B filter circuit. 

Troubles Common to the Filter Circuit.-The chokes in the filter 
circuit rarely cause any service troubles. The electrolytic condensers 
C-15 and C-16, however, open and sometimes short. When input 
filter condenser C-15 opens, the receiver will hum. The serviceman 
is again reminded that hum in an auto radio is higher pitched than 
hum in the usual AC home radio. The condition will be found when 
a test condenser of approximately the same capacity is bridged 
across the input filter condenser. When the output filter condenser 
C-16 opens, the receiver will hum and oscillate. Again, the condition 
is found by bridging a test condenser across condenser C-16. If 
RF by-pass condenser C-6 should open, the hash level may increase. 
The condition would be found in a routine check for hash. 

If any of the three condensers should become shorted, there would 
be no voltage at B plus and the receiver would be inoperative. The 
shorted condenser would be found by an ohmmeter check. It must 
be remembered that a short at any point in the B plus line may be 
difficult to find, because of the many parallel branches in which it 
may be located. Figure ~O-18 shows the complete B circuit of the 
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typical receiver of Fig. 20-13, to serve as an aid in locating shorts 
in the B supply. -

When a filter condenser is replaced, it would be advisable to use 
an exact replacement unit. If this is not obtainable, the unit chosen 
should have the same or higher capacity rating, the same or higher 
voltage rating, and in addition, should have some mounting pro
vision to ensure against lead breakage by vibration. 
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FIG. 20-18.-Skeleton B circuit of the auto radio receiver of Fig. 20-13. 

When the filter circuit includes an R-C filter, the filter resistor 
rarely gives any service trouble unless it has been overloaded by a 
short in the B plus line. When this is the case, the resistor should 
be replaced with one of the same resistance and wattage rating as 
the original. 
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FIG. 20-19.-Partial auto radio A circuit. 
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t 
Troubles Common to the Power Switch and Battery Lead.

On-off switches in automobile receivers give more trouble than 
similar switches in home receivers. This is because the switch must 
break 5 to 8 amp, whereas the AC receiver switch breaks only 0.3 
to 1 amp. In addition, although a nO-volt supply will override the 
slight resistance caused by a poor contact in a switch without over
heating, the same circumstance in the low-voltage, high-amperage 
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circuit of the auto radio switch will cause considerable loss of power, 
heating, and finally burning of the switch. 

Poor operation of an auto radio, due to switch contact resistance, 
would be found in a voltage check. The reading at the "hot" bat
tery lead would show the normal 6 volts, but the reading at the 
center tap of the transformer primary would be considerably lower 
than the 5.5 volts given as the normal reading in the voltage chart. 
Reference to Fig. ~O-19 shows that the voltage loss may be due to 
poor contact' in the fuse receptacle, or switch, or possibly to a rosin 
joint at one of the connections. Which item is at fault could be 
determined by inspection, overheating, or a voltage check across the 
individual units. If the switch or fuse shows 1 volt across its ter
minal points, there is no doubt as to where the contact resistance is 
located. 

When replacing a defective switch, or volume control and switch, 
in an auto radio, the serviceman should make sure that the replace
ment unit has been designed for auto radio use. Auto radio switches 
usually have double contacts connected together either internally 
or externally, and are marked with their rating specifications. The 
replacement switch should be labeled at least "IOA-12V," indicating 
that it has been designed to break a l~-volt/IO-amp circuit. 

Hash Suppression.-Hash suppression is a design problem, and 
for an individual type of receiver has been solved in its original 
design. Subsequent complaints of excessive hash in the receiver 
are caused by the breakdown of one or more of the hash-suppression 
components. Di~erent types of receivers use various methods of 
hash suppression, and, as a result, the generalized service procedure 
for curing excessive hash may include the checking of items that are 
not incorporated in the receiver being serviced. 

Service Procedure for Excessive Hash. 
1. Tighten all chassis screws. This procedure is particularly im

portant in the power-supply compartment. 
2. Check all ground connections. Most of the ground connections 

are established by the chassis screws; some may be soldered directly 
to the chassis. These should be resoldered with a heavy-duty solder
ing iron. Occasionally, a chassis rivet may be used for a grounding 
connection. These should be carefully cleaned and spot-soldered 
to the chassis. 

Spring contacts of various types are used for grounding purposes 
jn various parts of the receiver. The ground connection for the vi
brator shield can is usually of this type. Spring contacts are also 
used between the metal cabinet and the chassis and the top and bot
tom covers. These spring contacts should be cleaned andresprung. 
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3. Try replacing the vibrator. 
4. Try replacing the reci1fier tube. If the receiver is wired for either 

an OZ4 or 6X5, the 6X5 is less likely to cause hash. 
5. Replace the RF by-pass condenser in the B plus lead. 
6. Check the resistors or condensers across the vibrator contact poinis 

for opens or poor connections. 
7. Check the buffer condenser for correct capacity rating. 

VARIATIONS OF AUTO RADIO POWER SUPPLIES 

The Synchronous Vibrator.-Some receivers use an extra pair of 
points in the vibrator to act as a mechanical rectifier, which re
places the rectifier tube. The circuit used is that of Fig. ~o-~o. 

-

Buffer 
;Concienser 

I 
+ 

Load 

FIG. 20-20.-The synchronous vibrator: operation position 1. 

When the contact at A is made, the magnetic field in the core caused 
by the flow of primary current, induces a voltage in the secondary, 
the polarity of which we shall assume to be as marked in the dia
gram. The voltage, in the lower half of the secondary, drives a 
current through the load in the direction of the arrow through the 
contact at C, which is also closed when the A contact is closed. 

As the contact at A is broken by the vibrator action, the contact 
at C also opens. 

When the vibrator swings up, the contact at B reverses the mag
netic field in the core, reversing the polarity of the voltage induced 
in the secondary, as shown in Fig. ~O-~l. But current still flows 
through the load in the same direction as previously, because it is 
now being furnished by the top half of the secondary through the 
closed con tact at D. 

In this manner, the contacts at C and D serve as a full-wave recti
fier for the load which, of course, is the B circuit of the receiver. 
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Battery Polarity When Synchronous Vibrators Are Used.-In 
discussing automobile radio up to this point, we never mentioned the 
polarity of the car battery. The only distinction made was refer
ence to the "hot" lead and the grounded lead. However, some auto
mobile manufacturers ground the negative terminal of the car 
storage battery; others ground the positive terminaL Furthermore, 
the same manufacturer may change the polarity of the grounded 
lead in his models from one year to the next. As a result, the "hot" 

Buffer 
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I .....----t----"'t I , , 
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+ 

FIG. !lO-!ll.-The synchronous vibrator: operation position !l. 

Load 

battery lead may be either the positive or the negative terminal, 
depending on the make and year of the car. 

In the case of a radio with a nonsynchronous vibrator and a rec
tifier tube, this is a matter of no importance, since this type of power 
supply will function regardless of the polarity of the source battery. 
However, in the case of a radio that uses a synchronous vibrator, the 
polarity of the "hot" battery lead is an important factor, since it will 
determine the polarity of the rectified output. Since the B supply 
must connect B minus to the chassis and B plus to the plate circuits 
of the receiver tubes, reversed polarity of the car battery will cause 
nonoperation of the receiver. 

A radio with a synchronous vibrator must, therefore, include 
some provision for reversing the output B polarity, since the radio 
may be installed in any automobile, and either the positive or the 
negative battery terminal is the hot lead. Either one of two methods 
is commonly employed to reverse the B output when necessary. In 
one, the two ends of the high-voltage winding are brought to a screw
terminal strip and equipped with spade lugs to permit a convenient 
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reversal. In the other, the vibrator and its socket are so constructed 
that the vibrator may be installed in either one of two positions. In 
one position, the receiver will operate .properly with the negative 
terminal of the battery grounded, and the other position accommo
dates a grounded positive. Figure 20-22 shows a receiver of this type. 

A Typical Auto Radio Using a Synchronous Vibrator.-Figure 
20-22 shows the schematic diagram of the R.C.A. Model 67Ml auto 
radio receiver, which uses a synchronous vibrator. Note the fol
lowing items of interest. The power supply is enclosed in a shielded 
compartment, as indicated by the dotted line surrounding it. There 
is no filter on the pilot-lamp lead. This is unnecessary since the pilot 
lamp is installed in a remote-control head and therefore cannot 
bring hash or ignition interference into the radio receiver. There is a 
spark plate condenser C-40 connected to the hot battery lead as it 
enters the receiver. Condenser C-43 and RF choke D-l~ make up the 
hash filter for the transformer primary and vibrator. Condenser C-41 
and RF choke L-I0 form an additional hash and ignition noise filter 
to feed the heater line. 

The vibrator socket has six prong holes and a center-pin hole. 
Prongs 2 and 3 are thicker than the others so that the vibrator can 
be inserted in only two positions. In either position, pin No. 1 is 
grounded and pins 4 and 5 remain unchanged because of the revers
ing connections of the two unmarked pins. The location of the rec
tifier contacts, however, with respect to the ends of the high-voltage 
winding, will be reversed as the vibrator is shifted from one position 
to the other. 

Re~istors R-18 and R-19 and condensers C-45 and C-46 function 
as the buffer circuit. Condenser C-47 is an RF by-pass which 
functions as a hash filter in the B plus lead. The B filter circuit con
sisting of L-13, C-48, and C-49 is conventional. 

Servicing Synchronous Vibrator-type Power Supplies.-From 
the serviceman's point of view, the synchronous vibrator type of 
automobile radio includes some problems of its own. First, he must 
observe polarity when connecting the radio for operation on his 
test bench. To do this he must connect the "hot" battery lead to 
the same terminal on his test battery as the "hot" lead in the car 
from which the receiver was taken. 

If the automobile is available, polarity is easily determined with a 
voltmeter. Simply clip the negative lead of the multimeter to the 
instrument panel or other convenient ground. Adjust the meter for 
the 10-volt DC range. Touch the positive voltmeter lead to either 
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terminal of the ammeter on the instrument panel. If the meter reads 
6 volts, the negative terminal of the car battery is grounded. If 
the meter pointer swings backward, the positive terminal of the car 
battery is grounded. If the car is not available but known as to 
model and year, the grounded battery terminal can be ascertained 
by reference to charts that list this information. These charts are 
obtainable from the publishers of the various automobile trade 
periodicals. One such chart is included in the Appendix. If the car 
is unknown, the receiver may be connected with either battery 
terminal connected to the hot lead, and the voltmeter test prods are 
connected to chassis and B plus. A reversed reading of the volt
meter indicates incorrect battery polarity. No harm is done if the 
receiver is operated for a short time with the battery reversed. 

Another instance where battery polarity becomes of importance 
in the synchronous vibrator type of auto radio is when such a radio 
is removed from one car and reinstalled in another. In this case, 
the polarity of the grounded lead is checked with the voltmeter in 
both the old car and the new. If there is any change, the appropriate 
switch must be made in the receiver. 

When servicing a receiver, like the one of Fig. ~O-~~, where the 
polarity change-over is accomplished by the position of the vibrator 
in its socket, if the vibrator is removed for test or replacement, it is 
important to note the position identification. Then the vibrator 
may be replaced with the correct polarity setting. 

The quick check for a synchronous-type power supply is the same 
as for the more common non synchronous type. The voltage and 
resistance data are the same, if due allowance is made for the differ
ence in test points. The AC voltage readings are taken from the 
proper vibrator socket terminals, rather than from the plate pins of 
the rectifier tube. B plus would be checked at the filter condenser 
terminals. Common troubles and service notes are also the same for 
both types of power supply. 
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SUMMARY 

Quick check of the auto radio power supply. 
Vibrator is buzzing. 
Hum and hash level are normal.. 
All tubes in the receiver light. 
B plus measures 150 to fl50 volts. 

Standard circuit. 
The accompanying figure shows the standard circuit. 
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Normal voltage data for the auto radio power supply. 
Normal voltage data for the auto radio power supply are given in the accom

panying table. 

Point to point 

Chassis to hot battery lead"" , ,', , , , , , , , , , , , , , , ....... . 
Chassis to center tap of transformer primary ............ . 
Chassis to rectifier plates ............................. . 
Chassis to rectifier cathode ............ , ............... . 
Chassis to B plus ................ , ... , ............... . 

Current drain 

OZ4 and 6X5 
pin No. 

8 and 5 
8 

Normal resistance date for the Auto Radio Power Supply. 

Voltage 

6 
5,5 

150-250AC 
160-260 
150-250 

5-8 amp 

Chassis to rectifier plate .............................................. 150-800 ohms 
Rectifier plate to plate ............................................... 800-600 ohms 
Chassis to B plus .............................•....•.............. Condenser action 
Transformer primary winding ....................................... Less than 1 ohm 
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SERVICE DA"rA CHART 

Symptom Incorrect check results Look for 

Receiver does not operate No buzz from vibrator Disconnected "hot" battery 
lead. Blown or defective 
fuse. Burnt or inoperative 
switch. Defective or worn 
vibrator 

One or more tubes do not Defective tubes. Defective 
light heater wiring 

B plus measures low or zero Shorted buffer condenser. 
Worn-out vibrator. De-
fective rectifier tube (weak 
-or cathode-heater short 
circuit). Short-circuited 
RF hash by-pass condens-
er in B plus lead. Short-
circuited filter condenser. 
Short circuit in receiver 
portion of the B plus line 

Power-supply checks give Trouble in the receiver. Make 
normal results a stage-by-stage signal 

check 

Receiver operation is weak Low or erratic B voltage Worn-out vibrator. Weak 
rectifier tube. Resistance 
in fuse. Resistance in 
switch. Incorrect capacity 
of buffer condenser. Com-
ponent in the receiver draw-
ing too much B current. 
Make a voltage check of 
the receiver 

Power-supply checks give Trouble in the receiver. Make 
normal results a stage-gain signal check 

Excessive hum • Open filter condensers. De-
fective tubes. Poor ground 
connections in the receiver 

Excessive hash Poor ground connections in 
the receiver and power sup-
ply. Defective vibrator. 
Defective rectifier tube. 
Open hash filter. Irtcorrect 
buffer condenser capacity 

Intermittent operation Power-supply checks give Worn-out vibrator which 
normal results sometimes fails to start. 

(Check at 4 volts.) Trouble 
in the receiver. Check 
tubes, condensers, etc. 

Fuse blows repeatedly Power-supply checks give Vibrator with sticking points. 
normal results. Intermittent cathode-

heater short circuit in rec-
tifier tube 
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QUESTIONS 

1. The vibrator in an inoperative auto radio fails to start. List the possible 
causes and explain how you would check for each. 

2. An auto radio is brought in with a complaint of intermittent operation. What 
unit in the power supply can cause this condition? How would you check to make 
sure? 

3. An auto radio blows fuses repeatedly. What are the possible causes and how 
would you check for each? 

4. An auto radio is brought in with a complaint of weak operation. A voltage 
check gives the following results: 

Chassis to "hot" battery lead ............................... 6 volts (normal) 
Chassis to center tap of transformer primary .................... 4 volts (low) 
Chassis to rectifier plate ................................. 120 volts AC (low) 
Chassis to rectifier cathode .... , ............................. 120 volts (low) 
Chassis to B plus .......................................... 110 volts (low) 
Current drain ............................................... .4 amp (low) 

What is the most 'probable cause of the trouble? How would you make sure? 

5. An inoperative auto radio gives the following results in a voltage check: 

Chassis to "hot" battery lead .............................. 6 volts (normal) 
Chassis to center tap of transformer primary ................ 5.4 volts (normal) 
Chassis to rectifier plate .................................. 120 volts AC (low) 
Chassis to rectifier cathode .................................. 100 volts (low) 
Chassis to B plus .................................................. 0 volt 
Current drain ............................................... 9 amp (high) 

What are the most probable causes of the trouble? How would you check for each? 

6. If the receiver of question 5 gives a reading of 0 volts at the rectifier cathode 
and all other readings remain the same, what are the likely causes of the trouble? 
How would you check for each? 

7. An auto radio that does not use a rectifier tube is to be transferred from a car 
with the negative battery terminal grounded to one with a grounded positive. 
What change should be made in the receiver? 

8. An inoperative auto radio draws a heavier current than normal. The B plus 
check shows a reading of zero volts. There is no AC voltage at the rectifier plates, 
and there is no apparent short from B plus to chassis. What is likely to be wrong? 
How would you check to make sure? 

9. List the causes for excessive hum in an auto radio and indicate how you would 
check for each. 

10. Outline a procedure for removing excessive hash in an auto radio. 

11. An inoperative auto radio draws a heavier current than normal. The B 
plus voltage checks zero, A:C rectifier plate voltage checks low, and there is no 
apparent short from B plus to chassis. What is likely to be wrong? How would 
you check to make sure? 



CHAPTER 21 

PUSH-PULL OUTPUT STAGE 

Quick Check.-Place the tip of a plugged-in soldering iron on the 
control grids of each tube in a push-pull stage. A low growl should 
be heard 'from the speaker each time. 

Function of the Push-pull Amplifier.-The push-pull amplifier is 
generally used as the last audio or power stage in a high-fidelity re
ceiver. It receives its signal voltage from the first AF stage, am
plifies it, and drives the loudspeaker. This function is similar to 
that of the second AF stage in the standard receiver. 

From 
I-AF 

Stage 

Push·Pull 
'l-AF 

Stage 

FIG. 21-1.-Block diagram of a push-pull amplifier. 

In addition, the push-pull stage serves in other functions. It 
makes it possible to deliver large amounts of power to the speaker 
with low distortion, while using small tubes and low B voltages. 
Another characteristic of the circuit is the reduction of hum. To 
summarize, the push-pull stage amplifies at audio frequencies with a 
large power output and with little distortion and hum. 

Basic Requirements of a Push-pull Amplifier.-The theory under
lying the operation of the push-pull amplifier can best be explained 
by means of a step-by-step development. Figure 21-1 is a block 
diagram showing the requirements of a typical push-pull second 
AF amplifier. The audio signal from the first AF amplifier is broken 
up into two voltages of equal magnitude but opposite phase, and they 
are then fed to the two grids in the push-pull stage. The putput 
from the two tubes is coupled to the speaker. . 

393 



394 ELEMENTS OF RADIO SERVICING 

A simple method of obtaining the 180-deg phase difference for the 
two grids, as well as equal voltages, is by means of a center-tapped 
transformer. Such a circuit is shown in Fig. 21-2. At anyone 

I-AF 
Amplifier 

~----+ instant, the signal voltage at 
one end of the secondary will 
be positive, and at the other 
end negative in polarity. Since 
the center tap is grounded, one 
end of the secondary will be 
as much above ground in the 
positive direction as'the other 

B+ will be below ground in the 
FIG. !t1-2.-The center-tapped transformer for negative direction. 
obtaining input voltages for a push-pull stage. Each of the terminals of the 

I-AF 
Amplifier 

Push-Pull 
2-AF 

Amplifier 

transformer is connected to 
the grids of the tubes as shown 
in Fig. 21-3. As a result, the 
grids are 180 deg out of phase. 
When one grid is being driven 
positive with respect to ground 
by the signal, the other grid 
is driven equally negative with 
respect to ground. In the first 
tube, as a result, plate current 
will increase; in the second 
tube, plate current will de
crease to the same extent. 

A negative bias voltage is 
FIG. 21-3.-Applying the signal-input voltages obtained in the usual manner, 

to the push-pull grids. as shown in Fig. 21-4, by con-

B+ 

necting resistor R-7 in the directly heated cathode circuit of both 
push-pull tubes. The plate currents of both tubes flow through this 
resistor and establish the bias voltage across it. The grids of both 
tubes are connected to the negative end of this bias resistor, thereby 
establishing the same no-signal bias voltage on each tube. Con
denser 0-7 by-passes the bias voltage. In some circuits, it may be 
omitted, since its function is not so important in push-pull operation 
as it is in a single-tube second AF stage. 

The output from both tubes is fed into a push-pull output trans
former with center tap connected to B plus, as shown in Fig. 21-5. 
It should be noted that the flow of plate current through the two 
balve~ of the primary is in opposite directions. But coupled with 
this condition is another factor. Because one grid is driven more 



I·AF 
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PUSH-PULL OUTPUT STAGE 

B-

B+ 

Push- Pull 
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FIG. !H-4.-A method of obtaining bias voltage for a push-pull stage. 
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Push-Pull 
2-AF 

Amplifier 

Increaslnq 
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Current 

B+ 
250V 
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/ Output 
~ Transformer 

~o Speaker 
E-Voice Coil 

FIG. 21-5.-The output circuit of a push-pull aIllplifier. 
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gegative while the other is being driven less negative, we have a de
creasing current through the first tube and an increasing current 
through the second one. The combined effect is to add the outputs 
from the two tubes in the secondary of the output transformer where 
a considerable voltage is induced. The outputs from the two tubes 
then drive the speaker. 

A splendid characteristic of the push-pull stage is that it reduces 
or eliminates even-harmonic (primarily second-harmonic) distortion, 

/\. (\ {\ 
V \J V Sine-wave 

Input 

(0) Even-harmonic Even- harmonic 
Distortion Distortion 

for Tube "I for Tube "2 
(b) (c) 

FIG. 21-6.-The waveform of even-harmonic distortion developed in single-tube amplifiers. 

Output from 
~., Tube 11 1 ,-, 

I ' 

= 
Output from 

04-- Tube1l2 
Unaistorted Outfut 
from the Outpu 

Transformer 

FIG. 21-7.-Waveform showing cancellation of even-harmonic distortion in the output 

circuit of a push-pull amplifier. 

a characteristic of single-tube operation. For sine-wave input, by 
way of illustration, even harmonics have a tendency to flatten one
half the cycle, as shown in Fig. ~1-6A and B. In the second tube 
of the push-pull amplifier, since the signal is 180 deg out of phase, 
the distorted curve would look like Fig. n -6C. These two dis
torted signals are combined in the output transformer, with a cancel
ing out of the even harmonics, as shown in Fig. ~1-7. 

Because even-harmonic distortion is reduced or eliminated in a 
push-pull stage, the tubes may be overloaded somewhat without 
distortion. This accounts for the great power output from such a 
stage. For example, maximum undistorted output for a single 6A3 
will be 3.~ watts, while a pair of push-pull 6A3 tubes will deliver a 
maximum undistorted output of 10 watts. 
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A push-pull amplifier will also reduce or eliminate any hum due to 
hum ripple fed to its plates. The reason is obvious. Hum ripple 
from the power supply will be fed to the center tap of the primary of 
the output transformer. Here it will move in opposite directions 
through the primary, but (in contrast with signal plate currents 
through it) will be rising or decreasing at the same time in the pri
mary halves. As a result, the hum ripple cancels out. 

An important point should also be considered. Since each tube 

I-A F 
Amplifier 

s+ 

Push- Pull 
2-AF 

Amplifier 
r------, 

6A3 

s+ 

6A3 

T-2 

FIG. 21 ~8.-Schematic diagram of a transformer-coupled push-pull stage. 

requires the same signal-driving voltage, practically, as if it were 
operating alone, the total signal voltage delivered from the first AF 
stage must be twice as great as for a single tube. 

Figure 21-8 now shows the complete transformer-coupled push
pull stage. Transformer T-1 is the push-pull input transformer, 
which couples the output from the first AF amplifier to the grids 
of the two tubes in the push-pull second AF stage. For high-fidelity 
reproduction, the push-pull stage is usually operated in class A or 
AB b where the grids are always negative and the tubes always or 
nearly always pass plate current. Resistor R-7 and condenser C-7 
make up the common self-bias system for the push-pull tubes. 
Transformer T-2 is the push-pull output transformer. It combines 
the output from the two tubes and couples them to the speaker. 
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Resistor R-8 is a center-tapped filament resistor, which gIves a 
stable grid return point. 

Transformer-coupled push-pull amplifiers are very common in 
older receivers and are still used to a minor extent in some modern 
ones. However, most modern receivers replace the input push-pull 
transformer with a resistance-capacitive type of coupling in con
junction with a phase-inverter tube. 

Push-pull Amplifier with Phase Inverter.-Transformers are 
costly, and it is desirable to substitute for them where possible. 
Thus, resistance-capacitance coupling between the first AF stage 
and the push-pull stage would be cheaper and more desirable. But 
it introduces a new problem. How can we get the 180 deg phase 

FIG. 21-9.-BIock diagram of a phase-inverter type of push-pull amplifier. 

difference of signal voltage fed to the push-pull grids? The practical 
solution requires the use of another tube, known as a "phase
inverter" tube. 

Figure ~1-9 is a block diagram of a push-pull stage with a phase 
inverter. The principle of the phase inverter is that, for any tube, 
the grid voltage variations are 180 deg out of phase with the plate 
voltage variations. Hence, the positive signal voltage going to one 
of the second AF grids is also directed to the inverter grid. The 
out-of-phase negative plate voltage pulse of the inverter is then fed 
to the grid of the other second AF amplifier. . 

Another job that must be performed by the inverter is that of 
delivering the same voltage to the second second AF grid as that 
which the first second AF grid receives directly from the first AF 
stage. With transformer coupling, a center tap to ground neatly 
takes care of this requirement. When using a phase-inverter tube, 
some provision must be made to compensate for the normal ampli
fication of the added tube. 

Let us examine the development of such a circuit. Figure ~1-1 0 
shows one of the push-pull tubes coupled by normal resistance
capacitance coupling to the first AF amplifier. Note that a negative 
signal fed to the first AF grid produces a decrease in current through 
R-~. This results in a lowered voltage drop across the resistor and, 
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FIG. 21-10.-Dbtaining a positive signal on one push-pull tube grid from a negative signal on 
the first AF amplifier grid. 
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FIG. 21-11.-Applying a portion of the positive output signal of the first AF amplifier tube to 
the phase-inverter ~id. 
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as a result, a rise in positive voltage on the plate. This rise in posi
tive voltage feeds a positive pulse through condenser C-2 to the con
trol grid of the second AF (A) tube. The first AF tube has thus 
shifted the signal phase by 180 deg. The grid-leak resistor for the 
second AF (A) tube is shown as two separate resistors, R-4 and R-6. 

To obtain an equal but opposite voltage on the control grid of the 
other second AF (B) tube, a portion of the positive output voltage 
pulse of the first AF tube is tapped off from the grid leak of the 

(-'Z 

B+ B+ 
250V 250V 

(-3 

FlG. £1-12.-0btaining a negative signal on the other push-pull tube grid from the output 
of the phase-inverter tube. 

second AF (A) tube. Then this positive voltage is placed on the 
grid of a phase-inverter tube. Figure 21-11 shows the circuit 
described above. The self-bias circuit for the first AF tube, made up 
of R-l and C-l, is common to the inverter tube. 

The positive signal pulse on the inverter grid causes a rise of plate 
current through the plate load resistor R-3. The voltage drop across 
R-3 becomes greater and, as a result, the plate voltage of the inverter 
drops and produces a negative pulse. This latter pulse is fed by 
resistance-capacitive coupling to the second AF (B) control grid, 
as shown in Fig. 21-12. Condenser C-7 and resistor R-7 make up 
the common self-bias system for both push-pull tubes. 

Note that the over-all effect is to place opposite voltages on the 



PUSH-PULL OUTPUT STAGE 401 

control grids of the two output tubes, a condition that is desired. 
There still remains the problem of making these two voltages equal 
in magnitude. The output from the first AF tube is fed to the second 
AF (A) control grid. If this same output were fed to the inverter 
grid, the inverter gain would furnish a much larger voltage to the 
second AF (B) control grid. This is not desirable. Hence, if the 
gain of the inverter is !il0, a tap on the grid leak (R-4 and R-6) is 
taken so that only ?~o of the voltage across it is fed to the inverter 
grid. Then, the voltages fed tothe grids of the two push-pull tubes 
will be equal. For example, if R-4 is 10,000 ohms and R-6 is 190,000 
ohms, the total resistance in the grid circuit of the second AF (A) 
tube is !il00,000 ohms. Then, since the voltage drop divides in direct 
proportion to the resistance, 

10,000 1 

!il00,000 !il0 
and ?~O of the voltage fed to the second AF (A) tube is fed to the 
inverter grid. Here the voltage gain of !il0 gives the same input 
voltage for both push-pull grids. 

There are many other methods for obtaining the necessary phase 
inversion. In each, the principle is the same, but the tubes and 
circuit constants vary widely. Figure !ill-IS shows a 6SQ7 function
ing as the first AF driver tube and another 6SQ7 functioning as the 
phase inverter. In this case, the driver follows a 6H6 diode detector 
and A VC stage. The two 6SQ7 tubes might have been combined in 
a single twin triode 6SC7. 

A popular method often used is to employ a 6SQ7 diode detector, 
AVC, and first AF amplifier, as in the standard receiver, and then 
to use the triode section of another 6SQ7 as the phase inverter to 
feed the second push-pull grid. 

Figure !il1-14 shows a typical push-pull amplifier. Note that the 
IF amplifier, diode detector, and A VC circuit are combined in a 
single 6SF7 tube. The twin triode 6SC7 combines the functions of 
first AF amplifier and phase inverter. The signal from the detector 
is tapped from the volume control (R-1S) and fed to the grid of the 
first AF section of the 6SC7 tube. The output from this driver is 
fed by resistive-capacitive coupling to the control grid of the lower 
6V6-GT output tube. The grid leak for this latter tube is made up 
of resistors R-19 and R-!ilO. The combined resistance of these two is 
480,000 ohms. The tap between the two furnishes 10,000/480,000 
or ?~8 of the voltage to the grid of the inverter section of the 6SC7 
tube, the gain of which is 48 under these operating conditions. The 
output of the inverter is then resistive-capacitive coupled to the 
control grid of the upper 6V6-GT output tube. In this way, equal 
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FIG. 21-13.-Schematic diagram of the A-M receiver section of the Stromberg-Carlson No. 515 A-M/F-M receiver. 
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but opposite signal voltages are obtained for the control grids of the 
two output tubes. Note condenser C-31 across the primary of the 
output transformer (-4-14). Its function is to reduce the tendency 
of the push-pull stage to fall into oscillation. 

NORMAL TEST DATA FOR THE PUSH-PULL AMPLIFIER 

Signal Check for Normal Stage Operation.-The signal check for 
the stage is shown in Fig. 21-15. The signal generator is adjusted to 
give an AF signal, and the aUenuator is set for maximum output. 

'l-AF 
r-:A Amplifier 
, / ' .I Mf,V600V (tv 

AF c¢:::;;::=-I~ 
-1tt / / -= \ ')\--"""""" 

I , 

Signal Generator / \ 

,/ \ 
;' I 

.......... '" \ 
.......... I 

.,-,,,,,,, \ 

/"'; \ 
/ \ 

{ Phase \ 
\ Inverter \ 
,~ \ 

(-3 L-AF 
Amplifier 

(6) 

~To Speaker 
e...,.Voice Coil 

FIG. 21-15.-Signal check of a push-pull amplifier. 

The signal-generator ground lead is connected to the receiver chassis 
and the "hot" lead is connected through a O.1-mfd/600-volt con
denser in turn to the plate terminals of each second AF tube. If 
the signal generator has sufficient output, the audio note will be 
heard faintly each time in the speaker. The "hot" lead of the 
generator is then shifted to the control grid terminal of each tube. 
The signal-generator note should be heard in the speaker at a 
much greater volume, owing to the gain of each of the tubes. 

For greater speed in checking, the quick check given at the begin
ning of this chapter may be reliably substituted. 

To determine if the inverter is functioning, the "hot" lead of the 
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signal generator is shifted to the inverter grid, and the attenuator is 
adjusted for less output. The signal-generator note should be heard 
clear and loud in the speaker. 

Standard Circuit.-We shall consider the circuit shown in Fig. 
21-16 as the standard circuit for a push-pull amplifier. Normal 
voltage and resistance data will refer to this circuit. 

Phase 
Inverter 

C-2 
.05 Mftl. 

R-2 
.25 Mn 

B+ 
2!)OV 

R-3 
.25Mn 

6V6 
Push-Pull' 

'l-AF Amplifier 
(A) 

1''2 - 6 SC 7 L-------t----i 
6V6 

(-3 Push- Pull 
.05 Mfa. 2-AF Amplifier 

(S) 

FIG. 21-16.-Schematic diagram of a typical push-pull amplifier. 

T-'2 

~
TO 

Speaker 
Voice (oil 

Normal Voltage Data.-The normal voltage data given m the 
accompanying table refer to Fig. 21-16. 

Either 6V6 control grid to ground. . . . . . . . . . . Pin 5 
Either 6V6 plate to ground. . . . . ... . .. . . . .. . . Pin 3 
Either 6V6 screen to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . Pin 4 
Either 6V6 cathode to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Pin 8 
Inverter plate to ground ............................................. . 
Inverter grid to ground ...................................... . 
Inverter cathode to ground .................................. . 

o volts 
240 volts 
250 volts 

19 volts 
100-170 volts 

o volts 
2 volts 
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Normal Resistance Data.-The normal resistance data III the 
following table refer to Fig. ~1-16. 

Second AF (A) plate to second AF (B) plate .............................. 300-500 ohms 
6V6 cathodes to ground .................................................... £00 ohms 
Either 6V6 control grid to chassis ........................................ £50,000 ohms 
Inverter plate to B plus ................................................ £50,000 ohms 
Inverter grid to chassis ................................................... 7,000 ohms 
Inverter cathode to chassis ................................................ 1,000 ohms 

TROUBLES COMMON TO THE PUSH-PULL AMPLIFIER 

The troubles common to a push-pull amplifier are similar in many 
ways to those of the single-tube second AF stage as described in 
Chap. 10. Only those troubles that apply to the push-pull amplifier 
will be discussed. 

Troubles Common to the Output Transformer.-The output 
transformer primary may open. As a result, one plate is open and 
no plate current flows from that second AF tube. The voltage drop 
across the common self-bias resistor becomes less, and the bias for 
the other second AF tube becomes too small. As a result, the 
operative second AF tube distorts the signal badly. The distorted 
signal will also be weak because only one tube is functioning. A 
voltage check will show no plate voltage on one second AF tube. 
Finally, an ohmmeter check will confirm the condition. 

An open output transformer secondary is not usual. When it 
does occur, the output signal will produce no sound from the speaker. 
For a defective transformer, an exact replacement is recommended. 
Where such a replacement is not possible, a universal push-pull 
output transformer may be used. Care must be taken to obtain 
proper impedance match between the second AF tubes and the voice 
coil of the speaker. The transformer should be about the same size 
as the original in order to assure proper wattage dissipation. And 
the feedback connection, if present, must be properly connected. 
The reader is referred to the replacement notes on output trans
formers in Chap. 10 for a more detailed explanation. 

Troubles Common to the Tubes.-The second AF tubes may be
come weak or inoperative. The result would be very similar to 
that of an open output transformer primary. The operative second 
AF tube will be improperly biased. The sound from the loud
speaker would be weak and distorted. Replacement with a good 
second AF tube clears up the condition. 

Troubles Common to the Coupling Condensers.-The coupling 
condensers C-~ and C-3 may become leaky. As a result, a positive 
voltage will be placed on the control grid of the second AF tube to 
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which it is coupled, causing bad distortion. Replacement with a 
condenser of similar capacity will remedy the defect. Make sure 
that the voltage rating is as great or greater than the original. 

The Inverter.-The operation of the inverter is almost always 
foolproof. Only when its coupling condenser 0-3 becomes leaky 
does trouble arise. This has been described in the preceding section. 

Troubles in the inverter tube or its associated circuit will also 
affect the first AF tube and be found in a check of the first AF stage. 
When the inverter is a separate tube, it operates in a manner very 
similar to the first AF tube. A complete analysis of the first AF 
stage is given in Chap. 11. 

l-AF 
Amplifier 

B+ 
250V 

B+ 
250V 

T-2 

~o Speaker 
EloiceCoil 

FIG. 21-17.-Schematic diagram of a typical transformer-coupled push-pull amplifier. 

CIRCUIT VARIATIONS OF THE PUSH-PULL OUTPUT STAGE 

The Transformer-coupled Push-pull Stage.-In some receivers, 
the first AF stage is transformer-coupled to the push-pull output 
stage. No phase inverter tube is required, since phase inversion and 
equal-magnitude voltages are obtained by means of the input trans
former whose secondary is center-tapped to ground. Figure 21-17 
shows a typical circuit of this type. 

Transformer T-1 is the push-pull input transformer. It couples 
the output from the first AF tube to the grids of the two tubes in the 
push-pull second AF stage. The secondary of .the transformer is 
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center-tapped, and the tap is connected to ground. This grounded 
tap makes the voltage fed to the grid equal but opposite in polarity 
with respect to ground. 

Resistor R-7 and by-pass condenser C-7 make up the common 
self-bias system for qoth push-pull tubes. For a pair of 6As tubes, 
R-7 should be a 850-ohm, 5-watt resistor. Condenser C-7 is about 
5 mfd/I50 volts. In some cases, as described previously, this con
denser may be omitted without harmful effects. 

Resistor R-8 is a center-tapped filament resistor. Its purpose is 
to furnish a stable plate- and grid-return point. It is a wire-wound 
resistor of from 50 to 75 ohms. An alternative to this resistor is to 
bring the grid and plate returns to a center tap of the heater second
ary of the power transformer. 

The output transformer T-2 is similar to that of the phase-inverter 
type of push-pull stage. It differs only to the extent that the output 
tubes are triodes rather than beam-power tubes. 

The troubles common to the circuit described above are similar, 
where applicable, to those for a resistance-coupled push-pull stage. 
Signal check for stage operation is also similar. Replacement notes 
for the output transformer are also applicabl~. 

In addition, the input-transformer secondary may open. As a 
result, one of the grids will receive no signal voltage and have an 
open or zero bias. The tube will draw a heavy current and upset 
the bias for the other second AF tube. Hum and distortion of 
signal in the speaker will result. An ohmmeter check will confirm 
the condition. An exact replacement of the transformer is recom
mended. 

The input-transformer primary may open. Both tubes will then 
give normal results on the signal check, but no note in the speaker 
when the 400-cycle signal is placed on the first AF plate. There 
will be no plate voltage on the first AF tube. An ohmmeter will con
firm the open. Again an exact replacement transformer is recom
mended. 

Where an exact replacement is not obtainable, reference to a 
transformer catalogue will help to obtain a proper replacement 
transformer. The transformers are listed by the tubes that they 
couple. 

Resistance data for the transformer-coupled push-pull circuit are 
as follows: 

Each grid to ground ................................................ 1,000-2,000 ohms 
Each plate to B plus ................................................... 150-250 ohms 
Heater-resistor center tap to ground ......................................... 850 ohms 
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Voltage data for the circuit are as follows: 

Grid to heater-resistor center tap .................................•.•.•••••... 68 volts 
Each plate to ground ....................................................... ~50 volts 

High-fidelity Loudspeakers.-To obtain full advantage of the 
elimination of distortion in a receiver with push-pull output, many 
manufacturers use high-fidelity loudspeakers. This setup usually 
consists of two loudspeakers with different response characteristics. 
One responds especially to the high frequencies and is known as a 
"tweeter." The other responds especially well to the low frequen
cies and is known as a "woofer." 

To 
2·AF PIClte_--_..., 

(Al 

B+ 
250V 

To 
2-AF Plate _----" 

(6) Push-Pull 
Output 

Tmnsformer 

COB 
4 

FIG. 21-18.-A high-fidelity loudspeaker system. 

A typical circuit using this speaker system is shown in Fig. 21-18. 
The lower frequencies of audio signal are fed to the woofer voice coil 
and are blocked by the reactance of condenser C-8 from getting into 
the tweeter voice coil. On the other hand, higher audio frequencies 
meet little opposition from the condenser and feed through the 
tweeter voice coil. 

Condenser C-8 has an approximate capacity of 4 mfd. It is a 
paper condenser and, since it is in a low-voltage circuit, rarely 
causes trouble. 

The speakers in a woofer-tweeter system give the same troubles 
as those found with dual speaker systems, where both speakers are 
similar. Service notes on speakers are found in Chap. 9 on loud
speakers. 
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SUMMARY 

Test for normal operation of the push-pull output stage. 

Place the tip of a plugged-in soldering iron on the control grids of each tube in 
the push-pull stage. A low growl should be heard from the speaker each time. 

Diagram of a typical push-pull output stage. 

A diagram of the standard circuit for a push-pull amplifier is given in the ac
companying figure. 

Phase 
Inverter 

C-2 
.05 Mfd. 

R-2 
.25Mn 

8+ 
2~OV 

~-6SC7 ~------~--~ 

Normal voltage data. 

(-3 
.05 Mfd. 

6V6 
Push-Pull 

2-AF Amplifier 
(A) 

6V6 
Push-Pull 

2-AF Amplifier 
(6) 

T-2 

~
TO 

Speaker 
Voice Coil 

The normal voltage data given in the accompanying table refer to the figure. 

Either 6V6 control grid to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pin 5 
Either 6V6 plate to ground .. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pin 3 
Either 6V6 screen to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Pin 4 
Either 6V6 cathode to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Pin 8 
Inverter plate to ground ............................................. . 
Inverter grid to ground, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. , ...... . 
Inverter cathode to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ...... . 

o volts 
240 volts 
250 volts 

19 volts 
100-170 volts 

o volts 
2 volts 
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Normal resistance data. 

Second AF (A) plate to second AF (B) plate .................... 800-500 ohms 
6V6 cathodes to ground ........•................................. 200 ohms 
Either 6V6 control grid to chassis ............................. 250,000 ohms 
Inverter plate to B plus ...................................... 250,000 ohms 
Inverter grid to chassis ......................................... 7,000 ohms 
Inverter cathode to chassis ...................................... 1,000 ohms 

SERVICE DATA CHART FOR THE PUSH-PULL AMPLIFIER 

Symptom Abnormal reading Look for 

No signal from the speaker Plate voltage of both tubes Trouble in the power supply. 
= o. Screen voltage of 
both tubes ~ 0 

See Chap. 8. 

Plate voltage of both tubes Open self-bias resistor R-7 
high 

Poor tone quality Plate voltage of one tube = Open primary of output trans· 
O. Plate voltage of other former 
tube normal 

Plate voltage of both tubes Shorted cathode by-pass con-
low. Screen voltage of denser 0-7. Shorted or 
both tubes normal leaky coupling condensers 

0-2 and 0-3. Defective 
second AF tubes 

Voltages normal Mismatched replacement out-
put transformer 

Plate voltage of one tube is Defective second AF tube. 
higher than the plate volt- Open grid resistor in either 
age of the other tube 

Motorboating Open output filter condenser 
of power supply. Open 
grid load resistor of either 
second AF tube 

For further defects refer to 
standard single-tube 
second AF stage in Chap. 
10. 
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QUESTIONS 

1. A receiver is brought in for repairs, the complaint being "no reception." A 
voltage check shows that the plate voltages of both tubes in the push-pull amplifier 
are high. What is likely to be wrong? How would you check for it? 

2. A receiver is brought in with the complaint, "The tone is not as good as it used 
to be, and the receiver seems weaker." In the push-pull amplifier, the voltage from 
plate to ground for one tube is normal, but is zero for the other tube. What is the 
defect? How would you confirm the condition? 

3. A receiver is brought in for repairs with poor tone. The plate voltage of both 
push-pull tubes is low, although the screen voltages are normal. What are the 
likely troubles? How would you check for each? 

4. The receiver of Fig. 21-14 requires a new output transformer and an exact 
replacement is not available. Use the universal output transformer chart of Fig. 
10-11 for reference and choose (a) the type of transformer that should be used 
(wattage), (b) the secondary taps that should be used. 

5. The receiver of Fig. 21-13 has poor tone quality. A voltage check shows a 
low plate voltage and a slight positive indication on the grid of one of the push
pull tubes. What is likely to be wrong? How would you check for it? 

6. A receiver using a transformer-coupled push-pull stage is inoperative. A 
voltage check shows normal readings for the push-pull stage, but a plate voltage of 
zero for the first AF tube. What is likely to be wrong? How would you check for 
it? 



CHAPTER 2~ 

ALIGNMENT OF A SUPERHETERODYNE RECEIVER 

What Is Receiver Alignment?-The average superheterodyne re
ceiver has seven or more tuned circuits, each of which has to be in 
resonance at its proper frequency for best operation of the receiver. 
When they are not in resonance, the receiver responds with a loss of 
sensitivity and selectivity to an extent depending on the degree to 
which the tuned circuits are out of resonance. The procedure for 
bringing these circuits to resonance at their operating frequencies is 
called "alignment." 

Best alignment procedure for any particular receiver is an indi
vidual process. In each case, it is best to follow the exact method of 
alignment recommended by the receiver manufacturer in his service 
notes. Nevertheless, all methods are sufficiently similar to permit 
the presentation of a generalized procedure for use where specific 
service notes are not available. The purpose of this chapter is pri-
marily to present such a generalized procedure. . 

The alignment procedure presented will be that to be used for a 
standard superheterodyne receiver operating in the broadcast band. 
Where special receiver variations occur, such as multiband receivers 
or broad-band high-fidelity receivers, alignment notes have been 
given in the sections where such variations were described. They 
will not be repeated in this chapter. 

In most receivers, alignment adjustment for tuned circuits is 
performed by varying small semivariable condensers in parallel or 
in series with the main tuning condensers of the tuned circuits. 
These condensers are known as "trimmers" when in parallel, and as 
"padders" when in series. They remove or add capacitance to the 
main tuning condenser, as the case may be. In some cases, as in 
wave traps or IF transformers, the trimmers are across the coils, 
and no other condenser is present. 

In many modern receivers, the alignment adjustment is performed 
by varying the position of powdered-iron core plugs in the coils of 
the tuned circuits. This procedure varies the inductance and there
fore the resonant frequency of the tuned circuit. These are known 
as "permeability-tuned coils." Regardless of whether the adjust
ment screw varies the capacitance or the inductance of the tuned 
circuit, the alignment procedure remains the same. 

413 
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When Does a Receiver Require Realignment?-The serviceman 
is often confronted with the question of whether or not to realign 
the receiver. He must be guided by the symptoms of trouble, by 
his own purposes, and by a few general rules. 

A receiver with a complaint of lack of sensitivity or selectivity, 
or oscillation, may be in need of realignment. However, other fac
tors may cause the same complaint. These include weak tubes, 
open by-pass condensers, etc., which must first be investigated. 
Be sure that the receiver is perfect in all other respects before 
resorting to realignment, which need not be performed unless it 
is necessary. 

Alignment can be used as a service tool to find the cause of trouble 
in a receiver. For example, when the signal check shows a broad, 
weak response at an off-frequency setting, the circuit involved may 
be out of alignment. Then, when the associated trimmer is ad
justed and fails to give a peak response, the indication. is trouble in 
that circuit, rather than in alignment. Further investigation will 
show an open by-pass condenser, an open coil, or something similar. 
If adjusting the trimmer causes an improvement in response, the 
indication is that the alignment is at fault, and the receiver should be 
completely realigned. 

As a general rule, when a coil or condenser, which is part of one of 
the many tuning circuits within the receiver, is replaced, realign
ment should become a routine step. This rule is important because 
the replacement will rarely have the same value as the original unit. 

Alignment of a superheterodyne receiver involves the adjustment 
of the tuning circuits of three main units within the receiver. These 
are the IF stages, the local oscillator, and the RF stages. The order 
presented is the order in which the units should be realigned. 

Equipment Used for Receiver Alignment.-When a receiver is 
aligned properly, it gives maximum output for any signal introduced 
at any point within the receiver. The equipment required, there
fore, for alignment is that necessary to introduce a signal into the 
receiver and that necessary to measure the output for maximum. 

To introduce a signal, the signal generator is a prime requirement. 
It furnishes any frequency needed at high or low magnitude. As 
indicated in Chap. 7, where RF signals are delivered to the receiver, 
as at the antenna, RF amplifier, mixer, and oscillator stages, a 
O.OOO~5-mfd/600-volt condenser should be connected in series with 
the "hot" lead of the signal generator. Where IF signals are de
livered to the receiver, a O.1-mfd/600-volt condenser should be used. 

When the receiver being aligned is of the loop-operated type and 
no antenna post is provided, the signal-generator output is fed into 
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the loop of the receiver, as shown in Fig. ~~-l. A two-turn loop, 
with a 6-in. diameter, is constructed with hookup wire, and the 
ends are connected to the output terminals of the signal generator. 
This improvised loop is then placed in close proximity to the loop 
antenna of the receiver. The strength of the signal fed to the re
ceiver can be adjusted by varying the distance between the two 
loops, or by adjusting the signal-generator attenuator. 

The second requirement is a resonance or output indicator. The 
purpose of this device is to give not a numerical output value, but 

Signal 
Gene rat~r 

Two-Turn 
Loop 

FIG. 22-1.-Coupling the signal generator to a loop-operated receiver. 

an indication of maximum output, regardless of its numerical value 
at that point. When a tuned circuit is at resonance, the output in
dicator will read maximum. 

The resonance adjustment for most tuned circuits is screw-con
trolled. The head is usually slotted for screw-driver adjustment. 
Sometimes the head is hexagonal in shape, with or without a slot. 
Therefore, all that is required for adjustment is an aligning wrench 
or a screw driver. However, an ordinary screw driver should not be 
used. All resonant circuits in a receiver are quite sensitive. The 
capacity introduced by the metal shank of an ordinary screw driver 
throws off the true resonant point when the screw driver is removed. 
To overcome this difficulty, alignment screw drivers of polystyrene 
or bone fiber have been made which eliminate the capacity effect. 
Socket wrenches for adjusting hexagonal screw heads or nuts are 
also available in nonmetallic materials. 

Another interesting alignment tool is the tuning wand. It con
sists of a fiber rod with a band of brass at one end and steel at the 
other. Insertion of the brass end into a coil reduces its inductance; 
insertion of the steel end increases its induct~nce. When a tuned 
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circuit is in resonance to a signal from the signal generator, insertion 
of either end of a tuning wand into the coil should throw the circuit 
out of resonance. As a result, the output indication decreases. If 
one end of the wand increases and the other end decreases the output 
indicator, then the tuned circuit is not in resonance and must be 
aligned. 

FIG. 22-2.-A tuning wand. 

Connecting an Output Indicator.-If a receiver to be aligned is 
equipped with an electron-ray tuning-indicator tube, the tube gives 
a satisfactory indication of when a circuit is tuned to resonance, and 
no other output meter is needed. Maximum output is indicated 
when the "eye" closes to the greatest extent. In this case, the 
signal-generator output need not be modulated. 

2-AF 
Amplifier .1 MFD 

600V 

AC Vottmej" ~ 
rc5l 
19~i 

FIG. 22-3.-Connecting an output indicator for alignment. 

Various other methods of obtaining an indication as to when 
resonance is reached may be used. Probably the most satisfactory 
method is to feed a modulated RF or modulated IF signal to the 
receiver, and to measure the output at the speaker with an AC volt
meter. The AC voltage range on the service multimeter may be 
connected as shown in Fig. 22-3. 

The purpose of the condenser marked "0.1 mfd/600 volts" is to 
insulate the meter from the DC plate potential of the second AF 
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tube. The condenser offers low impedance to the audio signal 
voltage. The latter is the modulation note of the signal generator
in most cases about 400 cycles per second. The relative output
signal strength is then obtained from the reading of the meter. 

Strength of Signal Input.-When the output indicator described 
above is used, it is extremely important to utilize as little output 
from the signal generator as is necessary to give a reading. The 
reason for this is the operation of the Ave circuit. When a large 
signal is introduced to the receiver and a tuned circuit is adjusted 
for resonance, as the circuit is detuned, the AVe voltage that is 
developed will drop. As a result, the controlled stages will have 
increased gain in an effort to keep the signal output of the receiver 
constant, and no drop in output at the output indicator will be seen. 
When a very small signal input is used, the A ve circuit will not be
come operative, and the controlled tubes will operate at maximum 
gain. As a result, with detuning, the output indicated on the 
indicator will drop, and the AVe circuit will not be functioning to 
raise the output to the constant level. The detuning will therefore 
be evident. 

The standard output of 50 mw for receivers will require a signal 
input that is small enough to be below the level at which AVe 
action will interfere with alignment adjustments, and should there
fore be used for this operation. Fifty milliwatts corresponds to an 
output-meter reading of 16 volts for the average receiver when the 
connections of Fig. 22-,-3 are used. 

Receiver Adjustments When Aligning.-When a receiver is 
aligned, its controls should be set in such positions as to give maxi
mum gain. Below is a list of the positions for maximum gain. Of 
course, when a receiver does not have one or more of the listed con
trols, the serviceman will not make those settings. 

Volume Control.-Turned on full. 
Tone Control.-Set to the minimum bass position. 
Fidelity Control.-Set to low fidelity, or maximum selectivity 

position. 
Sensitivity Control.-Set to maximum sensitivity. 
The tuning dial should be set up to the frequency required and in

dicated in the alignment procedure. 
Location of IF Trimmers in a Receiver.-Before attempting align

ment, the serviceman would be wise to check service notes for dia
grams showing the location of trimmers and padders. If such dia
grams are not available, the following suggestions will be helpful. 
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The IF trimmers are usually located in the IF cans. Figure 22-4 
shows a common arrangement. Look for the detector, IF, and con
verter tubes, and visualize the block diagram of the superheterodyne 
receiver. The second IF can is between the detector and the IF 
tubes. The first IF can is between the IF and the converter tubes. 

First IF 
Transformer 

Secone! IF 
Transformer 

OSCillatoBrJA Cut PI t Tnmmer 'V a es ,----, 
Antenna 
Trimmer )::::===l 

-........-----' 
FIG. 22-4.-Layout diagram of a typical small receiver showing trimmer locations. 

Manufacturer's instructions always advise the adjustment of the 
trimmers of the secondaries of the IF transformers before those of the 
primaries of the IF transformers. The location of which is primary 

Permeability Adjustmenf 

"600" Padder-e> o OsC. e> 
...-____ ""Tr..,immer ~===*===ll 

Mixer 

D TTme+r +-+ 

Ant 
Tri mme-tr --+-+@ 

Wave Trap' L.::======-____ --.::::::::::::.. ____ ---l Adjustment 

FIG. 22-5.-Layout diagram of a six-tube superheterodyne receiver. 

and which is secondary is not easily determined. However, it does 
not matter too much which we adjust first, since the alignment of 
them is repeated. 

Sometimes, the IF cans look like those in Fig. 22-5. Here, only 
one adjustment screw is visible from the top of each can. This 
arrangement is common for permeability-tuned IF transformers. 
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The top adjustment screw will be for either the primary or secondary 
of the IF transformer. The adjustment screw for the other half of 
the transformer extends from the bottom end of the IF can and is 
adjusted from the underside of the chassis. 

Location of Oscillator Trimmers and Padders.-The two controls 
for the oscillator-tuned circuit are the 600 or low-frequency padder, 
and the 1,500 or high-frequency trimmer. If the tuning gang con
denser is of the variety with cut plates for the oscillator section, as in 
Fig. 22-4, the oscillator trimmer may be easily located. Receivers 
using this type of condenser usually are not equipped with a 600 
padder. 

When the condensers of the tuning gang all look alike, as in Fig. 
22-5, the oscillator section can easily be found as follows: Tune in a 
station and touch the stator plates of each cOBdenser section. When 
the antenna and RF sections are touched, reception will be little 
affected. But touching those of the oscillator section will detune 
the receiver. The trimmer mounted on this oscillator section is the 
high-frequency oscillator adjustment. The 600 padder will be 
located close to this oscillator section. 

Some receivers do not use a padding condenser, but a permeability
tuned oscillator coil instead. The alignment procedure is the same 
in either case. The oscillator coil is" usually close to the oscillator 
section of the gang tuning condenser. The permeability adjustment 
is usually located in the top of the coil, which is so mounted as to 
make the screw accessible from the top, side, or rear of the chassis. 

Location of RF, Antenna, and Wave-trap Adjustments.-Trace 
the antenna wire to the antenna coil. The wave trap will be close 
to the antenna coil. The antenna coil will also lead to the antenna 
section of the condenser tuning gang. This locates the antenna 
trimmer. The RF trimmer is the only one to be located. It may 
be found by tracing the stator lead to the mixer coil. 

When the receiver is of the multiband type, the IF trimmers are 
identified as before. The RF trimmers, however, are usually 
mounted on the coil assemblies rather than on the "gang condenser. 
This makes the location of the trimmers somewhat more difficult, 
but it can be done. 

Figure 22-6 shows the layout of a two-band superheterodyne 
receiver. All the coil cans, RF and IF, look alike. However, the 
second IF can is between the detector and the IF tubes. The first 
IF can is between the IF and the converter tubes. The oscillator coil 
can is in one line with the rear gang condenser section and the con
verter tube. The 600 padder is between the gang condenser and the 
oscillator coil. The RF coil can lines up with the center section of 



420 ELEMENTS OF RADIO SERVICING 

the 3-gang condenser, and the antenna coil lines up with the front 
section of the gang condenser and the RF tube. Somewhere be
tween the antenna lead and the RF coil can, the wave trap will be 
found. In Fig. 22-6, the wave-trap adjustment is the trimmer near 
the antenna post. It can be confirmed by tracing the antenna 
WIrmg. The only thing left is to determine which trimmer on each 
coil is for the broadcast band and which is for short wave. This is 
not too difficult. Start the alignment procedure with the adjust-

o 
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WaveTrap~ 
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FIG. 22-6.-Layout diagram of a six-tube two-band receiver. 

ment of the IF amplifier in the usual way. When the first coil 
trimmer adjustment is reached, set the receiver for broadcast recep
tion and give either trimmer a half turn. If it has no effect, return 
it to its original position. The other trimmer is the broadcast coil 
trimmer. To verify, give it a half turn and note the effect. 

Adjusting a Trimmer to a Peak Response.-When making a 
trimmer adjustment, turn the trimmer screw back and forth slowly 
on each side of the peak output position. Note the peak position 
reading. The final adjustment is always one of tightening the screw, 
stopping at the peak response. 

Sometimes, when the alignment tool is removed from the adjust
ing screw, the response falls below the peak obtained while the tool 
was in position. This effect occurs because the weight or capacity 
of the tool affects the trimmer capacity. When this happens, make 
the final tightening adjustment to the peak position, and tighten 
the screw an extra fraction of a turn. When this is done, the output 
meter reading will fall below the peak reading, but it should return 
to peak when the tool is removed. 
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In some receivers, peak response position occurs at the . low
capacity setting of the trimmer condenser (when it is wide open), 
as shown in Fig. 22-8. A trimmer should not be left with this type 
of adjustment since, in this 
position, the spring tension 
of the top plate is at its 
weakest. Any jar or vibra
tion, like that from the 
speaker, will cause the 
upper plate of the trimmer 
to vibrate, with accompany
ing noise and microphonics. 
When peak response posi
tion is at minimum capacity, 
remove the adjustment 
screw and bend the top 
plate back, as shown in 
Fig. 22-9. Microphonics 
will thereby be eliminated. 

Determination of the 
Intermediate Frequency of 
a Receiver.-Before at
tempting to align the IF 
trimmers, the serviceman 
must know the interme
diate frequency for the par
ticular receiver to be 
aligned. This information 
is always found in the 
manufacturer's service 
alignment notes, or on the 
schematic diagram. 

Where the usual infor
mation is not available, the 
serviceman can assume that 
the intermediate frequency 
is probably 455 kc, if the 
receiver is of modern vin

Alignment 
Tool 

FIG. ~~-7.-Adiusting a trimmer condenser. 

FIG: ~~-8.-A trimmer condenser at 
its low-capacity setting. 

FIG. ~~-9.-Provision to avoid microphonics 
when the trimmer condenser peaks at 

the low-capacity setting. 

tage. The IF amplifiers of the past few years have been designed 
to peak at some value between 440 and 480 kc. If, because of 
lack of information, a receiver designed to peak its IF amplifier 
at 465 kc is aligned at 455 kc instead, no great harm will have 
been done. The receiver will operate normally an9- satisfactorily, 
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although the tracking of the tuning dial may be slightly off. 
If the serviceman is entirely uncertain of the intermediate fre

quency, he can determine it approximately by connecting the "hot" 
lead of the signal generator to the mixer grid. Then, by rotating the 
signal-generator frequency control from 500 to 150 kc, he can see at 
what frequency a response is heard. Usually, a misaligned receiver 
is not too far from its correct setting and a broad response, with 
possibly two peaks, will be obtained. For example, if a receiver 
shows a broad response centering at approximately 270 kc, it may 
safely be assumed that the receiver was originally designed to 
operate at 260 kc, the nearest commonly used intermediate fre
quency. The most commonly used intermediate frequencies are 
175, 260, 455, and 465 kc. 

When the procedure just described is used, it is important to make 
sure that the oscillator of the receiver is made inoperative. If the 
receiver oscillator is operating, there will be many squeals and re
sponses heard, depending on the position of the receiver tuning 
control. The oscillator is made inoperative by placing a short 
across the oscillator tuning condenser. 

It is also important in the procedure to make sure that the re
ceiver is not responding to a harmonic of the signal-generator output. 
This unwanted response can be avoided by starting the search for 
the intermediate frequency at the high-frequency end of the IF 
spectrum, that is, at 500 kc. Then, when a receiver shows a response 
at 460 kc, the serviceman should expect another weaker response 
at 230 kc, the second harmonic of which is 460 kc. Still another 
very weak response should occur at 153 kc, whose third harmonic 
is about 460 kc. Were the serviceman to make the check at ran
dom frequencies, he might stop at the 230-kc response, assume an 
intermediate frequency of 260 kc, and try to align the receiver at 
that frequency, with very poor results. 

Aligning the IF Amplifier.-The receiver, signal generator, and 
output meter are hooked up as shown in Fig. 22-10. The output 
meter is adjusted for a high-voltage AC range, and connected 
through a 0.1-mfd/600-volt condenser to the plate pin of the second 
AF tube. The signal generator is adjusted for a modulated output 
at the intermediate frequency of the receiver. The signal-generator 
output is connected through a 0.1-mfd/600-volt condenser to the 
mixer grid of the receiver. The stator terminal of the oscillator 
condenser is shorted to the condenser frame. The receiver controls 
are set for maximum gain. Both the receiver and the signal gener
ator are allowed a warm-up period of 15 min. 

The signal-generator attenuator is adjusted to give an output as 
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low as possible, with the modulation note heard faintly in the 
speaker of the receiver. Either trimmer in the output IF can is then 
adjusted for the loudest note f.com the speaker. The attenuator is 
then reduced until the note can just be heard again. Then the other 
trimmer in the second or output IF can is adjusted for the loudest 
note from the speaker. The procedure is repeated for the two 
trimmers in the input or first IF shield can-first reducing the output 
to a faint note and then adjusting the trimmer for a maximum 
note. 

The alignment is then repeated for the four trimmers in turn, 
starting with either trimmer in the second IF can. This time the 
output meter setting is reduced to the 50-volt AC range. The 
attenuator is reduced to give a reading of about 5 volts, and each 
trimmer is adjusted for peak voltage reading. If the output meter 

()'\55 K ca::::::::;;:----JI-tt-~ 
MOD IF 

~T / / 

Signal Generator Receiver 

FIG. 22-10.-Connections to a receiver for aligning the IF amplifier. 

shows a reading over 30 volts while anyone trimmer is aligned, the 
attenuator setting of the signal generator is reduced again, and the 
adjustment continued. 

When all four trimmers have been readjusted to give peak re
sponse on the output meter, the IF alignment is complete. 

Setting the Receiver Tuning-dial Scale Adjustment.-The next 
step in the alignment procedure is to adjust the receiver tuning-dial 
pointer. The most common adjustment is to rotate the gang con
denser to maximum capacity (plates fully engaged) position. Then 
set the dial pointer to the last calibration mark on the low-frequency 
end of the dial scale, as shown in Fig. ~~-ll. 

Aligning the Oscillator Circuits.-After the IF trimmers have been 
adjusted, there remain the oscillator and RF or antenna adjust
ments. Normally, the oscillator will have two adjustments: the 
high-frequency trimmer and the 600 padder. However, when a 
receiver uses cut plates in the oscillator section of the tuning gang 
condenser, and no 600 padder, the adjustment of the oscillator cir
cuit is relatively simple. The remainder of this section will give 
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the alignment procedure for such an oscillator circuit, and it will be 
followed by the RF and antenna circuit adjustments. The section 
after that will present the alignment procedure for an oscillator 
stage with a 600 padder. 

The short (used in the IF alignment) is removed from the oscilla
tor section of the gang tuning condenser. The signal-generator 
output lead is shifted to the antenna post of the receiver, and a 
0.00025-mfd/600-volt mica condenser is added as the dummy 
antenna in series with the generator output lead. The output meter 

Dial pointer on last calibration 
point atthe Low-Frequency end 

fo)j:O:===~-----------~_ldler Pulley 

Idler/' 
Pulley 

FIG. 22-11.-Setting the dial pointer. 

is switched to a high-voltage AC range. The receiver is tuned to a 
quiet point on the tuning range, between 1,500 and 1,700 kc. The 
receiver controls are kept at the maximum gain positions. 

Now, the signal-generator frequency control is adjusted to deliver 
the same frequency as that shown on the receiver tuning dial, let 
us say 1,500 kc. The oscillator trimmer is then loosened all the way 
and tightened carefully until the signal is heard. This adjustment 
is very critical. When it is reached, the signal-generator output is 
reduced, and the output meter is switched to the 50-volt AC range. 
Then the trimmer adjustment is repeated for peak voltage output. 
If the reading goes down after removing the aligning tool, follow the 
procedure suggested in the section on adjusting a trimmer (page 420) . 

Adjusting the RF and Antenna Trimmers.-There remain now 
only the RF and antenna trimmer adjustments. The signal-genera'" 
tor dial is turned to 1,400 kc. Then the receiver is tuned for maxi
mum or peak response at or near 1,400 kc. The generator attenua
tor is reduced to give a low reading on the output meter, and the 
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mixer trimmer is adjusted for peak response on the meter. If an 
antenna trimmer is present, it is then adjusted for peak response. 
Alignment of the receiver is now complete, except for the adjust
ment of a wave trap, if present. 

Adjusting the Oscillator and RF Circuits When a 600 Padder 
Is Present.-The alignment procedure is somewhat different when 
a 600 padder or permeability adjustment is present for alignment 
at 600 kc. The signal-generator output is fed to the antenna of the 
receiver through a 0.000~5-mfd mica condenser, acting as a dummy 
antenna. The generator is adjusted for a modulated output at 600 
kc. Then the receiver is tuned to 600 kc, and the 600 padder is 
adjusted for peak response. 

Then, the receiver is tuned to a quiet point near the high-fre
quency end of the dial. The signal generator frequency control is 
adjusted for the same frequency as that shown on the receiver 
tuning dial. The high-frequency trimmer on the oscillator section 
of the gang condenser is then carefully adjusted for peak response. 
This last adjustment is critical. In making it, the trimmer screw 
should first be loosened and then slowly tightened until the note is 
heard. The attenuator is then reduced for a low reading on the out
put meter, and the adjustment repeated for peak voltage on the 
output meter. 

The next step comprises the RF and antenna trimmer adjust
ments. The oscillator is set to 1,400 kc. The receiver tuning knob 
is tuned back and forth near 1,400 kc and left at the position of 
greatest response. The RF and antenna trimmers are now adjusted 
for peak response, as described previously. 

Alignment of the oscillator circuit is not yet complete. The gang 
tuning condenser must be rocked at 600 kc on the tuning dial, and 
the 600 padder adjusted for peak response. This rocking procedure 
is described in the next section. 

Rocking the Gang Tuning Condenser at 600 Kc.-In the rocking 
procedure, performed step by step, the receiver and signal generator 
are both tuned to 600 kc, and the 600 padder is readjusted for peak 
response. The attenuator is then set to give an output meter read
ing of 16 volts. The signal, of course, is being fed to the antenna. 

The receiver is then tuned slightly higher than 600 kc, such as 
605 kc. The signal generator, however, is left at 600 kc, and the 
600 padder is readjusted for peak response. If the output meter 
reading increases above the previous reading of 16 volts, the ma
neuver is repeated until a maximum voltage is obtained. If the out
put meter reading does not increase, the receiver tuning condenser 
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is rocked in the other direction; that is, the receiver is tuned slightly 
lower than 600 kc, such as 595 kc, and the 600 padder is adjusted. 
The output is noted. If there is an increase, the condenser is rocked 
still lower, the padder is adjusted 'again, and the peak output is 
noted. The rocking and padding adjustments are made and re
peated until maximum output is reached. 

The adjustment of the high-frequency oscillator trimmer is then 
checked at 1,500 kc for peak response at the high-frequency end of 
the broadcast band. 

Adjusting the Wave Trap.-The last step in receiver alignment 
is adjustment of the wave trap. The signal generator is connected 
to the anteI1lla and ground of the receiver, the "hot" lead fed through 
a 0.1-mfd/600-volt condenser. The generator is then adjusted to 
give a strong response at the intermediate frequency of the receiver, 
say 455 kc. The receiver is tuned to 1,000 kc, approximately the 
center of the tuning range. Then the wave trap is adjusted to give 
minimum response in the output meter. The receiver is now com
pletely aligned. 
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SUMMARY OF ALIGNMENT PROCEDURE 

1. Set receiver controls for maximum gain. 
Q. Connect ground lead from signal generator to receiver chassis (or B minus in 

the case of an AC/DC receiver). 
3. Connect output meter to plate pin of second AF tube and chassis. 
4. Allow signal generator and receiver to operate for 15 min as a warm-up period 

before aligning. 

Signal generator Receiver Notes 

Generator Tuning 
Frequency Dummy "hot" lead condenser Adjustment 
setting, kc. antenna, to receiver setting, 

mfd terminal kc 

455 or IF 0.1 Mixer grid Any IF trimmers 1,2 
Maximum Tuning dial 
capacity pointer 

600 0.00025 Antenna 600 600 padder 

1,500 0.00025 Antenna 1,500 High -frequency 
oscillator 
trimmer 

1,400 0.00025 Antenna Tune for maxi- RF and antenna 
mum output trimmers 

600 0.00025 Antenna 600 600 padder 3 
1,500 0.00025 Antenna 1,500 High-frequency 4 

oscillator 
trimmer 

455 0.1 Antenna 1,000 Wave trap 5 

NOTES: 

1. Short oscillator section of gang tuning condenser. 
Q. Align IF trimmers in the following order: 

a. Detector input trimmer (secondary of second IF transformer). 
b. IF plate trimmer (primary of second IF transformer). 
c. IF grid trimmer (secondary of first IF transformer). 
d. Converter plate trimmer (primary of first IF transformer). 
e. Repeat the adjustment of the trimmers in the same order. 

s. Rock the tuning condenser during this adjustment as follows: Turn the rotor 
of the gang condenser back and forth and adjust the 600 padder until a peak is 
obtained. 

4. This step is a check to see whether the previous adjustment of the 600 padder 
has affected the setting at the high-frequency end. If the high-frequency trimmer 
requires considerable readjustment, the 600 padder must also be readjusted by 
repeating the previous step. . 

5. Adjust for minimum output. 



CHAPTER 28 

SURVEY OF THE SERVICING PROCEDURE 

The preceding chapters of this book have analyzed each stage of 
the receiver and discussed troubles that might arise from defective 
components within each stage. The emphasis has been primarily 
on defects that produce no reception or weak reception. 

However, when a defective receiver is brought in for servicing, 
the defedive stage is not usually self-evident. It is therefore neces
sary to present an over-all servicing procedure for tracking down 
troubles. In addition, other defects, like hum, distortion, motor
boating, modulation hum, noise, and intermittent operation, which 
have been treated incidentally, require an over-all approach. It is 
the purpose of this chapter to present such an inclusive procedure 
for all the defects listed. 

SERVICING PROCEDURE FOR NO RECEPTION 

When the complaint is "no reception," the trouble may be caused 
by breakdown of almost any component throughout the receiver 
signal chain. For the beginner or servicing apprentice, a routine 
check of tubes, followed by a routine voltage check, is a good ap
proach. But it is too time-consuming for the more experienced 
serviceman, who will begin with a routine signal check. The fol
lowing steps represent the more experienced approach: 

1. Check the Power Supply.-The serviceman will ask himself 
various questions with respect to the inoperative receiver. Do all 
the tubes in the receiver light or warm up? Is there any sign of 
unusual overheating? Is the hum excessive? Does B plus measure 
its normal 200 to 300 volts? If the answers to these questions are 
those applicable to a normal receiver, he proceeds to the next sfage. 
If not, there is trouble in the power supply and it must be found. 

The causes for lack of receiver reception originating in the power· 
supply are listed below: 

Open line fuse. 
Defective line switch. 
Defective line cord. 
Open power transformer primary. 

428 
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Dead rectifier tube. 
Open filter choke (speaker field). 
Filter choke winding that shorts to chassis. 
Shorted filter condensers. 
Short in the B plus line. 
Open voltage divider resistor. 

429 

2. Check the Speaker.-If the power supply checks perfect, the 
speaker comes up for inspection. To check its normal operation, 
momentarily unseat the second AF tube. If a loud click is heard in 
the speaker, the latter is not the cause of inoperation, and the 
serviceman goes on to the next check. 

If the click is not heard, the speaker may be defective in some re
spect. Possible causes for inoperation originating in the speaker 
or associated circuits are 

Open speaker voice coil. 
Open speaker voice-coil leads. 
Open output transformer primary. 
Dead second AF tube. 
3. Check the Second AF Stage.-If the speaker is perfect, the 

serviceman proceeds to check the second AF stage. A plugged-in 
soldering iron is applied to the signal grid pin of the second AF tube. 
If a low growl is heard in the speaker, the stage is all right, and the 
next stage is checked. 

If the growl is not heard, the trouble is in the second AF stage, 
which is then subjected to a voltage and resistance check to localize 
the cause of the trouble. Causes of lack of receiver reception orig
inating in the second AF stage are as follows: 

Dead semnd AF tube. 
Open output transformer primary. 
Shorted plate by-pass condenser. 
Open cathode self-bias resister. 
4. Check the First AF Stage.-With all previous checks showing 

normal conditions, the serviceman proceeds to check the first AF 
stage. When a plugged-in soldering iron is touched to the un
grounded end of the volume control, a very strong growl should 
normally be heard in the speaker. If it is heard, the serviceman may 
go on to check the next stage in the signal chain. 

If the growl is not heard, the cause of no reception is in the first 
AF stage and its associated parts. Such possible causes are 

Dead first AF tube. 
Open coupling condenser in the grid or plate circuit. 
Open volume control. 
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V olume-controll ug. shorting to chassis. 
Short in grid wiring (shielding). 
Open plate load resistor. 
5. Check the Detector Stage.-The detector stage is the next 

check when all previous check results are normal. A modulated 
signal at the intermediate frequency of the receiver is fed to the grid 
of the IF tube. If the signal-generator modulation note is heard in 
th(> speaker as the generator frequency control is wobbled around 
the intermediate frequency, the detector is all right. The service
man then goes on to check the IF amplifier stage. 

If the modulation note is not heard, the trouble is in the detector 
stage or the IF tube. Possible causes of receiver in operation here are 

Dead IF amplifier tube. 
Shorted grid circuit in the IF tube. 
Open or shorted plate, screen, or cathode in the IF tube circuit. 
Defective output IF transformer: 

a. Open windings. 
b. Shorted trimmers. 
c. Leads shorting to the shield can. 

Defective detector tube. 
Open volume control. 
Misalignment of the IF transformer. 
6. Check the IF Stage.-When the modulated signal-generator 

output is fed to the control grid of the IF tube and its note is heard. 
indicating normal detector operation, the "hot" lead is shifted to the 
mixer grid of the converter. If the note is now heard at greatly 
increased volume, the mixer and IF amplifier are functioning. The 
serviceman then proceeds to check the osciHator of the converter. 
If the signal-generator note is not heard when the "hot" lead is 

applied to the mixer grid, the following factors may be defective: 
Dead mixer (converter) tube. 
Shorted mixer grid circuit (tuning condenser). 
Shorted or open plate, screen, or cathode circuits in the mixer 

circuit. 
Defective input IF transformer: 
a. Open windings. 
b. Shorted trimmers. 
c. Leads shorting to the shield can. 

Misalignment. 
7. Check the Oscillator Circuit of the Converter.-After the sig

nal-generator output is fed at the intermediate frequency of the re
ceiver to the mixer grid and its note is heard, the receiver dial is 
adjusted to 600 kc. The signal-generator frequency control is then 
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wobbled back and forth around 600 kc. If the note is now heard at 
about the same volume as the former modulated IF signal, the os
cillator circuit is functioning, and the serviceman proceeds to the 
next check. 

If the modulation note from the generator which is set to 600 kc 
is not heard, the oscillator circuit is inoperative. Possible causes 
are 

Defective oscillator (converter) tube. 
Open oscillator coil (either winding). 
Open or shorted oscillator anode by-pass condenser. 
Open oscillator anode dropping resistor. 
Short or resistance in the oscillator section of the gang tuning 

condenser. 
Defective oscillator padder condenser. 
Defective oscillator grid condenser. 
Defective oscillator grid resistor. 
S. Check the Mixer Circuit of the Converter.-If the oscillator is 

functioning normally, the "hot" lead of the signal generator is shifted 
to the control grid of the RF tube, or to the antenna if there is no 
RF stage. The receiver is tuned to 1,400 kc, and the signal generator 
is wobbled back and forth around 1,400 kc. If the modulation note 
is heard at increased volume, the mixer circuit is functioning. 

If the note is not heard, the trouble lies in a component between 
the RF grid (or antenna) and the mixer grid, and these might be 

Dead RF tube. 
Shorted RF control grid circuit (tuning condenser). 
Open or shorted plate, screen, or cathode circuits III the RF 

stage. 
9. Check the RF Input Circuit.-If the signal-generator modula

tion note is heard when the hot lead is connected to RF grid but 
there is no reception from the antenna, the trouble must be in the 
antenna coil or leads. Possible causes in this regard are 

Antenna lead shorting to chassis. 
Open connection between antenna and antenna coil. 
Open or burned antenna coil primary. 
A 2-point Check of a Superheterodyne Receiver.-As the service

man gains in experience, he develops shorter methods of procedure 
which reduce the time consumed. Such a short cut is the 2-point 
servicing procedure for checking an ,inoperative superheterodyne 
receIver. 

If visual inspection does not disclose the source of the trouble, 
the tip of a plugged-in soldering iron is applied to the ungrounded 
end of the volume control. This is the beginning .of the AF signal 
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chain. Normally, a strong growl from the sp~aker should be heard. 
If it is not heard, the trouble is in the audio amplifier (first AF, 
second AF, and speaker) or the power supply, and they are checked 
stage by stage for the specific defect. If the strong growl is 
heard, this one check clears the fir.st AF stage, the second AF 
stage, the speaker, and the power supply of blame for the receiver 
inoperation. 

The serviceman then moves on to the second check point. This is 
the mixer grid of the converter. A modulated test signal at the 
intermediate frequency of the receiver is fed to this mixer grid. The 
normal response is the modulation note of the signal generator in the 
speaker. If this note is not heard, the trouble is in the IF amplifier 
or the detector stage. The signal-generator output is increased and 
the frequency control is wobbled around the intermediate frequency 
to see if the receiver is misaligned. If the response is still not heard, 
the test signal is fed to the IF grid to localize the defect further. 

If the normal response is heard when the modulated IF test signal 
is fed to the mixer grid, the IF amplifier and detector stages may be 
presumed to be functioning. The signal-generator frequency control 
and receiver dials are set to 600 kc in order to check the oscillator 
circuit of the converter. 

The normal response in this latter check is the signal-generator 
modulation note from the speaker. If it is not heard, the oscillator 
circuit is not functioning. A voltage check of the converter stage is 
then made. 

If the normal response is heard, the defect must be before the con
verter. A check of the RF amplifier stage and the antenna circuits 
is now in order. 

By this short 2-point check, the signal channel may be quickly 
analyzed into three blocks, which are checked over all before resort
ing, if necessary, to stage-by-stage checking. 

SERVICING PROCEDURE FOR WEAK SIGNALS 

The defects that cause weak reception are different from those 
which result in no reception. However, the servicing procedure 
that localizes the stage in which the defect lies is the same signal 
check just outlined for the complaint of no reception. The main 
difference in the two checks is the receiver response to the generator 
signal. 

For a dead receiver, all signal checks result in a normal speaker 
response until the defective stage is reached. At that point, the 
receiver will give no response. For a weak receiver, all signal checks 
give a normal response until the defective stage is reached. At that 
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point, the receiver will give a weak response, as shown by a loss or no 
gain over the last normal check before this check. 

Many factors within the receiver may result in weak response. 
These are tabulated below: 

1. Weak tube in any stage. 
fl. Short in the power transformer winding. 
3. Short in the filament wiring. 
4. Jammed voice coil in the speaker. 
5. Weak excitation circuit for the speaker field. 
6. Shorted turns in the output transformer. 
7. Open cathode by-pass condenser in the second AF, IF, con

verter, and RF stages. 
8. Open AVe by-pass condenser. 
9. Receiver misalignment. 

10. Open plate by-pass condenser in the IF, converter, and RF 
stages. 

11. Open antenna coil. 
Ifl. Resistance in the gang tuning condenser. 
13. Poor wiper contact in the gang tuning condenser. 

SERVICING PROCEDURE FOR HUM 

A common receiver defect is a hum level that is so high that it 
mars normal receiver reception. This section will describe the type 
of hum that appears all over the receiver dial. 

Checking the Power Supply.-When a receiver is being serviced 
fQr the complaint of an abnormally high hum level, the most com
mon defect that causes this condition is the breakdown of the power
supply filter condensers. This is usually due to the aging of these 
condensers. 

The first step, therefore, in trouble shooting for hum is to connect 
a substitute condenser across each of the power-supply filter con
densers in turn. If the hum level is reduced as a result, the defective 
filter condenser is replaced. The filter choke of the power supply 
must also be checked for a short that results in inadequate filtering. 

Tubes as a Source of Hum.-If the filter condensers check perfect, 
a good second step is to replace the tubes with new ones, one at a 
time. Tubes often introduce hum, especially the AF tubes. Such 
hum results from heater-cathode leakage through their insulation, 
capacitive coupling between the heater and other electrodes, and 
emission from the heater to other electrodes or vice versa. Although 
elimination of hum from these sources is primarily a design problem, 
replacement of tubes with new ones may reduce the hum level. 
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Grid Circuits as a Source of Hum.-Another possibility for hum 
is an open grid circuit in any stage of the receiver. This type of 
hum results from a build-up and discharge of signal at the open grid 
at a rate that may be close to the power-supply hum, and is mistaken 
for it. 

The next check in hum elimination, therefore, is a continuity 
check made with an ohmmeter of all grid circuits. 

Previous Service Work as a Source of Hum.-If the cause of hum 
still proves elusive, the next check is to see if previous service work 
may not have introduced the trouble. For instance, replacement of 
part of a speaker may have resulted in the reversal of polarity of the 
hum-bucking coil. Or the wiring may have been disturbed with 
resulting poor lead dress, particularly in the region of the detector 
and first AF tube. The diode-plate leads, volume-control leads, and 
first AF grid leads must all be short. They should be dressed close 
to the chassis and away from the filament or other wiring that 
carries 60-cycle current. 

Tracking Down Elusive Hum.-The suggestions made above 
should locate most of the common causes of hum. Occasionally, an 
elusive cause will escape the normal procedure that has been sug
gested. In such a case, the receiver must be examined stage by 
stage. 

To do this, remove all the receiver tubes, except the rectifier. 
Since it is dangerous to operate a power supply without any load, 
a heavy-duty 5,000- to 10,000-ohmj~5- to 50-watt resistor should be 
connected as a load from B plus to ground. Then turn the receiver 
on and listen for hum. If hum is present, it is due to some factor 
that was overlooked in the power supply, and it must be carefully 
sought for. 

If the hum level is normal, insert the second AF tube and remove 
the power-supply resistor load. If the hum now is heard, it is due 
to some defect in the second AF stage. If the hum level is normal, 
insert the first AF tube and listen for hum. In this way, the tubes 
are reinserted, one stage at a time, until the offending stage is 
reached. Then the components of only one stage need be carefully 
checked to find the defect. 

In the case of an ACjDC receiver, where tube heaters are in 
series, tubes may not be removed, as above. The stages must be 
made inoperative in another manner. A short from the second AF 
grid to ground makes everything before this point inoperative, so 
far as their effect on the speaker is concerned. Any hum present 
limits the defect to the power supply or second AF plate circuit. 
If the hum level is normal, the short is shifted to the first AF grid 



SURVEY OF SERVICING PROCEDURE 435 

and ground. This adds the first AF plate circuit and the second AF 
grid circuit to the part of the receiver being checked. Thus, in 
shifting the short to ground from grid to grid of the various tubes, 
more and more parts of the receiver that will affect the speaker 
are brought in for check until the point of hum is located. 

Once the tube-removal procedure or grid-grounding procedure 
has localized the stage in which hum originates, nothing in this 
stage should be overlooked in the careful recheck. On some remote 
occasions, a new tube that replaces a bad one may have a similar 
defect that still results in hum. If all else in the hum-producing 
stage has been found to be good it may be necessary to replace the 
old tube with several new ones before the hum disappears. 

Another possibility in the careful recheck of a stage is the possi
bility of leakage between sections of a by-pass condenser block. For 
example, a line filter cOlldenser or a condenser connected to a heater 
lead will carry alternating current. If they are part of a block, leak
age to other condensers in the same block may introduce hum. 

Normally, condensers are checked for opens, shorts, leakage, and 
intermitt8'llt opens. None of these checks requires the removal of 
the condenser from the circuit. However, in making a careful re
check of a stage, the condenser lead must be opened, and a substitute 
condenser connected in its place. This procedure will take care of 
leakage between sections of a block. 

Summary of the Causes of Hum in Receivers.-The causes of hum 
in a receiver may now be summarized for quicker use. 

1. Open power-supply filter condensers. 
2. Defective tubes (cathode-heater leakage). 
3. Open grid circuit. 
4. Reversed speaker hum-bucking coil. 
5. Closeness of audio grid leads to 'wiring carrying 60-cycle cur

rent. 
6. Leakage between sections of a by-pass or filter condenser block. 
7. Shorted filter choke. 

SERVICING PROCEDURE FOR NOISY OPERATION 

When a receiver is brought in with the complaint that it is noisy, 
the condition is one of hissing and crackling sounds that are extrane
ous to the desired station signal. Noise may result from anyone of 
a great number of causes, including noise pickup by the antenna, 
a noisy power line, and noise produced by defective llnits within the. 
receiver itself. The first two are installation problems. A procedure 
for handling them is given in Chap. 17. 

Determination of the Receiver as the Source of N oise.-The 
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serviceman must be able to determine by check if the noise results 
from some defect within the receiver. This check is best handled on 
the service bench, where noise from antenna and power line pickup 
is either absent or, at least, is a factor whose normal level is known. 

To determine if the receiver itself is the source of noise, the an
tenna and ground connections to the receiver should be removed, 
and the antenna and ground terminals of the receiver connected 
together by means of a short link. Then, if the receiver is turned 
on and noises are heard in the speaker, especially when the receiver is 
jarred, the noise is due to a defective component within the receiver. 

Causes of Noise within a Receiver.-The components in a re
ceiver that usually cause noisy operation are as follows: 

1. Noisy tubes (loose elements). 
~. Corrosion in coil windings: 

a. RF transformers. 
b. IF transformers. 
c. Audio transformers. 
d. Speaker fields. 

3. Speaker defects: • 
a. Rubbing voice coil. 
b. Torn paper cone. 
c. Loose rim. 

4. Poor connections. 
5. Noisy volume control. 
6. Swinging shorts in IF transformers. 
7. Conductive dirt in vital spots (like sockets). 
8. Tuning condensers (shorts and poor wiper contacts). 
Locating the Source of Noise in a Receiver.-Several of the causes 

of noise within the receiver have already been presented in previous 
chapters. Chapter 9 gives tlie checks for the speaker defects that 
cause noise, and these checks may be used in noise analysis. Prob
ably, replacement with the bench test speaker will disclose this 
source. In Chap. 14, the noisy tuning condenser is described. In 
Chap. 11, defective volume controls are described. Both of them are 
common sources of noise and are easily identified as the sources, 
since the noise comes on when the controls are adjusted. A pro
cedure for cleaning tuning condensers is given in Chap. 14. A 
noisy volume control should be replaced as described in Chap. 11. 

A good procedure to follow when hunting for the source of noise 
is similar to that used in checking for hum. Remove all the tubes, 
except the second AF tube and rectifier tube. In the case of the ACj 
DC receiver, connect a short between the second AF grid and ground. 
Tap the tube and other components in the second AF stage and listen 
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for noise. If the noise is heard, all connections and components in 
the second AF stage and power.-supply stage are checked until a 
poor joint or defective component is found. If the noise is not 
heard, the second AF and power-supply stages are probably in good 
condition. The first AF tube is then added, or the ground connec
tion is moved to the first AF grid. Then components in this stage 
are checked as before. If they prove satisfactory, the procedure 
is repeated for each stage in the receiver until the troublesome 
stage is found. The search within the defective stage must be 
thorough and not overlook any odd and unusual condition of a 
component. 

As each tube is replaced or made operative, it should be slightly 
jarred by tapping the radio sharply. When this is done, a noisy tube 
will become more noisy. Then replacement with a new tube fol
lowed by the jarring test will tell if the tube was at fault. In some 
cases, simply replacing one tube at a time with new ones and tapping 
the receiver sharply will locate a noisy tube. 

The stage-by-stage analysis may show a noisy stage. If the de
fect is due to corrosion in coil windings, jarring the radio will not 
affect the noise. In this case, the defective winding can be found by 
an ohmmeter check. Good windings in RF and IF transformers 
normally measure less than 100 ohms; a corroded winding usually 
measures several hundred ohms. The resistance measurement of 
AF transformers and chokes also increases when they are corroded. 

Often, unsoldered or poorly soldered connections, or bits of solder 
or other conducting dirt, may be the cause of noise in a stage. They 
may be difficult to locate because they may be in an out-of-the-way 
place. Such defects may cause intermittent noise or intermittent 
operation. Jarring the receiver usually increases the noise when 
those defects are the cause. An extremely careful search must be 
made for them. 

If the procedure localizes the IF amplifier as the source of noise, 
remove the IF transformers from their shield cans for a careful in
spection. Even though an ohmmeter check shows freedom from 
corrosion, the leads from the coils to the trimmers, which lie along 
the shield can, may vibrate into contact with the can, producing 
noise. Inspect the leads and route them so that they cannot possi
bly touch the shield can. 

SERVICING PROCEDURE FOR INTERMITTENT OPERATION 

Intermittent reception can be divided into two main groups. In 
one, the radio suddenly clicks off and remains inoperative for a 
while; then, just as mysteriously, it resumes normal ·operation. In 
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the other type, the volume suddenly decreases and then returns to 
normal a little later. Sometimes, these changes are gradual rather 
than sudden. This condition is often called "fading." 

Causes of Intermittent Operation.-Intermittent operation (often 
accompanied by noise) may be due to intermittent breaks or other 
defects in the antenna-ground system, which should be carefully 
checked for breaks, as described in Chap. 17. 

In the receiver, many components may be the cause. To tackle 
the complaint, the serviceman might replace all components likely 
to cause the trouble, hoping by elimination to remove the cause. 
Or, he might track down and repair the causative factor. The first 
procedure is expensive; the second is time-consuming. 

The wholesale replacement of suspected receiver components 
includes 

1. All tubes. 
2. All by-pass and coupling condensers. 
3. Any resistors that dissipate heat and may change III ohmic 

value as a result, like voltage-divider resistors. 
4. The volume control. 

In addition, the condenser gang should be cleaned and overhauled. 
Finally, a thorough search should be made for poorly soldered con
nections. 

Tracking Down Intermittent Reception.-In tracking down the 
cause of intermittent reception, the receiver is allowed to play on the 
service bench until the fading out occurs. This condition may be 
hastened by jarring the receiver; or, the receiver may be made to 
operate inside a packing box to cut off ventilation and produce over
heating; or, it might be operated through an autotransformer con
nected to the power lines, so that it operates under the condition of 
an abnormally high line voltage. 

Then when the receiver fades out, any accompanying symptom, 
!ike noise or squeal, will be of aid in locating the trouble. If the 
receiver stays out, it is serviced as though it were a dead or weak one. 
If reception is resumed before any conclusive evidence has been 
reached, the serviceman waits for the next fade-out, or attempts once 
again to induce it. 

SERVICING PROCEDURE FOR MODULATION HUM 

"Modulation" hum is the name applied to a hum that is heard to
gether with the station voice or music only when a station is tuned 
in. The hum level is normal at an off-station position on the tuning 
range. This type of defect in receivers is also called "tunable" hum. 
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Causes of Modulation Hum.-The most common cause for this 
condition is an open line filter condenser, or inefficient grounding of 
the receiver. When a receiver is checked at the service bench for a 
complaint of tunable hum, the first step is to operate the receiver on 
a station where the hum is very noticeable. No ground lead should 
be connected to the receiver, since the home installation may not use 
one. Then connect a condenser of similar capacity across the line 
filter condenser and listen for a reduction in the hum. If this step 
is not effective, try connecting the condenser from the other side of 
the line to the chassis, as shown in Fig. 23-1. 

I 
-L 

~-r-

" I AddItional Line'- ~ 
Foiter Condenser 
connected here to 
reduce Modulcdlon 
Hum 

I .... "Oroqlnar 
-=-' LIne-Filter 

Condenser 

FIG. 23-1,-Procedure for reducing modulation hum. 

If the modulation hum still persists, the next likely cause is leak
age or capacity effects from the heater to other elements in the RF 
or'converter tubes. The next step, therefore, is the substitution of 
tubes, known to be good, for the RF and converter tubes. 

SERVICING PROCEDURE FOR SIGNAL DISTORTION 

Distortion in a receiver results in poor tone quality from the 
loudspeaker. It is usually due to the overloading of some stage in 
the receiver by a signal that is too large for the stage to handle. 

Causes of Receiver Distortion.-It is unusual for the signal to be 
too large. The common difficulty is that the stage operation has 
deteriorated to a point where it cannot handle a signal of normal 
strength. 

The usual difficulty is trouble in the grid-bias circuits, which is 
found by voltage analysis. The speaker, of course, is another 
possible cause of poor tone. This condition is checked by substitut
ing the bench test speaker for the receiver speaker. 
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A more complete list of possible causes of receiver distortion is 
given below. 

1. Rubbing speaker voice coil due to 
a. Off-center voice coil. 
b. Warped speaker cone. 
c. Off-center speaker field gap. 

2. Shorted cathode by-pass condenser in the second AF stage. 
3. Changed value of second AF bias resistor. 
4. Open grid leak in the first or second AF stage. 
5. Open volume control. 
6. Defective tubes. 
7. Shorted or leaking audio coupling condensers. 
8. Shorted or leaking A VC by-pass condensers. 
Less frequent causes of poor tone quality are those resulting from 

previous replacement of defective parts. These include a mismatch 
resulting from the replacement of a speaker or output transformer; a 
replacement plate circuit by-pass condenser in the second AF stage 
that is too high or low in capacity, resulting in too high or Iowa 
response; rarely, side-band cutting resulting from the use of an IF 
replacement transformer with extreme selective characteristics. 
In the latter case, the side-band cutting may be reduced by slightly 
mistuning each IF trimmer, broadening its response characteristic. 

SERVICING PROCEDURE FOR MOTORBOATING 

Motorboating is a defect in a receiver that results in a put-put 
noise similar to the exhaust of a motorboat. The most common 
cause for motorboating is an open output filter condenser in the 
power supply. The only other common cause is an open grid circuit 
in any of the stages of the receiver . 

. Removing Motorboating in a Receiver.-A servicing procedure 
for this defect in a receiver is to bridge the output filter condenser in 
the power supply with a test condenser of similar capacity and to see 
if the trouble is eliminated. If this proves ineffective, the service
man proceeds to make an ohmmeter check of all grid circuits, look
ing for an open. In this regard, it should be remembered that AVC 
decoupling filter resistors are part of their grid circuits. They must 
not be overlooked, even though they rarely open. The most com
mon opens occur in the grid-load resistors of the first and second 
AF stages. 

SERVICING PROCEDURE FOR SQUEALS AND OSCILLATIONS 

There are many types of squeals and howls in a receiver, all of 
which are classified under the general term of "oscillation." Their 
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causes are many and varied and call for different servicing proce
dures. 

Chirps or Birdies.-First, there is the type of squeal or birdie 
that appears to spoil reception from only one or two stations. This 
is probably image-frequency interference. A procedure for hand
ling these is given in Chap. 16. 

Microphonic Noise.-There is another type of howl known as 
"microphonic" noise. It usually starts on a loud signal, or when 
the radio is jarred, and builds up to a strong howl that drowns out 
all reception. It can be caused by loose elements in a tube or by 
vibrating tuning condenser plates. The howl is started by either 
the jarring of the receiver or the vibration resulting from a loud sig
nal from the speaker. The loose elements begin to vibrate rapidly 
and introduce sustained high-pitched AF notes into the tube. 

When a receiver with microphonic howl is serviced, the receiver 
is operated at low volume. Each tube in turn is greatly tapped. 
When the offender is reached, a "bong" is started which soon dies 
out, since the speaker volume is too low to sustain the vibration. 
Any tube in the receiver may be the cause of the microphonic 
howl. However, the detector first AF tube is the most common 
offender. 

If a check of the tubes discloses no defect, the tuning condenser 
should be investigated. Microphonics due to the tuning condenser 
are usually found in small receivers, where the speaker and tuning 
gang assembly are in close proximity, or in large receivers designed 
for and operated at high-volume levels. In both cases, original 
design takes care of the condition by mounting the tuning condensers 
or the chassis, or both, on a rubber suspension. Sometimes, even 
the speaker is mounted on rubber to dampen vibrations. It is only 
necessary thereafter to check the mounting provisions to see that 
the rubber has not become old and cracked, or that the suspended 
mounts are still floating freely. 

Squeals over the Major Part of the Receiver Tuning Dial.
Another type of squeal is the one that occurs over the entire tuning 
range of the receiver or a large part of it. If this squeal is affected 
somewhat by tuning, the defective component is usually in the RF 
or IF portions of the receiver. If the squeal is unaffected by tuning 
but is affected by the operation of the tone control, the defective 
component is probably in the audio end of the receiver. However, 
these considerations are not of too great consequence, since the 
servicing procedure is the same for both conditions. 

Squeals of either type are usually caused by regenerative coupling. 
,The latter is usually caused by poor contact between.a shield and the 
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chassis or by the opening of a by-pass condenser. The service pro
cedure is suggested by the cause. Shields are checked for their 
contact to the chassis. Ohmmeter checking is inadequate, since 
even a small resistance contact (too small to be read on the ohm
meter) may still cause inadequate shielding. The best procedure 
is to clean and tighten all shield-ground contacts. Where a tube 
shield has been inadvertently discarded, it should be replaced by the 
serviceman. This shielding is especially important in the case of a 
high-gain tube like the IF amplifier. 

Open by-pass condensers are checked by bridging a test con
denser across each by-pass condenser in the receiver. It is important 
when making these checks to short the terminals of the test con
denser after each condenser is checked. 

A test condenser of about 0.1 mfd can be used for all RF by-pass 
condensers, even though the condenser being tested differs consider
ably from that capacity. The substitution box described in Chap. 
23 is very convenient for rapid testing of this type. The audio by
pass and the power-supply filter condensers should not be neglected 
in this test. 

Sometimes, the broad squeal is due to an error that crept in during 
previous service work. Disarranged or poorly dressed leads may 
come about in the replacement of an IF or RF transformer. Or, 
an inverse feedback winding from the secondary of an output 
transformer may have been reversed during the replacement of the 
transformer. In the former case, the leads may couple with other 
parts of the receiver and deliver regenerative feedback. In the latter 
case, a reversed inverse feedback winding may deliver regenerative 
feedback, rather than degenerative feedback. As a result, an audio 
oscillation is set up. 

Poorly dressed wiring may be checked by moving the suspected 
wires with a bakelite rod, while ;the receiver is oscillating. A change 
in the squeal indicates that the wire is at fault. Generally, the grid 
and plate leads are the "hot" leads and should be routed close to the 
chassis and direct to their connection points without crossing each 
other or coming close to other wiring. 

The reversed inverse feedback winding may be checked for by 
reversing the primary or secondary wires of the output transformer 
and by observing if there is any improvement. 

A summary listing of factors that might cause broad squeals and 
oscillations follows: 

1. Open power-supply output filter condenser. 
2. Open second AF plate by-pass condenser. 
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3. Reversed feedback winding (after output transformer has been 
replaced). 

4. Open shielding. 
5. Incorrect lead dress. 
6. Open A VC by-pass condenser. 
7. Open screen by-pass condenser III the RF, IF, or converter 

stage. 
s. Open plate decoupling by-pass condenser in the RF, IF, or 

converter stage. 

AIR CHECK OF A RECEIVER 

The final step in servicing a receiver is first to check that the 
original complaint has been removed, and then to check the receiver 
in aU respects for normal operation. This final check is known as 
the "air check." 

To make the air check, the receiver is connected to an antenna and 
turned on. The tuning dial is rotated to a nonstation position, and 
the hum level is noted for normal operation. 

At the same dial position, the volume control is rotated from mini
mum to maximum, in order to determine if it is noisy. The same is 
then done for the tone control, if present. 

Then the dial is rotated to the low-frequency (550-kc) end, the 
volume control is set for a moderate volume level, and the dial is 
rotated toward the high-frequency (1,500-kc) end. The stations are 
checked off as they appear. This procedure checks the dial calibra
tion and the sensitivity of the receiver. All stations that the service
man knows are normally picked up in his locality should be picked 
up by the receiver being checked. Failure to receive any of them 
indicates a weak receiver. Good judgment should be used by the 
serviceman in this test. Obviously, a sensitive superheterodyne 
receiver with an RF stage and two IF stages should pick up more 
stations than a receiver with no RF stage and only one IF stage. 

As the stations are picked up, the selectivity of the receiver may 
be determined by the dial space that each station covers, especially 
the strong local stations. If a strong local station stretches over 30 
kc of the dial, the receiver selectivity is poor and should be checked. 
Misalignment is indicated. 

Tone quality is most easily checked by listening to speech rather 
than to music. Clear, crisp, intelligible speech is a sign of good tone 
quality, especially for the high audio frequencies. Then turn to 
some symphonic music program, and listen for the response to the 
low frequencies. 

The next check is for the power handling of the receiver-from 
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whispers to the limit that the speaker will take without rattling. 
This will not be much for a small speaker. But a large speaker in a 
high-fidelity receiver ought to be capable of roaring with good tone 
quality. 

The course over the tuning dial will disclose whistles, birdies, and 
squeals. The serviceman must be on the alert for these effects. A 
sharp slap on the receiver will show up any noisy conditions. 

The final step is the check of the operation of any other controls 
on the receiver, like fidelity controls, phonograph switches, push 
buttons, and short-wave operation. 

CASE HISTORIES OF DEFECTIVE RECEIVERS 

At this point, it is advisable to examine the work of a practical 
serviceman making repairs on the bench. The following tabulations 
are the actual case-history records made by a serviceman with wide 
experIence. 
Case 1. Complaint: Receiver is dead. 

1. Applied AF signal to first AF grid ........................... '" .Normal. 
fl. Applied IF signal to IF grid .................................... Normal. 
S. Applied IF signal to mixer grid. . . . . . . . . . . . . . . . . . . . .. . ...... No response. 
4. Replaced mixer tube ........................... Receiver operates normal. 
5. Air check ........................................................ O.K. 

Case 2. Complaint: No reception. 
1. Signal to first AF grid .......................................... Normal. 
fl. IF signal to second IF grid ................................. No response. 
8. Replaced second IF tube ........................ Receiver operates normal. 
4. Checked: 

Sensitivity ................................................... O.K. 
Selectivity ..................................................... O.K. 
Quality ........................................................ O.K. 
Dial mechanism ............................................... \Vorn. 

5. Replaced dial belt. 
Case 3. Complaint: Noisy and fading. 

1. Jarred receiver while playing ................................. Very noisy. 
2. Lightly tapped tubes and components ....... , ........ Noise all over chassis. 
S. Replaced tubes one at a time and t:<Lpped ....................... No effect. 
4. Continued tapping to find place of greatest effect. Tapping of condenser drive 

• mechanism sometimes 
caused fading. 

5. Opened condenser cans and the coil to condenser connections. 
6. Ohmmeter check of each condenser, and tapped 

each ...................... ~ ............... One condenser could be 
tapped from open to dead 
short. 

7. Inspected that condenser ....... , ..... Stator rod almost touched the chassis. 
8. Insulated stator rod. 
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9. Checked condenser for short ...................................... None. 
10. Reassembled radio and tried .......................... No noise, no fading. 
11. Realigned. 
12. Checked performance ............................................. O.K. 

Case 4. Complaint: Car radio, no signal. 
1. Removed radio from car. 
2. Checked B voltage .............................................. None. 
S. Checked filter for short ........................................... None. 
4. Checked buffer condenser ........................................ Short. 
S. Replaced buffer condenser ............................. Receiver operates. 
6. Checked: 

Sensitivity ..................................................... O.K. 
Selectivity ..................................................... O.K. 
Quality ....................................................... O.K. 

7. Replaced in car. 
8. Checked for motor noise ........................................... O.K. 

Case 5. Complaint: AC/DC receiver, intermittent reception. 
1. Checked performance ............................................. O.K. 
2. Left playing ................................ Died in Yz hr. No tubes lit. 
S. Checked tube filaments ...................................... 50L6 open. 
4. Replaced 50L6. 
5. Checked performance ......... ~ ................................... O.K. 
6. Left playing .................................................... . O.K. 

Case 6. Complaint: No signal. . 
1. Signal to first AF grid ...................................... No response. 
~. Checked second AF plate voltage . ................................. None. 
S. Checked second AF screen voltage ................................. None. 
4. Checked voltage across rectifier .................................... High. 
S. Checked speaker field ............................................ Open. 
6. Replaced speaker. 
7. Checked performance ................................... ' .......... O.K. 



CHAPTER 24 

THE SERVICE BENCH 

Much has been written about the radioman's service bench, and 
trade journals have sponsored contests for the best ones. Photo
graphs of the winners have shown beautiful specimens. But in 
many cases, some of the tools indispensable to the serviceman seem 
to be lacking, or are perhaps in the back room. It is quite true that 
the customer must be impressed by an orderly setup, but this does 
not mean that the service bench must look as though nothing ever 
happened on it. Instruments and tools must be readily available, 
and ample working room must be provided. Therefore, this chapter 
will concern itself with the bench for work, not the one for show 
alone. 

Physical Make-up of the Workbench.-Dimensions and construc
tional details will not be given, since these depend largely on the 
available space and the individual's preferences. The information 
given is in the form of general suggestions to fit a particular need. 

The most important consideration is the available space, since the 
bench usually fills up one wall or one corner. Regardless of other 
dimensional considerations, a minimum clearance of 2 by 4 ft for 
working space should be provided. This area can accommodate 
even a large chassis, with its speaker, loop, power-supply chassis, 
etc. The bench top should be made of wood or other insulating 
material. Metal trim should be avoided because of the danger of 
short circuits. 

Behind and above the working area, the serviceman can install 
shelving and panels for meters, manuals, replacement parts, etc. 
To the right of the working area should be the soldering-iron stand 
and a bench vise. If space permits, a bench grinder is another useful 
appliance to have available. Both the vise and the grinder should be 
installed as far from the working area as possible, to minimize the 
possibility of getting metallic filings in a receiver on the bench. 
Figure 24-1 shows an arrangement for a bench top 6 Y2 ft by 3 ft. 

The height of the working area should be such as to be comfort. 
able for the serviceman--either standing at his work or sitting on a 
high stool; about 40 in. is a good average. Tall men may prefer a 
bench top an inch or two higher than this. 

446 
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Below the working area should be suitable knee space. Flanking 
it, there Gan be drawers for tools. The back of the knee space, near 
the wall, can be built up with shelves for large materials that are 
infrequently used, such as a storage battery and charger. The tool 
drawers should be set back about 4 in. from the front of the bench 
top. Directly beneath this top, in the knee space, a strip of wood 
containing electrical outlets should be mounted. This same strip 
can have a small drawer in it for frequently used small hand tools 
and test leads. 

Shelving ancl Panels 'for Test 
Instruments ancl Manuals 

r ~~ 
Cabinet L_-.t-========::::1 In1 __ -I-SOlclering Iron 

io and Stand 

l L..--...L.----+------'f----B' 

Clear Space 2'x 4' 
for Working AreCl 

~----------6~'------~ 
FIG. 24-1,-Service bench-top view. 

Bench Vise 

A good place for another strip of outlets is directly below the 
meter shelf. This same strip can contain connections for the shop 
antenna and test speaker, as well as the resistor and condenser 
substitution box. A shelf above the meter panel can accommodate 
manuals and trade literature. Space on each side of the test panel 
can be used for drawers to hold small parts. 

Below the test instruments is a convenient place to mount spools 
of hookup wire and solder. These can be mounted and made to 
unwind on a dowel stick. 

Figure 24-2 shows the front view of such a service bench. The 
test instruments should be mounted at about eye level, 60 in. or 
more from the floor, depending on the serviceman's height. These 
should be, as a minimum, those necessary for service work: the sig
nal generator, the multimeter, the bench test speaker, and the 
resistor and condenser substitution box. Signal generators have 
been described in Chap. 6; multimeters, in Chap. 4. These may be 
of the panel-mounting type. Carrying-case upjts are equally good 
and have the advantage of being portable for use away from the 
bench. They merely rest on a shelf. But, lest they be yanked off, 
a screw through the shelf or some other easily removed holding device 
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should be installed. The test speaker and substitution panel, de
scribed in this chapter, can be permanently mounted in a test panel. 

The Bench Test Speaker.-The bench test speaker should be so 
constructed as to be easily connected to any receiver. Since there 
are many types of speakers as well as many methods of connections 
in different receivers, a universally applicable test speaker for any 
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PIG. 24-~.-Service bench-front view. 

receiver is not easy to design. The assembly shown in Fig. 24-3 
has been used with considerable success. 

The speaker used is a 10- or 12-in. P-M dynamic speaker, capable 
of handling the output of any receiver. It should be a high-quality 
speaker, since it will be used to check for the cause of poor tone in 
a receiver and must not have its own poor tone. 

The output transformer is of the push-pull type, which permits 
connection to push-pull output tubes. For use with a single tube 
output stage, half the winding will match a low-impedance output 
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tube. The full winding, disregarding the center tap, will match a 
high-impedance output tube. 

When the receiver being tested utilizes a speaker field winding 
that is wired directly across the rectifier (see Fig. 9-3), no provision 
need be made for the field at all. 

m 
Provision for Out['ut Transformer 

and Voice Coil ReplClcement 

Choke: 
20 Henries 

100 MA. 
400 Ohms 

Provision for Speaker 
Field Coil Replacement 

FIG. il4-3.---:Bench test speaker. 
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FIG. il4-4.-Binding-post strip for the bench test speaker. 
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When the field winding is part of the filter or voltage divider 
circuits (see Figs. 9-2 and 9-4), the original speaker field coil may 
be used, other connections to the receiver speaker being removed. If 
it is desired to replace such a field coil for test purposes, it may be re
placed by the choke and resistor assembly of the·test speaker. The 
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choke is rated at about 20 henrys and is capable of safely carrying a 
current of about 100 rna. It should have an ohmic resistance of 
approximately 400 ohms. The two series resistors are 600 and 1,000 
ohms, respectively, and are rated at 20 watts. The choke and re
sistors, all connected in series, will replace a speaker field of ap
proximately 2,000 ohms. 

The speaker, choke, and resistor leads should be cabled and 
brought to a binding-post strip, mounted under the speaker panel, 

~~ 
t, : 
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FIG. 24-5.-Checking a speaker voice coil by substituting the bench test speaker. 

and labeled as shown in Fig. 24-4. The binding posts should have a 
hole through the screw portion for convenience in attaching pin 
tips. 

How to Use the Bench Test Speaker.-The use of the test speaker 
can be illustrated by an example. Assume a receiver like our stand
ard, shown in Fig. 1-1. Assume further, a defect consisting of some 
shorted turns in the primary of the output transformer. This 
defect will result in a very weak signal output, since most of the 
signal will be feeding the shorted turns. On check, the power sup
ply will show normal readings, but there will be either a very weak 
click or no click when the second AF tube is momentarily unseated. 
This places the trouble probably in the speaker and would indicate 
a weak field or a frozen voice coil. Normal power-supply readings 
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indicate a normal speaker field, which is confirmed by checking the 
magnetic pull with a socket wrench. The voice coil is then discon
nected and the test speaker voice coil is substituted, as shown in 
Fig. ~4-5. The result clears the voice coil, since the output is still 
weak. 

The trouble may now be in the output transformer or .the second 
AF stage. V oltmeter and ohmmeter checks may still show normal 
readings, since the shorted turns may not materially affect the 
resistance of the transformer primary. The secend AF stage there
fore seems to be all right. The test speaker and its output trans-

",Unsolder 
Connection 

B+ 

Shorting 
( Jumper (1I1I1I?I1Il L --'I'--j 

• • ••• p C. T. P 400 1000 2000 

Output Tran sformer Field 

FIG. 24-6.-Checking a receiver output transformer by substituting the bench test speaker. 

former are now substituted for the receiver speaker and output 
transformer. This is done by opening one of the transformer pri
mary leads-plate or B plus, whichever is more convenient. Be
cause the standard receiver uses an output tube that requires a high
impedance load, the test speaker is substituted, as shown in Fig. 
~4-6. The result is a normal response with the test speaker. This 
proves that the output. transformer is defective and must be re
placed. 

The test speaker is used to confirm any troubles that seem to point 
to the speaker, as indicated in Chap. 9. Results with the test 
speaker should be interpreted with good judgment. For example, 
when it is used with the usual AC/DC receiver, the serviceman 
should expect excellent tone and volume as compared with the nor
mal response from the 4- to 6-in. speaker, which is usual for these 
receIVers. 
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Speaker-plug Wiring.-Speakers, as used in receivers, often have 
their leads terminated in plugs, which are connected to the receiver 
chassis. These plugs are usually 4- or 5-point units. The R.M.A. 
has set up standard methods of connection for these plugs, the more 
common of which are shown in Fig. 24-7. 

Since there is considerable variation and since many receivers 
do not follow the standards shown, the serviceman should provide 

Blue -Finish Trans • Blue (or Brown) - Start Trans. 

Black E. Red 
Start 

Yellow ~ Red-Finish Yellow & Red -Finish 

Note: In all cases, pll<'3 pins point toward you 

Red- Start Tr"ns 

1p.1"~~hIlHg~i ~kE.Red 
Start 

. Ye Ilow f, Red - Finish 

Blue (or Brown) -StMt Trans. 

Black f, Red 
Start 

Yellow & Red- Finish 

FIG. 24-7.-R.M_A. speaker-plug wiring systems. 

himself with several cable and plug assemblies, so that he can con
nect any receiver to his bench test speaker. These should include 
a 4- and 5-prong plug with coded leads attached. 

Figure 24-8 shows the connections for hooking the test speaker 
to a receiver using a high-impedance output tube, a I,OOO-ohm 
field coil, and a standard 4-prong plug arrangement. 

In general, it is best to check the receiver schematic diagram 
against the receiver being serviced for speaker pin connections 
rather than to assume that one of the standard speaker connection 
diagrams of Fig. 24-7 is being used. A variation, commonly en
countered, is the use of the speaker plug as a link that breaks the 
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FIG. ~4-8.-Connecting the bench test speaker to a receiver using a standard 4-prong 
speaker-plug arrangement. 
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FIG. 24-9.-Speaker-plug arrangement which opens the B circuit when the plug is removed. 
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power-supply input if the speaker plug is removed. This is a safety 
device to prevent damage that might be caused if the power supply 
were allowed to operate with no load, as would normally happen 
when the speaker plug is removed. Such a speaker plug connection 
is shown in Fig. 24-9. 

Antennas for the Test Bench.-Every test bench for radio work 
should be provided with antennas of various types to match condi
tions in any home or car installation. In this way, servicing prob
lems may be tackled with at least one known factor----antenna 
efficiency. 

There ought to be one good antenna, long and high, for good 
signal strength and minimum noise pickup. This will give best 
results with any home receiver. But there is no point in using it 
with a receiver whose home installation does not have a large, 
efficient outdoor antenna. 

Therefore, the test bench should also be equipped with a short 
antenna to match conditions where a short indoor antenna is used 
as the home installation. For this antenna, the serviceman must 
take cognizance of his own shop conditions. If his shop has a metal 
ceiling-a common condition-or if he is located on the street floor 
of a large steel building, a short indoor antenna will not be the 
equivalent of a short indoor antenna in the average home. Under 
these shop conditions, signal pickup would be so low and noise pick
up so high with the short antenna that similar reception would not 
be tolerated by a radio owner. To match the condition of a normal 
indoor antenna in an electrically quiet residential section, the 
serviceman may require at least a 20-ft outdoor lead-in wire to be 
used for his short indoor antenna. 

An antenna suitable for testing automobile receivers should also 
be available on the service bench. Both the long outdoor antenna 
and the short antenna would provide too much signal for the aver
age automobile receiver, which normally operates with a very short 
antenna. A good equivalent antenna for an auto radio may be had 
by clipping the antenna lead to anyone of the test points of the 
bench test speaker. The test speaker cable contains nine wires, 
which will be 2 to 5 ft long, depending on bench conditions. If 
this is not satisfactory because of high noise level at the test bench, 
a flagpole antenna like the one described in Chap. 17 should be tried. 
The lead between the test bench and the window should be low
capacity shield wire, the shield being grounded only at the auto 
receiver chassis. Figure 24-10 shows bench connections for the 
three antenna types. 
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If the test speaker wiring is satisfactory as an auto radio antenna, 
the serviceman may be confident that signal pickup and noise con
ditions at his test bench will also be satisfactory for the operation of 
loop receivers. If it is not satisfactory, he should realize the limita
tions of his location and make due allowance when servicing this 
type of receiver. 

All-wave receivers, which use special antenna assemblies, usually 
have provision for connecting a standard antenna, at least for opera
tion on the broadcast band. A special antenna installation for 
testing all-wave receivers is therefore unnecessary. 

T
10n9 Outd~~~~ 

Short Indoor 
Antenna or 
Equivalent 

I (See Text) 
I 
I 
I 

Short 
Antenno 

r--='P;(] 
I r-----... 
I 'r--' I 

I " ~ II, --
I I I {00900 1 ~ 

Outlets 

10000 6 0 ~ 6 o 
Substitution 

Box 
Test Speaker Panel: 
Anyone of the voice coil or 
output transformer terminals 
may be used as an auto radio 
antenna. 

FIG. 24-10.-Panel on test bench showing antenna leads. 

61 

The bench, of course, should be equipped with a good ground 
connection. 

The Resistor and Condenser Substitution Box.-Often, test pro
cedure calls for the bridging of condensers in the receiver with similar 
ones to check for hums, squeals, etc. Similarly, a resistor that is 
suspected of being open is also bridged with a similar part. Some
times, the serviceman often wishes to short two points in a receiver 
for test purposes. For example, to localize the starting point of a 
hum that is not due to the filter circuit, he will short the second AF 
grid to ground. If the hum ceases, the second AF stage does not 
cause it, and he will then short the first AF grid to ground, and so 
on back through the receiver. 

It would be convenient to have these shorts, resistors, and con-
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densers readily available at the ends of a pair of test prods. This 
function is served by a substitution box that allows them to be con
nected to the test prods by turning a switch. 

Any number of different condensers and resistors may be used, 
since the switches may have up to 24 positions. However, too many 
condensers and resistors would make the switching too slow and 
cumbersome. A smaller number of clearly marked positions would 
be more convenient. Of course, this reduces the possible number 
of resistors dnd condensers available. But this is no disadvantage, 
since, in test work, the bridging of a component need not be made 
with an exact duplicate. For example, when a receiver has an open 

,1)05 M F D /600 v 
. 1 M FDI 600 V 

8 MFD/500V 

~hort 

250n/5 W 

30Kn/5W 

250K.n/IW 

+ 

COMPONENT USE 

(j) For low-capacity by-pass, O.OO~-O.OI mM . 

® For cathode, plate, or screen by-pass, 0.0~-0.5 mId. 

® For power supply filter condensers, 4-20 mId. 

@ For shorting out a circuit or component. 

® For cathode self-bias resistors, 150-1,000 O. 

® For voltage dividers, 5,000-50,000 O. 

® For plate and grid loads, 0.1-1 megohm. 

FIG. 24-11.-Schematic diagram of resistor and condenser substitution box. 

screen by-pass condenser, the squeal will stop or be materially re
duced when the defective condenser is bridged with any condenser 
with a capacity from about 0.01 mfd and up. Similarly, in checking 
filter condensers for hum, even a 4-mfd condenser will show con
siderable improvement over results with an open 20-mfd condenser. 
Likewise, with resistors, an ohmic value wrong by 100 per cent or 
more will show a marked improvement in results from those ob
tained when the resistor is open. 

Of course, the actual replacement in the receiver should be made 
with the correct value. But for test purposes, the number of com
ponents and consequent test points on the switch may be reduced 
for greater convenience. 
~ A 7-point switch should be sufficient for all test work: 3 for con
densers, 3 for resistors, and 1 for a short. The schematic circuit 'of 
such a substitution box and the uses of each component are shown 
in Fig. 24-11. 

The values of components indicated at the left of the diagram are 
recommended as a test substitution for any value within the limits 
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shown at the right of the schematic diagram. A paper condenser is 
recommended for the filter condenser, although an electrolytic 
condenser may be used. In this case, the serviceman must observe 
polarity, as indicated on the diagram. A paper or electrolytic 
condenser with a rating of 500 volts may be used for test purposes 
in an AC/DC receiver. However, if a replacement is made, the ser
viceman must be sure to use the proper voltage rating (150 volts). 

It is not recommended that condensers of the order of 0.0005 mfd 
be used in the substitution box, since the capacity, inductance, 

0 0 
Condo Res 

5hort 

8 250 

.1 30K 

.005 250K 

o o 
+ 0--------0 

FIG. 24-1!l.-Front panel of resistor and condenser substitution box. 

leakage, and RF pickup of the leads and substitution box will affect 
circuits using these low capacities. 

The front panel of the substitution box appears as shown in Fig. 
24-12. The seven positions are clearly marked and will be an aid 
in fast checking. The polarity indication on the test jacks may be 
neglected, if the 8-mfd condenser is a paper condenser. 

In using the substitution box for condensers, the serviceman 
should establish the habit of shorting the test leads together after 
each application of the test prods. This is important because the 
test condenser may become charged with the voltage in a circuit. 
The condenser may then discharge into another receiver circuit 
being tested, with disastrous results. To establish this habit, the 
serviceman might do well by shorting all test leads after use, re
gardless of the component being used. 

Soldering-iron Service Hint.-The soldering iron in most common 
use by a serviceman is a 100-watt unit. T~ save time, it must be 
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hot at all times when in use on the bench. However, it will overheat 
if left connected to the power line and will need constant retinning 
of the tip. A method for overcoming this difficulty is to leave the 
iron connected to the outlet at all times when the bench is in use, 

IIOV :D:==:;-----"'" 

FIG. 24-13.-Schematic diagram of a "high-low" soldering-iron outlet. 

but to place a dropping resistor in series with it. The ohmage of 
the dropping resistor should be so chosen that the iron will not over
heat yet will remain sufficiently hot to solder small joints. Then, 
if a considerable amount of soldering is to be done or if a heavy 
joint is to be soldered, a toggle switch is used to short out the series 

High 

Low 

( 

FIG. 24-14.-Front view of a "high-low" soldering-iron outlet box. 

resistor. A 6-ohm/9?O-watt resistor may be used, as shown in the 
circuit of Fig. 9?4-13. 

The resistor and switch should be mounted in a conventional 
3-in. electrical outlet box to prevent accidental touching of the hot 
unit. The switch should be labeled IIlGH and LOW, to indicate 
high and low heat, as shown in Fig. 9?4-14. 

Bench Lighting.-Lighting is important for the serviceman, since 
a receiver is full of many small and crowded components. It is rec
ommended that large incandescent lamps with wide metal shades 
be used. If fluorescent lighting is used above the bench, adequate 
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filters should be installed in them to reduce noise radiation. Even 
with filters installed, there may be some interference picked up by 
a loop-operated receiver directly under the lamps. 

For convenience, the serviceman can use lamp fixtures with ex
tra-long lead wires. He might thereby raise and lower the fixtures 
as the needs of a situation demand. 
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APPENDIX 

SYMBOLS AND ABBREVIATIONS 

A Heater or filament circuit 
AC Alternating current 
AF Audio frequency 
A-M Amplitude modulation 
amp Amperes 
ant Antenna 
AVC Automatic volume control 
B Plate circuit 
BC Broadcast 
BFO Beat frequency oscillator 
C Capacitance 
C Grid circuit 
CT Center tap 
DAVC Delayed automatic volume control 
DC Direct current 
E Volts (in Ohm's law formulas) 
F-M Frequency modulation 
gnd Ground 
h Henry 
I Amperes (in Ohm's law formulas) 
IF Intermediate frequency 
k 1,000 
kc Kilocycles (or kilocycles per second) 
L Inductance 
L-C Inductance-capacitance 
rna milliamperes 
me Megacycles (or megacycles per se<'ond) 
meg Megohms 
mfd Microfarads 
mh Millihenrys 
P-M Permanent magnet 
R Resistance 
R Ohms (in Ohm's law formulas) 
0 Ohms (in figures) 
R-C Resistance-capacitance 
RF Radio frequency 
rpm Revolutions per minute 
rms Effective value (as of voltage) 
SW Short wave 
TRF Tuned radio frequency 
v Volts 
W Watts 
Z Impedance 

461 
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RMA COLOR CODE FOR RESISTORS (OHMS) 

A 1:3 
1ST DIGIT 2ND DIGIT 

Silver 
Gold 
Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Purple 
Gray 
White 

Brown=l% 
Red=2% 

I 
2 
3 
4 
5 
6 
7 
8 
9 

o 
I 
2 
3 
4 
5 
6 
7 
8 
9 

D-TOLERANCE CODE: 

Orange=3% 

Yellow=4% 
No Color=20% 

C 
MULTIPLIER 

0.0 I 
0.1 
1.0 
10 

100 
1,000 

10,000 
100,000 

1,000,000 
10,000,000 

100,000,000 
1,000,000,000 

Gold=5% 

Silver= 10% 

b=l 
.~, , ---M 

ABC -1", 
,~ 
D 

B A C D ABC 

New Type --1," \ ~ 
ABC D \Body Color 

For new type only, body color indicates 
type of resistor, as follows:-
Black = composition, non -insulated. 
Any color, other than black, tan 
preferred = composition, insulated. 
Dark brown =wire-wound,insulated. 
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An example will indicate the use of the new type of resistor coding. Assume the following 
with colors as given: 

A .......... ................ Red 
B ......................... . Green 
C ......................... . Orange 
D. . ...................... Silver 

Decoding, we get 
A B C D 

2 5 1,000 10% 

The resistor has a value of 25 times 1,000, or 25,000 ohms, and a tolerance of ± 10 per cent. 

R.M.A. COLOR CODE FOR FLEXIBLE RESISTORS 

~ C A 

The same color code holds for flexible resistors as for carbon resistors. For flexihle resistors 
the first digit is the body color (A). The second digit is the thick thread color (B). The 
multiplier is the thin thread color (C). 

OHM'S LAW AND ITS DERIVATIVES 

Where E = volts, 1 = amperes, and R = ohms, 

E 
1=-

R 

E=IXR 
E 

R=-
1 

'''here E = volts, 1 = amperes, R = ohms, and W = watts, 

W = 12 X R 

1=~ 
W 

R=-
12 

W = 1 X E 

W 
1 =-

E 
W 

E=-
1 

E2 
W =--

R 

E = VWX R 
E2 

R=W 
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RMA COLOR CODES FOR CAPACITORS (MMFD) 

First Second 
Significant Significant Decimal 

Figure Figure Multiplier 

===50=0?:t¢ 1 ~:Y::;''"t 
Working' Tolerance 
for all for all 

THREE DOT SYSTEM 

COLOR NUMERAL VOLTS MULTIPLIER TOLERANCE 

Black 0 I 

Brown I 100 10 1% 

Red 2 200 100 2% 

Orange 3 300 1,000 3% 

Yellow 4 400 10,000 4% 

Green 5 500 100,000 5% 

Blue 6 600 1,000,000 6% 

Violet 7 700 10,000,000 7% 

Gray 8 800 100,000,000 8% 

White 9 900 1,000,000,000 9% 

Gold 1000 0.1 5% 

Silver 2000 0.0 I 10% 

No Color 500 20% 

First Second Third 
Significant Si'1=':1ificant Significant 

Figure '9ire Figure 
(A) (B) (C) 

~~ ~ ~/ 
> > 
/~ , ~ ........... 

D.C. Working Tole~ance Decimal 
Voltage (E) Multiplier 

(F) (D) 

51 X DOT SYSTEM 
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Three-dot System.-Assume a condenser with the dotted colors in the direction of the 
arrow as follows-red. green. and brown. Decoded. the value is 'l5 times 10. or 250 micro
microfarads. or .00025 mfd. The DC working voltage is 500 volts. and the tolerance is ± 
20 per cent. 

Six-dot System.-Assume a condenser with the dots as follows: 

A ......................... . Brown 
B ................... ....... Red 
C ......................... . Green 
D .. ........................ Brown 
E ......................... . Silver 
F .......................... Gold 

Decoded. the value is 125 times 10, or 1.250 micromicrofarads. or 0.001l!5 mfd. The tolerance 
is ± 10 per cent. And the DC working voltage is 1,000 volts. 

CHART SHOWING AUTOMOBILE BATTERY GROUNDS 

Car 1936 1937 1938 1939 1940 1941 194'l 1946 
-------------------

Buick ............... ......... N N N N N N N N 
Cadillac .••........... P N P P P P P 
Chevrolet. .................... N N N N N N N N 
Chrysler ...................... P P P P P P P 
De SOto ...................... P P P P P P P 
Dodge ........................ P P P P P P P 
Ford ......................... P P P P P P P 
Hudson ....................... P P P P P P P 
La Salle ...................... P N P P P 
Lincoln V1'l ................... N N N N N N 
Lincoln Zephyr ................ P P P P P P P 
Nash ....................... P P P P P P P 
Oldsmobile .................... N N N N N N N N 
Packard ...................... P P P P P P P 
Plymouth ..................... P P P P P P P 
Pontiac ....................... N N N N N N N N 
Studebaker ................... P P P P P P P 
Terraplane .................... P P P 
Willys ........................ N N N N N N N 
Mercury ...................... P P P P 

P = battery positive pole grounded; N = battery negative pole grounded. 

NOTE: For 1946, all cars not indicated by N have the positive pole grounded. 
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GRAPHIC SYMBOLS 

RESisTOR COIL 
-A.J\/\r ~ ]][ ]II]II[ ~H Fixed 

+ Air- core Magnetic- core Variable 

~ ~ ]~[ ;t jot' 
Tapped Variable 

-oJ\/V\r-o-'VV' Variable One movable 
With terminals core Tapped coil 

CAPACITOR M 
-If- ~¥ ]11\[ dI 3 Fixed Variable Variable 

differential 

~J -#- One winding 
shielded Auto- Variable 

Mechanical Split- transformer transformer 
linkage stator WIRING A-C VOLTAGE SOURCE 

ANTENNA SYSTEM --0 -e-
l1r 

ferminal.contact,. 

~ rh or pivot point 
MOTOR or GENERATOR 

I Antenna Counterpoise -u. Use only w'lth 
Connections No connection identifying notation 

~ 1 
LAMP 

SWITCH 6 0-
~o-~ s--o BALLAST 

Loop Ground e On-off 0- Key 
Multiposition 

METER 
BATTERY A-Ammeter 

FUSE HEATER ELEMENT MA·Miliiammeter 
~A-Mjcroammeter 

~I-- -±jllllllt=- -<f'\..P- o-JU1Il....o V-Voltmeter 
W-Wattmeter One cell Multicell 6-Galvanometer 

MICROPHONE 

::(] ~ ::(] :@ ~ ~ ::@ 
General Sin1le- Double- Capacitor Moving- Velocity Crystal 

but on button coil 

LOUDSPEAKER 

~ ~\\~ ~:d(j ~~ 
General Magnetic P-M dynamic Electrodynamic 
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GRAPHIC SYMBOLS 

PHONE PICKUP or CUTTING HEAD 

Q' ¢Q Ct ~ 
Single Double General E lectromaqnetic Crystal 

CRYSTALS SHIELDING r. n v II 

---0- --10~ G;;;r~l- P- ..L 
Detector Piezoe led ric 0 -- 5h' Id J 

o 
Coaxial 

=®= 
Individually Ie eu 

~ ~1+1----------~tHI--

H Jf V . l Line shielded ~ 

RECTIF~ER (dry~diSK) A-C Shie5:lded wires ~alr ~ 

a -wa e -- TWln--=-conductor-=- between AandS-=-
D-C D-C Twin coaxial R- F cable A B 

Full-wave VIBRATOR PLUG 

THERMO- THERMOEL:~~NT t!_L I - I ~ I - I r 
COUPLE V l J ~ f~ -------.= ~ '-0 

V 0--0 ~ Synchronous Nonsynchronous 
Indirectly Directly RELAY (deenergized) 

heated heated bf JACK 

Abstracted from Ameriwn Standards I 
Associations publications Z32.IO-1944 b 
and Z32.5-1944_ Note that all lines are -
the same thickness. Leads can come 
out of symbols any convenient way_ 

TUBES 

() 
Fila

ment 

1 

y ~ G:5-
Indirectly Cold Photo- Loop filled 
heated cathode electric coupling 
cathode cathode 

} 

<>----v 0 
~O 

Break 

SFI Pool 
--< Deflecting 
electrode 

o cathode 

~w 
X-ray Dynode Ignitor Excitor Internal Single-
target shield cavity 

Anode 

o~w~~®. 
~~u~~- Triode Pentode Cathode-ra'{; Cold-cathode Phototube Cathode-

O~O~'~$$ 
Magnetron Split Single - cavity Double-cavity Multiplier Ignitron 

magnetron velocity-mod- velocity-mocl- phototube with grid 
u latecl tu be ulated tube 

Excitron with 
gricl ancl hold
ing anode 
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TUBES AND THEIR PRONGS 

NOTE: For all cases below, except the 8-prong tube, a spot of bakelite or cross mark is 
usually placed between the filament prongs, for identification (shown by arrow in diagrams). 
In all cases, except the S-prong tube, numbering begins with the prong (viewed from the bot
tom) to the left of the bakelite spot or cross mark and continues in a clockwise direction. 

Tube base (bottom view) 

4-prong 

5-prong 

0 @ ® 
<D~a> 

6-prong 

0 @~®(!) 

-
7-prong 

@®(!) 

@(l)ld" 

8-prong 

Identifying tube prongs 

The 4-prong tube has 2 large and 2 small prongs. The large 
prongs (1 and 4) are filament connections. 

All prongs are the same size. Prong 8, however, has more separ
ation than the others. The filament or heater prongs are 1 
and 5. 

The heater or filament prongs are the heavy ones, 1 and 6. 

The 7-prong tube has 2 large prongs (1 and 7) to identify the 
filament connections. 

Most modern tubes have this type of base. Observe the key 
slot in the center. Numbering begins from the left of the key 
slot and continues in a clockwise direction. Heater connec
tions are usually prongs 2 and 7. 
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