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PREFACE

The field of radio servicing is still vigorous. Far from fading out of the
picture with the rapid development of television, it still exists in its own
rights as well as being a necessary prerequisite for the understanding of
television servicing. Indeed, vocational schools recognize this fact and
have set up their course accordingly.

As in the case of the first edition of this book, basic and necessary in-
formation together with a dynamic serviceman’s procedure are presented.
The many tributes paid to the first edition have indicated to the authors
the sound basis of their pedagogical methods.

It is assumed that the reader has acquired an elementary background
of radio theory prior to delving into service work. Nevertheless, elementary
theory is presented in this book wherever it serves to make clear a par-
ticular 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 manufacturer.

Since the publication of the first edition of this book, new practices
and circuits have been developed. The authors have been cognizant of
new trends and have included them in this second edition. Additional
information has been added on the electronic multimeter. Completely
new chapters have been added on battery and three-way portable re-
ceivers and on frequency-modulation receivers. This latter information
is particularly important, since the sound portion of television sets is an
FM receiver. New information has been added to the Appendix to make
it more useful. Ever mindful of the desire for improvement, sections of
the book have been rewritten for greater clarity. The authors feel that
this second edition has definitely grown from elements of radio servicing
to a more comprehensive level.

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.

The Text-Film Department of the McGraw-Hill Book Company, Inc.,
have prepared a special series of six filmstrips to correlate with and to
illustrate visually specific items in this book. These are three film-
strips on the converter: Part 1, Oscillator Stage; Part 2, Mixer Stage;
and Part 3, Identification of Parts; and two filmstrips on alignment:

v



vi PREFACE

Part 1, IF Amplifier, and Part 2, Front End. The sixth filmstrip is en-
titled How to Use the Signal Generator. Detailed descriptions of these
six filmstrips are given on pages 555 and 556 of the “Correlated List of
Visual Aids,” at the end of this book.
WiLLiaM Marcus
Arex Levy
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The following series of six filmstrips has been prepared by the Text-Film
Department of the McGraw-Hill Book Company, Inc., to correlate and
to illustrate visually specific items in this book:

Converter. Part 1: Oscillator Stage

Converter. Part 2: Mixer Stage

Converter. Part 3: Identification of Parts

How to Use the Signal Generator

Alignment. Part 1: IF Amplifier

Alignment. Part 2: Front End

Detailed descriptions of these filmstrips are given in the Correlated List
of Visual Aids on pages 555 to 557.
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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 elements 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 particu-
lar 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 assumed to develop from the first element
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 pro-
cedures 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 restricted 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 presented 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 in-
cluded in each chapter of stage analysis. It is felt that enough informa-
tion 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 material of
this book dynamically functional, information is presented in the
sequence that it would be used practically in servicing a superhetero-
dyne 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 analysis is
presented below:

. Quick check for normal functioning of the stage

. Typical or basic circuit schematic

. Function of the stage

. Function and common value for each component part

Normal test data for the stage

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

D UL W

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. Where an unusual circuit is en-
countered, such notes will prove to be of great value.



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 cur-
rents 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.

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 to 1,600 kc. Before
passing through the RF stage, one station is selected 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 com-
ponent 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 the mixer.
The audio modulation retains the same wave form as the signal re-
ceived at the antenna.

The mixer and local oscillator work together as a team. Often the
two stage functions are performed by one tube, which is called a “con-
verter.” The local oscillator is a generator of unmodulated 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 ke, with the same
audio modulations as that of the original signal that came down the
antenna.

8



4 ELEMENTS OF RADIO SERVICING

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

The detector stage removes the 455-ke 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” detector.

Pt
1. RF (550 to 1,600 k¢) —modulated 6. Audio frequencies (50 to 10,000
at radio frequencies. cycles) for high-fidelity receivers.
2. Tuned and amplified RF (550 to 7. Amplified audio frequencies (50
1,600 kc)—modulated at audio to 10,000 cycles) for high-fidelity
frequencies. receivers.
3. Unmodulated RF (RF one + 455 8. Amplified audio frequencies (50
ke). to 10,000 cycles) for high-fidelity
4. IF (455 kc)—modulated at audio receivers.
frequencies. 9. DC B—supply.
5. Amplified IF (455 kc)—modu- 10. 110-volt, 60-cycle AC supply or
lated at audio frequencies. 110-volt DC supply.

F16. 2-1. Block diagram of a superheterodyne receiver with associated wave
forms.

The audio component 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, develop-
ing 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 110-volt, 60-
cycle AC source or a 110-volt DC source. The power supply will rectify
the AC supply, where such power is supplied, and will filter the rectified
voltage to obtain a fairly smooth direct current, which now becomes
our B supply. Where 110-volt DC power is furnished, the power supply



SUPERHETERODYNE RECEIVERS 5

will merely filter it to obtain the B supply. In battery portable sets the
B supply is obtained directly from batteries.

Using the block diagram. It is important that the block diagram shown
in Fig. 2-1 be committed to memory before going on. Where test in-
struments 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.



3 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 service-
man, 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

Voltage measurements across components

. Point-to-point resistance measurements

. Electrode-current checking

. Signal substitution

. Dynamic-signal tracing with a vacuum-tube voltmeter and oscillo-
scope

N O WA W

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 serviceman. 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 the 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 nimber of defective com-
ponents.

The third system is one in which voltage measurements are taken

6



SERVICING PROCEDURE 7

across various components. When the observed values are compared
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 receiver
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 com-
plex techniques. Commercial instruments are of various types, but most
attempt to analyze the stages of the receiver under actual working con-
ditions. 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, intermittents, regeneration, oscillation, noise,
and other conditions. However, they still require supplementation by
the multimeter and the signal generator.

Which servicing procedures shall we use? No one of the servicing
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 analysis in
later sections will give great facility in the proper combined use of the
suggested systems.

What instruments should the serviceman have? To follow the sugges-
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tions that are recommended, a voltmeter, an ohmmeter, and a signal
generator are required. Two of these are combined in one popular in-
strument called a “multimeter,” which combines a voltmeter, 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 recommended
procedures will become evident with use. The general rule to be
followed in servicing a receiver is, first, to use the signal generator in
order to locate the defective stage or interstage components. The volt-
meter and ohmmeter are then applied in order to close in for the kill,
that is, the determination of the actual defective components.

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 resist-
ance measurements are listed for comparison with those actually found
in the defective receiver. In addition, where possible, practical 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 subject the de-
fective 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 that 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 cur-
rent determines whether to call the tube good or bad. 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 determines 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 the 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 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 in-
strument to use, its limitations being understood.



4 MULTIMETERS

A typical multimeter. The multimeter is one of the radio serviceman’s
constant companions. It is the instrument that finally localizes troubles
in the receiver after the defective stage is found. A typical multimeter
is shown in Fig. 4-1. Its purpose is primarily to make voltage, current,
and resistance measurements throughout the receiver.

To perform its functions, the mul-
timeter is a milliammeter, voltme-
ter, and chmmeter combined in one
case. In addition, it is designed to
furnish various ranges of current,
voltage, and resistance measure-
ments. To select a particular func-
tion and a particular range from
the instrument, a front-panel selec-
tor switch is provided. Each posi-
tion of the switch is labeled for that
purpose.

In describing the components of
the multimeter, it is better to treat
the voltmeter and ohmmeter as
though they were separate. Nothing
will be said about the milliamme-
ter as a current measuring device,
since few servicemen will make such  Fic. 4-1. The Simpson Model 260
measurements without adapters. The multimeter.
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 terminals of

9




10 ELEMENTS OF RADIO SERVICING

the voltmeter to the two points to be tested in the circuit. The place-
ment of the voltmeter, in parallel with the circuit to be measured, brings
up some interesting factors that will be described later.

Essentially, the voltmeter is a D’Arsonval galvanometer in series with
a fairly high-ohmage resistor. The latter is commonly called the “mul-
tiplier.” 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,

Begin with a galvanometer that gives full-scale deflection at 1 ma
(0.001 amp). Such an instrument is usually called a “one-mil milliam-

Ma-30a

Ma Ima

Rm 999700

+0 O~
Ma = milliammeter +L—|l|'|'|'|'|'|'——_°'

R = series multiplier 100V

Fic. 4-2. A basic voltmeter. F16. 4-8. Voltmeter with 0- to 1-volt range
at full-scale deflection.

meter.” Assume that it has an internal resistance of 30 ohms. What must
be the resistance of the multiplier to convert it into a 0 to 1 voltmeter?
When so converted, 1 volt placed across the milliammeter and multiplier
will drive 1 ma through it to give full-scale deflection, as shown in Fig.
4-3. Using Ohm’s law, determine the resistance that will give this condi-
tion.

R = E = ]— = 1,000 ohms
I 0.001
Since the milliammeter has a resistance of 30 ohms, the multiplier
R,, 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 1
volt is applied across 1,000 ohms: (1,000/1) = 1,000. This designation
is an indication of its sensitivity.
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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 multi-
plier? By similar reasoning, 100 volts now placed across the milliam-
meter and multiplier will drive 1 ma through it to give full-scale de-
flection, as shown in Fig. 4-4. Using Ohm’s law for the total resistance,

R = E = EQ_ = 100,000 ohms
I 0.001
Again subtracting the milliammeter resistance from the total resistance,
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

Ma-30n

ng l
9700 Ima

+0- Ik 4-

Fic. 4-4. Voltmeter with 0- to 100-volt range at full-scale deflection.

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.

In using various voltmeters, the serviceman may be surprised when
he measures the voltage across two points of a circuit and obtains 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 service-
man must interpret his results more carefully.

The explanation for this condition lies in the different sensitivities of
the voltmeters. The example given above was for a 1,000-ohms-per-volt
voltmeter. Commercial voltmeters with different sensitivities have been
made. There are voltmeters with sensitivities of 100, 125, 1,000, 2,000,
2,500, 5,000, 10,000, 20,000, and 25,000 ohms per volt. For example, let
us assume that a galvanometer requires 50 microamperes (0.00005
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amp) for full-scale deflection. What must be the size of the total resist-
ance to give a voltmeter with a range of 0 to 1 volt? From Ohm’s law,

E i

I 0.00005

The sensitivity of this voltmeter is 20,000/1, or 20,000 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,

= 20,000 ohms

E_ 100
I 0.00005

The sensitivity is still 2,000,000/100, or 20,000 ohms per volt. Now,

R = = 2,000,000 ohms

a N\
s B
o /> o z
Q 57 Q 0,
D 0y o 0"
) . J
12V
120V
120v 300V
300V
600V 2v 600V
+J) _ ©- \_ J
Schematic View Front Panel View

Fic. 4-5. Multirange voltmeter showing range switch.

consider the following circuit in Fig. 4-6, across which 60 volts are
dropped. We shall use voltmeters on the 100-volt range.

Since R, = R., the voltage dropped across each is equal and is 30
volts. If the 1,000-ohms-per-volt voltmeter is connected across R,, we
have the condition indicated in Fig. 4-7. The voltmeter and R, are equal
in resistance and in parallel. The combined resistance of the parallel
branch is now 50,000 ohms, and the circuit now appears as in Fig. 4-8.
Since the two resistors are now not equal, the voltage divides differently,
(100,000/150,000) X 60, or 40, volts across R,, and (50,000/150,000) X
60, or 20, volts is dropped across R, and the voltmeter. The voltmeter
reads 20 volts. If the 20,000-ohms-per-volt voltmeter is substituted for
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the 1,000-ohms-per-volt voltmeter, the condition indicated in Fig. 4-9
prevails. The combined resistance of the voltmeter and R. is about
95,238 ohms. The circuit now appears as shown in Fig. 4-10. Across R,,
(100,000/195,238) X 60, or about 30.7 volts are dropped. Across R, and

R,
100,0000
60V

R
3ov 100,000

Fic. 4-6. Voltage distribution across Fre. 4-7. Measuring voltage with a
two equal resistors. 1,000-ochms-per-volt voltmeter.

the voltmeter are dropped (9©5,238/195,238) 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 connected have not been taken
into consideration because the relative results would still exist.

Fic. 4-8. Voltage distribution resulting from 40V R,=100,0000

loading the circuit with a 1,000-ohms-per-volt  epv

meter. R, and Voltmeter =
A v 56,00051

Which voltmeter was correct in its reading? If interpreted properly,
both gave correct results. The serviceman may use either of the two
voltmeters of different sensitivities, but 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-

R2100,0000

60V
Efofoom 2,000,0000

Fic. 4-9. Measuring the voltage with Fic. 4-10. Voltage distribution result-
a 20,000-ohms-per-volt meter. ing from loading the circuit with a
20,000-ohms-per-volt meter.

R,=100,000a

R, and Voltmeter=
95,2380

volt sensitivity 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 multi-
meters have switches for changing from 20,000 to 1,000 ohms per volt
for the above purpose.

Where the voltage is measured across a low-resistance circuit, the
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difference in readings between the voltmeters of different sensitivities
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-chms-per-volt volt-
meters will give about equally accurate results. However, when voltages

1000a/v Voltmeter 20,0000 /v Voltmeter

30v R,=1000a 30V R,=1000a
.y _*, 60V 4,
30V

SV S Rpe1000a R,-1000a

R,=1000a R,=1000a

60V
R,=1000s 100,000 1 2,000,000
300V R,71000a zoy < Ri=1000a
60V ‘*’ 60v «*
299v
R, and Vottmeter =390.1a 3ov R,and Voitmeter=9995a

Fic. 4-11. Comparison between a 1,000-chms-per-volt meter and a 20,000-
chms-per-volt meter in a low-resistance circuit.

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 every-
where, except in very high-resistance circuits like the AVC 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 AVC bus, but it will load the circuit and throw off
its operation. For best measurement in this case, 2 vacuum-tube volt-
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meter, with a high internal impedance in the order of 15 megohms,
will load the circuit least by 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. 4-12. 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 in and out of the circuit
by a separate switch, one position of which is marked ac and the other
DC.

Range
Switch

DC Meter

AC
Voltage
tobe Multipli oz
Tested uthpler u— Y
T
=
e — ~o——o0—
Rectifier

Fic. 4-12. Typical multirange AC voltmeter.

Several considerations must be kept in mind when using the volt-
meter. When used as a DC voltmeter, polarity must be observed. 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 negative, 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.

When 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, ap-
plied across the voltmeter when it is switched to a low-voltage range,
will burn out the meter. With an AC voltmeter, a similar error will burn
out the rectifier. 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
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power from the mains turned on. Voltage measurements on a receiver
are usually taken with the volume control turned full on, and the tuning
dial in an off-station position.

General principles of the ohmmeter. The ohmmeter is an instrument
indicating the amount of resistance that a component offers to the flow
of a direct current. When used to make such measurements 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.

Ma

E = Battery
Rz=Zero-adjusting rheostat
Rc=Calibrating resistor
Ma=Milliammeter
Rx=Resistor being tested

F1c. 4-13. Basic ochmmeter circuit.

Basically, the ohmmeter is a milliammeter that requires current to en-
ergize 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 ohm-
meter is shown in Fig. 4-13. The component to be measured is placed
across the points marked x—x in the figure. If the component has prac-
tically 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 deflection. For this reason, the zero of the
ohmmeter scale is at the right and the scale increases toward the left.
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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 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

F16. 4-14. Typical ohmmeter scale.

scales present a problem in reading. For this reason, an example in read-
ing would be of great value. Figure 4-14 shows the ohmmeter scale of a
typical multimeter, with the meter needle indicating a particular read-
ing. Note that the left end of the scale shows 2K. 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, 2M

2000 Ohms R
@Y 200,000 Ohms RXI100
2 Megs.
(A)

RX 1,000
(®

Fic. 4-18. Typical ohmmeter range switches.

ohms equals 2,000 ohms, while 2Mc equals 2,000,000 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 2,000 ohms; 0 to 200,000
ohms; and 0 to 2 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
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of the serviceman has scale indications as indicated in Fig. 4-15A, he
paste over the ranges multipliers similar to those at B.

Now what is the reading if the switch of our meter is at R? Here the
scale is read directly as 43 ohms, approximately. If the switch is at the
R X 100 range, the reading is 43 X 100, or 4,300 ohms. 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 in-
cluded in the ohmmeter and is properly polarized, no polarity need be
observed when the resistance of components is measured.

Fic. 4-16. RCA Junior Voltohmyst.
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. Refer-
ence to a schematic of the receiver being tested will aid in such determi-
nation. When 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 con-
densers 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
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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.

Electronic volt-ohmmeters. Reference was made previously to the vac-
uum-tube voltmeter with its high-input impedance. These instruments
have in recent years become relatively inexpensive. Their popularity has
also increased, since the function of ohmmeter has been added. They are
referred to as “electronic volt-ohmmeters.” Figure 4-16 shows such an
electronic meter, the RCA Junior Voltohmyst.

+

e
Plate
Cﬁrr;enf
DC Voltage erer
to be Tested Range

Switch

_ T

Fie. 4-17. Basic DC electronic voltmeter,

The principle of operation of the vacuum-tube voltmeter is fairly sim-
ple. Examine the schematic of a basic DC electronic voltmeter shown in
Fig. 4-17. The voltage to be tested is applied across two test prods and
is then fed to grid and cathode of a tube. The grid return to cathode is
through a high resistance, giving the instrument its high-impedance
input. The test voltage applied to the tube grid increases the plate cur-
rent more or less, depending on the magnitude of the applied voltage.

S u
AC Voltage .
to be Tested Rectifier V%M
—_— =

Fic. 4-18. Basic electronic AC voltmeter.,

The increase of plate current is then indicated on the DC current meter.
The latter is calibrated in volts necessary to produce the amount of plate
current increase. The range switch is similar in function to that in
galvanometer instruments.

The electronic meter, then, is basically a DC voltmeter. To measure
low-frequency alternating voltage, a built-in rectifier is switched ahead
of the basic DC instrument, as shown in Fig. 4-18. Usually a diode tube
is used for the rectifier. This changes the AC to DC, which is then
measured on the DC vacuum-tube voltmeter.
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The capacity losses of the test leads make the above type of AC volt-
meter unsuitable for testing high-frequency AC voltage. To overcome
this difficulty, many instrument manufacturers supply an auxiliary high-
frequency test probe. Here the rectifier (usually a germanium crystal) is
enclosed in the probe, making for very short, low-loss RF leads. The DC
output of the crystal in the probe is then measured by the basic DC
vacuum-tube voltmeter. The probe setup is shown in Fig. 4-19. This
special probe enables the instrument to measure AC signal voltages at
frequencies as high as 250 megacycles.

RF Probe

DC
. — VTVM

)

Fic. 4-19. Basic electronic RF voltmeter.

The last function of the electronic instrument is that of an ohmmeter,
shown in Fig. 4-20. In this function, the instrument includes a self-
contained battery and calibrating resistor R, connected in series with
the test prods, as shown in the diagram. The placement of an unknown
resistor, R,, across the prods, produces a closed series circuit, and battery
current flows. This develops a voltage across the unknown resistor, of a
magnitude dependent on its resistance. This voltage is then measured by
the basic vacuum-tube voltmeter.

One of the scales on the instrument is calibrated directly in ohms.
Note that the circuit is so arranged that zero ohms is at the left end of

- —

R
DC
VTVM

- I

Fic. 4-20. Basic electronic ohmmeter.

the scale, as shown in the top scale of Fig. 4-16. This is opposite to that
of a moving-coil ohmmeter.

The general rules previously given for moving-coil meters apply
equally to electronic meters. When measuring ohmage, get the reading
around the center of the scale by choosing the proper range. Also, be
sure that no parallel circuits exist across components being measured.
Again, the same precaution exists for both instruments when measuring
leakage resistance of electrolytic condensers. Reverse the test prods, and
take the higher reading as the leakage resistance. When measuring volt-
age, begin on a high-voltage range and work down for a good reading.
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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 generator 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 gen-
erator 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

| Ohm

+
(]

| t
e || :
3y k- Switch-on time

Fic. 5-1. Circuit and wave form for a pure direct current (DC).
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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 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 5-2 represents the varying direct
current resulting in a circuit that includes a flasher button which changes

21
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the resistance from that of the lamp alone to an infinite (open) resist-
ance. 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 reverses in
direction. An AC generator as a power source would produce such a
current, often called a “sine-wave current.” Figure 5-3 represents a pure
alternating current. That the magnitude is constantly changing is shown

| Ohm
Automatic ~
Flasheq Butfon &
-1/ §,+3
] # +47
B
3
+5V- “~ pon +off+on +off+on*l —> Time

Fic. 5-2. Circuit and wave form for a varying direct current.

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.

| Ohm

2

N

Current {
|
=
2

3 volts (peak)
AC Generator

Fic. 5-3. Circuit and wave form for a pure alternating current (AC).

Alternating and direct currents need not be mutually exclusive. They
may be mixed and combined in a single circuit. Figures 54 and 5-5
show two such combinations. In Fig. 54, a pure direct current from a
3-volt battery and an alternating current (l-volt peak) are mixed in a
circuit. The result is a varying direct current, whose average is 3 amp,
varying 1 amp above and below the average at the same rate as the
alternating current. In Fig. 5-5, two alternating currents from two gen-
erators of different outputs and different frequencies are mixed. Some-
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times 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
cemponents.

Types of alternating currents. Alternating currents present many inter-
esting aspects that require explanation. Refer again to Fig. 5-3. The
complete movement of electrons back and forth through the circuit is

+4
N E i Ohm +*3 ++3’W--
o S+2 S+9
‘ g + b
;*l gﬂ cH
S0 ++0 W_ - e
tV

(peak)

F1c. 5~4. Circuits and wave forms for mixture of DC and AC currents.

called one “cycle.” The figure shows one cycle completed in 1 sec. Hence
the frequency of the current through the circuit is said to be one cycle
per second. It is possible to have currents of any frequency, even up to
millions of cycles per second.

On the basis of different frequencies and therefore use, alternating cur-
rents are divided into various categories. The first are the power fre-
quencies, which are the alternating currents used to deliver power to
lamps, radios, electrical appliances, etc. The most common frequency in

AC Generator |AC Generator 44
+3 #| 2 +;
iohm 4% + +f
c +| ot { o+l
" o lsec_Hl‘)OQ A sec_ o0 | sec
5| 5 5-l
© o G-
-3 -3
#7 -4

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

this group is 60 cycles per second. Other power frequencies are 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 frequencies (RF). These are
alternating currents of frequencies above 20,000 cycles per second. Cur-
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rents of such high frequencies have two important characteristics. 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, consists of nothing
more nor less than vibrations of the air particles. However, our ears are
limited to a relatively small range of vibration frequencies, about 20 to
20,000 vibrations per second. Anything below or above that range will
not be heard; within it, different vibration rates will produce sounds of
different pitch.

When 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 designed to produce alternating currents at the same
frequency as the mechanical vibration produced by the sound. If these

( ',,Microphone Reproducer;
L) —— : f@»)»)))»))))n))»)))
Sdund Suments: Amplifiea / .
400 vibrations/sec ° sec ofcx(gl(')ir}ssec Amplified sound!

400 vibrations/sec
F1c. 5-6. Basic sound system.

alternating currents are amplified and fed into a reproducer, like a loud-
speaker, they make it vibrate mechanicaliy 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 repro-
duced. This sequence is illustrated in Fig. 5-6. If the sound is complex
instead of one frequency, 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.

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. When we get up to currents of
frequencies above 20,0000 cycles per second, the radio frequencies, radi-
ation of energy into space as radio waves becomes efficient. Unfortu-
nately, the radio frequencies will not produce sound at the receiver
reproducer.

To obtain the desired results, the sound-producing audio frequencies
must be combined with the radiating radio frequencies. In this combina-
tion the radio frequency is called the “carrier” and the audio frequency
the “modulating currents.” The combined current is called a “modulated
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carrier.” This relationship is shown in Fig. 5-7. The carrier is shown as
a pure sine current at 1,000 ke (1,000,000 cycles per second ). The audio
current is shown as a pure sine current at 400 cycles per second. The
modulated carrier is an RF current whose peaks (envelope) vary at the
audio rate (400 cycles per second).

This type of modulation of a carrier wave is known as “amplitude
modulation” (abbreviated 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 “frequency
modulation” (abbreviated F-M). In this system, the audio signal does

RF at 1000Kc "} M

] I

RF a1 1000'Kc
modulated
at 400~/sec

¢
A
pQd
0\
PS
Fic. 5-7. RF carrier (1,000 ke¢) modulated by 400-cycle audio note.

not alter the amplitude of the carrier but alters the frequency instead, at
a rate equal to the frequency of the audio signal. For example, if a 400-
cycle audio note were modulating an RF carrier whose frequency is 88
megacycles per second, the carrier would be made to shift above and
below 88 megacycles 400 times each second. A graph of the F-M system
is shown in Fig. 5-8.

The branch of F-M receivers is a system by itself. In this book, we
shall first describe the A-M superheterodyne receiver. Later chapters
will describe the F-M receiver. The signal generator described at this
time produces an A-M signal for A-M receivers.

Nature of an electric current. The question of the nature of an electric
current should be cleared up at this point. Too much confusion has
arisen from comparing different books. About 1765, Benjamin Franklin
evolved a theory of electricity that became widely accepted. He be-
lieved that electricity (whatever it was) flowed in an electric circuit.
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By convention, he and many others assumed that electricity Aowed 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 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.

RF Carrier More 'l'han_‘ More than
88 mc 88 mc \* £88 mc

Y

x *

Less than’  Less than’

8 mc 88 mc
— — )
RF Carrier will make 400
such variations in one
second. Only 2 such
variations are shown
in the figure.
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O
. 0}\
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?‘i\ BN

Fic. 5-8. RF carrier (88 megacycles) frequency-modulated by 400-cycle audio
note.

The confusion arises because many authors do not define which con-
cept 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 4 to — (Franklin’s convention), we
mean that electrons flow from + to —. On the contrary, when we say
current flows from 4 to —, we should forget all about electrons. Frank-
lin did not know that they existed when he adopted that convention.
When we say current flows from — to +, we are up to date and talk-
ing 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
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shows the block diagram and wave forms of the superheterodyne
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 detector to the reproducer, the signal is at audio
frequencies.

It is the function of the 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.

———> Unmodulated RF —————— into RF and |F stages

Signal > RF modulated by 400~ —— into RF and |F stages
Generator |5 Ewternally-modulated RF ——> into RF and IF stages

——> 400~ sine wave AF——— info Audio stages

F1c. 5-9. Output 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). Any frequency above
that lower limit is selected by means of the various controls. Audio
frequencies are alternating currents or voltages ranging from about 20
up to 20,000 cycles per second. Most signal generators have a fixed-
frequency audio output of about 400 cycles per second, which is the
standard 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-cycle modulated radio frequency.” 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 modulated radio frequency.” The RF
output signal is amplitude-modulated in either case.
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Block diagram of the signal generator. There are various differences
in detail between one signal generator and another; basically, they are
very similar. A block diagram will show to best advantage the elements
that make up an average signal generator (Fig. 6-1).

The RF oscillator generates an RF voltage with a range of about 75
ke to 30 megacycles. This range includes the intermediate frequencies
of any standard receiver. The output from the oscillator itself is un-
modulated.

RF Attenuatorf—> RF OQutput
Oscillator Modulated when
modulation switch
is closed.
Power Modulation
Supply T/ Switch
Oscillator AF Output

F1e. 6-1. Block diagram of an A-M signal generator.

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 out-
put 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 operator to
modulate the RF with the AF signal. The usual practice is to have 30
per cent modulation at an audio modulating frequency of 400 cycles.
The 30 per cent modulation means that the RF voltage is made to dip

28
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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 frequency.

The strength of signals at various test points throughout the receiver
will vary greatly, beginning at the antenna and ending at the loud-
speaker. Since the signal generator must substitute signals comparable
to the actual signals, it must have a great range of output. This func-
tion of variable output is taken care of by an attenuator 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 microvolt output for radio-servicing pro-
cedures. 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
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F1e. 6-2. A 30 per cent modulated RF signal.

understanding any other variations. The manufacturer’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 synthesize
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 energize the signal generator
when it is to be used. On the right center is the ourput jack from which
the various outputs for application to various test points in the receiver
are taken.

To determine the nature of the output, there is an ourpur 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
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cycles per second. Therefore, when the outpuT SELECT switch is in the
MoD. RF position, the output is an RF signal modulated approximately
30 per cent by a 400-cycle audio note.

The entire RF coverage is accomplished by the large tuning dial in
the center. This frequency range of RF output is quite large and 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

On Off ABCD
POWER
5 100 ‘Hod
{0 oy o~ I3
1 9
0 10 1 10K
MICROVOLTS MULTIPLIER OUTPUT SEL. BAND SW.

Fic. 6-3. Front panel, showing controls of a typical signal generator.

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 6-3 shows band C chosen for coverage.

The output level is controlled by the two dials marked microvorts
and murtipLieR. The first of these controls gives the number of micro-
volts 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 microvorts dial to get the output level.
The multiples shown are 1, 10, 100, 1K (1,000), ard 10K (10,000). For
example, the reading shown in Fig. 6-3 would be 6 X 1K, 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 service-
man 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
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how the controis should be operated to get the various outputs and out-
put 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 22 megacycles is
performed in six bands, indicated as A, B, C, D, E, and F. The Banp

Fic. 6-4. The Precision signal gene;ator, serieé-E~200.

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 215600 ke
C 550-1,700 kc
D 1.56-5.0 mc
E 3.75-10.0 mc
F  74-22 mc

RF output is taken from two jacks above the BaND sELECTOR switch.
When large output is desired, the jack labeled micH is used; when low
output is required, 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 unMoOD.,
MOD. RF, EXT. MOD., and 400~ aupio, giving unmodulated RF, modu-
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lated RF, externally modulated RF, and 400-cycle audio, signal, respec-
tively. The audio signal for the last-named position is obtained from two
jacks labeled aupio 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 MopULATION CON-
TROL. The setting of this dial also determines the percentage modulation
of the RF signal when the output type control is in the mop. RF position.
The AF output is very high—sufficient to operate a high-impedance
speaker directly without an intervening amplifier.

Attenuation of the RF output signal is accomplished by two controls
at the upper left end of the panel. They are labeled rr conTROL—1 and
rF coNTROL—2. Each of these dials is arbitrarily divided into 10 main
units. ’F conTROL—1 delivers increasing outputs at each position as the
knob is turned clockwise. The outputs in these various positions are not
calibrated but are relative. RF conTROL—2 is a decimal multiplier. Thus,
if the first dial is in position 3 and dial 2 is in position 7, it means that
%o of the total available output for position 3 of dial 1 is available. If
dial 2 is turned to position 9, it means that 914 of the maximum available
output for position 3 of dial 1 is delivered. If dial 2 is at position 10,
then 1%,, or all, of the available output for position 3 of dial 1 is
available. 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 AVC voltage delivered to two jacks
marked Avc vOLTAGE beneath it. This AVC 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 ke to 25 megacycles is performed in five
bands, indicated as A, B, C, D, and E. The band-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 ke
B 280-900 ke
C 825 ke-2.7 me
D 2.5-8.3 me
E 8.2-25 mc
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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 megacycles 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.

RF output is taken from the phone jack marked rr outpuT at the
right end of the panel. From this jack are obtained either unmodulated
RF signals or RF signals that are modulated by the audio oscillator
signal.

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

The type of output is determined by the setting of the toggle switch
at the lower left of the front panel. In the unmob. position, the output
is unmodulated radio frequency. In the Mmop. 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 aupio
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 mop.—unmob. toggle
switch is in the Mob. position,

Attenuation of the RF output signal is accomplished by the two con-
trols marked ourpur MuLTIPLIER and ATTENUATOR. The attenuator is a
potentiometer whose coverage is divided into 50 divisions. The outpuT
MULTIPLIER is a step attenuator with multiples of 1, 10, 100, 1,000 (IM?),
and 10,000 (10M). Thus, if the first control were at 35 and the second
! Note that this manufacturer uses M for 1,000,
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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

i

F IGMG—G_A TheGeneral Electric signal generator, Model SG-3A.

front panel (Fig. 6-6). Frequency coverage from 100 kc to 33 mega-
cycles is performed in five bands, indicated as A, B, C, D, and E. The
BAND swiITCH is located to the left of the tuning dial. The frequencies
covered by each band are as indicated below.

A 33-10 mec
B 10.6-3.2 mc
C 32-10 mc

D 1.0-0.32 mc
E 0.32-0.10 mc

RF output is taken from two jacks at the lower left end of the front
panel. The one labeled micH ourpuT 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 frequen-
cies except the very highest, where the capacity of the output cable
limits the output. A potentiometer knob to the right and below the
meter permits adjusting the meter to zero when used. For all test signals
up to 100,000 microvolts, connection is made to an attenuator at the jack
marked rLow ourtpur. In the latter case, the vacuum-tube voltmeter
measures the RF input to the attenuator.
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For outputs up to 100,000 microvolts the Low ourpuT 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 lower left of the
panel. The MicrovoLT control operates a potentiometer, and the MurTI-
PLIER controls a step attenuator with the following multiples: 1, 10, 100,
1,000 (1K), 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 mica ourput jack is used. The attenuator
controls are then disregarded, and the output is set by the PowER con-
trol and read directly on the meter.

The type of output obtained is controlled by the knob at the lower
right, marked ourput. In the unmob. position, the output is unmodulated
radio frequency. In the mop. position, the output is radio frequency
modulated by a 400-cycle audio signal with 30 per cent modulation. In
the aupio 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 oFr and on are self-explanatory.

Checking signal-generator calibration. It is important that the frequen-
cies 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 negligible degree.

It is not necessary to check the frequency calibration of the signal
generator all over the dial. In radio service work a few test frequencies
are important. These are 455, 600, 1,000 and 1,500 ke. The instrument
will be extremely useful if these frequencies are accurately determined
on the dial.

Let us see how we could make the check suggested above. Suppose
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 instru-
ment should be connected through a 0.00025-mfd/600-volt condenser
to the antenna of a broadcast receiver. The generator ground and re-
ceiver ground should be commonly connected to a good ground.

If there is a station whose carrier frequency is exactly 600 ke, the
check will be quite simple. We first tune our receiver sharply to that
station. Then set the output selector switch of the signal generator to
unmodulated RF output. As we tune the frequency dial close to 600 ke,
a high-pitched whistle is heard. This effect is due to a phenomenon
known as “beats.” For example, if the signal generator were producing
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an output at a frequency of 605 ke, it would mix with the station signal
of 600 ke and produce a beat note of 5 ke—the difference between the
two signals. Since 5 ke 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.
When 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 we
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; namely, 600 kc.

It 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 metro-
politan New York area. Suppose the serviceman in that vicinity wanted
to check 600 ke on his signal generator. The nearest stations to that
frequency are WMCA at 570 ke and WVN]J at 620 kc. To check the
signal generator at 600 ke, tune it for zero beat with WMCA, the station
to which the receiver is sharply tuned. At that position, the output of the
generator is 570 kc. Suppose its tuning dial reads 560 kc. We can then
assume that it is 10 ke off and that therefore an output of 600 ke would
be obtained when the generator tuning dial is at 590 kc. To verify, tune
for zero beat with WVN]J at 620 ke and note whether it too is 10 ke off
in the same direction.

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

Determining the true setting for 455 ke requires a different analysis,
because it is outside the broadcast band. At first, it would seem im-
possible to check until we realize that, when a signal generator oscillator
is set at 455 ke, it is not only producing an output of 455 ke or there-
abouts but also whole-number multiples thereof. Therefore, there would
be concurrent signals at frequencies of 455 X 2 =910 ke, 455 X 3 =
1,365 ke, 455 X 4 = 1,820 ke, etc. These simultaneous multiple signals
are known as “harmonics.” The fundamental frequency of 455 ke 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 ke, we find that it falls in the broadcast band. Therefore,
set the signal generator up as before, but tune on the band including
455 ke. The two stations for comparison near 910 kc are WCBS at 880
ke and WAAT at 970 ke. If we are tuning for zero beat with WCBS, our
generator tuning dial should be at 440 ke, since we are using the second
harmonic. If we obtain zero beat at 445 ke, the signal generator is off 5
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ke. An output of 455 ke will then be obtained at a dial position of 460
ke. Again, this fact should be verified by beating the second harmonic
of 485 ke from the signal generator with station WAAT at 970 ke.

A special precaution is required when checking calibration in the IF
band. If the check receiver employs an IF amplifier tuned to 455 ke, a
confusing double beat may be obtained, since the signal-generator out-
put 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. Fur-
thermore, a TRF receiver, if available, could be used for calibration
purposes, since it has no IF amplifier.

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.
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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” lead 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 re-
ceiver alignment. For most receivers brought into the serviceman’s shop,
this will not be a usual procedure. Where alignment is necessary, it is
advisable to follow instructions given by the radio manufacturer. How-
ever, 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 measured
by means of an output meter. Then the settings of the output 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 con-
ductor 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 receiver 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.

38
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Where the hot lead is to be connected to an inductance like an antenna
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.
7-1.

Under normal circumstances in using the signal generator for signal
substitution service work, it is necessary only to connect a condenser in
series with the hot lead. This prevents high DC potential points of the
receiver from ruining the test instrument. In each case, the manufac-
turer’s instructions should be followed. Generally, a 0.1-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 0.00025-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.

Dummy &n’renna
Signal "
Generator | 0002mfd  20mH
) — A,{ 00— To Receiver
E 3 L’

0004mfa 4002
Fic. 7-1. The LR.E. standard dummy antenna, connected to signal generator
and receiver.

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 received in normal
broadcast reception, and the results will be observed. Where observed
results are not normal or typical, trouble is indicated.

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 sim-
plified diagram of a superheterodyne with strategic points indicated by
the ballooned numbers. Above each number is indicated the type of
signal input for testing the applicable stage. The sequence of the num-
bers is the order in which to make the test.

Point (D) 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 ® checks the operation of the second AF stage, once the
speaker has been found to be in good shape. Because of the stage
amplification, a lower level AF signal is required at the input. If opera-
tion of the stage is normal, the audio signal should be heard clearly.

Point (3 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
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is required. Normal operation would result in a strong, clear audio note
in the speaker.

Point (@) 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.

Point (3 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 (@), because of the gain of the
IF amplifier.

Detect
RF Converter IF AVCe-CIKrI;

To B+ AVC
Oscillator

Fic. 7-2. Signal chain of a superheterodyne ;eceiver showing test points.

Point (6), 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 func-
tioning and the oscillator may be assumed to be inoperative.

Point (7) 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 (7) than was needed at point
®, the converter grid, because of the gain of the RF tube.

Point (8) is the test point for the antenna coil. A modulated RF signal
at a lower level than for point () should produce a clear modulation
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 produce
modulation notes in the speaker. If the note is heard at the output but
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not at the input, then the device or its associated circuit is presumed to
be defective.

Using the signal substitution method of 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 shown in Fig.
7-3. We assume a defect and try to localize it. Suppose IF trimmer con-
denser 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 resistance
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 signal
from the signal generator is delivered to the signal grid of the output
tube. It is heard clearly in the speaker. This stage is considered 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 intro-
duced on the signal grid of the IF amplifier. The modulation note is
heard clearly in the speaker and 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 indicates that the trouble is between the 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 procedure 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-measuring 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 trimmer condensers provided for the pur-
pose, 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
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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. When 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.

With the aid of stage-gain measurements, he would be examining the
defective stage in a matter of minutes. Although he would still be con-
fined to the substitution of parts, he would be doing so for the com-
ponents 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 equip-
ment. 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 into the input of
a stage, and the voltage of that signal, necessary to 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. 74.

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 con-
nected to the output of the stage being tested, then the gain of the stage
is 10/1, or 10.

The standard output used in stage-gain measurements has been set
by the LR.E. at 50 mw of signal power fed into the speaker. The output
power may be measured by connecting an AC voltmeter across the
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speaker voice coil or, more conveniently, across the primary of the out-
put 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 AVC
system must be inoperative, or it will invalidate results. For this reason,
the receiver output is maintained at the low level of 50 mw so that in-
put signals necessary to attain that level will be too weak to activate
the AVC 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

h’ """" M AC Voltmeter
! .
: - i Intervening Stages —
Signal _1__ ! age [ | X
Gene?rafora:"'g:_ (b— +be'+"% (;j > > ngpuf '_’(_'o ?
= jput| Tesed [0t tage =
Adjust Attenuator Hold at pre-
to obtdin standard de‘?ermin%rg
output voltage for

standard output
F1c. 7-4. Sequence of measurements to obtain the gain of a stage.

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 well.
These may be obtained by actually making sensitivity measurements
from various points in receivers known to be in perfect operating con-
dition. In each case, the attenuator reading of the signal generator neces-
sary to give standard output should be recorded. When completed, the
readings for each point are averaged. As a result, the serviceman will
have comparative data for determining proper sensitivity from various
points for any receiver brought in. For example, if the attenuator posi-
tion varies greatly at the grid of the IF amplifier of an 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.
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. Generator Generator hot
Sensitivity, Qutput from
R frequency lead connected .
average input the receiver
set at to
5-12 microvolts 600 ke Antenna terminal | Standard
50 microvolts 600 ke Modvulator grid Standard
3,500 microvolts | 455 ke {or other IF) | IF grid Standard
0.032 volt 400~ First AF grid Standard
1.6 volts 400~ Second AF grid Standard
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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 meas-
urements, Suppose that the signal generator delivered an output 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 sen-
sitivity of the receiver from the IF grid would be 3,500 microvolts. The
gain of the converter stage would then be found by dividing the latter
sensitivity by the former. It is found to be 3,500/50, or 70.

Gain per stage varies in different receivers; therefore a small range
of figures rather than a single figure would be desirable for comparative
work. The accompanying table lists the various stages of a superhetero-
dyne receiver, gives the test frequencies to the input of each, the ranges
of gain for many receivers, and an average gain used in this book. For

Stage Test frequency | Range of gain | Average gain
Second AF 400~ 5- 15 10
First AF (high-mu) 400~ 40- 60 50
IF 455 ke 80-120 100
Converter 600 ke 60— 80 70
RF 600 ke 20— 40 25
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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 antenna capacity indi-
cates 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 stand-
ard output. From the data given, it is seen that, from antenna to modu-
lator grid (at the same modulated RF frequency ), there is a voltage gain
of 55/15, or approximately 3.7. 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 indication of a defective stage.

Average microvolt Generator feeder | Dummy antenng
. Generator set at .
input connected to capacity
3,700 455 ke IF grid 0.1 mfd

50 455 ke Modulator grid 0.1 mid
55 600 ke Medulator grid 0.1 mfd
15 600 kc Antenna terminal 4CO ohms

Another method of indicating stage gain is shown in Fig. 7-3. Here,
stage gain is indicated between specified points. Beneath the 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 signal grid of the converter tube as it is at the RF
tube signal grid, to give standard output. This means that there is a
voltage gain of 11 due to the amplification of the RF tube. The level of
input signal at a modulated 1,400-kc frequency should be 61 times as
great at the signal grid of the IF amplifier as it is at the signal grid of
the converter tube, to give standard output. The level of input signal at
a modulated 455-ke frequency at the detector plate should be 100 times
as great as 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 signal 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.
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When service notes do not include sensitivity figures or stage-gain
data, the serviceman can still use these ideas for working on receivers
with inadequate volume or sensitivity. As was stated previously, he
should establish average attenuator settings on his signal generator,
based on results with several good receivers. For example, when check-
ing from the IF grid, the average attenuator setting turns out to be 20
X 100 to give standard output. Then, on a defective set, up to the IF
grid, normal attenuator settings produce standard output. But at this
point, the attenuator has to be advanced to 80 X 100 for standard out-
put. He then knows that a defective condition exists in the IF stage.



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 necessary DC voltage to operate
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. Usually, the lighting mains are

Power 0 250V
l,IAOCY Trans- Rectifier Filter Voltagei 1100V
former Circuit Divider 5
+ ) Amplifier
Filament

6
Fic. 8-1. Block diagram of AC power supply.

employed to furnish the power. The power-supply stage, therefore, con-
verts the 110-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 AC/DC type which
permits receivers to be plugged into either AC or DC mains. The AC/
DC 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.

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. The low-voltage 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 output,
therefore, is pulsating direct current.

49
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The filter circuit smooths the pulsating direct current from the recti-
fier 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 cir-
cuits. Sometimes additional taps are added, so that C voltage is obtained
from the same source.

Standard circuit. See Fig. 8-2.

V-6
Rect

B+ (250V)

Al
Heaters

F1c. 8-2. Standard circuit of AC power supply.

Functions and values of component parts. Transformer T-7 is the power
transformer. It operates on the principle of electromagnetic 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 changing magnetic 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 operate 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 110-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 heavy to carry the 2 amp that the
rectifier filament draws. The high-voltage winding, usually 700 volts,
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will be wound with 1,400 turns. This will be fine wire, since the radio
requires only about 70 ma (0.07 amp) of B current.

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

The filament winding for the other tubes in the receiver will be wound
with 12 turns for 6 volts, and the wire will be heavy enough to carry the
current drain of several tubes. In the older receivers, this winding is
designed for 2%, volts at heavy amperage, to accommodate the 21%-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 approxi-
mately 500 volts at 50 ma rather than 700 volts at 70 or 90 ma.

The rectifier is a conventional full-wave circuit. Vacuum tube V-8 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 number of turns of wire, wound on
an iron core. 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 induced voltage is opposite in direc-
tion to the original source, it will always tend to oppose any change in
current in the coil due to the varying magnetic field. The choke, there-
fore, has a high opposition to any change in current (alternating cur-
rent or pulsating direct current), 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-supply out-
put, one on each side of the choke. The action of a condenser in a cir-
cuit 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 con-
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denser discharges and maintains the voltage. Condensers C-15 and C-16
are high-capacity, high-voltage electrolytic 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.

R-15 and R-16 form the voltage divider. These vary considerably in
size and ohmage in different receivers, depending on the voltage re-
quired. Where more than one intermediate voitage 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

| e

Note: The triangle, square, and half-
circle on the label are to identify the in-
dividual condensers in the block. They
are repeated on the insulating strip near
the proper soldering lugs.

FIG; 8-3. ‘A filter-condenser block.

and as high as 50,000 ohms, they do not differ very much from each
other. The value of 30,000 chms each has been chosen for the standard
average receiver.

Switch S-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 volume control replacement notes in Chap. 11 on the first AF stage.

Condenser C-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 C-17 is not critical. Values
ranging from 0.002 to 0.5 mfd are found in various radios.

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 service-
man 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, eall it
normal. This small amount will not be objectionable 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 bafle accen-
tuates 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, disconnect
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 accom-

panying 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 chms

The last reading will vary considerably, depending on the voltage di-
vider design of the particular receiver. Presence of electrolytic conden-
sers 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 accompany-
ing 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 rectifier filament 265400 volts DC
Chassis to B plus 200-300 volts DC
Chassis to screen 90-100 volts DC

Small receivers tend toward the lower B voltages. Large receivers tend
toward the higher B voltages. The measured voltage from chassis to rec-
tifier plate is the rms or effective value. The rectifier voltage, measured
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from chassis to rectifier filament, is usually a little higher than the AC
input owing to the action of condenser C-15, which maintains the recti-
fied voltage at more nearly the peak value.

COMMON TROUBLES IN THE POWER SUPPLY

All the component parts in the power supply are common sources of
trouble. Even the rectifier-tube socket 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 found by inspection,
and the cure is obvious: replacement of the socket. The power trans-
former should be carefully checked, since the heavy drain may have
damaged it.

Troubles common to power transformers. The power transformer de-
velops many ills, the chief cause of which is overheating due to overloads
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F1c. 8-4. The power transformer.

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 reading to any great extent, while
it will cause a heavy drain from the primary and consequent overheating.
In a case like the above, even though the 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 owner had become concerned about the smell from his radio. In-
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 replac-
ing 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 transformer primary to open.
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The serviceman quickly finds the open transformer; replaces it; checks
the radio, which appears to operate satisfactorily; returns it to the cus-
tomer; and, before 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. The best check for normal opera-
tion of the power transformer is a wattmeter, or AC ammeter, connected
in the primary circuit. The serviceman’s multitester, however, rarely in-
cludes scales and ranges that are suitable for this purpose. A good check
with inexpensive equipment can be made as follows:

1. Remove all tubes from the radio.

2. Plug the radio into an outlet that contains an ordinary 25- or 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.

250r40
Watt
Lamp

§
€

Fic. 8-5. Checking the power transformer.

5. If a short is present, remove the transformer secondary leads from
their connection points, one winding at a time, to determine whether
the short is internal or external; in the latter case, to determine which
circuit contains the short.

To interpret the above checks, it might be well at this point to give
some more transformer theory. With all the tubes removed, the second-
aries are 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 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 con-
sumes. The added primary drain causes more current to flow through
the series 25-watt lamp, and the lamp glows more brightly. Now, suppose
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that we disconnect the 6-volt transformer leads. If the lamp brightness
drops to just a glow, we must inspect the receiver filament circuit for a
short. If the lamp filament continues to glow brightly, even after all cir-
cuits have been opened, the short is within the transformer.

When a power transformer is replaced, an exact duplicate is to be
preferred. If this is unobtainable, the serviceman is beset by a number of
questions. What 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? Replace-
ment transformers are usually rated in the voltages and currents obtain-
able from the various secondary windings. These data must be compared
with the calculated requirements of the tubes in the receiver being serv-
iced. For example, checking the requirements of our standard receiver
with the tube manual, we obtain the information shown in the accom-

panying table.

A reguirements B requirements
Tube
] t Plat S
compiemen Volts Amp Volis ore creen
current, ma | current, ma
5Y3-G 5 2
6V6-G 6.3 0.6 250 45 4.5
65Q7 6.3 0.3 250 0.9
6K7 6.3 0.3 250 7 1.7
6A8 6.3 0.3 250 3.5 2.7
4
6K7 6.3 0.3 250 7 1.7
Total 5 2 250 volts at 78 ma
6.3 1.8

Allowing 100 volts for the speaker field, adding this to the plate voltage
requirement, and allowing for the voltage divider drain, a replacement
transformer with the following rating can be used:

5 volts at 2 amp
700 volts (center-tapped) at 90 ma
6.3 volts at 2 amp

The high-voltage winding is sometimes labeled “350-0-350,” which in-
dicates 350 volts on each side of the center tap. This is the way the trans-
former is used in a full-wave rectifier.

A good rule to follow, as a check of the calculations, is that the re-
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placement transformer should be about the same physical size as the
original.
Power transformer color code. Most transformer manufacturers color

their leads in accordance with the Radio Manufacturers Association
1

! Yellow & Blue } ectitier
Black if i Yellow Filament
ack i
not tapped~ : Red
Black & Red {
! High-
Black & Yellow ! Red & Yellow ¢ Voltage
. Windin
Primary | 9
Winding :
I Red
I Green Amplifier
i .
Black i Green & Yellow ¢ filament
| 6 Winding
: reen No.l
| Brown Amptifier
| Brown & Yellow Filament
I Brown Winding
No.2

Shield---»
Fic. 8-6. Power-transformer color code.

(RM.A.) color code. This can be used to advantage for replacement and
is given in Fig. 8-6.
Ohms

—

A B
Fic. 8-7. Pairing the leads.
How to identify leads of an uncoded transformer. In case the manufac-
turer does not follow the code, the leads can be determined with an ohm-
meter and voltmeter as follows:

1. Pair up the winding leads by means of an ohmmeter.

a. First connect the ohmmeter to any lead and check for continuity
with all the other leads, as shown in Fig. 8-7A. The lead that shows
continuity is the other end of that winding or a tap. In the case of
a tapped winding, three leads will show continuity.
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b. Separate these two or three leads, as the case may be, and repeat

to find the other windings, as shown in Fig. 8-7B.
2. Read the resistance of each winding, as shown in Fig. 8-8.

a. The primary will show a resistance of 5 to 15 ohms (240 turns).

b. The high-voltage winding will show a resistance of 200 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 12 turns).

Ohms

Fic. 8-8. Resistance of each winding.

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 check the voltage of the fila-
ment windings to determine which is the amplifier and which the
rectifier filament winding (Fig. 8-9).

/——\ AC Volts

——l Tape EE

0%p
Tape /

Fic. 8-9. Identifying the amplifier heater 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 type that
has two separate wires in a single piece of spaghetti, solder these two
wires together before tapping the end.

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

General replacement notes. Before concluding this section of replace-
ment notes on power transformers, the authors would like to remind the
serviceman that it is a sign of good workmanship always to be careful of
wiring and soldering and that this is especially important when replacing
the power transformer. A poor connection or resin joint can cause much
trouble when 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 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 125 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 employed. As the tube ages, it
gradually loses its emission, with a consequent loss in output voltage.
Tube checkers are reliable in indicating this condition. Another check is
a comparison of output voltage with another rectifier tube that is known
to be good. Occasionally, 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 82
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 check-
ing 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 remains at full charge, since there is no discharge circuit when the
field is open.

When 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 covering 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.
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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 re-
placing field coils where feasible is given in Chap. 9, on Loudspeakers.
As a general rule, the entire speaker must be replaced. Where 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 voice coil. The output
transformer can usually be transferred from the old speaker to the re-
placement.

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. When this is the case, the B plus voltage will be low and the re-
ceiver will hum. The defect is confirmed by bridging the condenser with
a good one of similar capacity and noting the improvement.

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 elec-
trolytic condenser is a resistance measurement on the high-resistance
range of the ohmmeter. When the condenser is checked, the meter
pointer will kick up and then drop. The meter test prods are then re-
versed. The meter pointer should kick up further and then drop again.
The surge of current, indicated by the kick, is caused by the condenser’s
being charged by the battery in the ohmmeter. When the test prods are
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reversed, the charged condenser 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.

Electrolytic condensers normally have leakages, which will be differ-
ent, depending on the polarity of the ohmmeter connections and that of
the condenser. Definite values cannot be assigned to the ohmmeter read-
ings of this leakage resistance, owing to differences in condensers as well
as in ohmmeters. An approximation for condenser C-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. Con-
denser C-15 must be disconnected from the circuit for this test, since
other circuits are connected in parallel with it. The above explains the

Ohms Ohms
—_— Rx1000 Rx1000
1— Ohmmeter % ﬁ

e Wes

On Reversal of Leads
F1c. 8-11. Checking an electrolytic condenser with an chmmeter.

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 condenser C-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 re-
versed, 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 receivers.
The high surge voltage is due to the fact that, when the receiver is
turned on, the filament-type rectifier immediately furnishes high voltage,
while the cathode-type amplifiers, which constitute the load, have not
yet warmed up and are not drawing current. 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 525 surge-
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voltage rating of an electrolytic condenser. In large receivers, however,
where the tube complement includes a 5U4-G and two 6V6-G or 6L.6-G
tubes, the high-voltage winding may deliver higher voltage, and the volt-
age across C-15 may be 550 volts until the output tubes warm up. Where
this is the case, there will be repeated breakdowns of condenser C-15.
Surge voltage is easily checked. Simply allow the receiver to cool
down, connect the voltmeter across condenser C-15, turn the receiver
switch on, and watch the voltmeter. If the voltmeter goes up to 425 or
450 volts when the switch is first turned on, and then settles back to
about 350 volts as the tubes warm up, there is little likelihood of trouble
from surge voltage. If the surge voltage climbs above 525, the safest pro-
cedure 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

CI5A o 1,000,000

c158 =t 1,000,000

Fic. 8-12. Connecting two condensers to increase voltage rating.

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, employ-
ing condensers of the same voltage rating, will withstand any surge.

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 replacement con-
denser (observing polarity) across the output filter condenser C-16,
where the voltage is smoother and more suited to forming plates. Leave
the radio turned on for about half an hour. If the replacement condenser
heats, it needed the re-forming process.

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.
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Troubles common to the output filter condenser. Output filter condenser
C-16 is usually similar to the input condenser C-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 motor-
boating, or a combination of all three. Substituting another condenser to
see its effect is the fastest check. When it shorts, B plus voltage is zero,
and the rectifier tube overheats, but not to the point of red plates.

Before condemning condenser C-16, the serviceman should look for
even a small B plus voltage. In parallel with condenser C-16 is the plate
circuit of every tube in the radio, and the short may very well be else-
where. Figure 8-13 is a skeleton diagram of the receiver, showing only
the plate and B plus circuits. If, for example, condenser C-12 were
shorted, B plus voltage would be low, the voltage at the rectifier filament

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

would be almost normal, and the plate voltage 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-22, or R-25
would be badly overloaded if condenser C-4, C-22, or C-25 were shorted.
If these methods do not locate the short, it would be necessary to open
C-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 C-16, replacement notes will be found for
it in the chapter dealing with its particular stage.

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 physically on the chassis.
Even though the soldering lug might be handy for the replacement con-



64 ELEMENTS OF RADIO SERVICING

denser, 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 condenser C-15, and the usual surge
voltage rating of 525 volts is adequate.

Finally, condensers C-15 and C-16 are often contained in one filier
block. The fact that one condenser has proved defective is no indication
that the other cannot still give long, satisfactory service. Whether to re-
place the single unit or the entire block is up to the individual service-
man. Usually, it is preferable to replace the block.

Troubles common to the voltage-divider resistors. Voltage-divider re-
sistors R-15 and R-16 in modern receivers are usually of the 1- or 2-watt

L-16

Al

17
I

Fic. 8-14. A typical voltage-divider resistor and its position in the AC power
supply.

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. Before 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.

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 re-
sistors R-15 and R-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 = E?/R. In the case of R-15, E is
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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
= E—2=——150X 150=]—§=§=0.75woﬂ
R 30,000 20 4

Since a resistor should have at least a 100 per cent safety factor, the re-
quired 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 replacement for R-15,
therefore, should be a 2-watt 30,000-ohm resistor, even though the orig-
inal may have been a 1-watt size.

Fic. 8-15. Tapbe‘d’ wire-wound resistor used as a voltage divider.

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 clipping the voltmeter from screen to
chassis, leaving the radio turned on, and noting the reading before and
after the fading.

= ()
o] o
==
’ Open Secﬂon/ Tie Point
Fic. 8-16. Replacement for an open section of a voltage divider.

-Replacemen+ Resistor

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

Voltage-divider resistors R-15 and R-16 are sometimes tapped wire-
wound resistors, as in Fig. 8-15. The defect common to this type is that
the resistors open; they rarely change in value. Defects are found by the
same procedure as was 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
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consequent noise and fading. A trouble-free replacement for a section is
shown in Fig. 8-16.

Troubles common to the line filter condenser. Line filter condenser C-17
is a paper tubular condenser, whose usual capacity is 0.1 mtd. With the
usual rating of 400 volts, voltage breakdowns are unknown. The con-
denser may open, and this would theoretically cause greater interference
from line disturbances. An open line filter condenser, however, may
cause entirely different effects. Owing to its position in the circuit, the
receiver chassis is grounded 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 case C-17 takes on a

Fie. 8-17. Paper tubular conéenser.

new function—that of grounding the receiver. This explains why recep-
tion (absence 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 mani-
festation of this is know 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 will 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 check 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 elimina-
tion 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 electro-
static shield in 7-7 aids in reducing line disturbances. The primary 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-1. The high- and low-line switch and fuse are usually combined in a
simple arrangement, as shown in Fig. 8-19. Clipping fuse F-1 into the



AC POWER SUPPLY 67

position marked 110 vorts automatically connects the line to the 110-
volt primary tap. The connections for the fuse clip terminals are indi-
cated in the schematic diagram of Fig. 8-18 by the circles near fuse F-1.
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
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Fic. 8-18. TyI-)ical power-supply stage for a large high-quality receiver.

power output tubes. The other tubes are of the usual 6-volt type. A sec-
ond 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 receiver filament hookup wire is very
heavy to take the heavy current load.

1ov 120V

f—]
— O/
Fic. 8-19. Line-voltage adjustment fuse.

The rectifier used is usually the 5Z3 or 5U4-G. In this type of receiver,
the rectified output voltage is considerably higher than is the case in the
standard receiver, and surge voltage may cause problems. This was dis-
cussed in the section dealing with replacement notes for input filter
condenser C-15.

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-15. Speaker field L-15 and
condenser C-116 form the second section of the filter circuit and offer no
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new problems. Voltage divider R-15 and R-16 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 magne-
tizing 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 tubes have warmed up or not, and is therefore
instrumental in keeping down the surge voltage. Incidentally, when 2A3
or 6A3 tubes are used in the power output stage, since these 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 entirely.

Fixed-bias type power-supply stage. Another common variation in the
standard circuit occurs where the filter choke is connected in the nega-
tive B supply lead. The action of filter choke L-15, as an inductance in

i
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Fic. 8-20. le;d bla_ pe power supply, using a tapped speaker field in the
negative B lead.

series with the load to offer high opposition to pulsations, is the same
whether 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 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 tubes 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 above circuit, the amplifier cathodes
will be grounded and the grids returned to the point in choke L-15
which will develop the proper negative bias voltage. Choke L-15 is usu-
ally an 1,800-ohm speaker field, tapped at 300 ohms for bias voltage.
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Modern variations of this circuit use a resistor in the negative B lead
to replace the tap on the choke. This resistor is often tapped, as shown
in Fig. 8-21, where the resistor is represented by R-115 and R-116. 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 RF tubes, and a higher value for
the last audio stage. The tapped resistor is called a “C voltage divider.”
In circuits of this type, the speaker field L-15 may be found in the posi-
tive leg of the B power supply, since the bias voltage is developed across
R-115 and R-116. The most common type of C 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 receiver passing
through the resistor or speaker ficld.
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Fic. 8-21. Pov;;er sup_ply furnishing C voltage by means of a C voltage divider.

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 electrolytic filter con-
densers are insulated from chassis and will show negative voltage with
respect to chassis. If the electrolytic condensers are of the cardboard-
covered type, the negative leads do not connect to chassis. If C-15 and
C-16 are enclosed in one filter-condenser block, the positive is the com-
mon lead.

In the test procedure, readings are not taken from chassis. For exam-
ple, 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
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test points for checking each component part. A good reference point for
readings would be the center tap of the high-voltage winding.

Power supplies with R-C filters. The power supplies described so far
make use of the field of an electro-dynamic speaker as a filter choke.
Many receivers, however, are equipped with P-M speakers, where the
field is provided by a permanent magnet made of alnico alloy. In this
case, the field winding could be replaced by a choke, but most receiver
manufacturers prefer to use resistance-capacitance, or R-C filters.

The circuit is shown in Fig. 8-22. It is similar to the two-section cir-
cuit of Fig. 8-18, using resistors instead of chokes. Resistor R-15, to-
gether with condensers C-15 and C-16, make up the first section of the
filter system and provide the high B supply for the power amplifier plate
circuit. This point is labeled B+ (micu) in the diagram. The R-C filter is
not quite so efficient as an inductance-capacitance or L-C filter, so that
there is some hum content at the B+ (micr) point. Since the power
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Fic. 8-22. Power supply with R-C filter.

amplifier plate circuit is not followed by further amplification, this hum
content is not noticeable. If this voltage were applied to other parts of
the receiver, however, the hum content would be amplified and heard in
the loudspeaker. Therefore, B power for the rest of the receiver is ob-
tained from a second section R-C filter, which further reduces the hum
content. The second filter section consists of resistor R-16 and condenser
C-116 and provides lower B voltage at the point labeled B4- in the dia-
gram, Bleeder resistors are uncommon in circuits of this type, screen
voltage being obtained by dropping resistors in the individual screen
circuits.

Filter resistors R-15 and R-16 are usually wire-wound high-wattage
types like the one illustrated in Fig. 8-23. The values given in Fig. 8-22
are typical. The two resistors may be combined in a single tapped unit,
or they may be separate. The metal shell is attached directly to the
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chassis, which therefore helps dissipate the heat generated in the re-
sistors.

When working on a set of this type, remember that it is normal to find
a higher voltage at the plate of the power-amplifier tube than at the
plates of the other tubes. If you do not have service data for the receiver
you are working on, you can expect a reading of 250 to 300 volts at the
rectifier cathode, about 5 or 10 volts less at B plus (m16H) point and 200

to 225 volts at the B plus point. Resistance readings from any B positive
point to chassis will show a condenser charge reading, since there is no
bleeder resistor. Failure of a filter resistor would be found by the same
servicing procedure that discloses a defective choke or speaker field.
Similarly, a complaint of hum is usually found to be caused by the fail-
ure of one or more of the filter condensers. When replacing a filter con-
denser, check the size of the original. Capacitances of 40 mfd are not un-
usual in R-C filter circuits.

Power supplies in small AC receivers. In small lower-priced AC re-
ceivers, manufacturers incorporate certain economies, such as a smaller
speaker, fewer components, and a smaller power transformer delivering
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F:;G. 8-24. Power supply in small AC receivers,

a lower voltage. The volume capabilities of such a set are, of course,
lower than in the larger receivers.

A typical power supply for this type of set is shown in Fig. 8-24. The
B voltage is usually low, 150 to 200 volts. This allows for a much smaller
power transformer. An additional economy in the transformer is ob-
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tained by the use of a 6X5-G type of rectifier, which saves the extra 5-
volt filament winding. The 6X5-G is a cathode-heater tube with a 6.3
volt heater, fed from the same winding that lights the other tubes. The
filter circuit is usually a single-section R-C filter. The single filter section
is satisfactory, since the small speakers used in these sets do not respond
too well to the hum frequency. Note the large size of the filter con-
densers. A filter block of 40-40 mfd/300 volts is usual. The filter resistor
is a wire-wound type similar to the one pictured in Fig. 8-23.

Servicing this type of power supply is very similar to work on the
standard circuit. The following exceptions should be kept in mind.
Voltage measurements will be low—200 to 250 volts AC at the rectifier
plates, 200 to 250 volts DC at the rectifier cathode, and 150 to 200 volts
DC at B plus. Resistance measurements will show condenser charge
readings at any B plus point, since there is no bleeder resistance.

If the transformer should prove defective and require replacement,
try to get a duplicate part from the receiver manufacturer. When this is
not possible, a standard replacement must be used. Choose one with a
low rating for the high-voltage winding. One rated 250-0-250 at 40 or
50 ma should be satisfactory. Carefully insulate the 5-volt winding by
taping the ends, since it will not be used. The use of a transformer de-
livering higher voltage may harm the rectifier tube or filter condensers.
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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 200 to 300 volts.

Typical AC power supply
Typical AC power supply is shown diagrammatically in the accom-

panying figure.

o
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{ 1-20 Heaters
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Normal resistance data
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
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 265400 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

Tubes do not light

Abnormal reading

Look for

Plug, prong to prong checks
open with ohmmeter

Defective line cord and plug.

Open fuse. Defective line
switch S-1. Open power
transformer T-7 (primary)

Rectifier-tube plates show

red

Chassis-to-rectifier filament
checks short circuit with

ohmmeter

Shorted input filter conden-
ser C-15. Check surge volt-
age on replacement

Rectifier tube overheats

B plus voltage checks zero.

Chassis to B plus checks
short circuit with ohm-
meter

Shorted output filter conden-
ser C-16. Short circuit in B
plus wiring

Rectifier tube overheats

B plus voltage fow

Zero plate voltage on ampli-
Short-circuited
plate filter condenser

fier tubes.

Hum B plus voltage low Open input filter C-15
Hum B plus voltage normal Open output filter C-16.
Open grid

Oscillation or motorboating

B plus voltage normal, or
with  motor-
boat beats. Screen voltage

fluctuating

normal

Open output filter C-14 (or
C-116)

Rectifier tube shows purplish
glow

Gassy high-vacuum type of
rectifier tube

Weak reception. No sign of
overheating

B plus voitage checks low

Weak rectifier tube

No signal from specker. No
sign of overheating

B plus voltage checks zero
(discharge filter condenser)

Dead rectifier tube. Open
filter choke L-15

No reception. No hum. B
plus voltage normal

Screen voltage zero

Open voltage-divider resist-

or R-15, short-circuited
screen by-pass condenser,
or both

Modulation hum

Poor ground, open line filter

condenser C-17, or both

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

Oscillation Screen voltage high Open voltage-divider re-

sistor 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 opera-
tion?

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. What is wrong?

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

8. When using the series lamp check on a receiver with an overheat-
ing power transformer, the lamp glows brightly until the amplifier
filament wires are removed. Where would you look for trouble?

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

10. Thordarson lists the following general replacement power trans-
formers:

B 7 i
T-13R11 T-13R12 i T-13R13
o |

HV winding 580 volts CT at 50 ma | 700 volts CT at 70 ma | 700 volts CT at 90 ma
5 volts at 3 amp 5 volts at 3 amp 5 volts at 3 amp
6.3 volts CT at 2 amp | 6.3 volts CT at 214 amp | 6.3 volts at 314 amp

Rectifier filament
Filoment No. 1

Which one would you choose as a replacement for the receiver of Fig.
10-14?
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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, B voltage measures 260 volts, screen voltage measures zero.
What should the next check be?

13. The receiver of Fig. 10-14 motorboats. What component in the
power supply is likely to cause this condition?

14. The receiver of Fig. 10-17 does not play. A voltage check shows
B plus to ground voltage equals zero, and B plus to the center tap ot
the high-voltage winding measures low—about 100 volts. The C voltage
divider, resistors (46) and (47), overheats. A resistance check shows B
plus 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 when certain stations are tuned in. What component in the power
supply can cause this condition?

16. Resistor R-3 of Fig. 11-24 is found to be open. The B plus voltage
measures 260 volts, and the IF screen voltage measures 85 volts. What
should be the wattage of the replacement resistor?



©Q LOUDSPEAKERS

Quick check. To determine whether a loudspeaker is functioning,
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 reproduc-
tion 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 loud-
speaker, the crystal loudspeaker, and the moving-coil dynamic loud-
speaker. 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 opera-
tion of a dynamic speaker is quite simple. In these speakers, the AF
signal from the second AF stage is impressed across a small, free-float-
ing 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 moving-coil dynamic loudspeakers have been
developed. The difference between the two lies in the manner in which
the stationary 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 stationary
magnetic field is created by passing a direct current through a field coil,

77
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wound on an iron core which is part of an electromagnet. The pole
pieces of the electromagnet are brought very close together. 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 trans-
former coupled to the second AF stage. (The output 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
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Fiec. 9-1. Typical moving-coil dynamic speakers.

its basket, so that the voice coil may float freely. A typical electromag-
netic dynamic speaker is shown in Fig. 9-1. A flexible membrane, called
a “spider,” is usually attached 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 adjacent poles.

The other type of dynamic speaker is the P-M dynamic speaker. This
type is exactly like the electromagnetic dynamic speaker except 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. Both speakers are
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illustrated in Fig. 9-1. Note that the electromagnetic type requires four
leads, whereas the P-M dynamic speaker uses two.

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.

Speaker
Field

OB+

Y|
]
A}
7

=

Fic. 9-2. Energizing the field coil-field coil used as filter choke.

In most cases, the speaker field serves as a filter choke and therefore
passes through it direct current with a small ripple component. Such a
circuit is shown in Fig. 9-2.

7Y P
AC/DC

Fic. 9-3. Energizing the field coil—field coil across the rectifier.

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.

The hum-bucking coil. The electrodynamic speaker is very likely to
have a high hum component. This condition occurs because 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
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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.

B+(300V approx)

Speaker
Field

B+(200V approx)

*05_

F16. 9-4. Energizing the field coilfield coil used as a voltage divider.

This hum-bucking coil, however, is connected in series with the voice
coil. The two coils are connected in such manner that any voltage in-
duced in them will be in opposite phase and cancel out. Thus, the hum
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Fic. 9-5. Electrodynamic speaker with
a hum-bucking coil.

component from the field coil will
be canceled out in the voice coil.
Figure 9-5 shows an electrody-
namic 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 compo-
nent 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. Speakers 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 serv-
icing complaint is rattles or poor tone quality, the speaker should be
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carefully tested. The following section describes the quick check in
detail and discusses other tests that may be applied to the loudspeaker.

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 consequent surge through the
primary of the output transformer. This surge, induced in the secondary
of the transformer, momentarily energizes the voice coil and produces
the click.

This quick check does not tell us how well the speaker is functioning,
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 at-
tracted strongly. An open field coil will give either no attraction or a
slight attraction due to residual magnetism. Unfortunately, the dust
cover may in some cases make this test somewhat unreliable. Of course,
this latter test is not necessary for a P-M dynamic speaker.

Signal-substitution check for speaker operation. In the signal-substitu-
tion test, an audio signal is fed into the speaker, and its response ob-
served. The test may be made with a signal generator whose level of
audio output is sufficiently high to drive the speaker directly.

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 posi-
tion 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 re-
ceiving sufficient current.

If the signal generator is of the type delivering a variable-frequency
output, other checks may be made. After the test just described indicates
that the speaker is operative, its frequency response may be checked by
swinging the signal generator output from low audio frequency through
high audio frequency. In addition, this last check will indicate rattles
from the speaker or a vibrating component in the receiver. Sympathetic
vibrations of objects in the receiver, at any one audio frequency, will
also be found.

The tests just described may be made with a beat-frequency oscillator
(BFO), if that instrument is available on the service bench. It furnishes
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high-level, variable-frequency audio output. The output 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 con-
nected across the voice coil. It is not necessary to disconnect the 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 electro-
dynamic 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
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Fic. 9-8. Checking a speaker with a beat-frequency oscillator.

note indicates that the field coil is open or not receiving sufficient
current.

If a normal response is heard, the BFO frequency control is rotated
from low to high frequency. The sound will indicate the frequency
response of the speaker. In addition, rattles and sympathetic 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, sub-
stitution of a test speaker will resolve this doubt. If the distortion also
appears in the test speaker, the cause is in the receiver, etc. A descrip-
tion of a bench test speaker is given in Chap. 28, 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 ohmmeter. It should have the
resistance indicated by the receiver manufacturer on his schematic. If
this information is not indicated, voice-coil resistance measurements are
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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 disconnect-
ing. There will be considerable variation from receiver to receiver, 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 800-2,000 ohms
For AC/DC receivers 450 ohms

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

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 responsible
for many receiver defects. The receiver may be dead because 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. Weak output
caused by a weakened magnet in a P-M speaker is unusual. 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 coil. Many receivers are brought in for
servicing because of troubles attributed to the voice coil and its asso-
ciated 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 between 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
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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

Outer Housing
(Basket and Ring)
Spider Paper Cone

Centering
Bolt

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

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 restrains it from making
sidewise movements.

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 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 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 cen-
tered position. Then fasten the outer rim of the cone, by means of
cement or nuts and bolts, to the basket of the speaker. Finally, remove
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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
surroundings. 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, after con-
nection, hum is excessively loud, reverse the
connections of the hum-bucking coil to the
voice coil.

I —
Another type of spider consists of a mem- |l|"

brane, 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 re-
placement, the voice-coil form is centered ﬁ
around the center pole piece by means of %Q;j&)
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 ~ Fic. 9-8. Centering a voice
basket. Then the centering shims are re- coil with three shims.
moved. Move the voice coil gently in and

out, and observe that it 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 removed, the dirt
is cleaned out with a pipe cleaner, and the coil and cone unit are re-
placed and recentered.

A rubbing voice coil may result from a voice coil whose shape has
become warped. This condition may be presumed when repeated re-
centering 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.
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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 connection
to the cone or spider. Recementing is the cure. Then replace and re-
center as before.

Basket
“~Cone

Spider———™
(cemented or held
by screws to basket)

Voice coil— |

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

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

Troubles common to electrodynamic speaker field coils. The speaker
field of an electrodynamic loudspeaker may be the source of many re-
ceiver defects. The manner in which it will make itself manifest de-
pends on the way in which it receives its excitation. Where a defective
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field coil is indicated, replacement depends upon the construction of the
speaker and the availability of a similar coil. If replacement is not pos-
sible, 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. 9-2
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 dis-
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Fic. 9-10. Checking the magnetic pull of a speaker with a socket wrench.

charge the filter condensers. An ohmmeter check for continuity will con-
firm the open field. The open may be due to a 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 output,
as shown in Fig. 9-3, will be different from that given above. The re-
ceiver 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 residual magnet-
ism in the pole piece. The B voltage will not be disturbed. The quick
check for speakers will show a weak click, focusing 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 itself
is perfect. These associated components should be checked.

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

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 defect
would be found in a routine check of plate voltages. The set would be
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Fic. 9-11. A typical electrodynamic speaker with a replaceable field coil.

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 field and 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 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 indicate a shorted filter
condenser. The actual defect would be found when removal of the
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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. Nor 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 following

steps:

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

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

3. Remove the field coil (and hum-bucking coil, if used) by sliding it
forward over the center pole piece.
This may involve first unsoldering
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 replacement
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 gy g 19, Centering the center
in which the voice coil floats is uni- pole piece with drill rod.
form. Place three or four pieces of
drill rod of the proper size to fit exactly in the field space, as shown
in Fig. 9-12,

7. The nuts for bolts B are then tightened. It is wise not to tighten any
one 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.
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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.

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
followed, except for replacing the field coil.

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
2. Black Start

Field coil (if any)

1. Black and red Start
2. Yellow 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, with result-
ing 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 fastened
around the rim of the basket. Its purpose is to prevent acoustic con-
tinuity between the speaker and the baffle 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.
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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 associated 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 observing 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 inspected for loose or cracked parts.

Replacing a complete loudspeaker. Many speaker defects require the
complete replacement of the entire loudspeaker assembly. Where such
is the requirement, an exact replacement is most desirable. This may not
always be possible, and a speaker that resembles 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 electro-
dynamic 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?

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 considera-
tion, 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 de-
termined 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 undistorted power output for that tube. This
wattage may be considered as the voice-coil wattage.
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Often in making a speaker replacement, the old output transformer,
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 sec-
ondary impedance matches that of the voice coil of the new replacement
speaker.

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

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

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
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 = E?/R. Figure 9-13 shows a replacement of this type.

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 receiver, it should
be replaced by a choke coil of equivalent inductance and current-carry-
ing capability. The choke will probably have a lower ohmic resistance
than the field. An 800-ohm/10-watt resistor, connected in series with the
choke, will compensate for this condition.

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 requires 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 replacement,
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 movement 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

Il

—0 B+ {300V)
1000n Field

20H

100ma.

B+ (200V)

Replaced by
-=~-—Jo0 ~—0 B+(300V)
350a Choke
20H
100ma
T 6500,/20 watts
B+(200V)

F16. 9-13. Replacing an electromagnetic with a P-M dynamic speaker—field-
circuit adjustments.

room. Since the speakers are remote from each other, phasing is not
important.

A simple procedure in this requirement is to obtain a P-M dynamic
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 advantage, since it is generally desir-
able to operate the auxiliary speaker at a reduced volume. The com-
bination is shown in Fig. 9-14.

In the setup described above, both speakers will operate simul.
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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 just cut out, should be

Voice Coil
Voice Coil of Auxiliary
of Receiver P-M Dynamic
Speaker Speaker

E

—

I )

.

Output
Transformer

Fic. 9-14. Adding an auxiliary P-M dynamic speaker to a receiver.

connected across the secondary of the output transformer. A second
switch is connected at the auxiliary speaker to cut it out when not in
use. This setup is shown in Fig. 9-15.

Voice Coil Voice Coil
#| #2

“

Output
Transformer

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

o7 o

It is now possible to control the volume of the receiver and auxiliary
speakers only by means of the receiver volume control. If it is desired
to vary the volume of the auxiliary speaker at the speaker 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 im-
pedance of the auxiliary voice coil. The complete setup is now shown
in Fig. 9-16. No switch is required at the second auxiliary speaker, since
the L pad can replace its function. The minimum position of the L pad
will cut out the auxiliary speaker.
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Voice Coil
#]

-4

Voice (oil
#2
g § R
Output

Transformer

L' Pad
Fi1c. 9-16. Volume control for an auxiliary speaker.

Adding headphones to a receiver. A customer may request that head-
phones be installed on his receiver, so that he may turn off the loud-

Speaker
Voice Coil

il

Phones
J
Output

Transformer
F1e. 9-17. Circuit for connecting headphones to a receiver.

speaker 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

R
Jack Plug Phones
Output
Transformer Speaker
Voice
Coil

F1c. 9-18. Circuit for adding headphones to a receiver—using jack and plug.
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the phones will cause great mismatch and keep power fed to the phones
low, giving low volume. A switch may be installed to cut out the speaker
voice coil and to cut in an equivalent impedance resistor. A second
switch may be used to cut out the phones. The setup is shown in Fig.
9-17.

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

SERVICE DATA SHEET

Symptom Abnormal reading Look for
No reception : No B plus voltage Open field. See Chap. 8
No 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
in field gap. Loose dust
cap. Loose screws on

speaker. Lloose 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?
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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 replace-
ment of a voice coil and cone. List the steps in order by which you would
make this replacement.

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 reception. A signal check produces a very weak click in the
speaker. What factors can cause this condition? How would you check
for each?
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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
propetly, and the trouble shooter moves on to the first AF stage.

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

From

I-AF

Stage
R-12
500000

10

B+
Fic. 10-1. Standard circuit for a typical second AF stage.

Function of second AF stage. The control-grid circuit is the signal in-
put 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 loud-
speaker. 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

98
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volts is the maximum the tube will handle without undesirable distor-
tion. 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.

Regardless of whether the receiver is AC, AC/DC, 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 amplification
and is a valuable indication of trouble to the serviceman, the theory
underlying self-bias circuits should be thoroughly understood.

Let us first remember that, in
order to maintain a grid-bias volt-
age, the grid must be made nega-
tive with respect to its cathode.
Assume no signal input voltage,
and examine the amplifier circuit
redrawn as in Fig. 10-2, with com- é

R-12

ponents unnecessary to the self-
bias circuit eliminated. Observe - R13 [ rower
that resistor R-13 and the tube V-5 1L OS“PPIY
are in series across the B power L b- 87
supply. Tracing the screen circuit, gy 10-9. Circuit depicting  self-
current flows from B minus thr