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PREFACE 

The enthusiastic manner in which the original edition of thia 
book (published under the title "Radio Servicing Course") has 
been received by students and practicing radio service men is 
extremely gratifying to the author, and has encouraged him 
to revise it completely in order to bring it up to date. 

During the three years since the first issue was published, 
progress in the fields of radio tube and receiver development has 
been extremely rapid and really remarkable--especially when 
we remember that these years have been perhaps the worst ones 
in the entire period of economic and financial depression which 
has enveloped our country. We are now producing what are 
undoubtedly the most scientific and complicated home receivers 
ever manufactured in the history of the radio industry. This 
increased complexity of receiver circuits and tubes has made 
necessary almost an entirely new technique of radio servicing, 
and has resulted in the development of new and improved forms 
of testing equipment. It has also made it absolutely necessary 
for every radio service man to have a more extensive and ade
quate knowledge of fundamental electrical and radio principles, 
modem radio circuit design and servicing methods than has ever 
been necessary before. 

This completely revised and enlarged edition has been written 
especially to present to every progressive radio service man and 
student of radio servicing a comprehensive up-to-date guide to 
the proper methods, correct procedures and latest instruments 
to employ for the rapid and efficient diagnosis and repair of 
troubles in both the very latest, and the moderately old, types of 
radio receivers-in short, a practical means whereby they may 
learn all about radio servicing as it is practiced today by the 
most progressive -individuals and radio service organizations. 

V 
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The present book, Modem Radio Servicing, is rather an un
usual second edition-for second editions are usually reprints 
with minor changes and additions, whereas this volume is a 
complete new book from cover to cover-even a more readable 
style of type has been employed. Most of the material in the 
first edition was discarded entirely, because it had become ob
solete. The urgent necessity for making this drastic change, 
and the fact that while the first edition required only 182 pages 
to adequately cover the subject, the present edition contains 1,300 
pages, illustrates very forcibly the extent of the far-reaching 
and important advances which have been made in the industry 
during this short period of time. 

In planning this new volume, the general style of the first 
issue has been retained, but its scope has been extended consider
ably. Many additional chapters covering important new topics 
have been added. Close examination of the Table of Contents 
on page ix, and even a hasty glance at the various numbered 
topic headings throughout the book itself will reveal its com
prehensive scope. 

It is the firm conviction of the author that too much time 
oan never be spent in building a firm foundation by making a 
thorough study of all basic forms of electrical measuring instru
ments and radio test equipment. Consequently, the first 17 
chapters, which constitute Part 1 of the book, are devoted 
entirely to a detailed study of all forms of modem radio test 
equipment. Instructions are given for the construction of test
ing instruments of all kinds for those service men who prefer 
to build their own. Much valuable information is also gained 
througll a study of the circuit arrangements and operation of 
the typical commercial test instruments of all kinds, which are 
described. It is assumed of course that the reader already 
possesses a good working knowledge of the fundamentals of 
electricity and radio before studying from this book. 

It has not been assumed that all readers will read this book 
through in its entirety. Many will read only certain portions 
which are of particular interest to them, others will use it only 
for reference purposes. Therefore, there has been no hesitancy 
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in including cross-references and making slight repetitions where 
they have been considered to be helpful. An unusually com
plete index, amply cross-referenced, has been included so that 
information on any of the many subjects which are contained 
in the book may be looked up and located quickly. 

An unusual departure has been made in that a compilation 
of a wealth of useful factual service data which is particularly 
valuable to the service man when he is actually at work in his 
shop or in the field has been published in a separate manual-size 
volume entitled "Radio Trouble-Shooter's Handbook". It con
tains a complete tabulation of the intermediate frequencies of all 
American superheterodyne receivers; a comprehensive receiver 
"Case History" section listing the most common symptoms, 
troubles and their remedies for over 3,300 popular receivers; 
the answers to the numerical review problems which are included 
at the ends of various chapters of Modem Radio Servicing; and a 
wealth of data and tables which are extremely useful to every 
service man in the field. The purchase of this supplemental 
handbook is optional. 

Grateful acknowledgement is again made to the various man
ufacturers of radio servicing instruments and receivers for the 
kind spirit of cooperation and helpfulness which they have 
shown in furnishing the descriptions, circuit data and illustra
tions of their apparatus. Without their help, the preparation 
of this book would not have been possible. Acknowledgement 
is hereby made to the Automobile Trade Journal, Radio Craft, 
Radio Engineering, Radio News, Radio Retailing and Service 
magazines for the many helpful ideas which have been obtained 
from them from time to time. The author is also indebted 
to the many friends, both in the teaching and radio servicing 
professions, who have furnished valuable constructive criticism 
regarding the first edition of the book, and particularly to Messrs. 
Bertram M. Freed and Louis Martin for their assistance through
out the preparation of tlie text; to Mr. T. 8. Ruggles for his work 
in putting the chapteP, How To Sell Your Service, in its present 
form; to Mr. Leonard Fischer for his work in the preparation of 
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the final drawings; to Miss Louise Flanagan for her untiring 
efforts in reading the proofs and to his wife, Carmen T. Ghirardi, 
who has been a constant source of inspiration and help through
out the many days and nights during which the manuscript wu 
being prepared. 

It is the sincere hope of the author that this book will assist 
in increasing the popularity of scientific and systematic service 
methods in the radio servicing profession, and that it will enable 
both experienced service men and students to better understand 
not only these methods, but also the equipment required to put 
them into effect. 

ALFRED A. GHIRARDI 
NEW YORK CITY, 

May, 1935. 

PREF ACE TO THE SECOND IMPRESSION 

In this second impression, base pin data on the octal base 
metal tubes has been added on page 1274. Insofar as tube-test
ing and set analysis is concerned, the ("Octal") metal tubes dif
fer from the corresponding ordinary glass-envelope tubes only 
in the base-pin connection arrangements which are employed on 
them. Therefore, any of the tube checkers and set analyze1'8 
described in this book may be used to test these tubes and an
alyze their circuits provided that simple "standard" adapters 
designed for this purpose are used with them. 

The test procedures and servicing methods which have been 
described in detail in this book apply equally well to receivers 
which employ either the "glass" or the "metal" type tubes. 

Typographical and other errors, which unfortunately were 
present in the first printing of this book, have now been corrected. 
Minor changes have also been made here and there where sen
tences or paragraphs could be re-worded to clarify their meaning. 
Art. 4-6 and the text covering Vacuum-tube Voltmeters and 
Meter Accuracy have also been revised. 

A. A.G. 
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MODERN 
RADIO SERVICING 

CHAPTER I 

INTRODUCTORY 

Important and far-reaching changes have taken place in the 
radio industry during the past few years. The super heterodyne 
type of receiver has become almost the "standard" American 
radio set today. However, it is not the simple, straightforward 
superheterodyne that radio men knew years ago. The develop
ment of a large number of new types of tubes has given cir
cuit designers new opportunities for circuit development, and 
they have responded nobly-perhaps too nobly in some direc
tions. Such features as automatic volume control, tone control, 
compensated volume control, inter-station noise suppression, 
tuning indicators, all-wave tuning, high-fidelity reproductfon, 
etc., are all the results of progressive development by circuit 
designers-features that are almost standard in today's receivers. 

Probably the two most important innovations which have 
been responsible for many new and complex circuit arrange
ments and changes in set construction are the all-wave tuning 
features, automatic volume control and high-fidelity reproduc
tion. The complicated switching systems and coil-shields, high
gain amplifier stages, high intermediate frequencies, etc., used in 
all-wave receivers, have all contributed to the necessity for 
changes in servicing equipment and technique. The amount of 
external noise heard with a short-wave receiver is usually far 
greater than with a broadcast band set, so special noise-reducing 
antenna systems have been developed for the reduction of this 
noise in localities where man-made interference is prevalent. 

1 
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High-fidelity receivers also possess new circuit features, ad
justments and peculiarities not found in any previous commer
cial receivers. These adjustments must be made in certain waya 
if the results are to resemble the original. When these adjust
ments, with their consequent complications, are incorporated in 
all-wave receivers-which combinations are now on the market 
-the necessity for proper test oscillators, tube testers, and an
alyzers is apparent. 

Data compiled by R. H. Langley and printed in Service 
magazine show that approximately 9,100 different models of 
radio receivers have been manufactured during the past eleven 
years; over 1,000 manufacturers have been in business during 
those eleven years; and there are only about 130 of that 1,000 in 
business today. With about 1,000 chief engineers incorporating 
their pet circuit ideas into receivers, and about 22,400,000 radio 
receivers actually in use in the United States alone at the end of 
1935, it is not difficult to understand that the servicing of radio 
receivers, both old and new, no longer is a simple task, but ia 
one which calls for a highly specialized and up-to-date training, 
and more than ordinary mechanical and electrical skill. 

What do all these new radio devices, almost unthought of in 
19~, mean to the radio service man of today-the man who ia 
called upon to locate troubles in, and repair, not only these new 
complicated receivers but also thousands of the more simple 
old t-r-f receivers which are still in use? First, it means that 
the days of the swashbuckling type of service man who tested 
for voltage with his fingers, and for current with blissful con
fidence, whose only tools were a soldering iron, a screw driver 
and a pair of pliers, and who talked glibly of how long he had 
been servicing radio receivers with nothing more than supreme 
intuition and a handful of inadequate equipment, are definitely 
over. A few well-directed questions about the characteristica 
of automatic volume control circuits, inter-station noise sup
pressors, linear detection, band-pass tuning circuits, alignment 
of all-wave receivers, etc., would surely bring to light only the 
relatively few facts gleaned by actual experience, and any ques
tions touching facts the least bit outside of that experience 
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would be met by vigorous attempts to change the subject. Mind 
you, experience in the field is probably the most important asset 
of the service man, but if it is not coupled with knowledge, 
understanding, and the desire to learn and keep up to date 
upon every phase of the radio servicing art, it will not get any 
service man very far. It is interesting to speculate on how a 
poorly equipped, unprogressive "old timer" would attempt to 
align the tuning circuits of a modem all-wave receiver that has 
over twenty-two adjustments ahead of the second detector! 

A point has now been reached in the radio servicing pro
fession, where the service man who lacks the proper servicing 
equipment and the broad fundamental knowledge of electrical 
and radio principles which are necessary today, must either take 
immediate and serious steps to remedy these deficiencies or be 
forced out of the profession by unrelenting competition. Mod
em receivers will prove too much for the abilities of this type 
of man. New kinds of troubles never encountered in the older 
types of receivers are commonplace today. Modem radio ser
vicing practice calls for the type of men who have not only the 
necessary knowledge and equipment to meet today's problems, 
but, who will also have the energy and ambition to keep abreast 
of all new developments as fast as they are put into use. 

The problem of maintaining radio service equipment up to 
date has always been a troublesome one, due to the many changes 
which have been made in radio receivers during the develop
ment stages of the past few years. The extensive changes in 
the design of tubes and their terminal arrangements have made 
obsolete a great deal of tube testing and set-analyzing equip
ment that service men have paid much money for. The popu
larization of all-wave receivers, and the necessity for realigning 
their tuned circuits, has made necessary the use of test oscilla
tors capable of generating test signals of frequencies ranging 
from 100 to at least 23,000 kc. This means that either more 
changes must be made in existing test oscillators, or, new ones 
must be purchased. 

New receiver circuit arrangements are making it necessary 
to employ voltmeters, milliammeters and ohmmeters with wider 
ranges than has heretofore been necessary, and many old forms 
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of set analyzers are incapable of giving any real information 
about the complicated circuit networks in modem receivers. 

One of the most surprising things about the servicing pro
fession is the lack of standardization of service practice. No 
two service men seem to test the same set in the same manner. 
Some of the systems employed appear ridiculous because of their 
time-wasting practices, while others seem incorrect because of 
their failure to show true pictures of circuit conditions. 
Many of the older routines must be discarded and replaced by 
new ones which will take care of all new conditions. 

The author has kept all of the foregoing problems in mind 
during the preparation of this book. He has aimed to help 
not only the experienced service man who desires to bring his 
knowledge, his servicing methods and his servicing equipment 
up to date, but also to assist those men who have already 
gained a broad background knowledge of electrical and radio 
principles*, and who desire to make a speciallized study of 
radio servicing equipment and methods. 

Considerable thought has been given to the arrangement of 
the material in the book, and the sequence of study. The entire 
book has been divided into four main parts. The theory, oper
ating instructions, and construction and descriptions of typical 
commercial units, of all forms of test equipment are considered 
first, for it is only after all the test equipment is thoroughly 
understood that its uses and applications can be studied. AU 
necessary data is given for the construction of practical and 
modern test equipment for those service men who, for various 
reasons, prefer to make their own. In the second part, the most 
advanced methods employed in modern practical radio servicing 
are presented. The t"hird part deals with specialized servicing 
problems and tested methods of "Selling Service". The fourth 
contains useful data, and an unusually comprehensive index. 

A glance at the Table of Contents will indicate the sequence 
in greater detail and will reveal the entire plan of study at a 
glance. The aim throughout has been to take the reader, step 
by step, from the most elementary considerations to the more 
complex phases of service work without breaks in continuity. 

• The Radio PA11nu Courae by Alfred A. Gbirardi was written 
especially for this phase of radio Instruction. 



CHAPTER II 

MILLIAMMETERS, AMMETERS & VOLTMETERS 

2-1. Importance of Electrical Measuring Instruments.
Since human beings are unable to see, feel, taste, hear or smell 
electric current directly, but can only observe it by the indirect 
"effects" it produces, we are forced to employ specially designed 
instruments for its detection and measurement. These electrical 
measuring instruments are especially necessary in the servicing 
of radio equipment, since they enable us to test the various cir
cuits and parts in order to obtain quickly all information needed 
for locating and correcting the various troubles which may arise. 
Since they form the very backbone of the entire radio servicing 
art, it is essential that we first understand clearly all about the 
theory of operation, construction and use of the various forms 
commonly employed. For this reason, we will first make a de
tailed and comprehensive study of all forms of modern service 
instruments-starting with the very simple current and voltage 
measuring meters and progressing to the more complicated in
struments for analyzing and aligning. The circuits of these com
plicated instruments will be developed ip a progressive manner 
from a consideration of the test operations which they are re
quired to perform, and the basic electrical measuring instruments 
which are available for making the various measurements re
quired. Studies will also be made of the circuit arrangements 
employed in typical commercial forms of these instruments, so 
that the various ideas which manufacturers have developed and 
incorporated in them may be brought out. 

Perhaps the simple instrument used most extensively in radio 
service work is the milliammeter. The milliammeter "move
ment" forms the basic part of all ammeters, voltmeters, output 
meters, ohmmeters, circuit testers, etc., used in radio service 

6 
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work. In order fully to understand its operation and construc
tion, it will be necessary first to review briefly a few of the fun
damental principles of electricity and magnetism upon which its 
operation depends. 

2-2. Magnetic Field Around a Straight Conductor.-The 
first important well-known electrical principle is: 

"Whenever a current of electricity flows through a 
conductor, such as a piece of wire, it always produces a 
magnetic force, or 'field', around the conductor." 

This is illustrated in Fig. 2-1, * and is one of the most important 
properties of an electric current. This principle may be proved 
by connecting a short length of thick copper wire across the 
terminals of one cell of a 6-volt storage battery (or other low
voltage current source) and dipping the wire into some iron 
filings as shown in Fig. 2-2. The iron is a magnetic substance, 

FIG. 2-1.-The magnetic field 
around the straight current
carrying wire is circular in 
shape and is represented by 
the dotted circles. These are 
called "magnetic whirls". The 
arrows show their direction. 

and the filings will be attracted and cling to the wire, forming 
little rings around it as long as the current is permitted to flow, 
proving that a magnetic field is created around the wire by the 
flow of current. As soon as the current is shut off, the filings 
drop from the wire, proving that the magnetism disappears. 

•Note: All diagrams and other illustrations in this book are num
bered according to a convenient Chapter-Figure numbering 
system. The first number is that of the chapter, and the 
second is that of the figure. This, Fig. 2-1 means the first 
figure in Chapter 11; Fig. 9-14 means the fourteenth fipre 
in Chapter IX, etc. 
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The second important principle regarding magetism produced 
by the flow of electric current is: 

"The strength, of the magnetic field produced at any 
point is proportioned to the length of the wire and the 
strength, of the current flowing." 

This may easily be proved by sending currents of various 
strengths through the wire and observing how many iron filings 
are attracted in each case. The stronger the current, the stronger 
will be the magnetism, and the greater the number of iron filings 
attracted. The current can be varied by connecting the wire 
first across one cell, then across two, and finally across all three 
cells of the storage battery. 

2-3. Magnetic Field Around Single-turn Loop.-Since the 
magnetic lines of force are distributed along the entire length of 
the straight wire, the magnetic strength at any point is rather 

FIG. 2-2.-lron filings are 
attracted to the wire by the 
magnetic field produced around 
it due to the flow of current 
through it. When the flow of 
current is stopped, the iron 
filings drop off, proving that 
the magnetism is present only 
while the current flows. 

weak. However, if the wire is bent to form a single-turn "loop", 
all the individual circular magnetic lines of force which sur
round the wire will pass through the center of the loop, thus 
creating a stronger, more concentrated magnetic field in the 
small area there than existed around the wire when it was 
straight. Consequently, bending the wire in the form of a loop 
has the effect of greatly increasing the intensity of the magnetic 
effect at the center. However, the total number of lines of force 
in the space around the outside of the loop is the same as the 
total number threading through the inside of the loop. 
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2-4. Magnetic Field Around a Coil.-By winding a num
ber of these loops, or turns, of wire close together as shown in 
Fig. 2-4, a solenoid or "coil" is formed. The magnetic fields, or 
forces, surrounding the individual turns of wire unite to form a 

DIRECTION 
OF 

CURRENT 
FLOW 

MAGNETIC 
FIELD 

-+ 

FIG. 2-3. - How the mag
netic lines of force arrange 
them.selves around a single
turn loop of wire carrying a 
current. Notice that they still 
encircle the wire, but in doing 
so, they also thread through 
the inside of the loop. 

FIG. 2-4. - If the coil is 
wound with many turns of 
wire, the magnetic field is 
stronger, a magnetic pole is 
produced at each end, and the 
lines of force take the paths 
shown by the curved dotted 
lines. 

resultant magnetic field (or force) around, and through, the en
tire coil-as shown by the curved, dotted lines. The coil really 
becomes a magnet. A north magnetic pole (N) is formed at one 
end of the coil, and a south magnetic pole (S) is formed at the 
other end. 

"The end of the coil from which the magnetic lines 
of force leave, is called the north pole (NJ, and the end 
which they enter is called the south (SJ pole." 

2-5. Electromagnets.-If an iron core is plared within such 
a coil, a much better magnetic path is provided for the lines of 
force and the current will produce a much larger number of 
them-that is, the strength of the magnetic field is greatly 
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increased. The coil is now called an electromagnet. The mag
netic strength of an electromagnet depends upon: 

1. Strength of the current (amperes.) 
t. Number of turns of wire. 
S. Material, shape and size of the core. 

Experiment: The effect of placing an iron core in a coil of wire 
may be demonstrated easily by winding a coil of ten or fifteen turns 
of insulated copper wire on a pencil and then slipping the pencil out 
of it. Connect the coil to a battery and dip it into iron filings. No
tice how many are attracted. 

Now slip a large iron nail or screw into the coil. Dip the entire 
unit into the iron filings. Notice how many more filings are attract
ed now-proving that an iron core in the coil makes the magnetism 
much more powerful. 

The principle demonstrated by this experiment is employed 
for creating strong magnetic fields-with electromagnets. 

2-6. Interaction Between a Coil and Magnetic Poles.-If 
a current-carrying coil is mounted on pivots and is placed be
tween the poles of a strong permanent magnet, the current 
flowing through it will produce magnetic poles at its ends, as 

FIG. 2-5.-(A): Arrangement of all of the magnetic poles when 
a current-carrying coil of wire is placed between the poles of a perm
anent horseshoe magnet. 

(B): How the coil would tend to rotate due to the mutual attrac
tion and repulsion of its magnetic poles and those of the permanent 
magnet. 

shown at (A) of Fig. 2-5. The N-pole of the coil will be 
attracted by the S-pole, and repelled by the N-pole, of the pn
manent magnet. Likewise, the S-pole of the coil will be at
tracted by the N-, and repelled by the S-pole, of the pef'manent 
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magnet. This will cause the coil to rotate, or deflect, clock
wise in the direction of the arrow, as shown at (B). 

If a permanent magnet of a fixed strength is used, the force 
tending to cause the coil to rotate or "deflect" will depend upon 
the strength of the poles of the coil-which, for any given coil 
will depend upon the strength of the current flowing through the 
coil. Therefore, an arrangement of this kind, if it be provided 
with suitable means for indicating the exact amount of deflection 
of the coil, can be used to measure the strength of the electric 
current. About 50 years ago, the so-called Weston "movement" 
so widely used today in direct-current measuring instruments, 
was developed from this basic principle by Dr. Weston. 

2-7. The Weston Movement.-The Weston form of d-c me
ter "movement" is constructed essentially along the basic lines 

p 

(C) 

(A) (B) 

Oourt,-i, W,aton Bl,ct. lmtr. Oorp, 

FIG. 2-6.-( A) : Assembled Wes ton d-c meter movement. A por
tion of the permanent horseshoe magnet has been cut away at the 
front to reveal the interior. 

(B): The permanent magnet M, core C and pole-pieces P-P 
assembled. 

( C) : The movable coil, pointer P, springs S, and pivots assembled. 

shown in Fig. 2-5, but has many constructional refinements which 
make it rugged, accurate, and highly sensitive. An open sec
tional view showing the construction of a meter movement of 
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this type is shown at ( A) of Fig. 2-6, and a description of it 
follows: 

M-M are the poles of a very strong permanent horse-shoe magnet 
with soft-iron pole pieces P-P between which is mounted the station
ary, circular soft-iron core C to increase the strength of the magnetic 
field and make it radial. This is shown at (B). Mounted in the air 

Fm. 2-7. - A typical com
mercial 0-1 d-c milliammeter 
employing the type of move
ment shown in Fig. 2-6. Notice 
the pointer, and the scale 
graduated and calibrated to 
indicate directly the number of 
"milliamperes" of current 
which are flowing through the 
movable coil at any time. 

Courte8JI Weaton Elect. Instr. Oorp. 

gap between the core C and pole pieces P-P, is the movable coil W, 
consisting of a very light rectangular aluminum form on which are 
wound many turns of extremely fine insulated copper wire through 
which the electric current (or a definite fraction of the current) to be 
measured flows. 

This current produces a magnetic pole at each end of the coil. 
The poles cause a movement of the coil as described in Art. 2-6. The 
force tending to -cause the coil to move is proportional to the strength 
of the current flowing through the coil. The coil is provided with 
steel pivots which rest in jewel bearings, so that it may turn freely. 
The current is conveyed to and from the coil through two light spiral 
hair-springs which perform two additional important functions. 

From this brief description, it is clear that any current through 
the coil will make it turn to its "maximum position", as long as the 
friction in the bearings is overcome. By the use of the springs, 
however, any movement tends to wind up one spring and unwind the 
other. Hence the coil stops rotating when the force due to the mag
netic attraction and repulsion is equal to that stored up in the springs. 
The greater the current, the greater the force winding and unwind
ing the springs, and the more the coil will rotate. These springs 
also perform ihe function of always returning the coil to a definite 
zero position after the current is shut off. A pointer is attached to 
the movable coil to enable its position to be read accurately from a 
suitably calibrated scale. The assembly of coil and form L, springs 
S, and pointer P are shown at ( C). 

A typical 0-1 d-c milliammeter employing this type of movement 
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is illustrated in Fig. 2-7. Notice the scale markings, and the thin 
pointer for accurate reading. 

2-8. Meter Sensitivity. -The "sensitivity" of a meter move
ment is determined by the strength of current necessary to cause 
the pointer to deflect across the full scale of the instrument. 
This characteristic of a meter movement is expressed in two dif
ferent ways in practice. When speaking of microammeters, mil
liammeters, etc., the sensitivity of the meter is: 

the number of microamperes ( or milliamperes) of cur
rent which must be sent through the movable coil in 
order to make the pointer deflect across the ftdl acale. 

Thus, a meter having a sensitivity of 1 ma. requires a current of 
1 ma. for full-scale deflection, etc. 

When ref erring to voltmeters, the sensitivity is usually re
f erred to on the basis of ohms-per-volt. This will be explained 
in detail in Art. 2-20 when studying high-resistance voltmeters. 

Recent developments in the design and construction of direct
current instruments have made it possible to build portable meten 
considerably more sensitive than they were made before. It is 
not very many years since portable meters having a sensitivity 
of 1-milliampere were considered the most sensitive practical 
instruments available. Now, portable meters have a sensitivity 
of 50 microamperes---(twenty times as sensitive) are commonly 
used-especially in radio service test instruments. These have 
been made possible by the use of strong permanent magnets of 
large cross-section, made of special alloy steels; movable coils 
wound of copper wire considerably finer than a human hair; 
extremely short air gaps; and bearings having negligible friction. 
It is hardly possible to realize that a practical instrument capable 
of withstanding the rough handling incident to portable use can 
be constructed so sensitive that a current of only 50 microamperes 
(0.000050 amperes) is able to cause its pointer to move across the 
full scale (incidentally, instruments even more sensitive than 
this are available for special requirements). 

2-9. Why Shunts are Used in D-C Ammeters. - In order 
that the entire measuring instrument be made compact, the mov
able coil must be very small. Also, if it is to be caused to rotate 
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by the small attractive force of very small currents, it must be 
light in weight, have very little inertia, and have an appreciable 
number of turns of wire on it. All of these requirements make it 
necessary to have the movable coil of very fine insulated wire-
wire finer than a human hair is employed for the movable coils 
of the portable high-sensitivity instruments used in some service 
work. 

It is evident, then, that since the movable coil is made of 
such fine wire, it cannot carry much current without undue heat
ing, which would damage it. If we want to use a simple meter 
of this kind to measure the current flowing in a circuit, it is 
evident that it will have to be connected in series with the circuit 
as shown at (A) of Fig. 2-8. In this case, the full current of the 
circuit will flow through the movable coil. However, wire thin 
enough to be suitable for movable coils is rarely able to carry 
more than about 0.05 ampere (50 milliamperes) without over
heating. In fact, one large instrument manufacturer uses the 
arrangement of (A) in Fig. 2-8 only for milliammeters having 
ranges up to 30 milliamperes. Therefore, if the meter is to be 
connected into circuits in which more current than this is flow
ing, either the size of the wire used for the coil must be increased 
proportionately to take care of the larger current or else only a 
definite, known, fraction of the total current of the circuit must 
be permitted to pass through the movable coil of the instrument. 

The former arrangement is impracticable, and is not used, for 
it would result in a heavy, clumsy coil which would cause numer
ous constructional difficulties (such as impracticable large size, 
weight, inertia and bearing friction). The latter method is the 
one actually employed to extend the fundamental range of meter 
"movements", when they are used as milliammeters and amme
ters. In practice, the current to be measured is made to divide 
so that only a definite, known, small part of it flows through the 
movable coil. The remainder is "shunted" around the coil by 
means of a low resistance, or shunt Rs, connected across it, as 
shown at (B) of Fig. 2-8. 

2-10. How the Meter Operates with a Shunt.- The opera
tion of the meter with a shunt may be explained as follows: 
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Let us first assume that we connect the meter movement directly 
in series with the circuit whose current is to be measured-as shown 
at (A) of Fig. 2-8. Then the only path for the current to flow is 
through the movable coil of the instrument. If the current being 
measured is greater than the wire of the movable coil can carry 
safely, a definite part of the current can be "shunted" through the 
shunt resistor R. connected in "shunt" or "parallel" with the movable 
coil, as shown at (B). 

Now, if the shunt resistance R. is made just equal to the resis~ 
ance R .. of the movable coil of the meter, then exactly half of the 
total current will flow through the shunt and half will flow through 
the meter coil. In this case, we simply multiply any reading of the 
instrument by 2 to determine the total current. If we carry this 
further, and add another, similar shunt as ( C) , only ~ of the 
total current will flow through the movable coil (the other % flows 
through the two shunts), and the reading obtained on the instrument 
scale will have to be multiplied by 3 to determine the "total" current 

MOVABLE 
COIL 

CA> CB> CC> 

FIG. 2-8.-How shunts are connected in pa,rallel with the mov
able coil of the meter. The shunts carry a definite fraction of the 
total current to be measured, permitting the use of an ordinary 
milliammeter movement as an ammeter to measure larger currents 
than the movable coil is able to carry safely. 

flowing in the circuit. We might continue this indefinitely, adding 
any number of equal shunt resistors in parallel ( or using a single 
shunt of the proper value) , and making the proportion of the "total" 
current actually flowing through the meter coil less and less. In this 
way we can use a simple, ligh~weight meter movement ( employing a 
movable coil wound with very fine wire), together with the proper 
shunts, for measuring d-c currents of almost any value. In actual 
commercial instruments the scale is calibrated to indicate the "totll'' 
circuit current directly-no multiplication of the meter reading is 
necessary. 

When this type of current-measuring instrument is used to 
measure "milliamperes", the meter is called a milliameter. 
When, by the use of suitable shunts of low resistance, it is 
made to measure "amperes", it is called an ammeter. 

2-11. How to Connect Milliammeters or Ammeters.-It 
must be remembered that a milliammeter (or an ammeter) must 
always be connected in series with the circuit whose current it 
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is to measure, and never across (in parallel with) the circuit, for, 
-since it has a very low resistance, the heavy current which would 
flow through it if it were connected across the circuit would im
mediately burn out the movable coil and the shunt. The correct 
way to connect a milliammeter or an ammeter into a circuit 

MILLIAMMETER MILLIAMETER 

• ~~c ?9~ LINE LINE 
C 

·CORRECT X INCORRECT 
✓ 

)I 

;@•c ??i LINE LINE 

• 
AMMETER 

<A> <B> 

FIG. 2-9.-(A): Correct way to connect (in series) a milliam
meter, or an ammeter, in a circuit to measure the current. The total 
current to be measured should flow through the meter and its shunt. 

(B): Incorrect way to connect a milliammeter or ammeter. 

to measure the current flowing, is shown at ( A) of Fig. 2-9, the 
incorrect way is shown at (B). 

2-12. Extending Ranges of D-C Ammeters & Milliam
meters.-The range of any given d-c milliammeter can be in
creased by connecting an additional shunt resistor across the ter
minals of the meter. Radio service men are often obliged to do 

FIG. 2-10.-In order 
to multiply the meter 
range by 10, a shunt 
resistance R. is con
nected across the meter 
terminals. The meter 
resistance is R.... The 
shunt must carry 9/10 CURRENT 
of the total current, TO BE 
and the meter must MEASURED 
carry 1/10 of it. There- --1-----....--'V'vvvv~----... I _____ _ 
fore the shunt resist- Rs 
ance must be 1/9 that 
of the meter resistance. 

this when they desire to use a certain meter to measure larger 
currents than it was designed for. 

Suppose that the meter on hand has a range of only 1-ma .. 
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and that a range of 10 ma. ( a range 10 times as large) , is needed. 
A shunt must then be connected across the meter. Its value must 
be such that the meter will carry 1/10 (1 milliampere) of the 
total cw-rent and the shunt will carry 9/10 of it. Now if the 
shunt is connected across the meter as shown at (B) of Fig. 2-8, 
then the same voltage must exist across both the meter and the 
shunt-since they are in parallel. If I is the total current flow
ing through the circuit, it will divide in the two branches as 
shown in Fig. 2-10. Evidently, the current through the shunt 
(9/10 I) is 9 times as large as the current (1/10 I) through the 
meter. Therefore, since the current flowing through a circuit is 
inversely proportional to the resistance, (Ohm's law), for this 
particular division of current to take place, the resistance of the 
shunt (R,) must be 1/9 that of the meter (R .. ). For instance, if 
the resistance of the 0-1 d-c milliammeter is 27 ohms, the shunt 
resistance required to make a 0-10 milliammeter of it will be 
1/9 x 27 = 3 ohms. After this shunt is properly connected, every 
current reading taken on the scale of the meter must be multi
plied by the multiplying ratio ( 10 in this case), to obtain the true 
current reading. 

2-13. How to Calculate the Shunt Resistance Required.
If the meter resistance Rm, and the desired multiplying ratio n 
are known, the value of the required shunt resistance R, in ohms 
may be found from the formula: 

Rm 
R, = 1 n-

Using this formula to calculate the shunt resistance required for 
the range-multiplying case considered at the end of Art. 2-12, we 
find 

R,,. 27 27 
R, = --- --- = - = 3 ohms. 

n-1 10---1 9 
which checks with the value found in Art. 2-12. 

2-14. Table of Milliammeter Resistance Values.-It is evi
dent that in order to calculate the value of shunt resistance re
quired to extend the range of any d-c milliammeter or ammeter, 
the exact value of the total internal resistance of the meter must 
be known if the formula given in Art. 2-13 is to be employed. Be-
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low will be found, for reference purposes, the approzimate re
sistance values of several types of Weston microammeters and 
milliammeters, and corresponding Jewell meters (these are no 
longer manufactured, but thousands of them are still in use), 

APPROXIMATE INTERNAL RESISTANCES 
OF COMMON MICROAMMETERS AND MILLIAMMETERS 

Weston (Model 301) D-C Meters Corresp. Jewell Meters 

Range Approx. Number of Approx. Number of 
Mic roam pa. Resistance Divisions Resistance Divisions 

D-C (Ohms) on Scale (Ohms~_ on Scale 
200 66 40 140 40 
300 - - 140 60 
600 66 60 140 60 

Milliamps. 
D-C I 

1. 27 60 I 30 60 
1.6 18 76 

I 

30 76 
2. 18 40 26 40 
3. 18 60 20 60 
6. 12 60 12 60 

10. 8.6 50 7 60 
16. 3.2 76 5 76 
20. 1.5 40 - -
26. 1.2 60 3 60 
30. 1.2 60 - -
60. 2.0 60 1.6 60 

100. 1.0 60 0.76 60 
168. 0.66 76 0.6 76 
200. 0.5 40 0.37 40 
250. 0.4 60 - -
300. 0.33 60 0.25 80 
600. 0.2 50 0.15 60 
800. 0.126 40 - -

1000. 0.1 60 - -
Weston (Model 600) High- Weston (Model 600) A-C 

sensitivity D-C Microammeters Rectifier-Type Microammetera 

Range Approx. Range Approx. 
Microamps. Resistance Microamp,. Resistance 

D-C (Ohms) (Ohms) 

so 2000 100 3700 
50 2000 200 2500 
75 1760 260 2800 

100 1300 
200 66 
300 65 
600 30 
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which a.re familiar to service men. The microa.mmeters and the 
0-1 milliammeters a.re used a great deal by radio servicemen for 
ma.king home-ma.de ohmmeters and multi-test instruments. 

Due to the fact that the resistance values in the table are ap
proximate, if very accurate meter readings are desired, it will be 
necessary to make up the shunt resistor (or resistors) by trial 
with the actual meter to be used in any case, as described in 
Art. 2-15. However, for ordinary purposes shunts may be calcu
lated from the above values and the formula given in Art. 2-13. 

2-15. Making Meter Shunts by Trial. -If the internal re
sistance of the meter at hand is known only approximately (or is 
not known at all), or if the required shunt is of some odd resist-

METER 

SHUNT C Rs> 

FIG. 2-11.-(Le/t): Circuit employed for making meter abunta 
by trial. 

(Right): Three shunts for a milliammeter. The one at the left 
(thick wire) is for the highest current range; that at the right baa 
the highest resistance and is for the lowest current range. 

a.nee value that is not easily obtainable commercially, the exact 
shunt required for any increase in range may be made by trial 
in the following way: 

Assume that it is desired to extend the range of a 10 ma. meter, 
whose exact internal resistance is unknown, so that it may be used to 
read currents up to 50 ma. This means that we wish to multiply the 
range by 5. We would proceed by connecting a low-voltage battery B 
(a single 1.5 volt dry cell will do), in series with the meter and a 
variable current-adjusting resistance Vr (about 200 ohma maximum 
value in this case), as shown at the left of Fig. 2-11. When it is 
being connected into the circuit, the resistor should be set at ~i-
m.um value, for safety. 

Now the current-adjusting resistor should be adjusted carefully 
until the meter (without a shunt) reads exactly 10 milliamperes (full 
scale reading). Then the shunt R, should be connected directly 
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across the meter terminals, and its resistance altered (see Art. 2-16) 
until the meter reads 1/5 of its previous reading, that is, 2 milliam
peres. Under such conditions (with the shunt connected), a reading of 
2 milliamperes on the meter would mean that 10 milliamperes were 
actually flowing through the main circuit. Likewise, full-scale de
flection (10 ma.) would indicate a 50 milliampere flow, although the 
needle pointed only to the 10 milliampere division of the scale. Con
sequently, in this particular case, whenever the shunt is connected, 
any current reading obtained on the m.eter scale must be multiplied 
by 5 to find the true current. 

The method outlined above provides a very simple means 
for making meter shunts accurately and quickly. 

2-16. Materials for Shunts.-Meter shunts should be suf
ficiently large in physical size so that they are able to carry the 
required current without undue heating (sufficient to insure cool 
operation), and they must be made of a metal which has a very 
low temperature coefficient of resistance, so that the value of their 
resistance does not change appreciably with changes in tempera
ture. Since the resistance of M anganin and certain German
silver alloys is affected very little by ordinary changes in tem
perature, they are used extensively for meter shunts. Several 
shunts for increasing the range of a milliammeter are shown at 
the right of Fig. 2-11. Notice that the shunt at the left, for the 
100-ma. range, is of thicker wire (lower resistance) than the one 
at the center for the 25 ma. range. 

When making a shunt by the method described in Art. 2-15, 
it is best to start first with a piece of shunt-metal strip or wire 
of such a size that it has a slightly lower resistance than is re
quired. This will be indicated by the fact that when it is con
nected permanently across the meter terminals, the meter will 
read lower than is desired. The resistance of the shunt can then 
be increased gradually by scraping or filing it carefully at the 
middle, so as slightly to reduce its cross-section area and thus 
increase its resistance slightly. This must be continued carefully 
until the meter reads the correct value. 

2-17. Multi-range D-C Milliammeters & Ammeters.-A 
milliammeter or ammeter need not be limited to the measurement 
of a single current range. Any single milliammeter "movement" 
can be made to measure several ranges of current, and thus do 
the work of several "single-range" meters, by using a number of 
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suitably-connected shunt resistors-thus making a multi-rang, 
meter of greater usefulness. 

There are several ways of doing this. A number of shunt.a, 
having the proper resistance values, may be connected across the 
meter and controlled by a suitable contact switch, or switches, 

5 

FIG. 2-12.-Multi-range mil
liammeter, or ammeter, using 
individual shunt resistors and 
a range-selector switch S. 

METER 

e 

FIG. 2-13.-Multi-range mil
liammeter or ammeter usin&' a 
sin&'le, tapped shunt resistor 
and a range-selector switch. 

so that the proper value of shunt resistance may be put into the 
circuit to provide, quickly, any range for which the instrument 
is designed. One simple arrangement of this kind, in which indi
vidual shunts of various resistance values may be selected by a 
simple range-selector switch S, is shown in Fig. 2-12. Another 
arrangement which employs a tapped shunt resfstor instead of 
individual ones is shown in Fig. 2-13. 

Although less costly, a disadvantage of the latter arrange
ment is that if one of the shunt sections becomes open-circuited 
in any way, the full current to be measured will flow directly 
through the meter movement and damage either it or the pointer, 
when any of the ranges to the left of the "open" section are used. 
In the system in Fig. 2-12, damage to any one shunt does not 
af feet the operation of the meter on any of the other ranges. 
The meter ranges are usually marked at the various positions of 
the range-selector switch. 

Another multi-range system which does not require a range
selector switch, is shown in Fig. 2-14. In this instrument, when 
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the 0-1 range is being used, the circuit is connected to terminals 
A and B. Then R 1 and R, are in series with each other to form 
the shunt. \Yhen the 0-100 range is being used, the circuit is 
connected to terminals A and C. By tracing the two paths of 
flow of the current, it can be seen that resistor R 1 now acts as 
the shunt, and resistor R, is in series with the meter movement. 

The advantage of the arrangements of Figs. 2-12 and 2-13 
over that of Fig. 2-14 is that in the former the external connec
tions to the instrument need not be disturbed when changing 
from one range to another, while in the latter, one wire of the 
external circuit must be moved to another terminal on the in
strument. For this reason, the arrangement of Fig. 2-12 is used 
most often in the multi-range current indicators employed in set 
analyzers, multi-testers, etc., although the others are also used. 

Most multi-range meters are designed to have ranges in 
various multiples of 5, such as 0-1, 0-5, 0-50, 0-250, etc. Multi
range, rnilliammeters and ammeters are employed extensively in 
many of the common test instruments used in radio test and 
service work. Among these, are "circuit testers", "analyzers", 
tube checkers, "multi-testers", etc.-as we shall see later. 

2-18. The D-C Voltmeter. Voltmeters are used for measur
ing the electric pressure, or voltage, between two points in an 

FIG. 2-14.-Multi-range milliam
meter or ammeter providing sep
arate terminals for the different 
ranges. No range-selector switch 
is necessary. Two shunt resistors 
are employed, making two ranees 
available. 

electric circuit. It is the "voltage" which causes an electric cur
rent to flow in a conductor. For this reason, it is often called 
electrical pressure since it is analogous to the pressure which 
causes liquids and gases to flow in suitable pipes or containers. 
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The measurement of voltage with a voltmeter is based on 
the fundamental principle that: 

"If the 'resistance' of a device is constant, the 
amount of current that will flow through it is propor
tional to the 'voltage' that is applied to it." 

In other words, if the voltage is doubled, twice as much current 
flows; if the voltage is tripled, three times as much current flows, 
etc. This applies strictly to d-c circuits only. In a-c circuits, 
several other factors such as inductance, capacitance, etc., may 
also greatly affect the current. 

Now, therefore, if a current-measuring instrument is con
nected across a source of voltage, and the resistance of this in
strument is of constant value (as it always is), then since 
l=E/R, the current which will flow through it will be directly 
proportional to the voltage across which the instrument is con
nected. Consequently, instead of marking its scale to indicate 
the current flowing through it, we can calibrate it to indicate 
directly the voltage applied to its terminals, and then use the 
meter to measure and indicate "voltage". It then becomes a 
voltmeter. 

Just how this works out in practice, can be illustrated by the 
following typical example: 

Example: Let us assume that we have a Weston Model 301 d-c 
milliammeter, having a range of 1 milliampere. Suppose we desire 
to make of it, a d-c voltmeter having a range of 100 volts. 

Referring to the meter resistance table in Art. 2-14, we find that 
a 0-1 Weston Model 301 milliammeter has a resistance of 27 ohms. 
The internal arrangement of this meter is shown in Fig. 2-15. We 
know that when 1 milliampere of current flows through this meter 
movement, it will deflect the pointer over the full scale. We desire 
to make a 100-volt voltmeter of it, that is, when we apply 100 volts 
to the instrument it must make 1 milliampere of current flow through 
it and cause the pointer to deflect to the end of the scale (the point now 
marked "100 volts"). However, we found that the resistance of our 
milliammeter is only 27 ohms. If we apply 100 volts to it, a current 
of l=EIR=l00/27=3.7 amperes, or 3700 milliamperes, will flow 
through it! Obviously this will not only make the pointer go past the 
end of the scale and damage itself against the "stop", but it will act
ually burn out the thin wire of the movable coil as well ( remember 
what was said in Art. 2-9 about the current-carrying capacity of 
movable coils) . 

It is clear that we must put something in the meter circuit to 
limit the current to 1 milliampere when the 100 volts is applied to it, 
so that the pointer will be deflected merely to the last division on 
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the acale (now marked in volts up to 100). Naturally, we can limit 
the current by connecting a resistor R in series with the movable 
coil-as shown in Fig. 2-16. From Ohm's law R=EII, it is possible 
to calculate the value of the total resistance which the completed 
meter must have in order that when 100 volts is applied to it, only 1 
milliampere of current ( 0.001 ampere) will flow through it. This is 
R=EII=l00/0.001=100,000 ohms. Therefore we must connect a 
resistor R of 100,000 ohms in series with the movable coil as shown in 
Fig. 2-16 in order to complete our 100-volt range voltmeter. Actual
ly, the total resistance of the meter will now be 100,000+27=100,027 
ohms. However, the resistance of the meter itself can be disreprded 

0 

FIG. 2-15.-The internal ar
rangement of our 1-ma. range 
milliammeter before convert
ing it into the voltmeter of 
Fig. 2-16. The resistance R .. 
of the movable coil, is 27 ohms. 
The scale is calibrated to read 
"milliamperes"-up to 1 ma. 

0 

100,000 OHMS + C) (fllC)1}-_----

VO LT S 

FIG. 2-16.-The general ar
rangement of the instrument 
of Fig. 2-15 after a multiplier 
resistor R has been connected 
in series with its movable coil. 
This multiplier determines the 
range of the meter. The scale 
is now calibrated to read 
"volts"-up to 100 volts. 

for 27 ohms more in 100,000 would make but slight difference in the 
accuracy of the voltage reading. Only in cases where extreme pre
cision is necessary and where the voltage to be measured is small need 
the resistance of the movable coil be considered. A new scale marked 
in volts up to 100, (see Fig. 2-15) can be made up and put in place 
of the old "milliampere" scale on the meter. 

In the foregoing example, we described how a 100-volt range 
voltmeter could be made from a 1-ma. milliammeter movement, 
in order to make clear the idea involved in the construction of 
voltmeters. Voltmeters of any range can be made from suitable 
milliammeters in this way. The values of the resietors required 
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can be calculated by the method illustrated in this typical ex
ample. These series resistors are called multiplier resistors. Of 
course, complete voltmeters already equipped with proper multi
plier resistors and suitable scales are made by electrical instru
ment manufacturers. These are the voltmeters usually purchased. 

Summing up then, it is evident from the foregoing, that a d-c 
voltmeter really consists fundamentally of an ordinary d-c milli
ammeter "movement" connected in series with a suitable "mul
tiplier" resistor. It has a suitably calibrated scale marked to 
indicate "volts". Since the resistance of the entire instrument is 
constant, the current flowing through it-and the deflection of 
the pointer-will be directly proportional to the voltage its ter
minals are connected to. The scale may be calibrated to indi
cate the "volts" directly. 

2-19. Why High-resistance Voltmeters are Needed-Since 
the function of a voltmeter is merely to measure the voltage 
existing across a given circuit, it should not influence in any way 
the circuit across which it is connected. All voltmeters do not 
fulfill this requirement. Since the internal circuit of the volt
meter forms a complete path for the flow of current, the voltage 
across which it is connected will always send some current 
through it, i.e., the voltmeter will take some current from the 
circuit. This is really the current which actuates the meter. 
How much current it takes will depend upon the magnitude of the 
voltage being measured and the total resistance of the voltmeter 
itself, since I = E/R. 

In many voltage measurements made in radio work ( espe
cially those in high-resistance circuits in which small currents 
are flowing), the amount of current which flows through the volt
meter during the measurement is very important, and it is de
sirable to have it as small as possible if a true indication of the 
actual voltage existing in the circuit before the voltmeter was 
connected is to be obtained. If the voltmeter draws so much 
current from the circuit that the voltage at the terminals of the 
meter drops when it is connected, it is evident that it will not 
give a true reading of what the voltage of the circuit was before 
it was connected. 

To understand what actually happens in some circuits if the 
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voltage is measured by a voltmeter which draws an appreciable 
current (an "ordinary" voltmeter), let us consider a typical case. 

Consider (A) of Fig. 2-17. A voltage of 200 volts is being 
applied across resistors R, and R, in series. They might be resis
tors in the plate circuit of a vacuum tube in a radio set. The 
total resistance (R,+R,) of R, and R, is 20,000 ohms. The 
current flowing is, therefore, I=E/R=200/20,000=0.01 ampere. 
The voltage actually existing across R, (and also across R,) is 
E=lXR=0.01 X 10,000=100 volts. 

Now suppose we try to measure the voltage across R 1 or R, 
with an ordinary 100-volt range voltmeter-one employing a 

eT ~+ 

i 
I R1 

r 
I 

}i~TS -.,.J (•o,ooo) }•oo R1 

VOLTS (' 0,000) OHMS OHMS 
200 200 Rm 
VOLTS 

R2 
VOLTS 

R2 } Oo.ooo,.) 

! }··· t 133 (•o,ooo) VOLTS (10,000) VOLTS OHMS OHMS 

~-
CAl CB> 

FIG. 2-17.-(A): A typical circuit showing all resistances and 
voltages before a voltmeter is connected. 

(B): The same circuit, showing all resistances and voltages 
after a voltmeter is connected to read the voltage across R 1• The 
voltmeter draws so much current from the circuit, that it alters the 
voltages across R 1 and R 1 , and therefore gives a false reading. 

10 ma. basic movement. Obviously, the resistance of this volt
meter is equal to R111=E/1=100/0.01=10,000 ohms. Now, if 
this voltmeter is connected across R 1 as shown at (B) the total 
resistance of the circuit will be changed. The combined resist
ance of R 1 and the voltmeter resistance R111 in parallel is equal to 

R,XRm 10,000Xl0,000 . . . 
R = R,+R"' lO,OOO+lO,OOO 5,000 ohms, which, when m senes 

with resistor R, of 10,000 ohms, results in a total circuit resist
ance R, of 5000+10,000=15,000 ohms. The total current now 
flowing is, then, I=E/R=200/15,000=0.0133 ampere. The volt
age actually existing across R, when the voltmeter is connected 
across R, is E,=IXR,..:..0.0133X10,000=133 volts, and that 
across R 1 and the voltmeter is but $00-lSS, or 67 volts! 



MODERN RADIO SERVICING CB.II 

It is evident that the voltmeter used for this voltage meas
urement does not give a true indication of the voltage of the 
circuit-because as soon as it is connected to the circuit, it alters 
the currents and voltages which previously existed. A change of 
100 - 67 (or 33 volts in every 100) occurred in this case. This is 
a 33 % error-far too great to be tolerated in any sort of radio 
work. 

A good working rule to remember when using a voltmeter 
is that: the resistance of the voltmeter (its resistance for the 
po.rticul,ar range employed) should be at lea8t 10 times the re
sistance of the circuit across which it is connected when making 
the voltage mea8urement. Thus, if in Fig. 2-17, the resistance 
R,,. of the voltmeter employed had been 1001000 ohms, the change 
in voltage across R 1 when the meter was connected would have 
been very small, entirely within the limits tolerated in ordinary 
radio service work. This serves as one practical illustration of 
the necessity for high-resistance voltmeters in radio test work. 

2-20. High-resistance Voltmeters.Our discussion of what 
happens in a typical high-resistance circuit when an ordinary 
medium-resistance voltmeter is used to measure voltage in it 
(Art. 2-19) serves to point out the fact that an appreciable error 
may result if the meter has too low a resistance--or putting it 
another way, if the meter movement requires too much current 
to actuate it. What we need is a meter movement that is very 
"sensitive", that is1 one that requires very little actuating current 
to move its coil and its pointer over full-scale deflection. This 
is accomplished by making the meter with a very stron11: special 
alloy-steel magnet, a short air gap and a movable coil made of 
many turns of extremely thin wire-wire thinner than a human 
hair I Since this type of meter movement requires very little 
current to actuate it, the series multiplier resistance must be of 
quite high value-thus giving us a voltmeter having a high re
sistance, that is, a high-resistance voltmeter. 

At the present time, several forms of high-resistance d-c volt
meters are popular in radio test work. One employs a I-milli
ampere basic meter "movement", that is, the needle moves across 
the full scale when 1 milliampere (0.001 ampere) flows through 
the movable coil of the instrument. Such a voltmeter has a re-
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sistance of 1/0.001=1,000 ohms per volt of its range, i.e., 1000 
ohms-per-volt. Thus a meter of this kind having a range of 300 
volts would have a total resistance of 300X 1000=300,000 ohms. 

The ohms-per-volt value of a voltmeter is equal to 
the total resistance of the meter, divided by the maxi
mum voltage marked upon that scale for which this re
sistance is specified." 

This is so, regardless of the voltage that will be applied during 
any measurement. 

A more sensitive form of high-resistance voltmeter which 
has come into use lately is one employing a 50-microampere 

Oou.rt118JI W eaton Eltct_ Iutr. Oorp. 

FIG. 2-18.-(Left): A typical miniature, portable, 3-range, 
1000-ohms-per-volt voltmeter having ranges of 10; 250 and 760 volts 
d-c. (Weston Model 489.) 

(Right): A 1000-ohms-per-volt panel type voltmeter only 
2-inches in diameter. Note the uniform width of the various scale 
divisions. (Weston Model 506.) 

basic meter "movement", that is, one in which the needle moves 
across the full scale when 50 microamperes (0.00005 ampere) 
flows through the movable coil. Such a voltmeter has a resist
ance of 1/0.00005=20,000 ohms per volt of its range, i.e., 20,000 
ohms-per-volt. This meter is 20 times as sensitive as the 1,000 
ohms-per-volt type, and, since its resistance is 20 times a.s high, 
it has only 1/20 as much effect on the condition of any circuit to 
which it may be connected. Meters even more sensitive than this 
are made, but they are· not generally for "portable" use. 

A typical high-resistance portable voltmeter, which is handy 
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for voltage measurements in radio receivers and power units, is 
illustrated at the left of Fig. 2-18. It is a 1,000 ohms-per-volt 
meter having ranges of 10; 250 and 750 volts d-c. The meter at 
the right is a 2-inch diameter d-c panel-type voltmeter, also hav
ing a resistance of 1,000 ohms-per-volt. Voltmeters employed in 
radio service work are also built as integral parts of volt-ohm
meters, circuit testers, set analyzers, etc., as we shall see later. 

It should be remembered that it is not possible to make a 
high-resistance voltmeter (of the same range) from an ordinary 
low resistance voltmeter simply by connecting additional resist
ance in series with it, for this would only reduce the current 
through the meter and reduce the deflection of the pointer pro
portionately. A high-resistance voltmeter is fundamentally dif
ferent from a low, or medium-resistance type in that it employs 
a more "sensitive" basic meter "movement"---one that requires 
less CWTent to deflect its pointer a given amount. 

Voltmeters having an ohms-per-volt value as low as 100 are 
used in ordinary electrical work in which circuits of compara
tively low-resistance and carrying fairly large currents are dealt 
with. In this class of work, the few milliamperes of current 
taken by the meter does not cause any objectionable error. 

2-21. Multi-range Voltmeters.-It is common to construct 
voltmeters so that they have more than a single range. This 

m-
FIG. 2-19.-A d-c voltmeter 

employing a tapped multiplier 
resistor, and individual term
inals for each range. 

RANGE 
SWITCHB HIGH 

m+ 
FIG. 2-20.-A d-c voltmeter 

employing a tapped multiplier 
resistor and a range-switch 
for switching from one range 
to another quickly .. 

may be done in either of two ways. A single multiplier resistor 
may be tapped at suitable points, as shown in Fig. 2-19, or, 
individual resistors of proper values may be connected as shown 
in Fig. 2-21. The latter arrangement is advantageous, for, if 
one resistor should become "open-circuited," it will not affect the 
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operation of the meter on the other ranges, as would be the case 
in the meter of Fig. 2-19. 

In the meter of Fig. 2-19, the terminal at the left serves 
as•the "common" terminal. There is one additional terminal for 
each range. In order to shift from one range to another, one of 

LOW 

FIG. 2-21.-A d-c voltmeter 
employing individual multiplier 
resistors and individual term
inals for each range. This ar
rangement is used in the volt
meter illustrated in Fig. 2-18 
(Left). 

- +r.>r----' 
FIG. 2-22.-A d-c voltmeter 

employing individual multiplier 
resistors and a range-switch 
for switching from one range 
to another quickly. 

the wires from the circuit being tested must be shifted from one 
terminal to another on the instrument. This is objectionable 
in some test work. To overcome this, the circuit arrangement 
shown in Fig. 2-20 is often used. Here, a rotary switch is employed 
as a "range-switch" to select any range-without disturbing the 
connections from the meter to the circuit under test. 

The arrangement shown in Fig. 2-22 is an improvement, for 
convenience, over that shown in Fig. 2-21. Here, a 3-point range 
switch enables one to shift quickly from one range to another 
without disturbing any connections to the voltmeter. 

2-22. Extending Ranges of Existing D-C Voltmeters.
The range of any d-c voltmeter may be increased to any prac
tical value by connecting a "multiplier" resistance, or resistances, 
in series with the meter, as shown in Fig. 2-23. The value of the 
"multiplier" resistance can be computed by the following method. 
The ohms-per-volt value of the voltmeter (which must be known) 
should be multiplied by the value of the "range" which is to be 
increased, in order to obtain the total resistance of that particu
lar range of the voltmeter. This product is then multiplied by 
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the desired multiplier ratio minus 1. This may be expressed by 
the formula: 

R,n=RoXRangeX (n-1) 
where R"'=required multiplier resistance in ohms. 

R0 =ohms-per-volt value of the meter. 
Range=original range of the meter in volts. 
n=multiplier ratio. 

The use of this formula may be illustrated by the following 
typical example: 

Example: We have a voltmeter with ranges of 5, 50 and 150-
volts. Its ohms-per-volt value is 200. The 150-volt range is to be 
increased to 750 volts. What value of multiplier resistance is required. 

Solution: The ran~e is to be multiplied by 750/150, or 5. There
fore, the required multiplier resistance R.=R.xRa:ngeX (,a,-1) 

=200X150X (5-1)=30,000X (4)=120,000 ohms 
Each reading taken on the 150-volt scale of the voltmeter must then 
be multiplied by 5 to obtain the true voltage reading when the mul
tiplier is used. 

Where it is desired to obtain a lower range, or ranges, than 
those for which the meter was originally made, it is necessary 
to bring out an external lead direct from the lead going to the 

COMPLETE 

EXTERNAL MULTIPLIER 
RES I STOR A DD ED TO 
INCREASE FORMER 
'HIGH'' RANGE OF 

. VOLTMETER. 

~j / 
JI: ~ 'IJ'",. 

lil~J HIGH-RANGE 
TERMINAL 

FIG. 2-23.-A suitable ex
ternal multiplier resistance 
may be connected to the 
"HIGH" range terminal of a 
voltmeter in order to increase 
its range. 

movable coil of the meter, as shown in Fig. 2-24. The proper 
multiplier resistor for the lower range is then connected in series 
with this lead, as shown. Any scale reading taken on this new 
low-range is divided by the new multiplier ratio to obtain the 
true current reading. In most cases, the additional multiplier 
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resistances will have to be mounted external to the meter-un
less there is enough room inside of the meter case for them. 

2-23. Making D-C Voltmeters from Milliammeters.-As 
has already been explained in Art. 2-18, any d-c milliammeter, or 
microammeter, may be converted easily into a multi-range d-c 

FIG. 2-24.-How to obtain 
a lower range than those for 
which the voltmeter was de
signed. A new suitable mul
tiplier resistance is connected 
directly to the lead going to 
the movable coil. 

NEW 
MULTIPLIER ~ 
RESISTOR 
f"OR 
LOWER" 
RANGE 

ORIGINAL 
MULTIPLIERS 

"' ALREADY IN 
INSTRUMENT 

~ __ ___,J) 
" 

voltmeter by connecting suitable multiplier resistors to it (see 
Figs. 2-19, 20, 21, 22). Of course, a meter having a full-scale 
reading of 1 milliampere or less, is preferable to start with, for 
then it will make a high-resistance voltmeter (see Arts. 2-19 and 
2-20). 

The proper resistance values to employ for the multiplier 
resistors may be calculated by Ohm's law. For example: sup
pose that the meter on hand has a range of 1 milliampere, and 
it is desired to convert this meter into a voltmeter with a range 
of 250 volts. In this case, by dividing the desired voltage range 
(250) by the current consumption of the meter (1 milliampere, 
or 0.001 amperes), we will obtain a value of 250,000 ohms for the 
required multiplier resistor. This will result in a voltmeter hav
ing a sensitivity of 1000 ohms-per-volt. 

As the internal resistance of most d-c microammeters and 
milliammeters is low, often no higher than 50 or 60 ohms (see 
table in Art. 2-14), it may be disregarded in computing multiplier 
resistances for the higher ranges, for it would make but slight 
difference in the accuracy of the readings. ,vhen the meter is 
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employed to measure low voltages, as 1 or 5 volts, however, its 
internal resistance value should be considered and subtracted 
from the value of the total resistance, in order to obtain the act
ual multiplier resistance. 

Following is a chart which has been prepared to show I at a 
glance, the value of multiplier resistances, in ohms, required to 
make voltmeters, of any of the several ranges specified, from d-c 
microammeters or milliammeters having common ranges and 
fairly low resistances. 

Voltage 
Range 

MULTIPLIER RESISTORS REQUIRED TO MAKE 
VOLTMETERS OUT OF D-C MILLIAMMETERS 

Ranges of the Microamrneters or Milliammeters to be Employed 

1000 
I 100 200 300 600 ua. 1.6 2 8 6 

Desired ua. UL ua. ua. -- ma. 
I 

ma. ma. ma. 
(Volts) lma. 
---- --

Required "Multiplier" Resistances in ohms 
l 10,000 5,000 1,830 t,000 1,000 887 500 I 8llll too 
1.1 u.ooo 1,500 5,000 1,000 1,500 1,000 T50 500 100 
I 20,000 10,000 8,870 4,000 t,000 1,830 1,000 · 887 400 
I S0,000 15,000 10,000 8,000 S,000 2,000 1,500 1,000 IOO 
I 50,000 25,000 18,700 10,000 5,000 a.sso t,500 1,870 1,000 
T.I 75,000 87,500 25,000 15,000 T,500 5,000 S,750 uoo 1,500 

lt 100,000 50,000 u.soo > 20,000 10,000 8,870 5,000 8,880 2,000 
11 150,000 75,000 50,000 80,000 15,000 10,000 T.500 5,000 a.ooo 
IO soo.ooo 150,000 100,000 60,000 80,000 20,000 15,000 10,000 8,000 
IO 500,000 250,000 187,000 100,000 50,000 as.soo 25,000 18,700 10,000 

HO l Me1. 500,000 333,000 200,000 100,000 68,700 50,000 ss.soo 20,000 
150 1.5 Me1. 750,000 500,000 S00,000 150,000 100,000 75,000 50,000 80,000 
100 i Me1. 1.5 Me1. l Me1. 800,000 800,000 200,000 150.000 i 100,000 80,000 
500 5 Me1. 2.5 Me1. 1,867,000 l He1. 500,000 sss.ooo 250,000 167,000 100,000 

1 800 10. Mes:. 5 Mes:. S,333,000 I Me1. 1 Mes:. 668,000 500,000 , SSS,000 200,000 

Note: ua.=microamperes, ma.=milliamperes, meg.=megohms. 

FIG. 2-25.-Chart showing the exact multiplier resistance (in ohms), 
to be used to convert any common low-resistance d-c 
microammeter, or milliammeter, into a d-c voltmeter of 
any of the several ranges specified. 

To illustrate the use of this chart, let it be desired to convert 
a 1.5-ma. milliammeter into a voltmeter having ranges of 1, 10, 
150 and 500 volts. Individual multiplier resistors are to be used, 
connected as shown in Fig. 2-21. Glancing down the vertical 
column headed 1.5 ma., we find that for a range of 1 volt, a 
multiplier resistor of 667 ohms is required; for 10 volts, 6,670 
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ohms; for 150 volts, 100,000 ohms; for 500 volts, 333,000 ohms. 
2-24. Multiplier Resistors for Voltmeters. -The resistors 

used as "multipliers" to extend the ranges of voltmeters, or to 
convert milliammeters into voltmeters, should be of the precision 
type with a tolerance not over 2 per cent, and permanent in 
value. Some typical resistors made especially for this purpose 
are shown in Fig. 2-26. It is possible to procure commercial re
sistors of a high degree of accuracy, having a tolerance of 1 per 
cent or less, plus or minus. These special wire-wound resistors 
make it simple to convert meters into multi-range instruments 
with every assurance that the readings will be as accurate as the 
original accuracy of the meter movement employed will permit. 

2-25. Making a Combination Volt-ammeter.-We have 
shown (Arts. 2-9, 2-10 and 2-18), that the construction of the 

Courtell( Wuton Elect. ln•tru. 

FIG. 2-26.-Typical precision-type wire-wound multiplier resistors 
for increasing the ranges of voltmeters-or making voltmeters of any 
desired ranges from microammeters or milliammeters. 

meter movement for a d-c ammeter is exactly the same as that of 
a d-c microammeter, milliammeter, or voltmeter. The difference 
between these instruments lies simply in the fact that, in the am
meter, low-resistances are connected in shunt or parallel with the 
meter movement, whereas, in the voltmeter, high-resistances are 
connected in series with it. By using the proper terminal and 
switching arrangement for the various "shunts" and "multipliers", 
it is possible to make a very useful combination instrument 
which may be used either as a multi-range milliammeter, amme
ter, or voltmeter. An ordinary 0-1 d-c milliammeter is used for 
the "movement". The schematic diagram showing the connec
tion and values of all resist-ors required, if a Weston model 301 
d-c 0-1 milliammeter is employed (from the table in Art. 2-14 we 
find its resistance to be 27 ohms), is shown in Fig. 2-27. This 
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same arrangement, with resistors of suitable values, may be used 
when some other model or make of instrument is employed. Of 
course, the resistance of the meter movement must be known 
first, in any case. The shunt resistors may be calculated by the 
formula given in Art. 2-13. The multiplier resistors for the volt
meter may be calculated by the method of Art. 2-23, or may be 
found from the table in Fig. 2-25. 

Tracing through the circuit of the instrument shown in Fig. 
2-27, we find that when switch SW-1, an ordinary S.P.S.T. toggle 

~ WESTON MODEL301 
M / 0-1 MA. METER 

CRESIS.: 2 7 OHMS> 

R 
1,000,000 OHMS S• 0,0027 OHMS 

SW-I 

S:0.027 OHMS 

o.c.) 
VOLTS 

11
,__ ____ __. 

MA, 
AMP, 

FIG. 2-27.-Complete circuit diagram of a 1-ma. d-c milliam
meter arranged to form a multi-range milliammeter, ammeter and 
voltmeter providing ranges of 1, 10, 100 milliamperes; 1, 10 amperes; 
1, 10, 100, 1000 volts. 

switch, is closed, the nine-point selector switch SW-! may be 
turned to the right to select any of the shunt resistors 8 in order 
to convert the meter into a multi-range milliammeter or amme
ter. When switch SW-1 is open, and selector switch SW-! is 
turned to the left, the multiplier resistors R are put in series 
with the meter movement, and therefore convert it into a multi
range voltmeter. Note that the low-range current, and voltage, 
taps are at the extreme ends of the selector switch. Of course, 
th~e ranges may be extended, ( or different desired ranges may be 
obtained) by using shunt and multiplier resistors of different 
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values, calculated by the methods discussed in the Articles pre
viously mentioned. 

By employing a third binding post terminal, and the circuit 
arrangement shown in Fig. 2-28, the toggle switch SW-1 of Fig. 
2-27 may be eliminated. 

An instrument of this kind is very useful in radio test and 
service work, since one instrument is made to do the work of 
several meters. As we shall see later, such meters having suit-

R=l,000,000 OHMS 

WESTON 
MODEL 301 
0-1 MA. METER 
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COMMON 
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(D.C.) 
MA. 

AMP. + 
FIG. 2-28.-The same circuit as shown in Fig. 2-27 with the 

exception that toggle-switch SW-1 has been eliminated by the addi
tion of another terminal post to the instrument. 

able ranges are commonly employed in radio set analyzers. 
2-26. Instruments for A-C Measurements. -The milliam

meters and voltmeters thus far discussed have been of the d-c 
movable-coil type, which are employed in direct-current meas
urements. This type of meter will not function when connected 
directly in an alternating current circuit, because during one 
alternation the current flows through the movable coil in one 
direction, and on the following alternation both the current and 
the magnetic poles of the movable coil reverse and will, there
fore tend to deflect it in the opposite direction. These alterna
tions of the a-c current follow one another so rapidly that the 
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moving element, in tending to obey one impulse, will almost 
immediately be caused to be moved in the opposite direction by 
the next impulse, with the result that the indicating needle will 
remain practically stationary, trembling slightly at the zero 
position. Since permanent-magnet instruments cannot be used 
to measure alternating currents unless a rectifier is used with 
them (see Art. 2-30), they are generally called direct current in
struments. 

2-27. Movable-Iron Type A-C lnstruments.-There are sev
eral types of movements used in ordinary commercial a-c instru
ments. The Weston movable-iron type is one, and it is used 
primarily for measuring alternating currents and voltages. A 
detailed description and explanation of its construction follows: 

The stationary coil of this form of instrument is wound with a 
few turns of heavy copper wire when the instrument is to be used as 
an ammeter. In this case the coil is merely connected in series with 
the circuit in the usual manner. When the meter is to be used as a 
voltmeter, a large number of turns of fine wire are wound on the coil, 
and, connected in series with this coil is an accurately-adjusted high 
resistance. 

As shown in Fig. 2-29, the movable armature M, which lies 
in the center of the coil C, consists of a small strip of soft iron, 

, 

C 

FIG. 2-29.-The movable-iron type movement used in some a-c 
instruments. The repulsion between the magnetized iron vanes 
M and N causes the pointer to move over the scale. A portion of the 
coil C has been cut away in this view to show the interior arrange
ment of the parts. 

semi-circular in shape, secured to a vertical shaft supported so 
it can turn freely in jewel bearings. The pointer P is fastened 
to the upper end of the shaft and turns with it. A small, loose 
fitting, thin vane (not shown) is attached to the pointer and 
moves in a small air compartment. As this vane moves in the 
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closed air compartment, like a piston in a pump, it provides the 
damping required to prevent the pointer from oscillating, and 
thus makes the instrument "dead beat." Close to the movable
iron armature M is secured a stationary wedge-shaped piece of 

FIG. 2-80.-A "phantom" in
terior view of the "movement" 
in a movable-iron type a-c am
meter or voltmeter. This is 
similar to that shown in Fig. 
2-29. Notice the curved iron 
strips at the center. 

Court•.., We.ton El,et. In.tr. Corp. 

curved soft-iron N, with its small end rounded off as shown. 
This piece of iron is securely held in place, does not move, and 
has no connection to the movable armature vane M or to the 
shaft. 

·when the coil is connected in the circuit, the current flow
ing through it sets up a magnetic field through its center and 
both soft-iron vanes become magnetized. The upper edges of 
each will always have a similar magnetic polarity, and the lower 
edges will also always have a similar magnetic polarity-when 
both upper edges are north poles both lower edges are south poles, 
and vice versa. Therefore, there will always be a mutual repuhdon 
between the two upper edges and also between the two lower 
edges of these soft-iron strips, no matter in which direction the 
current is flowing through the coil. Consequently, the instru
ment can be used either in d-c or in a-c circuits. The sidewise 
repulsion tends to make the movable vane M slide around from 
the fixed one N, and, in so doing, moves the pointer, against the 
action of the hair springs, over the graduated scale, and indi-
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cates the volts or amperes, depending on whether the instrument 
is constructed and connected as a voltmeter or as an ammeter. 
A phantom interior view of a meter of this type is shown in Fig. 
2-30. An external view of a small 2-inch diameter voltmeter of 
this type employed in radio work is shown in Fig. 2-31. 

2-28. Disadvantages of Movable-iron A-C Meters.-Since 
the magnetic field produced by the current flowing through the 

Courtelfll We,to,a Blect. lnatr. Oorp. 

FIG. 2-31.-Exterior view of a 
small 2-inch diameter a-c voltmeter 
of the movable-iron type shown in 
Fig. 2-29. Note the non-uniform 
scale divisions--crowded at the 
lower end. (Weston Model 517.) 

coils of movable-iron type instruments is located practically all 
in air, this field is comparatively weak. Consequently, these in
struments require more current (usually from 15 to 150 ma.) in 
the field coil to produce movement of the pointer than the perma
nent-magnet movable-coil type instruments do. Therefore, they 
are not as 'sensitive', and are unsuited for the measurement of 
very weak currents, or the accurate measurement of voltages in 
circuits where the voltmeter must not draw much current (see 
Art. 2-19). Consequently they are not employed much in radio 
service work. 

A triple range, portable a-c voltmeter of the movable-iron 
type is shown in Fig. 2-32. As an example of the low sensitivity 
inherent in this type of meter let us consider the resistance values 
of the various ranges of this particular instrument. The ranges 
are 150, 8 and 4 volts. The corresponding meter resistance values 
are 10,000, 80 and 40 ohms, respectively. Consequently, on the 
150-volt range we have a sensitivity of only 10,000/150=66 
ohms-per-volt I On the 8- and 4-volt ranges, the sensitivity of 
the meter is very much lower (only 10 ohms-per-volt). 
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As they have non-uniform scales, with the divisions closely 
spaced near the bottom and much more "open" near the upper 
end, as shown in the meter of Fig. 2-31, care should be taken, 
when instruments of this type are being purchased, that their 
range be such that the values to be measured come at the "open" 
part of the scale, rather than near the crowded, lower end, where 
it is difficult to read the position of the pointer accurately. 

The non-uniformity of the scale on the movable-iron type of 
a-c instrument is due to the fact that the deflection of the 
pointer is proportional to the square of the current flowing. In 
the d-c movable-coil type instrument, the permanent magnet 
supplies one of the the two required fields; hence the movement 
of the coil is directly proportional to the current. In the a-c 
instrument, the repulsion is proportional to the product of the 
magnetism in each vane, and, since the same current magnetizes 
both vanes, the moving force ( and the deflection of the pointer) 
is proportional to the square of the current. Hence, the scale 
must be marked according to the square root of the movements, 

(i.e., if d=l', then I=v'd). 
2-29. Extending Ranges of A-C Movable-iron Voltmeters. 

-As in the case of the d-c instrument, the a-c meter movement 

FT,:;. 2-32.-A portable triple-range 
a-c voltmeter of the movable-iron type. 
Four terminals are provided--one is 
a common terminal. (Weston Model 
528.) 

Oourl•aa, Weaton Elut. lnatr. 00'1',>. 

has a certain definite value of internal resistance, and the volt
meter scale may be extended by the use of the resistance form 
of multiplier. Since the a-c meter requires more current to act-
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uate it, the multiplier units must have a higher power rating 
than those used with d-c meters. The value of the multiplier 
resistance may be determined in the same manner as was em
ployed in the case with d-c voltmeters (see Art. 2-22). The full
scale reading of the meter in volts should be multiplied by the 
ohms-per-volt value to find the "total" resistance of the meter. 
This product is then multiplied by the desired multiplier ratio 
minus 1 (see Art. 2-22). 

2-30. Rectifier Type A-C Instruments.-In the measurement 
of alternating current or voltage in a radio receiver, it is import-

APPLIED 
A.C. 
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HALF'-WAVE 
RECTIYIED 
CURRENT 
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CURRENT F'LOW 

D.C. METER 
MOVEMENT WITH 
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FIG. 2-33.-How a simple half-wave rectifier connected in series 
with a d-c meter movement in an a-c circuit allows a current to flow 
in only one direction (d-c current) through the meter, during one
half of every cycle. 

ant, in most cases, that the measuring instrument use very little 
current, or power, for its operation, just as we found was the 
case with d-c measurements (Art. 2-19). One particular example 
of this is the measurement of the output signal voltages of radio 
receivers during the aligning of the tuned stages, etc. If an 
ordinary movable-iron type a-c voltmeter were connected across 
the output terminals of a receiver in order to measure the output 
voltage, it would absorb a comparatively large proportion of the 
small power available, and the readings obtained would be far 
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from accurate. Whereas, d-c voltmeters requiring an actuating 
current of only ½ or 1 milliampere to secure full-scale deflec
tion are easily obtainable; a-c voltmeters of the movable-iron 
type usually require in the neighborhood of 5 to 20 milliamperes 
(depending upon the range) for full-scale deflection, the electrical 
power consumed by them usually being of the order of several 
watts! 

The advantages of the low current consumption (high sen
sitivity) of the d-c movable-coil meter movement can be re
tained for measuring low or high a-c voltages and currents, such 
as are involved in the output circuits of radio receivers and the 
high secondary voltages of power transformers, etc., by using 
a suitable sensitive d-c movement in connection with a copper
oxide type rectifier. The rectifier changes the alternating current 
to direct current, which the meter movement is able to measure. 

2-31. Operation of the Meter-rectifier.-A rectifier is a de
vice which presents a high resistance to the flow of current 
through it in one direction, and a comparatively low resistance 
to the flow of current through it in the opposite direction. There
fore, if an alternating voltage (A) of Fig. 2-33 is applied to the 
terminals of a simple rectifier, current can flow through it only in 
one direction, so the current flowing is a pulsating direct current, 
flowing for half a cycle, only, during each cycle of the applied 
a-c voltage-as shown at (B). A rectifier arrangement of this 
kind is called a half-wave rectifier, since it allows current to flow 
through the circuit only during half of each a-c cycle or wave. 

If such a rectifier is connected in series with a d-c meter 
movement as shown at ( C), the meter will read only about half 
of what it should, because only half of each cycle of current flows 
through it and a d-c meter movement reads the average value 
of the current flowing. 

In order to have the meter read the full value, the current 
must be made to flow through it in the same direction during 
both halves of each cycle. This is accomplished by combining 
two half-wave rectifier circuits (employing four half-wave rec
tifier units) in a Wheatstone bridge arrangement, as shown at 
(C) of Fig. 2-34. In this case, if an a-c voltage (A) is applied 
to the combination, current flows through the meter in the same 
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direction during both halves of each cycle, as shown at (B). 
The operation of the full-wave rectifier circuit employing 

four half-wave rectifiers A, B, C, D, may be illustrated by the 
diagrams of Fig. 2-35. The arrow on the rectifier symbol used 
in the diagrams indicates the direction in whicfi current is able 
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FIG. 2-34.-If the a-c voltage shown at (A) is applied to a full
wave rectifier circuit, current will flow in the same direction during 
each half cycle-as shown at (B). A full-wave rectifier may be 
connected to a d-c meter movement, as shown at ( C), so that the d-c 
instrument may be used to measure alternating current or voltage. 

to flow through the rectifier. The explanation of the operation 
of the circuit follows: 

The circuit condition existing during those halves of the cycles 
when the top terminal of the a-c voltage source is positive, and the 
bottom terminal is negative, is shown at (A). Starting at the posi
tive terminal of the line, and tracing through the circuit, it will be 
seen that the current flows down through rectifier C, up through the 
meter movement M, down through rectifier A, and out of the negative 
terminal-as shown by the arrows. Rectifiers B and D do not pass 
any current during this half cycle. The conditions during the next 
half cycle are shown at (B). The polarity of the a-c line has now 
revenied, the lower terminal now being "p..,sitive." The current now 
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flows down through rectifier D, up through the meter movement M, 
down through rectifier B and out of the negative terminal-as shown 
by the arrows. Rectifiers A and C do not pass any current during 
this half cycle. 

The important point to notice is that even though the direc
tion of the current coming from the a-c line reverses, the rectifier 
arrangement makes the current flow through the meter move
ment in the same direction during both halves of each cycle. 
Hence we have here a full-wave rectifier which accomplishes the 
task of reversing the a-c current during alternate half-cycles so 
that it flows through our d-c meter movement in the same direc-

-
M M 

/ t A.C. 
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~ 
CURRENT FLOW CURRENT FLOW + 

( Al <. B > 

FIG. 2-35.-How a full-wave rectifier operates. 
(A) : During one half of each cycle, rectifiers C and A are in 

operation. Rectifiers B and D do not operate. Current flows upward 
through meter movement M. 

(B): During the other half of each cycle, the a-c line polarity 
has reversed. Rectifiers B and D are now in operation. Rectifiers 
A and C do not operate. Current again flows upward through meter 
movement M. 

tion during each half cycle-and the d-c meter will indicate the 
average value of the full-wave pulsating current. 

2-32. Rectifier-type Instruments Really Measure "Aver
age" Values.-Since the output of the rectifier is a pulsating 
direct current, see (B) of Fig. 2-34, the d-c meter movement will 
really measure the average value of the pulsating rectified cur
rent applied to it. Therefore, the meter will indicate the average 
value of the a-c voltage or current, which is equivalent to the 
maximum or "peak" value X 0.635 (for a sine-wave a-c). 

The relation between peak, effective and maximum values of 
sine-wave alternating currents or voltages is shown by Fig. 
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2-36. The "peak" value here is taken arbitrarily as 1 volt. The 
effective value is 0.707 of the peak value, and the average 
value (that indicated by all d-c meter movements) is 0.635 of 
the peak value. 

The "effective value" of an alternating current is defined as 
that value of a-c which will produce the same amount of heat in 
a resistor that the same value of non-pulsating direct current 
will produce. For instance, if the peak value of an alternating 
current flowing through a resistor is 10 amperes, the effective 
value is, therefore, lOX0.707=7.07 amperes. A certain amount 
of heat will be developed by the flow of this current through the 
resistor. Now if 7.07 amperes of d-c is sent through the same 
resistor, exactly the same amount of heat will be produced as 
when the 10 amperes of a-c was sent through it. The "average" 
value of this same current is lOX0.635=6.35 amperes. This is 
the value that a copper-oxide rectifier-type ammeter would read. 

If a rectifier-type instrument is constructed by the reader 
by connecting a meter rectifier unit to an ordinary d-c meter 
movement, he should remember that any reading taken on the 
original scale of the d-c meter represents the "average" value, 
or 63.5 % of the "peak" value, of the alternating current or volt-

Fm. 2-36.-Sine-wave voltage or current showing the relation 
between the "peak", "effective", and "average" values of the current 
or voltage. This graph is drawn approximately to scale. 

age being measured. Therefore, all readings taken on the original 
scale must be multiplied by 0.707/0.635, or 1.11, to obtain the 
"effective" value of the a-c. The "effective" value is the one we 
are usually interested in. It is the value that movable-iron type 
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a-c instruments indicate, and is the value that we mean when we 
say that an alternating current or voltage is so many "amperes," 
or "volts," respectively. 

In the rectifier-type instruments which are sold commer
cially, the scales are already calibrated and marked to indicate 

FIG. 2-37.-A typical cop
per-oxide rectifier-type a-c 
voltmeter having a resistance 
of 1000 ohms-per-volt. Notice 
the almost-uniform scale divi
sions. (Weston Model 301.) 

the true "effective" value of the a-c current or voltage being 
measured, so no correction is necessary. Fig. 2-37 shows a typical 
meter of this type. Notice that the scale divisions on this meter 
are practically uniformly spaced (similar to those in the d-c volt
meter at the right of Fig. 2-18) rather than being of the incon
venient "square law" type ( crowded at the lower end as in the 
movable-iron type meter illustrated in Fig. 2-31). At present, 
these rectifier-type meters are offered as the only practical means 
of constructing high-sensitivity a-c voltmeters (particularly of 
low ranges), and sensitive a-c microammeters and milliammeters. 
Rectifier type voltmeters having a sensitivity as high as 2,000 
ohms-per-volt are now in common use. 

2-33. Construction of the Copper-oxide Meter Rectifier.
Several forms of rectifiers have been developed for use in recti
fier-type instruments, but the most suitable, simple and inex
pensive one yet found for this purpose is the copper-oxide dry
contact form of rectifier. This type of rectifier consists of a 
disc of copper oxide held in contact with one of copper. It has 
the property of allowing current to flow easily in a direction 
from the copper oxide to the copper-but not in the reverse 
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direction. Thus it acts as a rectifier. In Figs. 2-33, 2-34 and 
2-35, the copper-oxide discs are represented by the arrow, and the 
copper by the small rectangle touching it. 

The full-wave rectifier units employed in rectifier-type 
measuring instruments are made with four small copper-oxide 
discs and four copper discs arranged to form the four arms of a 

CourCe'I/ Leo Tau111fi11. 

FIG. 2-38.-A typical copper
oxide type meter rectifier. It 
measures only ¼ x % inches. The 
actual circuit connections of a rec
tifier of this type are shown in 
Figs. 2-39 and 2-40. 

Wheatstone bridge (see Fig. 2-34) and assembled to make a 
single compact unit measuring less than ½ inch in length. Each 
set of alternate copper and copper-oxide discs has a resistance 
of about 500 ohms. A typical commercial unit of this kind is 
shown in Fig. 2-38. Notice the four projecting lugs for connect
ing the unit. Two connect to the d-c meter movement, and two 
connect to the a-c line (see Figs. 2-34, 2-39 and 2-40). The act
ual circuit connections made to the various elements of the recti
fier when it is connected to a d-c milliammeter movement to 
make a low-range a-c milliammeter (without shunts) is shown 
in Fig. 2-39. The conventional circuit diagram for this, in which 
the usual symbols are shown for the various rectifier units, is 
shown in Fig. 2-40. Trace through each one, and compare them I 

2-S4. Characteristics of Copper-oxide Type Meter Recti
fiers.- Until recent developments and improvements in the design 
of copper-oxide meter rectifiers were made, resulting in lowering 
the "capacity" between the elements, these rectifiers could not 
be employed in meters which were to measure "radio-frequency" 
currents or voltages. The difficulty was due to the fact that, 
even though the "rectifying action" did not allow alternating 
current to pass through the "contact" surface of the rectifier ele
ments, alternating current did get into the meter movement be
cause the comparatively high capacity between the elements was 
sufficiently large to allow current to surge back and forth in the 
meter circuit due to the "capacity" action of this circuit. In 
other words, the rectifying surfaces were "by-passed" by the 
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capacity between the elements. Since the amount of tbia by
passing depended upon the frequency of the current being meas
ured, the meter was inaccurate for all but small deviations from 
the frequency for which it was calibrated. 

Later developments in rectifier elements have resulted in 
lowering the capacity between the elements, so that these recti
fiers may also be used in r-f meters. Frequency errors introduced 
by these inherent characteristics of present rectifiers of this type 
cause the instrument indications, or readings, to decrease ap
proximately ½ of 1 % for each 1000 cycles up to about 35,000 
cycles. 

The percentage of error caused by temperature changes is 
usually not more than 3 % at ordinary room temperatures, al
though it may be higher at temperatures below 600 F. and above 
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FIG. 2-39.-The actual cir
cuit connections made to the 
various elements of a copper
oxide full-wave rectifier when 
it is connected to a d-c milliam
meter movement (with no 
shunt) to make an a-c milli
ammeter. 

A.C. LINE 

F I G. 2-40 - Conventional 
circuit diagram for the recti
fier type a-c milliammeter ar
rangement shown in Fig. 2-39. 
Notice that the complete in
strument is connected in series 
with one side of the a-c line. 

100' F. Errors may also be caused by any deviation (from a true 
sine wave) of the wave-form of the current or voltage to be 
measured. Of course, if accurate measurements are to be made 
under unusual conditions of frequency, temperature or wave-
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form, the proper corrections can be applied to any readings 
taken. 

2-35. Rectifier Type A-C Milliammeters and Voltmeters. 
-It was pointed out in Art. 2-30, that by employing a copper
oxide rectifier in conjunction with a sensitive meter, such as a 0-1 
milliammeter or a 0-500 microammeter, sensitive instruments 
with a resistance of 1000 ohms-per-volt or greater may be 
readily constructed for the measurement of a-c voltages and 
current. 

If current is to be measured with this arrangement, the 
terminals of the complete instrument should be connected in 
series with one side of the a-c circuit as shown in Fig. 2-40, in 

,,...-+; 
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FIG. 2-41.-How a d-c milli
ammeter movement, a meter 
rectifier and shunts may be 
connected together to make a 
multi-range rectifier type a-c 
milliammeter. 
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FIG. 2-42.-How a d-c milli
ammeter movement, a meter 
rectifier and multiplier resis
tors may be connected together 
to make a multi-range recti
fier type a-c voltmeter. 

the same way that an ordinary milliammeter or ammeter is con
nected (see Fig. 2-9). A precaution must be observed at this 
point. Never permit more current to pass through the rectifier 
than its maximum rating, which in most cases is about 15 ma. 
Otherwise it will be overheated and become damaged. 

If a meter having more than one range is desired, suitable 
shunt resistors and a range-selector switch may be utilized, as 
shown in Fig. 2-41, to extend the current ranges. Notice that 
the shunts are connected on the a-c line side of the copper-oxide 
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rectifier, so that most of the current flows through the shunts and 
only a small definite fraction of it flows through the rectifier 
unit and d-c meter movement. 

When voltages are to be measured instead of current, the 
multiplier resistors, R, are connected in series with the a-c input 
side of the rectifier, as shown in Fig. 2-42. The values of the 
multiplier resistors are calculated in the same manner as ex
plained in Art. 2-18, or the table in Art. 2-23 may be employed. 
The resistance of the rectifier is usually neglected when deter
mining the value of multiplier resistance required in any case, 
for in voltmeters of any appreciable range it forms but a small 
percentage of the total resistance of the voltmeter. 

0-1 

D.C 

l 
TRIPLE-POLE 
DOUBLE-THROW 
PUSH-BUTTON 

SWITCH 

FIG. 2-43.-A handy multi-range a-c and d-c milliammeter, am
meter and voltmeter made from a 0-1 milliampere d-c meter, a 
copper-oxide rectifier, and the necessary switches, shunts and multi
plier resistors. 

All shunts and multiplier resistors used in rectifier type a-c 
instruments should be non-inductive, wire-wound, precision 
units, to prevent the introduction of any additional inductance 
or capacity into the cjrcuit. 

2-36. How to Make a Multi-range A-C-D-C Meter.-By 
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using a suitable terminal and switching arrangement, a 0-1 d-c 
milliammeter, a copper-oxide meter rectifier and the proper 
shunt and multiplier resistors, may be combined to form a very 
useful multi-range a-c--d-c instrument, as shown in Fig. 2-43. 
The triple-pole double-throw switch SW-S is employed to throw 
the rectifier in and out of the circuit, when measuring either a-c 
or d-c potentials or currents. The 9-point switch SW -I enables 
the desired voltage or current range desired, to be selected quick
ly. The ranges available with the particular combination shown, 
are 1, 5, 10, 100, 1000 volts a-c or d-c; 1, 10, 100 milliamperes 
and 1 ampere a-c or d-c. All voltage ranges are on the basis 
of 1000 ohms-per-volt. 

Due to the fact that the values of the shunt resistors to be 
employed depend upon both the exact internal resistance of the 
particular milliammeter employed, and also upon the resistance 
of the particular rectifier used, these values were purposely 
omitted in the circuit diagram of Fig. 2-43. If the resistance of 
the meter is known accurately, the resistances of the shunts can 
be calculated by the method already explained in Art. 2-13. If 
the resistance is not known, the shunts can be made by trial, 
as explained in Art. 2-15. If the meter is a Weston instrument, its 
resistance can be found from the table in Art. 2-14, and the shunt 
resistances may be calculated after this value is known. 

It should be remembered (see Art. 2-32) that when a-c cur
rents or voltages are measured with this instrument, any reading 
obtained on the d-c meter scale will be only 90 % of the "effec
tive" value of the a-c current or voltage. Therefore, to obtain the 
effective values we must multiply the scale readings by 1.11. 

2-37. Commercial Rectifier-type A-C Instruments.-Al
though the simple a-c--d-c instrument described in Art. 2-36 is 
efficient and useful, many commercial instruments having greater 
fleadbility and accuracy are desirable. In most cases, the a-c 
correction has been made directly upon the meter scale. Almost 
all of them also include facilities for resistance measurement, 
since this useful feature can be added to the instrument at very 
little additional cost. (Resistance measurements will be dis
cussed at length in Chapter 3). Many of these instruments also 
incorporate provisions for making capacity and inpedance 
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measurements. Descriptions of several typical commercial in

struments of this kind follow. 
2-38. Weston Model 301 A-C-D-C Universal Meter Kit. 

-This is a practical kit for general measurement work. The in
strument furnished with the kit is a Model 301 universal meter, 
with self-contained d-c ranges of 50 mv., 1 ma., and an a-c range 
of 5 volts. All voltage readings are on the basis of 1000 ohms
per-volt. A copper-oxide type rectifier is incorporated within 

..---------,llt:ll'1/PICCNr/l/Cr 
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FIG. 2-44.-Schematic circuit diagram of the Weston Model 301 
AC-DC Universal Meter Kit. The various parts for use in this 
meter are shown in Fig. 2-45. 

the meter. When the proper resistances and switches furnished 
with the kit are connected as shown in Fig. 2-44, the following 
ranges are available: 5, 10, 50, 100, 250, 500, 1,000 volts a-c and 
d-c; 1 volt d-c; 10, 50, 100, 500 milliamperes d-c; 0-10,000, 
0-100,000 ohms. The necessary parts for construction of this 
instrument are shown in Fig. 2-45. Notice the various shunt re
sistors mounted on a Bakelite strip at the bottom, and the multi
plier resistors wound on spools at the center. 

For higher a-c current measurements, a miniature step
down transformer with ranges of 0.2, 0.5, 1, and 5 amperes a-c is 
obtainable. Its connections ·may be seen in Fig. 2-44. 

The accuracy on d-c- measurements is within 2 % ; but on 
a-c, because of the inherent characteristics of the rectifier unit, 
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the accuracy is within 5 % . A reduced facsimile of the interest
ing instrument scale is shown in Fig. 2-46. Note that the a-c 
scale divisions do not coincide in position with the corresponding 
divisions of the d-c scale. 

2-39. Shallcross A-C Utility Meter No. 685.-This instru
ment, shown in Fig. 2-47, is rather unusual, in that it employs a 

Oourtear, W'enot1 Elect. Jutr. Otn7. 

FIG. 2-45.-The various parts for the universal meter of Fig. 2-44 
before being assembled and wired. Notice the universal meter at the 
top, with its various scales. The multiplier resistors are wound on 
the spools shown at the center. The shunt resistors, assembled on an 
insulating strip are at the bottom. 

I-milliampere, rectifier type a-c meter, connected in a circuit 
with a double-pole 8-position switch and the proper resistors to 
provide all essential a-c voltage measurement ranges, and a wide 
range of impedance measurements, the latter by using the ex
ternal 110-volt 60-cycle supply. No d-c measurements are pro
vided for. The several meter scales are calibrated to indicate 
a-c volts, inductance, capacity and resistance. The following 
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ranges are available on this instrument: 10, 125, 500, 1,000 a-c 
volts, at 1,000 ohms-per-volt; 0.0005 to 0.1-1-10 mf. capacity 
( divide meter reading by scale factor marked on face of instru
ment); 0.5 to 100-1,000-10,000 Henries inductance (multiply 

FIG. 2-46.-A reduced re
production of the instrument 
scale of the universal meter 
illustrated in Fig. 2-45. Note 
the separate a-c and d-c scales; 
also the "ohms" scale for re
sistance measurements, at the 
top. 

reading by scale factor); 25-50,000-500,000-5,000,000 ohms re
sistance (multiply reading by scale factor). The schematic 
circuit of the instrument is shown in Fig. 2-48. 

2-40. Triplet Universal A-C-D-C Meter No. 1125.-This 
instrument is a universal volt-ohm-milliammeter. It employs a 

----.... 
8t" FIG. 2-47. - A-C utility o 

meter which provides for the g·l 
measurement of a-c voltage, .,, 

oowi-. 8"""'1nu II.ff/, o •. 

resistance, capacity and in- FIG. 2-48.-The circuit ar-
ductance. The various ranges rangement of the a-c utility 
are selected by the switch at meter shown in Fig. 2-47. A 
the center. 1-ma. a-c meter is employed. 

sensitive 0-500 d-c microammeter equipped with a copper
oxide rectifier, permitting the accurate measurement of both a-c 
and d-c currents and potentials. Its circuit diagram is shown 
in Fig. 2-49. The complete instrument is illustrated in Fig. 2-50. 
A double-pole double-throw switch marked a-c-d-c enables the 
meter to be used on either-a-c or d-c with equal facility. By the 
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proper manipulation of the triple-pole, 11-position selector 
switch, the following voltage and current ranges may be ob
tained: 15, 150, 750 volts a-c or d-c; 1.5, 15, 150 d-c milli
amperes; 15, 150 a-c milliamperes. It is also arranged to meas-

OUTPUT 

• .L O.~ MF. 

o-,.,. TripldC •r•ot. lMCr,· Ce. 

FIG. 2-49.-Circuit arrangement of a typical volt-obm-milli
ammeter which employs a 0-600 d-c microammeter equipped with a 
copper-oxide type rectifier. (Triplett Model 1126.) The complete 
instrument is shown in Fig. 2-60. 

ure resistance in the following ranges: 0-1,500, 1,500,000, 
3,000,000, ohms. Resistance measurements are made through 
the use of a 22.5-volt battery. 

The meter scale is divided into 75 divisions. Each division, 
when reading volts or milliamperes on the 15 scale, represents 
0.2 volt or milliampere. Each division when reading volts or 
milliamperes on the 150 scale represents 2 volts or milliamperes. 
When reading volts on the 750-volt scale, each division represents 
10 volts. As shown in the circuit diagram of the instrument, 
Fig. 2-49, it may also be utilized as an output meter. 
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2-41. Meter Accuracy. -How accurate is the meter you are 
using? The accuracy depends upon the design of the meter, the 
quality of its parts, the care taken in its construction, the ac
curacy with which it has been calibrated at the factory and how 
roughly it has been handled since made. No commercial type 
meters are guaranteed to read 100 per cent correctly-only very 
expensive laboratory-type instruments approach such per/ ec
tion! In order to make 
meters that can be 
priced within the reach 
of the average user, 
accuracy has to be sac
rificed somewhat, for, 
extreme accuracy nec
essitates more precision 
and care in the work
manship. 

It is common practice CourtelJI Triplett Elect. Inatr. 011. 
for instrument manufac-
turers to make good- FIG. 2-50.-The volt-ohm-milliammeter 
quality permanent mag- whose circuit diagram is shown in Fig. 
net movable-coil type d-c 2-49. The entire instrument is shown 
!lleters, a n d movable- here in its carrying case. 
ll'On a-c meters, ( of the 
types used in radio service work) to give readings accurate to within 
2%. Good quality a-c rectifier type meters are usually accurate to 
within only 6% on a-c ranges, due to the inherent properties of the 
rectifier. For d-c measurements, they may be expected to read ac
curate to within 2%. It must be mentioned here that accuracies 
as high as this should not be expected in very low-priced meters, in 
meters which have been abused, or in meters which are subjected 
to abnormal temperature or humidity conditions. 

When a manufacturer specifies that a certain meter is accur
ate to, say within e % , what does he mean? He always means 
that the actual indication of the meter itself (not as you may 
happen to read it if you are careless) for any reading within its 
various ranges is accurate to within 2 % of the full-scale value 
of the range which is being used. To make this clear, let us con
sider the following typical case: 

Suppose a certain voltmeter has a 100-volt range (with a uni
formly divided scale up to 100 volts), and that its accuracy is stated 
to be "within 2%". This accuracy rating means, simply, that for 
any voltage measurement made with this range, the indication of the 
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meter pointer will be in error not more than + 2 volts (2% of 100). 
For instance, if the meter reads 100 volts when a measurement is 
being made, the true voltage might be as much as two volts above (or 
below-) this, i.e. some voltage between 98 and 102. Now if the reading 
happened to be, say, 50 volts instead, the true voltage might be as 
much as 2 volts (still 2% of the full scale value of 100) above or 
below this, i.e. between 48 and 52 volts. (It is important to note at 
this point that whereas the _possible error in the case of a full-scale 
reading was 2%, the possible error for the half scale reading of 60 
is 2 volts in 50, i.e. 2/60, or 4% of the indicated valu~uite an ap
preciable amount in some work!) 

If this same meter had, say a 50 volt range, and a reading of 60 
volts was obtained on it, the true voltage might be as much as 1 volt 
(2% of 50) above (or below) this value, i.e., some voltage between 49 
and 51 volts. For a scale reading of say 20 volts, the true voltage 
might be some value between 19 and 21 volts, etc. This important 
point should be remembered; the meter accuracy figure stated by the 
manufacturer is based on the full-range value of the particular range 
used, and not on the actual value of a readmg--except when the 
reading happens to be the full-scale reading. Although a voltmeter 
was considered in our illustrative example, the same things hold 
true for ammeters, milliammeters, etc. 

Notice from the foregoing example that the actual possible 
percentage error is less for readings near the full-range value 
than for those lower down on the scale. For this reason, greatest 
accuracy in reading is secured by choosing indicating instru
ments of such ranges that the largest readable deflections of the 
pointer are obtained when most usual measurements are made 
with them. 

In those a-c instruments and ohmmeters having scales which 
are not uniform, the same rule applies. The stated accuracy in 
per cent is based on the full-scale range, regardless of what 
point on the scale the p0inter actually is at. However, since the 
divisions at one end of such scales are very crowded ( excepting 
in rectifier-type a-c meters), such meters should never be read 
at the crowded part of the range if observational errors are to 
be avoided and accurate readings are to be obtained. 

An apparent mystery which troubles many servicemen and re
sults in numerous unjustified complaints to instrument manufacturers 
can well be solved at this point. Notice that if a 50-volt voltage is 
measured with the 100-volt range of the voltmeter we just considered, 
the reading obtained might be anything between 48 and 52 volts. Let 
us assume that the accuracy of this range of the meter is definitely + 2%. Then the reading will be 52 volts. Now assume that the 
60-volt range of the same meter is used to measure this voltage, and 
that the accuracy of this range is--2%. The reading obtained would 
then be 60 minus (2% of 60), or 49 volts! Apparently there is 
something wrong, for when the two ranges of the same meter are 
connected (in turn) across the same voltage source, two different 
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voltmeter readings are obtained even though both ranges have an 
accuracy of 2%. The difference is caused of course, by the fact 
that the error in volta when the 100-volt range is used is + 2% of 
100, or 2 volts (plus), whereas the error in volts when the 60 volt 
range is used is-2% of 60, or 1 volt (minus) I 

From the foregoing discussions, it appears that for accuracy in 
any measurement, the range of the meter should be so chosen 
that the pointer will be deflected to as nearly full-scale position 
as possible. In the case of a voltmeter, this means as near full
scale as possible; hence, the lowest possible range should be used. 
But we found in our discussion of the effect of the voltmeter resist
ance in changing the voltage applied to the voltmeter and indicated 
by it ( Art. 2-19), that the highest possible range should be used, 
since the meter will then have the greatest possible resistance, and 
will exert the least effect on the circuit to which it is connected. 
These two conditions, therefore, are incompatable, so that the choice 
of range for a voltmeter must depend upon the relative errors in 
each case. Thus, for high accuracy, if a given voltage can be read 
using two different ranges of a meter, first use the one giving the 
larger pointer deflection. Then use the one giving the smaller pointer 
deflection. If the difference between the two readings is greater than 
the specified accuracy limit of the instrument, use the range having 
th highest meter resistance. In general service work, this rule will 
apply, except when the reading of the meter is close to zero. 

To offset this difficulty to some extent, and to provide less 
error due to voltmeter resistance, meter manufacturers are now 
making 500- and even 100-microampere meter movements avail
able as standard equipment. Voltmeters using this type instru
ment have a very high resistance-and a sensitivity of 2,000 or 
more ohms-per-volt! 

Of course, it need hardly be mentioned here that a meter 
should always be read as carefully and accurately as possible. 
Look directly down at the pointer when reading its position-do 
not look down at it at an angle. Notice the scale marking care
fully, and remember how much each small scale division repre
sents. 

REVIEW QUESTIONS AND PROBLEMS 

1. Explain how you would prove that a magnetic field always exists 
around a current-carrying conductor. 

2. Draw a diagram showing the magnetic field around a wire 
through which current is flowing. 

3. Indicate how the magnetic field inside, and around, a coil having 
6 turns, with current flowing through it, would look if it were 
visible. 
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4. Where are the magnetic poles on the coil in Question 3? Mark 
them on the diagram. 

6. Draw a simple sketch and explain the operation of the Weston 
movable-coil d-c meter movement. Be sure to explain what makes 
the movable-coil turn when current to be measured is sent 
through it. 

6. State and explain three important functions which the springs 
in the Weston type meter movement perform. 

7. What is the value of the "sensitivity" of a meter movement 
whose needle deflects over the full scale when a current of 1 
milliampere flows through the moving coil? 

8. Since the mechanical construction of the movable coils of a 
Weston model 301 d-c voltmeter, ammeter and milliammeter are 
all exactly the same, what, then, is the essential difference be
tween these instruments? 

9. What is the function of the shunt in a d-c ammeter? 
10. How must a voltmeter always be connected in a circuit? Why? 
11. How must an ammeter be connected in a circuit? Why? 
12. To illustrate questions 10 and 11, draw a diagram of a 6-volt 

storage battery connected so as to supply current to the filament 
of a vacuum tube in series with a 10-ohm rheostat. Indicate how 
to connect an ammeter in the circuit to measure the current flow
ing; also indicate the connections of voltmeters to read, (a) the 
voltage of the battery; (b) the voltage across the tube filament; 
(c) the voltage drop across the rheostat. 

13. A certain 0-1 d-c milliammeter has a resistance of 60 ohms. 
Calculate the resistances of the shunts required to extend its 
range to; (a) 10 milliamperes; ( b) 60 milliamperes; ( c) 1 am
pere. What is the multiplying factor which must be applied to 
the meter scale readings in each case? Draw a diagram show
ing how you would connect these shunts to the meter so that any 
one of them could be used at will. 

14. A voltmeter having a sensitivity of 1000 ohms-per-volt, has 
three ranges, 16 volts, 150 volts and 460 volts. What is the value 
of the series multiplying resistance used for each range? Draw 
a diagram of the connections. How much current must flow 
through the movable coil in order to produce full-scale deflection? 

16. It is desired to increase the 450 volt range of the voltmeter in 
Question 14 to 750 volts. (a) Explain just how you would do this. 
(b) Calculate the values of any additional parts which may be 
required. (c) Incorporate these changes in the diagram you 
drew for Question 14. (d) What multiplying factor must be 
applied to all readings taken on the 150-volt scale when the 
760-volt range is being used? 

16. It is desired to make a voltmeter having ranges of 5, 160 and 300 
volts from a 1 milliampere meter. (a) Calculate the value of the 
multiplier resistors required. ( b) Draw a diagram showing all 
of the connettions-marking all electrical values on it. 

17. State the differences between a low-resistance and a high-resist
ance voltmeter. 

18. Explain by a practical example how a voltmeter having a com
paratively low resistance may cause an appreciable change in 
the voltage of the circuit it is connected across. Show how the 
use of a high-resistance voltmeter (say 1000 ohms-per-volt) 
minimizes this trouble. 
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19. What are the essential requirements of satisfactory meter multi
plier resistors? How accurate need their resistance value be? 

20. Draw the complete circuit diagram for a combination volt-milli
ammeter made from a 500 microampere d-c meter. The instru
ment is to have 4 current ranges and 5 voltage ranges. The 
connection of all resistors should be shown, but their values need 
not be calculated. 

21. (a) Explain the construction and operation of the movable-iron 
type a-c ammeter. ( b) Why can this type of meter be used to 
measure either a-c or d-c? (c) What are the objections to its 
use? 

22. What is a rectifier. 
23. Draw the circuit diagram, and explain the operation of a full

wave rectifier composed of four half-wave units connected in a 
Wheatstone bridge arrangement. 

24. Define: (a) "half-wave rectification"; ( b) full-wave rectifica
tion. 

25. Explain the general construction and operation of the rectifier 
type a-c instruments? What are their advantages over the mov
able-iron type? 

26. Explain, by means of a sketch, what is meant by (a) \leak value; 
(b) average value; (c) effective value, of an alternatmg current 
or voltage. 

27. A sine-wave alternating voltage has a peak value of 300 volts. 
(a) What is its "average" value? (b) What is its "effective" 
value? 

28. The average value of a sine-wave alternating current is 10 amps. 
(a) What is its effective value? (b) Wbich of these values 
would a commercial rectifier-type a-c ammeter indicate? 

29. Draw a diagram showing the method used to connect a meter 
rectifier to a 0-1 ma. d-c meter of 30 ohms resistance. Also show 
the multiplier resistances necessary to convert the meter into 
an a-c--d-c voltmeter with ranges of 10, 50, 500, 1000 volts. 

30. Show bow shunt resistors should be connected to a d-c meter 
movement operated with a rectifier, in order to measure 3 ranges 
of alternating current. 

31. A meter scale is divided into 100 divisions, reads up to 1000 volts, 
and the meter accuracy is 2%. (a) What is the error (in volts) 
at one-half full-scale reading? ( b) At one-quarter full-scale 
reading? (c) What is the per cent error with respect to the 
voltage being measured, in each of these cases? ( d) Repeat for 
a 60-division 1000-volt scale. 

32. How does the method employed to increase the range of an am
meter or milliammeter differ from that used to increase the 
range of a voltmeter? 

33. Which is more sensitive, a meter having a resistance of 1000 
ohms-per-volt, or one having a resistance of 2000 ohms-per-volt? 

84. Which meter has the greater sensitivity, one having a range 
of 10 volts and a resistance of 20,000 ohms, or one having a 
range of 300 volts and a resistance of 300,000 ohms? Explain! 

36. (a) Why are the scale divisions on movable-iron type a-c in
struments not uniformly spaced? (b) What is the main objec
tion to such scales? 



CHAPTER III 

METHODS AND INSTRUMENTS FOR MEASURING 
RESISTANCE 

3-1. Importance of Resistance Measurements. - The 
measuring, or "checking", of the d-c electrical resistance of the 
various components of radio receivers forms one of the most 
important operations in the daily work of every radio service 
man. Since resistance measurement is so vital, it is essential 
for service men to have a thorough knowledge of the various 
methods and instruments employed for this work and to be prop
erly equipped to make resistance tests at any time, either in the 
shop or in the field. Without this knowledge, the rapid diagnosis 
and repair of radio receiver troubles, which is always the service 
man's ultimate goal, cannot be achieved. A few of the common 
instances in which resistance tests give the service man vital in
formation concerning the condition of a particular component, or 
the cause of trouble in a receiver, follow: 

1. For checking the condition of various resistors-such 
as "bias" resistors, volume controls, current or voltage
limiting resistors, voltage dividers, etc. The resistance 
test indicates whether the resistor is still of proper value, 
or whether it is "open", "grounded", "shorted", etc. 

2. For checking the condition of many other receiver com
ponents such as tuning coils, condensers, transformer 
windings, choke coils, loudspeaker windings, etc., by the 
simple expedient of checking their resistance to find if 
it is at normal value. These tests are usually made for 
the purpose of ascertaining whether "short-circuits", 
"grounds", etc., exist in these components. 

3. For indicating and locating possible "short-circuits" and 
"grounds" between various circuits. 

4. When analyzing the receiver by the "point-to-point" 
method of receiver testing. 

60 
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In this chapter, we will study the various common ways of 
measuring resistance, and typical apparatus employed for this 
work. A detailed study of the actual testing of individual radio 
parts will be presented in Chap. ~XII. 

3-2. Range of Resistance Measurements Required.
One important point, which should always be kept in mind, is 
that the range of resistance measurement required in general 
radio service work is far greater than in most other branches of 
electrical work. This is true because the various parts to be 
checked have resistances ranging anywhere from a fraction of an 
ohm to several million ohms (megohms), depending upon their 
position and use in the radio circuit (see Chapter XXII). Nat
urally, the methods of measurement, and the instruments em
ployed, must be able to cover this range satisfactorily. 

3-3. Our Study of Resistance Measurement.-While the 
use of the "ohmmeter", in some form or other, for making resist
ance measurements has become almost universal among radio 
men, there are many instances in which a knowledge of resistance 
measurement by some of the other standard methods is very 
essential and helpful. For instance, a service man's ohmmeter 
may become dsmaged; it may not cover the range for a certain 
measurement to be made, etc. In cases of this kind, he should 
be able to make the measurement quickly by some other means. 
Therefore, we will begin our study of resistance measurement by 
reviewing several of the common methods for measuring resist
ances-methods which involve the use of simple instruments 
that most service men possess. The limitations of these methods 
of measurement, and the precautions which must be taken when 
employing them in ordinary radio service work, will be pointed 
out. Then we will study the ohmmeter For special, accurate 
resistance measurements, the "Wheatstone bridge" will be con
sidered. The very useful combination instruments known as 
"volt-ohmmeters", volt-ohm-milliammeters, etc., will be studied 
at some length later (in Chapter V). 

3-4. Ammeter-voltmeter Method of Measuring Resistance. 
-One simple method of measuring the electrical resistance of 
components used in radio equipment-a method which is accurate 
if done carefully, and which was very widely used before the 
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perfection and popularization of our present ohmmeters-is 
known as the "ammeter-voltmeter method", because it makes 
use of two common measuring instruments, a d-c ammeter (or 
milliammeter), and a d-c voltmeter. As shown in Fig. 3-1, the 
device R, whose resistance is to be measured, is connected in 

I 

+ - SOURCE - OF 
E.M.F. 

R 

I 

FIG. 3-1.-Preferable circuit 
arrangement for measuring 
"low" resistances by the am
meter-voltmeter method. ( See 
also, Fig. 3-2.) 

series with a source of steady e.m.f. (such as a 41/2 or 6-volt 
battery) and an ammeter ( or milliammeter) . Naturally, the 
voltage of the battery will cause a current to flow through the 
resistance and the ammeter. The value of the resistance may be 
calculated by applying Ohm's law, 

E 
R=--y-

where, R=Resistance in ohms 
E=Voltage in volts 
l=Cu1Tent in amperes (or, milliamperes divided 

by 1000). 

Evidently, in order to calculate the value of the resistance R 
by this formula, both the voltage applied to the resistance, and 
the cu1Tent which it causes to flow, must be known. That is why 
the voltmeter is connected across ( in parallel with) the resist
ance, as shown, to measure the voltage; and the ammeter ( or 
milliammeter) is connected in series with the circuit, as shown, 
to measure the current. The readings of the instruments, when 
substituted in the formula above, give the value of resistance R. 
A typical problem, illustrating how the calculations are carried 
out for resistance measurement by this method, will be considered 
in the next article. 

3-5. Selecting Meter Ranges for Measuring "R" by 
Amm.-vm.-Of course, the problems of selecting instruments 
having the proper ranges, and determining how much voltage 
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must be used for the measurement, etc., must always be consid
ered when measuring resistance by this method. When measur
ing low resistances, one or two dry cells connected in series, a 
41/2-volt "C" battery, or a 6-volt storage battery, are commonly 
used as the source of voltage. When high resistances are to be 
measured (unless accurate low-range milliammeters are avail
able for the current measurement), a 45- or 90-volt dry-cell "B" 
battery, or a 110-volt d-c electric light circuit may be used as a 
voltage source. The range of the voltmeter to be employed de
pends entirely upon the voltage source. If it is a 6-volt battery, 
a 0-10 volt d-c voltmeter will do. If it is a 110-volt line, a 0-150 
volt meter is necessary, etc. The range of the current-measuring 
instrument depends, of course, on the voltage source employed, 
and the value of the resistance being measured. 

One way to settle on this is by first guessing as closely as pos
sible what the approximate value of the resistance to be measured 
is. Dividing this value into the voltage of the voltage-source gives 
the approximate current which will flow-and a clue to the meter 
range required. For instance, suppose it is desired to check the 
resistance of a volume-control resistor. The service man knows by 
experience that volume controls of this type are usually of say 1,000 
or 1,500 ohms resistance. Also, since the resistance wire is very 
thin, he cannot send very much current through it during the 
measurement. Therefore, he decides to use a common 4½-volt "C" 
battery as the voltage source. Using Ohm's law, l=E/R, he finds 
that approximately 4.5/1,000=0.0045 amperes (4.5 milliamperes) of 
current will flow during the test. Therefore, he decides to use a 
milliammeter having a range of 0-5 milliamperes. 

When selecting the meters by this "approximate method", one 
should always be careful to use a meter of higher range than is 
thought necessary, when in doubt. If it is found that the range 
first selected is too high, a lower range can always be substituted 
for it. This will prevent possible damage to the meter. 

When attempting to measure a resistance by the ammeter
voltmeter method, one must always guard against the danger 
of burning out the ammeter or milliammeter ( unless it is pro
tected by a suitable fuse) if the resistance to be measured hap
pens to be much lower than expected perhaps even "short-cir
cuited"). To avoid this danger, the following safer method of 
selecting the current-meter range may be employed. 

Select a known resistance having a value such, that when it is 
connected alone in series with the ammeter ( or milliammeter) and 
source of voltage to be used, will allow just enough current to flow 
through the circuit to produce nearly full scale deflection of the 
ammeter ( or milliammeter). The required resistance of this re
sistor may easily be calculated by dividing the applied voltage by 
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the full-scale current value (in amperes) of the current-meter range 
being used. Now connect the resistance to be measured into the 
circuit in series with this known resistor. This will cause the cur
rent-meter reading to decrease. If this reading is now more than 
half the value it was when the known resistance was connected in 
the circuit alone, it shows the resistance to be measured is less than 
the value of the known resistor and hence it is not safe to make the 
final measurement with a current meter of that range, for the 
pointer will go off scale. A higher current measuring range must 
be used. A setup of this kind may be conveniently arranged with 
a switch connected across the known resistance so as to "short" 
this resistance out of the circuit quickly as soon as everything is 
ready for the final unknown resistance measurement to be made. 

3-6. Precautions Necessary for Accuracy When Measur
ing "R" by the Amm.-vm. Method.--When measuring a very 
high resistance by the ammeter-voltmeter method, the current 
flowing through the resistance will necessarily be small, and the 
voltmeter should always be connected across both the resistor 
and the milliammeter, (as shown in Fig. 3-2) as we shall now see. 

If the voltmeter is connected across the resistor only, as shown 
in Fig. 3-1, the miliammeter, which is employed to measure the small 
current, indicates the sum of both the current flowing through the 
resistor and that flowing through the voltmeter. Since the resistance 
R is large, the current flowing through it is small. Under these 
conditions the current flowing through the voltmeter may be almost 
as great as that through R (unless a very high-resistance voltmeter 
ls used, see Art. 2-19). Since the milliammeter reading obtained 
is really that of these two currents added together, this may cause 
an appreciable error. 
Therefore, when measuring high resistances, the connection shown 
in Fig. 3-2 should always be employed. It is true that in this 
case the voltmeter measures the sum of the voltage-drops across 

+ 

I 

SOURCE 
OF 

E.M.F. 

R 

I 

FIG. 3-2.-Preferable circuit 
arrangement for measuring 
"high" resistances by the am
meter-voltmeter method. ( See 
also Fig. 3-1.) 

both the resistor and the milliammeter, but, since the resistance 
of the average milliammeter is only from 20 to 50 ohms (see Art. 
2-14), adding this to the high resistance to be measured does not 
affect the result appreciably. Therefore, when the connection 
shown in Fig. 3-2 is used, the usual formula R=E/1 may be em
ployed for calculating the value of the resistance being measured. 
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When a low resistance is to be measured, the circuit arrange
ment of Fig. 3-1 should be employed. In this case, the current 
through the resistance will be comparatively large (amperes), 
and the fact that the ammeter indicates not only the current 
through the resistance but also the few milliamperes (thousandth& 
of an ampere) of current flowing through the voltmeter, results 
in such a small error that it need not be considered. In this case, 
a high-range milliammeter, or an ammeter, of proper range 

FIG. 8-8.-Circuit arrange
ment for measuring high re
sistances with a voltmeter 
whose total resistance ia 
known. 

-
: SOURCE OF 

_;_ E.M.F. 

should be used to measure the current, since it probably will be 
too large for a low-range milliammeter. 

3-7. Voltmeter Method of Measuring Resistance.-If the 
exact resistance of a voltmeter is known, the meter can be used 
to measure high resistances fairly accurately. To do this, the 
voltmeter V, resistance R (whose value is to be measured), 
switch S, and a battery or other source of e.m.f. (a 90-volt "B" 
battery, or a 110-volt d-c lighting circuit will do if the voltmeter 
range is at least 110 volts) are connected as shown in Fig. 3-3. 

First, switch S is closed ( thereby short-circuiting resistance R 
out of the circuit), and the voltage of the source of e.m.f. is read 
on the voltmeter. This is reading E,. Now switch Sis opened, 
thereby placing unknown resistance R in series with the volt
meter. The voltmeter is read again. This reading is E. Since 
the instrument scale does not give us the value of the current 
or the resistance, the value of the unknown resistance R must be 
calculated by the formula: 

R=(~'-1)XR .. 

where R= Unknown resistance in ohms 
E,=Voltage of the source of e.m.f. (switch closed) 
E=Voltage reading with resistance R in series (awitch 

open) 
R111=Resistance of the voltmeter (ohms). 
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Problem: We are using the 160-volt range of a 0-16, 160, 460-
volt voltmeter having a resistance of 1000 ohms-per-volt. When 
the meter is connected directly across the source of e.m.f., it reads 
110 volts. When connected in series with the unknown resistance, 
it reads 100 volts. What is the value of the unknown resistance? 

Solution: The resistance of the voltmeter when the 160-volt 
range is being used is 150 X 1000=160,000 ohms (see Art. 2-20). 
Therefore, the unknown resistance 

R-( E. -1)R -( UO -l)X160 000 - E .. _ 100 ' 

= (1.1-1) X160,000=0.1X160,000=16,000 ohms. Ana. 

The only information required for measuring resistance by 
this method is the resistance of the voltmeter. This information 
may be marked on the meter itself. If the ohms-per-volt value 
is marked on the meter face, the meter resistance may be found 
by multiplying the ohms-per-volt value by the full-scale value of 
the particular range which is being employed, as illustrated in 
the previous example. The two meter readings E. and E must 
be taken always using the same meter range, so that the same 
voltmeter resistance will be in the circuit in both cases. 

The "voltmeter method" is not very well adapted to the 
measurement of very low resistances, for then the difference 
between the two readings is too small to be judged accurately, 
and an appreciable error results in the measurement. As a mat
ter of fact, since calculation is required to determine the value of 
the resistance being tested, the voltmeter method is not common
ly used for measuring resistance--except when no more suitable 
apparatus is available. However, if a voltmeter is connected 
as in Fig. 3-3 (without the switch), it serves as one useful means 
of checking the "continuity" of radio circuits and parts. This 
will be studied in detail in Chapter XXII. 

3-8. The Wheatstone Bridge Method of Resistance Meas
urement. -Although resistance values may be checked fairly 
accurately by any of the more simple methods described in this 
chapter-the simplest method of all being by means of a direct
reading ohmmeter of proper range (Art 3-11)-there are many 
instances where more accurate and certain measurement is re
quired. This may be accomplished by using a Wheatstone 
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bridg~pref erably one of the modern forms designed for rapid 
work. 

The ordinary form of Wheatstone bridge consists of suitable 
resistors connected in a special circuit arrangement in which 
three resistors of known value form the three sides of a diamond 
or lozenge circuit, and the resistance to be measured forms the 
fourth side, as shown in Fig. 3-4. Resistor X is the one whose 
value is unknown and is to be measured; R is a variable resistor 
of known value; S and T are also variable resistors of known 
value, or at least their ratio is known. A sensitive current-indi-

FIG. 3-4. - Simple Wheat
stone bridge circuit. X is the 
resistor whose value is to be 
measured. S and T are the 
"ratio-arm" resistors. 

B 

D 
I 

.._ ___ +---ti 1, I 1-_-•B-A-tiiTHIT--........J 

SW 

eating meter G is connected across points B-D. A low-voltage 
battery connected, as shown, to points A and C causes current to 
flow through the two branches of resistors, in the directions 
shown by the arrows, when the battery switch is closed. 

The value of the resistance X to be measured is found in the 
following way: 

First, resistance X is connected in place and the battery switch 
is closed. Current flows from the positive terminal of the battery 
to point A. There it divides, part of it flowing through resistors 
X and R, the rest flowing through resistors S and T. At C, these 
two currents combine and flow back to the battery. Now the galvano
meter switch is tapped lightly so as to make momentary contact. 
It will be found that the galvanometer needle indicates a flow of 
current through the meter. This current flow is caused by the 
ditf erence of electrical potential which exists between points B and D 
because of the particular values of resistance which are present in 
the four arms of the circuit. 

It is now necessary to adjust resistors Sand T carefully, noticing 
the meter deflections meanwhile, until the meter reads "zero" when 
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its switch is held closed-indicating that no current is flowing 
through it, and that the entire circuit conditions are such that the 
potentials of points B and D are equal. This operation is called 
"balancing the bridge". When this balanced electrical condition 
exists in the circuit, it can be shown mathematically that the 
"product" of resistances X and T equals the product of resistances 
R and S, that is 

"The product, of the re,iatances of the opposite arms of a Wheat
stoM bridge are "equal", when the bridge is "balanced". 

Thus, X times its opposite arm T, is equal to R times its 01>
posite arm S, i.e., XT=RS. From this relation we obtain: 

x-RXS 
- T 

This formula enables us to calculate the value of the unknown 
resistance X from the values which the three other resistors have 
when the bridge has been "balanced". 

Problem: When the bridge has been "balanced" so that the 
meter reads "zero", the values of resistors R, S and T in Fig. 3-4 are 
6, 46 and 15 ohms, respectively. What is the value of unknown re
sistor X? 

Solution: X- RXS = 5X 45 = 225 -15 ohms. Ans. 
- T 15 15 -

Notice, that in the formula for the Wheatstone bridge, the 
ratio S/T of the two series resistors S and T appears. Conse
quently, it is not necessary for us to know the exact resistance, 
in ohms, of these two resistors. If we know the ratio of their 
resistances, we can substitute this number in the formula, direct
ly, for the expression S/T. To illustrate: 

Problem: In the previous problem, the resistance of R is 6 
ohms and the ratio of resistors S and T is 3. What is the value of 
the unknown resistance? 

Solution: X=RX-~ =5X3=15 ohms. An.a. 

For this reason resistors S and T in Fig. 3-4 are commonly 
referred to as the "ratio resistors" or "ratio arms", and many 
commercial Wheatstone bridges are constructed in such a way 
that their "ratio" (called the "bridge ratio"), and not the indi
vidual values of the resistors, is read from the bridge. This not 
only simplifies the construction of the bridge, but also simplifies 
and speeds its manipulation and the computation of the value of 
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resistance being measured, since this resistance is obtained sim
ply by multiplying the value of resistor R by the "bridge ratio." 
A commercial bridge of this form will be described in Art. 3-10. 

The accuracy with which a resistance can be measured by 
means of a Wheatstone bridge depends upon the accuracy of the 
ratio arms S and T, the accuracy of the standard resistance S, 
the sensitivity of the galvanometer G, the relative resistance of 
all four arms of the bridge, and how accurately the bridge is 
"balanced". High-grade commercial Wheatstone bridges are 
made with such precision that it is possible to make resistance 
measurements accurate to one-tenth of one per cent with them. 
A bridge of medium accuracy is described in Art. 3-10. 

3-9. The Slide-wire Wheatstone Bridge.-Possibly the 
simplest practical form of Wheatstone bridge is the slide-wire 
type shown in Fig. 3-5. The letters on this diagram correspond 

FIG. S-5.-Sim
ple slide - w i r e 
form of Wheat
stone b r i d g e. 
Here, a piece of 
resistance wire 
( called the slide 
wire) forms the 
ratio-arm resist
ors S and T. 

...----11111-----+----t-----, 
SW. 

BATT. 

r'~, .. ./'./', ~ \ 'lr, 
I X I 
I B 

R 

~,-,vi 
LOW-RESIS. 
CONNECTINc. 
STRIPS C 

with those in Fig. 3-4. Point Dis a sliding contact which can be 
moved along a straight resistance wire ( called the "slide wire"), 
stretched over a scale. R is a resistance of known value, and X 
is the resistance to be measured. G is a sensitive current-indi
cating galvanometer. Slider Dis moved along the slide wire un
til a point is found, for which no perceptible deflection of the gal
vanometer is obtained when the switch is closed. The ratio 8/T 
is then the ratio of the length of the two parts of the resistance 
wire. This ratio may be used instead of the ratio of the remt
ance of the two parts, since the wire AC is uniform, and therefore 
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the resistance of parts of it are proportional to the lengths of the 
parts. The rule or scale mounted under the slide wire makes it 
easy to read lengths S and T when the bridge is balanced. 

The same formula derived in Art. 3-8 is used for calculating 
resistance X, only, instead of substituting in this formula the 
resistance in "ohms" for Sand T, the lengths of the slide wire are 
used instead. The slide wire bridge is very simple and inex
pensive, and while it is not readily portable nor extremely accur
ate, it is capable of quite dependable measurements if care is 
observed in its construction and use. It is an excellent substitute 

FIG. 8-6. -
Schematic circuit 
diagram of the 
typical commer
cial form of 
Wheatstone 
bridge shown in 
Fig. 3-7. 

( 0ourll'1/ BlcUaroN 
llf11. Oo.) 

for the more expensive commercial forms of Wheatstone bridges, 
but its limitations should be kept in mind. 

3-10. A Typical Commercial Wheatstone Bridge. - The 
circuit diagram of a typical, fairly compact, commercial form of 
Wheatstone bridge, designed to permit rapid and accurate meas
urements of a wide range of resistance is shown in Fig. 3-6. The 
complete instrument is shown in Fig. 3-7. 

This instrument is a direct-reading, decade type of Wheatstone 
bridge capable of measuring resistances from 0.01 ohms to 11,100,000 
ohms (11.1 megohms). As shown i!'l Fig. 3-6, the ratio-arm resistors 
S-T consist of eight resistor sections to a 9-point switch. Resistor R 
consists of three decade units (note: decade means "in steps of ten"). 
High-sensitivity Leeds and Northrup galvanometer G is provided with 
a sensitivity switch which throws resistor E in series with the gal
vanometer for low sensitivity when the preliminary adjustments are 
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being made, and cuts the resistor out of the circuit when hi&'h sensi
tivity is desired during the final adjustments. This switch also closes 
the battery circuit automatically when it is either the "high" or the 
"low" sensitivity positions. The external battery to be connected to 
the binding posts marked BATT., in Fig. 3-6, is usually a 41/2-volt 
"C" battery. To obtain the instrument's full high range to 11.1 
megohms, a 45-volt battery must be employed. For low-resistance 
measurements, as little as 1.5 volts may be used. External binding 
posts are provided to permit the galvanometer G, and the decade re
sistors R, to be used independently and externally for other work. 

FIG. 3-7.-The Wheat
stone bridge whose cir
cuit diagram is shown in 
Fig. 3-6. Notice the gal
vanometer at the center, 
and the ratio dial at the 
upper left. ( Shallcross 
No. 630.) 

OourtfJ'l/ ShaUcroH Mfg. Oo. 

Resistor F prevents rapid rundown of the battery should the battery
switch be left in the "on" position for any length of time. 

While a radio serviceman can hardly expect to carry an in
strument of this kind with him on service calls, because of its 
bulk and the fact that he has other necessary instruments to take 
along also, a Wheatstone bridge of this type forms a valuable 
adjunct to the shop testing equipment of any service man, to be 
employed whenever accurate resistance measurements are neces
sary. 

3-11. The Ohmmeter for Measuring Resistance. - The 
"ohmmeter", as the name implies, is an instrument which indicates 
the resistance of a device or circuit directly in ohms, without need 
for calculations of any sort-just as a voltmeter indicates "volts" 
directly, etc. The number of ohms may be marked directly 
on the scale, or may be found by referring the reading of the 
ohmmeter to an accompanying chart, from which the resistance 
value in ohms may be read. The chart may be in the form of 
a curve on graph paper, or in the form of a tabulation-it makes 
little difference. 

A well-designed and properly used ohmmf'!tcr is one of the 
greatest conveniences to effective and rapid radio servicing. 
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It is no exaggeration to say that the combination voltmeter and 
ohmmeter are the two most used pieces of test equipment of the 
radio service man-instruments which he should understand, and 
learn to use daily. 

If we attempt to design the ohmmeter so that a wide 
range of resistance can be read , errors will be intro
duced when readings at either the extreme low or the extreme 
high end of the scale are taken. The error on the low 
end of the scale is due to the meter inaccuracy, as discussed in 
Art. 2-41 ; and the error on the high end of the scale is due to 
the crowding of the graduations. For these reasons, ohmmeters 
are usually made with several ranges: those intended for low, 
and those intended for medium and high resistance measurements. 

3-12. Three General Types of Ohmmeters.-A simple ohm
meter consists, essentially, of a milliammeter (or microammeter) 
and a battery, so connected that when the resistance to be 
measured is added to the circuit, the reading of the meter indi
cates the value of this resistance. There are three main types 
of ohmmeters, differing mainly in the way the resistance to be 
measured is connected to the meter circuit. They are: 

(1) The series type. 
(!) The "shunt" type. 
(S) The combination series and shunt type. 

In the "series" type, the resistance to be measured is connected 
in series with the meter and battery. In the "shunt" type, it is 
connected in shunt, or "parallel", with them. In the "combina
tion type", the instrument circuit is so arranged that it is con
nected as a "series'' type for the high-resistance ranges and as 
a "shunt" type for the low-resistance ranges-thus using each 
type of circuit for the range of resistance measurement it is best 
suited for. We will now study each of those types separately. 

3-13. Principle of the "Series" Type Ohmmeter.-If a d-c 
milliammeter is connected in series with a battery and variable 
resistor R of suitable value, as shown at (A) of Fig. 3-8, the 
resistor may be adjusted to produce full-scale reading of the 
meter M, as shown. Now, if this circuit is arranged with ter
minals T-T, as shown at (B), so that another resistor R. can be 
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connected in series with the circuit, the addition of this resist
ance will cause the current flowing through the circuit to decrease 
-re1mlting in a lower reading on the meter. The larger the value 
of R., the smaller will be the current and the meter reading, 
that is, there is a definite relation between the value of resistance 
R. and the meter reading. Therefore: 

instead of calibrating the meter scale to read the milli
amperes of current flowing through the circuit, we can 
calibrate it to read "directly" in "ohms" whatever value 
of resistance R. is connected into the circuit. 

We can then use the entire instrument to indicate directly the 
value in "ohms" of any resistance R. ( within the range of the 
instrument) connected to it-that is, the instrument is an ohm-

•l•la-----..,.s•w---~ 
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FIG. 3-8.-(A): Fundamental circuit arrangement for a "series" 
type ohmmeter. 

(B): Simple series type ohmmeter with resistance R. (resistance 
to be measured) connected in the circuit. The zero-ohms adjusting 
resistor R is also in series with the circuit. 

meter. This is the principle of operation of the series type ohm
meter. Note that in this type, the higher the resistance being 
measured is, the lower is the meter reading. Therefore, in series 
ohmmeters, the left end of the scale always represents "infinite" 
resistance (open circuit), and the right end represents the lowest 
resistance of the range-Le., the high-resistance markings are 
at the left and the low-resistance markings are at the right (just 
the reverse of usual meter scale markings). The construction of 
series type ohmmeters, and the calculations pertaining to their 
design will be considered in detail in Chap. IV. 
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3-14. The "Zero-ohms" Adjusting Resistor. - In practical 
ohmmeters, the "current-limiting", or "zero-ohms", adjusting re
sistor R is made variable, so that when the ba'ttery ages and its 
closed-circuit voltage drops, resistor R can be decreased in value 
in order to bring the meter reading up to full-scale value when 
the test terminals T-T are short-circuited ("zero" resistance). 
This adjustment is usually made every time the instrument is to 
be used for resistance measurements. In many cases, this resis
tor is composed of a fixed and a variable resistor in series, as in 
Fig. 4-1. In this way, fine adjustment is obtained with the varia
able resistor, since now a given movement of its shaft changes 
the resistance of the entire circuit by only a small percentage. 

Another arrangement for the "zero-ohms", adjusting resistor 
R is shown in Fig. 3-9. Here it is connected in series with a 
fixed resistor N of low resistance, and the two of them together 
are connected in parallel with the meter. A current-limiting re
sistor P is connected in series with the meter and battery. In 
this case, when the battery ages, the value of resistor R must be 
increased so that it shunts less of the current away from the 
meter-thereby making it possible to bring the meter reading up 
to full-scale value (zero resistance) when the terminals T-T are 

...___ _ _..,.'W\/\NVV\NV\;....--t-1+-+-
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FIG. 3-9. - A 
simple series type 
ohmmeter w i t h 
"zero-ohms" ad
justing resistors 
R and N in par
allel with the 
meter. 

touched together ("zero resistance"). As will be seen later, in our 
study of commercial forms of ohmmeters in Chapter V, this latter 
arrangement is the one most commonly employed, since it assures 
a greater degree of ohmmeter accuracy ( even after the battery 
has deteriorated considerably) than that resulting from the use 
of a variable series resistor for battery voltage compensation. 
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3-15. Providing Several Ranges for the "Series" Ohm
meter.-It is not practical to design ohmmeters to cover within 
a single range, the full range of resistance measurement (from a 
fraction of an ohm to about 3 or 5 megohms) necessary in radio 

FIG. 3-10.-The 
series ohmmeter 
of Fig. 3-9 with 
a shunt resistor 
S added to pro
vide a low range. 
The arrows show 
the direction of 
current flow. 
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service work. If this is attempted, the graduations at one, or 
both, ends of the scale are so crowded that accurate readings are 
impossible. Hence, ohmmeters are made with several separate 
ranges to cover the wide range of resistance measurement re
quired. Generally speaking, the greater the number of separate 
ranges the "total" range is split up into, the greater is the accur
acy with which resistance values can be read, since now for each 
range the total number of divisions on the scale represents a 
smaller range of resistance. Therefore each division now repre
sents less resistance change, and any error made in estimating 
fractions of a division when taking a reading represents a much 
smaller error in ohms than before. 

Let us suppose that the series ohmmeter shown in Fig. 3-9 
has a certain range over which resistances can be read accurately 
from its scale-say 100 to 100,000 ohms. If it were desired to 
provide a lower range of say 0.1 to 100 ohms, we could connect 
a shunt resistor S of proper value to shunt the correct proportion 
of the current away from the meter circuit, as shown in Fig. 3-10. 
Now, the meter deflection for any value of R"' would be propor
tionately smaller than if this shunt were not connected. There
fore, remembering that in a series ohmmeter the lower the value 
of resistance being measured, the greater is the meter deflection, 
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it is evident that we can now accurately measure lower values 
of resistance than we could before. A still lower range can be 
provided by connecting another shunt resistor SJ in parallel with 
S, etc. If we bring the ends of these resistors to a switch SW-1, 
we can connect either, or both, of them into the circuit at will, 
to provide several low ranges, as shown in Fig. 3-11. Typical 
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FIG. 3-11. - The 
series ohmmeter of 
Fig. 3-10 with two 
shunt resistors S and 
S1 added. These 
provdde two addi
tional ranges. For 
high resistances, the 
45-volt battery and 
current-limiting re
sistor C are put iti 
series with the cir
cuit by switch SW-I. 
This results in an 
ohmmeter with four 
ranges. 

commercial ohmmeters which employ this system will be studied 
in Chapter V. 

In order to make it possible to measure higher resistances 
than the "intermediate" range of the meter provides for, it is 
necessary only to increase the battery voltage so as to send the 
current through the higher resistance. If the intermediate range 
goes up to, say, 100,000 ohms when a 41,4-volt battery is used, the 
range can be made ten times as high (1,000,000 ohms) if a bat
tery having ten times as much voltage, i.e., 45 volts, and a cur
rent-limiting resistor having ten times as much resistance are 
used. In Fig. 3.,11, we have shown a switch SW-S for connecting 
either the 4½-volt, or the 45-volt battery and additional cur
rent-limiting resistor C, into the circuit. Obviously, switches 
SW-1 and SW-S can be "ganged" together to provide a single 
control for the selection of all the ranges of the ohmmeter. In
stead of "switching" the 45-volt battery and resistor C into the 



CB. III MEASURING RESISTANCE 77 

circuit, they may be connected externally, between one of the 
terminals T and one end of the resistor R. to be measured. This 
makes switch SW-S unnecessary. When the 45-volt battery is in 
the circuit, all scale readings should be multiplied by 10. 

Complete instructions for making a simple series-type ohm
meter from an ordinary 0-1 milliammeter, including the methods 
of calibrating the scale, increasing the range, etc., will be found 
in Chapter IV. In the present chapter we are merely concerned 
with the principle of operation and main characteristics of series 
and shunt-type ohmmeters. Descriptions of typical commercial 
ohmmeters will be found in Chapter V. 

3-16. Principle of the "Shunt"-Type Ohmmeter.-Thc 
fundamental circuit of the shunt type ohmmeter is simply one 
containing several parallel or "shunt" resistors with a constant 
voltage applied. One branch, the meter, indicates its amount of 
current, and the other branch, the resistor under test, carries the 
remainder of the full-scale current. Since the reading of the 
meter therefore depends on the value of the "shunt" resistor con
nected across it, the scale can be calibrated to indicate the value, 
in ohms, of this resistor to be measured-instead of indicating 
the current. 

A consideration of Fig. 3-12 will make this clear. Suppose 
a meter M and battery B to be connected in series as shown at 
(A). Further suppose that the resistance of the meter is, say, 
50 ohms and that the battery has a voltage of 3 volts. If the 
full-scale range of the meter is 1 ma. (0.001 amp.), then the re
sistance of the complete circuit must have a value of R=E/1= 
3/0.001=3,000 ohms, for the meter to read full scale. Since the 
resistance of the meter itself is 50 ohms, the value of R must be 
3,000-50=2,950 ohms. 

Now suppose that the meter is shunted by another resistor R,, 
of 50 ohms as shown at (B) ; then if R is 2,950 ohms, the total 
circuit resistance becomes 2,950 + 25 (the equivalent resistance 
of two 50-ohm resistors in parallel), or 2975 ohms. The current 
flowing from the battery is I=E/R=3/2,975=0.001008 ampere, 
or 1.008 milliamperes (1 ma. is close enough for our purpose). 
This is very nearly the same current as before, but the important 
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point is that now only half of this current is flowing through the 
meter, the other half is flowing through the external 50-ohm re
sistor R.. The reading of the meter will now be only 0.5 ma.
half as large as before. Therefore, since the meter will always 

I
B 

I -+ .;__/ J VOLTS 

I 

0-1 o-c 
MILLIAMMETER 
C501.1) RES-l 

SW. 

(A) 
R,c < 50c.>l 

FIG. 3-12.-(A): Simple series-type ohmmeter circuit with a 
60-ohm 1-ma. meter. 

(B) : Simple shunt-type ohmmeter circuit. The resistance R. 
to be measured is connected across the meter. The current I now 
divides. part flowing through the meter, and part through R .. 

read 0.5 ma. when a resistance of 50 ohms is connected at R., 
we may mark the 0.5 ma. point on the meter scale, "50 ohm," 
also. 

If, now, a 25-ohm resistor is shunted across the meter at R. 
instead, the meter will take only 1/3 of the total line current, 
and will therefore read 1/3 full scale-or 0.333 ma. Since the 
meter will always read 0.333 ma. when 25 ohms is connected at 
R., this point on the meter scale may also be marked !5 ohm&. 

If the external resistance R. is made 75 ohms, the meter cur
rent will be but 0.6 ma., and the pointer will only go up to the 
0.6 mark on the scale. This can therefore be marked 76 ohm,. 
Following this line of reasoning, then, the milliammeter scale may 
be calibrated in terms of "ohms of external resistance" (R.) 
connected across the meter. 

The circuit of a simple "shunt"-type ohmmeter is shown in 
Fig. 3-13. To operate this type of ohmmeter, R is fim adjusted 
to produce full-scale deflection of the meter (1 ma. in this case), 
when nothing is connected across output terminals T-T ("open
circuit"). Then the resistor whose value is to be determined is 
connected across terminals T-T, thus shunting it across the me
ter, and its resistance is read directly on the scale of the meter. 
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It should be noted that the lower the value of resistance to be 
measured, the less will be the deflection of the meter, since this 
resistance presents an additional current-path which shunts cur
rent away from the meter. Therefore, the scale on this type of 
meter has the low resistance values at the left and the high re
sistance values at the right. 

When high resistances are being measured, they shunt very 
little of the current away from the meter, and hence do not cause 
the pointer to move very much from its full-scale (infinite re
sistance) position. Hence they cannot be measured accurately. 
Therefore, in this type of meter, only about 80% of the scale 
can be used for accurate readings. For instance, for a meter hav
ing an internal resistance of 50 ohms, and for a useful scale from 
divisions 10 to 90, the range of the meter would be from about 
5 to 450 ohms. 

3-17. Extending the "Low" Range of Shunt-type Ohm
meters. -Of course the lower limit of resistance measurement of 
a shunt ohmmeter may be made still lower by shunting the meter 
inside of the ohmmeter with a shunt resistor R,, before the resistor 
to be measured is connected, as shown in Fig. 3-14. This results 
in making the meter read lower on the scale, for any given value 

FIG. 3-13.-A simple shunt
type ohmmeter. R is first ad
justed until the meter reads 
full-scale value when terminals 
T-T are open. The resistance 
to be measured is shunted across 
the meter. · T T 

'-v---' 
TO RESISTANCE TO 
BE MEASURED 

of resistance being measured. When a shunt resistor R, is em
ployed, resistor R is first adjusted (with terminals T-T open) so 
that the meter reads full-scale with this shunt connected. 

To understand just how much this shunt resistor affects the 
ohmmeter range, let us suppose that our meter is first arranged as 
in Fig. 3-13 and that R has been adjusted (with terminals T-T 
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open) to produce full-scale reading. Now suppose that shunt re
sistor R, (having a value of, say, 50 ohms) is connected directly 
across the meter whose resistance is also 50 ohms, as shown in 

'

BATT. 

+I -
(3 V.) 

0-IMA 
c Rm 50w> --. ' 

T .....__...., 
SW. 

T 

TO RESISTANCE TO 
BE MEASURED 

FIG. 3-14.-Here the meter is 
shunted by shunt resistor R, in 
order to make it possible to 
measure lower values of re
sistance. 

Fig. 3-14. Since both the meter and shunt resistances are equal 
in this case, the meter reading will immediately drop to half-scale
value. However, if we now decrease resistance R to about half 
its value, the total current from the battery will be 2 ma. instead 
of 1 ma., and the meter will read full-scale again. Under these
conditions, so far as any external resistance R~ to be measured 
is concerned, the meter unit now has an effective resistance of 25 
ohms (R, and Rm in parallel). Therefore, any given resistance 
now connected across terminals T-T causes less lowering of the
meter reading than would occur with the previous circuit arrange
ment, so now it requires a much lower resistance to bring the 
meter pointer do"\\-n near the left end of the scale-that is, the 
ohmmeter is now able to measure, accurately, lower resistances 
than before. The limits of this new circuit arrangement ( using 
only 80% of the scale) are from about 2.75 to 225 ohms for the
particular meter shown. If, as is usually the case in practice, 
98 % of the scale is graduated, this ohmmeter can measure from 
about 0.25 to 2,500 ohms, but the end graduations would be rather 
crowded. 

The important point here is that, with a given meter and set 
of shunts (several R, resistors), a shunt-type ohmmeter may be 
designed to measure resistances ranging from a very low value 
to a fairly high value. This is one important advantage which 
shunt-type ohmmeters have over the simple series type. Of course, 
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the various shunts may be selected and connected into the circuit 
by a switching arrangement in order to produce a practical multi
range ohmmeter. 

3-18. Combination "Series"- and "Shunt"-Type Ohm
meters.-The series-type ohmmeter possesses the main advantage 
of being suited for the measurement of medium and very high 
resistances. The shunt-type ohmmeter has the advantage of 
being especially suited to the measurement of very low resist
ances without drawing a very heavy current from the battery. 
It is possible to utilize these advantages of each type by arrang
ing the ohmmeter circuit with the proper switches and resistors 
so that it is connected as a shunt-type ohmmeter for measuring 
very low resistances, and as a series-type ohmmeter for measur
ing medium and high resistances. 

3-19. Precautions to Observe When Using Ohmmeters. 
-The ohmmeter is one of the most necessary and useful adjuncts 
to any service man's equipment and is indispensable for the rapid 
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RESISTOR 

FIG. 3-15.-(A): Incorrect way to hold the test prods when 
using an ohmmeter. The fingers are touching the bare metal of the 
test prods, thereby shunting the resistance of the body across them. 

(B): Correct way to hold the test prods-by the insulated por
tion. This insulates them from the body. 

determination of resistance values, continuity tests, etc. How
ever, certain precautions must be observed when using ohmmeters 
if accurate results are to be obtained. 

If the bare metal portion of the test prods of an ohmmeter 
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employing a 0-1 ma. meter, or a more sensitive movement, are 
held with the hands, as shown at (A) of Fig. 3-15, the meter will 
not indicate the correct value of any high resistance being meas
ured. Instead, it will give a reading lower than the true value. 
This is due to the fact that the ohmmeter terminals are being 
"bridged" by the "ohmic" resistance of the human body, which 
is usually less than 50,000 ohms-especially if the fingers are 
moist and make good contact. The ohmmeter, then, really indi
cates the "equivalent resistance" of the body resistance and re
sistance R in parallel. For this reason it is important to keep 
the fingers away from the metal of the test prods and the unin
sulated parts of the component under test, when making high
resistance measurements. The test prods should be held at the 
insulated part, as shown at (B). 

It is very often found that a resistor whose value in "ohms" 
is actually marked upon it, or whose value is determined from 
its color code markings (see "RMA Resistor Color Code" in 
Radio Field Service Data & Answer Book Supplement to Modem 
Radio Servicing), does not seem to have exactly this resistance 
when it is measured with an ohmmeter. Whether the deviation 
is too great for satisfactory operation of the receiver depends 
entirely upon the particular circuit in which the resistor is em
ployed. For all practical purposes, however, if the "measured 
value" of the resistance is within 10 % plus or minus of the 
"marked value", it may safely be assumed to be satisfactory 
unless it is used in a circuit in which the value of the resistance 
is critical. The subject of tolerances of resistor values will be 
discussed in greater detail in Chapter XXII, where the testing 
of individual radio components is considered at length. 

Another important precaution to be obsened when using 
ohmmeters is to make certain that the "zero-ohms" adjustment 
has been checked and set properly in accordance with the in
structions of the manufacturer, before any measurements are 
made. Failure to do this will result in an error in the measure
ment, if the battery voltage has decreased since the last time 
this adjustment was made. 

Finally, when testing the resistance of a component, be cer
tain that no other component, such as another resistor, a coil, a 
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leaky condenser, etc., is connected in the circuit in parallel with 
it. If a very leaky condenser or any other closed-circuit object 
happens to be connected in parallel with a resistor to be meas
ured, as shown in Fig. 3-16, the ohmmeter will read the combined 
resistance of the resistor and the leaky condenser ( or other ob
ject) in parallel. This causes it to indicate a resistance lower 
than the true value. The mere fact that a condenser is not 
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FIG. 3-16.-(A): Incorrect method of checking resistance with 
an ohmmeter. A leaky condenser (or other component) has been left 
connected across the resistor whose value is to be measured, thus 
shunting it and causing the ohmmeter to indicate a lower resistance 
than the true value. 

(B): Correct way. The leaky condenser has been disconnected 
from the resistor while the resistance is being checked. 

supposed to be a resistor does not necessarily mean that it is not 
acting as a resistor. It will act as a resistor if it is "leaky". The 
best rule to follow is to disconnect one end of the component un
der test from the receiver circuit it is in (see (B) of Fig. 3-16) 
before making a resistance measurement--always have one end 
of the component free, then there can be no circuit to any other 
possible component in parallel with it. 

3-20. The Ohmmeter vs. Other Resistance Measuring 
Instruments. -Ohmmeters are used more than any of the other 
instruments described in this chapter, for checking resistances 
anc:\ circuits in radio service work, for the simple reasons that 
they are compact, accurate enough for the purpose, fairly inex-
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pensive and provide rapid measurement without need for any 
calculations. 

The \Vheatstone bridge method gives more accurate results 
than does the ohmmeter. The results are independent of the 
condition or size of the battery used, but depend almost entirely 
upon the accuracy of the resistors in the bridge, and its construc
tion. Of course, the Wheatstone bridge is more costly and bulky 
than the ohmmeter and therefore is not as well suited for port
able use. Also, it takes longer to make the measurement and 
the necessary calculations. For accuracy, though, there can be 
no doubt as to which instrument must be used-the bridge far 
surpasses any of the others in accuracy. 

REVIEW QUESTIONS AND PROBLEMS 

1. Explain how you would measure the value of a rather low re
sistance by means of a voltmeter and ammeter. Draw a circuit 
diagram. 

2. A filament rheostat is the resistor in Question 1. The voltmeter 
reads 6 volts, and the ammeter reads 0.5 amperes. Calculate 
its resistance. 

3. The resistance of a "C"-bias resistor is being measured by the 
ammeter-voltmeter method. The voltmeter reads 6 volts and 
the milliammeter reads 20 milliamperes. (a) Draw the circuit 
diagram. (b) Calculate the resistance in ohms. 

4. Draw a circuit diagram and explain how you would measure a 
high resistance roughly, by using a voltmeter and a 110-volt d-c 
electric light circuit. What range voltmeter is preferable for 
this measurement? 

5. In the measurement of Question 4 the readings of the voltmeter 
are 110 volts, and 90 volts. The 150-volt range of a 2,000 ohma
per-volt voltmeter is employed. Calculate the value of the re
sistance being measured. 

6. State the advantages of the Wheatstone bridge method of resist
ance measurement over that of the ohmmeter. 

7. Since the Wheatstone bridge is a more precise instrument for 
resistance measurement than the ohmmeter, why is it not used 
more than the ohmmeter by radio service men? 

8. Draw the circuit diagram of a simple Wheatstone bridge, and 
label each resistor. 

9. (a) Explain in detail how you would go about measuring a re
sistance with the Wheatstone bridge of Question 8. 
( b) Assuming values for the various resistance arms, calculate 
the value of the unknown resistance. 

10. Describe the construction of a slide-wire form of Wheatstone 
bridge. What advantage does it possess? 

11. When the bridge has been balanced durinp a resistance measure
ment, it is found that the "bridge ratio' is 160, and the other 
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12. 
13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

known resistor has a value of 95 ohms. Calculate the value of 
the resistance being measured. 
Explain the principle of operation of a simple ohmmeter. 
What is the main limitation of the "ohmmeter method" of re
sistance measurement? 
Explain the advantages and disadvantages, if any, of the shunt 
type of ohmmeter over that of the series circuit type. 
What are the advantages gained by employing in an ohmmeter 
a 0-1 ma. milliammeter, instead of one of larger range. 
Your series ohmmeter now employs a 0-1 ma. milliammeter hav
ing a resistance of 27 ohms. The ohmmeter has a range of 
0-100,000 ohms. Draw a circuit sketch showing how you would 
provide (a) a 10,000-ohm range; (b) a 1,000-ohm range. 
You wish to multiply the original range of the ohmmeter in 
Question 16 by ten. Explain how you would do this. 
Draw a diagram showing how you would convert a simple, single
range series-type ohmmeter to serve also as a voltmeter haring 
four ranges. 
Explain two precautions to be observed when using an ohmmeter 
for high-resistance measurements. 
Does the ohmmeter indicate a resistance hiJher, or lower, than 
the correct amount if the precautions of Question 19 are not 
observed? Explain why. 



CHAPTER IV 

HOW TO CONSTRUCT OHMMETERS 

4-1. Making Home-constructed Ohmmeters.- Although 
excellent commercial ohmmeters (see Chap. V) are available at 
low cost, radio service men of ten desire to construct their own 
ohmmeters from meters and resistors that they may have on 
hand. The construction and calibration of an ohmmeter also 
forms an excellent project for students of radio servicing. For 
this reason, some space will be devoted to this subject in this 
chapter, and the design and construction data for three practical 
ohmmeters will be given. 

The construction and calibration of an ohmmeter are simple, 
and need not present any serious difficulties to the average ex
perimenter or service man. The meter used should be pref er
ably one of 1-ma. range or lower, although a 2-, 5- or 10-ma. meter 
may be utilized with less satisfactory results, if necessary. One 
advantage gained by employing a 1-ma. meter lies in the fact 
that the drain on the dry-cell battery is very low, namely 1 ma., 
and the battery will retain its full voltage for a long period of 
time. In addition, with this type of meter, it is possible to con
struct an ohmmeter with a range as high as 100,000 ohms, using 
only a 4½-volt battery. This cannot be accomplished with mil
liammeters of higher range-which require more current to make 
their pointers deflect across the full scale. 

4-2. Precaution to Observe when Making Ohmmeters. 
-One of the chief difficulties encountered when making ohmme
ters from published circuit diagrams and miscellaneous parts is 
to get the desired degree of accuracy in the completed instru
ment. The final accuracy is the algebraic sum of the individual 
accuracies of the individual parts which have been assembled. 

86 
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Obviously, if the accumulated errors of these individual parts are 
appreciable and are all in one sense (all plm, or all minm), the 
overall accuracy of the final ohmmeter will be very poor. 

Generally speaking, the person who builds instruments of this 
kind from parts usually has no facilities for testing the device 
when completed, and must therefore rely on the accuracy of the 
parts that have been used. It is important, therefore, that the 
various parts chosen for the assembly of any of the ohmmeters 
described in this chapter be carefully selected, so that they will 
produce a completed device that will have a satisfactory accur
acy. Resistors should be accurate, and permanent in value. 
Range-selector switches should be of the type which have low
resistance contacts-especially for the low-resistance ranges-
otherwise errors of appreciable magnitude will be introduced into 
the circuit and the ohmmeter will not repeat itself on these read
ings. 

When connecting shunt resistors into the circuit, care should 
be taken to place the shunts so that the connections to the meter 
terminals will be as short and direct as possible. Remember 
that shunts usually are of low resistance. If much wire is used 
for connecting them into the circuit, its resistance may be almost 
as great-or even greater-than that of the shunts. Of course 
this will seriously impair the accuracy of the instrument on the 
ranges in which these shunts are used. 

4-3. How to Design and Construct a Simple Series-type 
Ohmmeter.-The design and construction of a simple series
type ohmmeter, having a useful range of approximately 100 to 
100,000 ohms, will be considered first. This will be patterned 
after the common series-ohmmeter circuit shown in (B) of Fig. 
3-8. A 0-1 d-c milliammeter is connected in series with a 4½
volt "C" battery and calibrating resistance R, as shown in Fig. 
4-1. The latter is made up of a fixed section R1 and a variable 
section RS. As is well known, the internal resistance of a dry
cell battery is not constant, but increases with age and use. This 
results in an apparent reduction in the terminal voltage of the 
battery. Therefore, a provision for adjusting the resistance of 
the ohmmeter circuit is necessary in order to make it possible to 
adjust the pointer deflection to full-scale when the terminals 
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T-T (which are usually "test prods") are shorted together-even 
though the battery voltage may have decreased as much as 25 
per cent. 

We will now consider the design of this simple ohmmeter. If 
the terminals T-T are short-circuited ("zero"-reeistance), and if 
the internal resistance R. of the meter is 27 ohms ( a common 
value for a 1-ma. meter), then the circuit must have a total re
sistance of R=E/1=4.5/0.001=4,500 ohms, to make the pointer 
deflect over the full scale, i.e., to make 1 milliampere of current 

_ RI RZ 
- '------,,-----:...I 
-=-4.~V. R 

~ TERMINALS ID-T ___ __, 

L - - •~\'l,",l',,'1.,"r - - _J 
RX 

RESISTANCE TO 8£ 
MEASURED 

FIG. -'-1.-Cir
cuit diagram of a 
simple series-type 
ohmmeter whose 
design and con
struction are con
sidered here. A 
reduced facsimile 
reproduction of 
the scale for this 
meter is shown in 
FiK. -'-2. 

flow through the circuit. Since the 27-ohm internal resistance of 
the meter represents only six-tenths of one per cent of this total 
circuit resistance, we can neglect it and say that the value of R 
must be 4,500 ohms. \Ve can then use a 3,000-ohm fixed resistor 
for R1, and a 2,000-ohm variable resistor for RI, as shown. The 
latter can be set at 1,500-ohm value to meet these circuit condi
tioll8. The 1-ma. point on the meter scale can then also be 
marked "0" ohms. 

Now if we imagine a resistor R., of say 4,500 ohms to be 
connected across test terminals T-T, only half as much current 
will flow, and only a half-scale deflection will be produced on the 
meter. Therefore, on this particular ohmmeter, the 0.5 ma. point 
on the scale can also be marked "4,500 ohms", for, whenever the 
instrument is connected to a 4,500-ohm resistor, the meter will 
read 0.5 ma. Similarly, other points on the scale can be marked 
with their corresponding resistance values for direct reading. 

4-4. Calibrating the "Ohms" Scale of the Series-type 
Ohmmeter.-The scale of the milliammeter can be calibrated 
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directly to read "ohms", by actually noticing the meter readings 
when several accurate resistors of known values are connected, 
in turn, across test terminals T-T. This is the most simple 
method. 

However, such a suitable series of accurate resistors are not 
usually available for this purpose. In such cases, the exact re
sistance values of R. corresponding to any point on the scale, 
for an ohmmeter of the simple series type shown (in which the 
meter shows full-scale deflection when the test terminals are short
circuited), can be calculated by means of the following formula: 

R(M-m) 
R. m 

Where, B. = the resistance being measured (ohms) 
B = the "calibrating" resistance (in ohms) connected 

in series with the meter 
M = the full-scale range of the meter (milliamperes) 
m = the meter reading (ma.) when the resistance R. is 

connected to the terminals of the ohmmeter. 
Note: This formula neglects the internal resistance of the meter, 

but this does not introduce serious error since the resistance of a 
milliammeter is usually very small compared to the resistance R 
in series with it. However, if the meter is of a type which has ap
preciable resistance (many high-sensitivity microammeters have a 
resistance as high as 1,000 ohms or more, as indicated in the table 
in Art. 2-14), and this resistance is to be taken into account, simply 
let R in the above formula be equal to the "calibrating" resistance 
plus the internal resistance of the meter movement. 

To illustrate the use of the formula, let us consider a typical 
example: 

Example: A 0-1 milliammeter is connected in series with a 
4,500-ohm aeries resistor R, and a 4%-volt "C" battery, as shown in 
Fig. 4-1. When the meter reads 0.6 ma., what is the value of the 
resistance R. being measured? (Neglect the milliammeter resistance.) 

Solution: 
n R(M-m) 4,500 {1-0.6) 4,5oox0.4 
n. ... ---- - ------ -----. 3,000 ohms. Au. 

ffl 0.6 0.6 

By repeating this calculation for various meter readings, the 
exact resistance of R. corresponding to each reading can be de-



90 MODERN RADIO SERVICING CH.IV 

termined quickly, and a complete "ohms" scale or chart can be 
made for the meter, without actually having to measure a num
ber of accurate resistors of known value. Although the "ohms" 
calibration may be marked carefully in pencil directly on the 
meter scale ( after removing the meter from the case) , it is pos
sible to obtain commercially printed scales of this kind at nomi
nal cost. Of course, an entire new scale may be drawn up by 

the constructor on thin 
Bristol board or stiff paper 
and fastened to the meter 
face. 

FIG. 4-2.-A typical 
example of a home made 
ohmmeter scale. The 
"ma.'' scale is at the 
bottom, and the "ohms" 
scale is at the top. This 
scale is suitable for the 
ohmmeter of Fig. 4-1. 

A reduced facsimile of a home-made scale for the ohmmeter 
of Fig. 4-1 is shown in Fig. 4-2. Notice that the "ohms" divisions 
are very crowded at the left (high-resistance) end, so accurate 
measurements cannot be made here. For rough measurements, 
the useful range of this instrument is approximately from 100 to 
100,000 ohms. The "ohms" values on this scale were calculated 
from the formula given in this article. Of course this range 
could be increased by employing one of the methods described in 
Art. 3-15. 

It should be remembered that once, each time before the ohm
meter is used, resistor RS should be adjusted so the meter reads 
full-scale (zero ohms) when the ohmmeter terminals are touched 
together. 

4-5. How to Construct a Double-range Shunt-type Ohm
meter .-An ohmmeter that will measure lower resistances than 
the one just described, will now be considered. This ohmmeter 
is of the "shunt" type (see Art. 3-16) and may be used to meas
ure d-c resistance from ½ ohm to about 50,000 ohms in two 
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ranges: ½ to 100 ohms, and 100 to 50,000 ohms. It will "main
tain its initial calibration even when the battery voltage has de
creased as much as 33 % due to age. The circuit of this ohm
meter is shown in Fig. 4-3. 

Resistor R1 is an ordinary wire-wound rheostat with a total 
resistance of 5,000 ohms, and R2 is an accurate wire-wound re
sistance of 6,000 ohms laccurate to at least 1 per cent). The 
switch S is closed only when the ohmmeter is put into use, and 
is open at all other times to prevent a steady drain of current 
from the battery. A 0-1 ma. d-c meter is employed. 

Three terminals are provided, as shown, for connection to the 
resistance to be measured. Terminals T 1 and T2 are for low
resistance measurements; T1 and TS are for high-resistance 
measurements. Two 4½-volt dry-cell "C" batteries are em
ployed to furnish the necessary 9 volts of potential. 

Resistor R1 serves no purpose other than to enable the re
sistance of the meter circuit to be adjusted so that full-scale 
deflection ("infinite" resistance on "ohms" scale) is always ob
tained when all "test terminals" are "open"--even though the 
voltage of the battery may have decreased to as low as 6 volts due 

FIG. 4-3.-The cir
cuit for a double
r a n g e shunt-type 
ohmmeter w h o s e 
construction is de
scribed here. Tl 

5000 OHMS 

T3 

to age. This should always be set for this condition before using 
the ohmmeter. 

If the resistance to be measured is low (between about ½ 
ohm and about 100 ohms), it should be connected across ter
minals T1 - Tl. This connects it in "shunt" with the meter, pre
senting an additional path for the current to flow through. There-
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fore, since the total current now divides and flows through the two 
parallel paths (the strength of the current in each path varying 
inversely as the resistance of that path), less current flows 
through the meter than did before, and the meter deflection ii 
reduced. The lower the resistance to be measured is, the more 
the meter deflection is reduced, hence the low-reriBtance end of 
the scale in this type of ohmmeter is at the left. 

When terminals T1 - TS are used, the shunting effect is in
crecued due to the presence of resistor Rt in the parallel circuit. 
Hence a readable change in deflection of the meter may be pro
duced with resistances which are too high to produce noticeable 
change in deflection when connected across T1 - Tl, i.e., this pro
vides a range for the measurement of higher resistances from 
about 100 ohms to 50,000 ohms. 

4-6. Calibrating the Shunt-type Ohmmeter.-The scalee 
of the ohmmeter described in Art. 4-5 are best calibrated directly 
in ohms by actually noticing and recording the readings of the 
meter when a sufficient number of accurate resistors of known 
value are actually connected in turn to the terminals for both 
ranges. This is the simplest way of calibrating the "ohms" scale. 

If such resistors are not available, the resistance values cor
responding to various meter readings when the "low" range is 
used may be calculated fairly closely by means of the formula: 

R.= ( M) -- -1 
m 

R,,. 

Where, R. = the resistance being measured (ohms) 
R. = the internal resistance of the milliammeter (ohms) 
M = the full-scale range of the meter (ma.) 
m = the meter reading (ma.) when R. is connected to 

terminals T1 - Tt. 

To illustrate the use of this formula for the low range ( up to 
about 100 ohms), let us consider a typical example: 

Example: A 1-ma. meter having an internal resistance of 
27 ohms is employed, and the reading of the meter is 0.2 ma. 
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when the resistance to be measured is connected to low-rani'tl ter
minala T, - T •· What is the value of this resistance? 

Solution: R. 
R. 27 27 

- --- • ---- • - -6.76ohma. Au. 

(-!~ )-1 ( 0~2- )-1 6-1 

Likewise, if the meter reading is, say, 0.8 ma., the value of the 
resistance being measured is 108 ohms, etc. 

The foregoing formula cannot be used for calculating the re
sistance values corresponding to readings on the "high" range, 
for when the "high" range is used, resistor RI is automatically 
put into the shunted circuit. This alters the circuit conditions 
in such a way that the formula becomes inapplicable if accurate 
results are to be obtained. 

It will be necessary to make two independent sets of resist
ance calibrations before the meter can be put into service. They 
can be marked directly upon the face of the meter in line with 
each division of the original "milliampere" scale. Otherwise, a 
new meter scale can be made {see Fig. 4-2 for the general idea), 
or external reference charts may be prepared. External refer
ence charts upon which each meter reading has to be looked up 
in order to find the exact resistance value it corresponds to are 
not very popular among radio service men. The main reasons 
for this are that the process of ref erring to the chart for every 
reading slows up the measurement work considerably and also 
introduces the possibility of making errors when such reference 
is made in a hurry. Meters with directly-calibrated scales are 
much more satisfactory. 

Inasmuch as the author has found that the internal resistance 
of meters such as Weston and Jewell 0-1 milliammeters vary as 
much as 20 per cent from the approximate resistance values given 
in the chart in Art. 2-14, no definite or accurate calibration values 
can be supplied here for the "low" range of this ohmmeter, since 
for this range the values depend entirely upon the exact resistance 
of the particular meter used. However, upon one ohmmeter con
structed in accordance with the circuit of Fig. 4-3, the following 
readings were obtained for the "low" and the "high" ranges. 
Theee may be used as a guide if this ohmmeter is constructed. 
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R. 
(ohms) 

"LOW'' RANGE 
Meter Reading 

(ma) 

0.3 ------------------------ 0.01 
0.6 -------------------- 0.02 
6 _____ 0.16 

6.6 ----- 0.22 
10 ----- 0.28 
20 --- 0.44 
40 ----- 0.62 
60 ----- 0.72 
80 --- 0.76 

118 ----- 0.80 
266 -------------------- 0.90 
666 --- 0.96 

1,440 ----------- 0.98 

"HIGH" RANGE 
R,. Meter Reading 

(ohms) (ma) 

62 ----- 0.01 
123 0.04 

1,160 0.37 
1,700 ---- 0.47 
2,320 0.66 
6.020 --- 0.72 
9,800 0.84 

16,070 0.89 
19,460 0.90 
24,100 0.92 
32,000 0.96 
38,000 0.97 
46,000 0.98 

An examination of these sets of readings reveals an interest
ing and important characteristic of this type of ohmmeter. At 
the lower meter readings, the resistance increases fairly slowly 
with increase of meter reading, and the resistance values may be 
determined quite accurately. As the "high end" of the scale is 
approached, the resistance values increase considerably for even 
small changes in meter deflection, hence the possibility of making 
a "reading error" is very much greater. If graphs of both sets 
of readings are plotted on cross-section paper, this characteristic 
will be revealed even more forcibly. 

4-7. How to Extend High-resistance Ranges of Series
type Ohmmeters.-In service work on modern receivers which 
employ automatic volume control, silent tuning circuits, high
fidelity amplification, etc., it is often necessary to be able to 
check the value of resistances of quite high value which are used 
in these circuits. About ten (10) megohms seems to be the maxi
mum resistance encountered in commercial receivers.. Five (5) 
megohm units are fairly common, but it is well to be able to 
measure resistances as high as 10 megohms even though they are 
not encountered very often. 

Many of the ohmmeters manufactured a few years ago, and 
many which are sold today, employ a 1-ma. meter, and do not 
have a range anywhere near as high as this. In order to measure 
these high resistances with these ohmmeters, it is necessary to 
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extend their highest range in some way. If the ohmmeter is of 
the "series" type when the high range is being used ( this is the 
case for most commercial ohmmeters), either a more sensitive 
meter may be employed, or the voltage may be raised, in order 
to increase the high-resistance range. Although the simplest 
method is that of substituting a more sensitive meter for the one 
already in the ohmmeter, this involves the purchase of a new 
meter, which is more or less expensive. The only remaining alter
native is to employ some external voltage source of much higher 
voltage than that already incorporated within the voltmeter, and 
preferably an "even multiple" of it, to make measurements up to 
1 or 10 megohms possible. 

Of course, if this is done, an additional resistance must also 
be added in series with the external voltage-supply source. This 
must be of such value that, when the test prods are shorted to
gether (with the new voltage source connected), the current flow
ing through the entire circuit is just sufficient to cause full-scale 
deflection of the meter. The value of this resistor may be calcu
lated by means of Ohm's law in the manner outlined in Art. 4-3. 
In (B) of Fig. 4-4, and in the following considerations, it will be 

OHMMETER 

~ _; EXTERNAL 
VOLTAGE-

<A> (8) 

Fm. 4-4.-The high-resistance range of a series-type ohmmete1 
(A), may be increased by connecting a suitable external voltage 
source (including the proper resistor) to it as shown at (B). 

assumed that this resistor is incorporated with the external volt
age supply unit, even though it is not specifically mentioned. 

Fig. 4-4 shows how the external voltage source should be con
nected in most cases. If a l~ma. meter and a 4½-volt battery are 
used in the series ohmmeter, the highest readable range is usually 
around 100,000 ohms. Therefore an external voltage source of 
4½X10, or 45 volts, will be necessary to multiply this range by 
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10, i.e., to extend it to 1,000,000 ohms. Any reading taken on the 
100,000-ohm scale must now be multiplied by 10 in order to find 
the true resistance value. To increase the range to 10 megohms 
the external voltage source must be capable of supplying 
'½Xl00=450 volts, etc. Since this external voltage source 
must be cheap, very compact, and light in weight in order to be 
practical and portable, the use of batteries for furnishing as high 
a voltage as this is out of the question. 

A suitable line-operated voltage-supply unit which meets these 
requirements satisfactorily may be constructed from the voltage
supply unit portion of the circuit diagram of Fig. 4-5, and may 
be connected to the existing ohmmeter as shown at (B) of Fig. 
4-4, if the ohmmeter is of the simple series type employing a 
1-ma. meter. Instructions for its use will be found in Art. 4-8. 

4-8. How to Construct a High-range Ohmmeter-The 
complete circuit diagram for a high-range ohmmeter which em
ploys a built-in high-voltage supply unit, and which will meas
ure resistances from½ ohm to 10 megohms (in 3 ranges) even 
though it uses only a single 0-1 milliammeter, is shown in Fig. 
4-5. To make this instrument really universal, provision is also 
made for the measurement of low and intermediate values of 
resistance, as well as very high resistances. 

As shown in the circuit diagram, the high-voltage supply unit 
consists of a power transformer T and a '201A, '12A or '71A 
tube connected in a half-wave rectifier circuit. The output is 
smoothed by the small filter condenser C, current-limiting re
sistor RS, and "zero-ohms adjusting" resistor R4. It will be 
seen that the balance of the circuit is identical with that of the 
double-range shunt-type ohmmeter described in Art. 4-5 and 
illustrated in Fig. 4-3. This circuit operated by the 9-volt bat
tery is employed for the "LOW" and "INT" ranges of the instru
ment. For the "HIGH" range, the circuit becomes the "series" 
type, with the vacuum-tube voltage-supply unit furnishing 450 
volts for its operation. 

The power transformer T may be of the "midget" type, since 
its output need be but 450 volts, and the only load placed upon 
both it and the rectifier tube is 1 milliampere-the full-scale 
consumption of the meter. The filter condenser C has a capacity 
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of 0.1 mfd. This value is not critical, since it is used only to 
produce a smoother rectified current flow. Only a condenser 
with a rated working voltage of over 450 volts should be used, 
u a breakdown may be disastrous to the power transformer. 
Resistor RS is a 250,000-ohm unit, and is used with R4, a 

+rHl1l1l1I -
J 9 VOLTS 

RI 

5000 OHMS 

II) 

~ 
·---~---~-- .. :I: 
I I I j 0 

: IO Jo ~g ______ .......,. o ~o ,•o •·~ .. ~gu, !:C?.cn ::qcn ~o 
,: ... ~ '~ 0 ~ :: 0 ~ :! O 
:: 2 z ;! 2 x :; ~ x :,; g.. 
'\ J, O ,: ~ 0 ·u. .. 0 ~ ~ 

SI 0-IMA, 

~ 

R2 
6000 OHMS 

~ 

Hl'-H "COMMON" LOW INT. 
(OHMS> <OHMS-'JOLTSl <OHMS> COHMSl 

la: 'la: la: <« 
® • • (0 

10 V. 100 V. 300V. 1000\I. 

VOLTAGE RANGE 
TERMINALS . 

FIG. 4-6.-Circuit diagrom of a high-voltage supply unit ( within 
the dotted line rectangle) capable of delivering 460 volts, and an 
ohmmeter circuit capable of measuring from ½-ohm to 10 megohms 
in 4 ranges. If the resistors shown at the right (drawn dotted) are 
employed, the meter can also be used as a 4-range d-c voltmeter. 

500,000-ohm adjustable rheostat, to limit the current flow to the 
meter. The voltage-supply unit obtains its current from the 
110-volt a-c electric light mains. 

The "LOW" and "INT" ohmmeter range may be calibrated 
and operated in the same way as described in Art. 4-6. When 
high-resistance measurements are to be made, toggle switch 
81 is first opened, in order to disconnect the 9-volt battery en
tirely from the circuit. Now the high-voltage supply unit is con-
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nected to the a-c line and switched on. Resistor R4 is then 
adjusted for full-scale deflection ("zero" resistance), when the 
"HIGH" ohms and acOMMON" terminals are short-circuited. 
To calibrate this high-resistance range, a number of accurate 
comparison resistors may be used, noting the meter reading when 
each one is tested. 

Note: When using the high-resistance range, ca.re should be 
observed in the handling of the ohmmeter test 'P'rods, since high poten
tial ea:ists across them. The bare metal portiom should not be touched 
or held b'I/ the hartda. 

If multiplier resistors R5, R6, R7 and RB are also provided, 
as shown in Fig. 4-5, the meter may also be used as a 4-range 
1,000 ohms-per-volt d-c voltmeter, thus greatly increasing its 
usefulness. Of course, in this case, S1 and the "line switch" for 
the voltage-supply unit must be left open. 

REVIEW QUESTIONS AND PROBLEMS 

1. State one advantage gained by using a very sensitive meter in 
an ohmmeter, instead of employing one that is less sensitive. 

2. Explain how the accuracy of the various individual parts of an 
ohmmeter affect the accuracy of the completed instrument. 

3. State 3 precautions which must be taken when constructing an 
ohmmeter, if the accuracy of the completed instrument is to be 
kept high. 

4. Explain how you would proceed to calibrate the scale of an 
ohmmeter by means of accurate resistors of known value. 

6. What effect has the accuracy of the resistors employed in Ques. 4 
upon the accuracy of the final calibration of the ohmmeter. 

6. Explain how you would proceed to calibrate the scale of the 
simple series ohmmeter of Fig. 4-1 by means of calculations per
formed through the use of a formula. 

7. Using the proper formula, perform all the calculations neces
sary to obtain all the values for the calibration of the ''low''
range scale of the ohmmeter of Fig. 4-3 if the internal resistance 
of the 0-1 milliammeter is 30 ohms, and the calibrating resist
ance R is 4,000 ohms. Calibration points should be taken at 0.1 
ma. intervals along the scale. 

8. Explain how you performed the calculations in Problem 7. 
9. Draw the complete "milliampere" and low-range "ohms" scales 

for the ohmmeter of Problem 7 (see Fig. 4-2 for sample). 
10. (a) Explain how the upper resistance-measuring range of a 

simple series ohmmeteT can be increased. 
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(b) What determines the "multiplying factor" by which the ohm
meter scale readings must be multiplied in order to find the 

actual resistance when the range-increase method of (a) is 
employed? 

11. Why is it preferable to make routine resistance tests in radio 
service work with an ohmmeter rather than with an ammeter 
and voltmeter or a Wheatstone bridge? Answer this question 
from the point of view of: (a) number of instruments required 
for the measurements; ( b) rapidity with which the measure
ments can be made; ( c) space occupied by the instruments, and 
their weight; (d) cost of the instruments required; (e) time 
required to set them up and connect them for operation. 

12. Explain how the accuracy of the resistance measurements made 
with an ohmmeter is affected if the battery has deteriorated to 
such an extent that it is not possible to adjust it to the proper 
"zero ohms" position before using it. 



CHAPTER V 

TYPICAL COMMERCIAL OHMMETERS 

5-1. Value of Studying Commercial Instruments.-The 
ohmmeter is such a useful instrument, that many excellent com
mercial forms have been developed. Most of them provide sev
eral convenient ranges for covering the wide range of resistance 
measurements required in radio service work. Since the circuit 
and switching arrangements employed by the various manuf ac
turers differ somewhat, it will prove very instructive to study 
some typical ones in detail. At the same time, very valuable 
experience will be gained in "breaking down" circuit diagrams. 
Some circuit diagrams appear rather complicated at first, but are 
found to be fairly simple when studied systematically and 
"broken down." 

5-2. Ohmmeters, Volt-ohmmeters and Volt-ohm-milliam
meters.-After our rather detailed study of milliammeters, am
meters, voltmeters and ohmmeters in the previous chapters, it 
must be quite evident that it is perfectly possible to use the 
meter contained in an ohmmeter, as a voltmeter or milliamme
ter, by the simple expedient of adding suitable switches to cut 
multipliers and shunts in and out whenever necessary. Such an 
instrument is then a combination voltmeter, milliammeter and 
ohmmeter. A variety of voltage ranges may be obtained by 
using sufficient multiplier resistors; a number of convenient mil
liammeter ranges may be had by using the proper shunts; and at 
the same time convenient ohmmeter ranges may be made avail
able. Such combination instruments usually have all the neces
sary batteries required for ordinary work, self-contained within 
the instrument case. They are known under various names, such 
as, "volt-ohm-milliammeters", "multitesters", "combination test
ers," etc. Special combinations of voltmeters and ohmmeters 

100 
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only, are called "volt-ohmmeters," and are made in a wide 
variety of ranges. Although one of these combination instru
ments costs slightly more than a single corresponding milliam
meter, voltmeter or ohmmeter of similar range, they are ex
tremely economical because a single combination instrument will 
do the work for which a number of separate instruments (at a 
much greater total cost), would be required. 

We will now study the circuits and construction of a few 
typical, interesting ohmmeters, volt-ohmmeters and volt-ohm
milliammeters which have been designed and marketed by com
mercial test-instrument manufacturers. This study should 

FIG. 6-1.-The volt-ohm-milli
ammeter whose complete circuit 
diagram is shown in Fig. 6-2. 
Any one of the various voltage, 
current and resistance ranges 
can be selected quickly by the 
range-selector switch knob at 
the center. 

Oovrt•'II Rlldio Oit11 Product• Co. 

prove very instructive, and helpful in making ohmmeter circuits 
clearly understood. 

5-3. "Radio City'' Model 403A Volt-ohm-milliammeter. 
-The instrument pictured in Fig. 5-1 is a combination volt
meter, milliammeter and ohmmeter designed especially for radio 
service work. The voltmeter provides four ranges, the ohm
meter three ranges, and the milliammeter two ranges, as follows: 
0-5, 0-50, 0-250, 0-750 volts d-c only; 0-2000, 0-200,000, 
0-2,000,000 ohms; also 0-500 microamperes and 0-50 milliam
peres, d-c only. 

As shown in the schematic circuit diagram in Fig. 5-2. 
switching is automatically accomplished by means of a triple
pole (arranged in three decks), ten-position selector switch con
nected to the various resistors and 500-microampere meter M. 
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5-4. "Break-down" Circuit Analysis of the Volt-ohm
milliammeter. - Since the schematic circuit diagram of the fore
going instrument appears more complicated than it really is, it is 
desirable to "break down" the circuit when studying it, in order 

sw.~•I 'i+ 

.$W1rc1-1es :.r;2({c· 
CONrRCLLED 8Y 
tSIN~I.E l(N08 

.et•22 0.1-/M..S 

•• ... 
0 ... 

R2- 2500 OHMS 
.€..J - 2~, 000 OHMS 
-'!4-/0, 000 OHMS 
2.S•l00,-000 OHMS 

.e~- $0011 000 OHMS 
R 7· 400011 000 OH..t,.S 
.SI- SO MA. SHUNT 
RVl-~1 610 OHMS 

-· .+ 
Jt! "y ✓;2 

OHMS•V0LTS-MA. 

FIG. 6-2.-The schematic circuit diagram of the volt-ohm-milli
ammeter illustrated in Fig. 5-1. The three sections "A", "B" and 
"C" of the range-selector switch are here shown independently, with 
their respective contact points. The "breakdowns" of this circuit 
for various positions of the switches are shown in Figs. 5-3 to 6-6. 

to show what the actual circuit arrangement is for any particular 
setting of the selector switch. This has been done in Figs. 5-3 
to 5-6, in connection with our analysis of this instrument. 

Let us suppose that the selector switch has been set to ob
tain the 500-microampere range-by turning it to the "500-
microamp" position. When this is done, the contact arms in 
switch sections A, B and C (see Fig. 5-2) touch the respective 
No. 1 contacts. If we carefully trace through the circuit connec
tions for this condition, starting at the instrument "output" ter-
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minal J-1 and finishing at terminal J-S, we will find the actual 
meter circuit to be as shown at (A) of Fig. 5-3. By omitting 
switches A and B, this may be simplified down to the simple cir
cuit shown at (B). It can be seen that with the selector switch 
in this position, the circuit is such that the meter is simply con
nected directly across the "output" terminals of the instrument, 
so that its full sensitivity is available. 

If now we suppose the selector switch to be set so that the 

IOeoFF 
0 

SWITCH ·e· 

CA > 

M 

1).- +1>. 
J-1 ,ill J-2 

FIG. 5-3.-"Breakdown" of the circuit of Fig. 5-2 when the 
selector switch A-B-C is on contact No. 1. The actual circuit through 
the switches A & B (switch C is out of the circuit) is shown at (A). 
The simplified circuit is shown at ( B). This places the meter directly 
across the output terminals. providing the 500-microampere range. 

switch arms on switches A, B and C make contact with their 
respective No. e contacts in order to provide the 50-milliampere 
range, we can trace through the circuit of Fig. 5-2 again, starting 
at terminal J-1 and finishing at terminal J-S, tracing through 
that part of the wiring which is now in the meter circuit. This 
portion of the instrument wiring is shown at (A) of Fig. 5-4. 
This wiring in more simplified form with the switches omitted 
from the drawing is shown at (B). 

If the selector switch is set so that the switch arms make 
contact with their respective No. 3 contacts, the meter is auto
matically connected as an ohmmeter of 0-2,000 ohm range. If 
we trace through the circuit diagram of Fig. 5-2 and "break it 
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down" in the same way as before, for this position of the switch
es, we will find the meter circuit to be as shown at (A) of Fig. 5-5. 
In this case, we have omitted the intermediate diagram showing 
the switches. Note that the shunt S 1 is connected across the 
meter terminals and that the meter is now connected as a series
type ohmmeter, since the resistance to be measured, when con
nected to terminals J-1 and J-!, will be in aerie, with the meter 

'. ~ J ,/ SWITCH 'i\' 

....... ,s •., ...... ? 

SI 

2 

~~ 
SWITCH c·· 

,._ II. OFF 
0 

1oe OF'F' 
0 

SWITCH"B .. 

,._ 
"eoFF 
0 

<A) 

- + 
J-1 J-2 

SI 

+ 
J-1 ( Bl J-2 

FIG. 5-4.-"Breakdown" of the circuit of Fig. 5-2 when the 
selector switch A-B-C is on contact No. !. The actual circuit through 
the switches is shown at (A). The simplified circuit is shown at (B). 
This places shunt resistor St across the meter terminals, providinc 
the 50 milliamp. range. 

and battery. The fixed series resistance is R 1 plus a portion of 
RVJ. Resistor RVJ becomes the zero-adjusting resistor. 

In its fourth position, the selector switch connects in RS and 
R V 1 without the meter shunt S 1. This results in an ohmmeter 
having the circuit shown at (B) of Fig. 5-5, and having a range 
of 0-200,000 ohms. In both this, and the previous positions of 
the switch, only 1.5 volts of the self-contained battery is used. 

When the 0-2,000,000 ohm range is selected (contact No. 6 
on the switches), the circuit is as shown at ( C) of Fig. 5-5. Re
sistors R ~ and R V 1 are now in series with the meter in con
junction with the full 15-volt potential of the battery. 
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When the selector switch is in positions No. 6 to No. 9, in
clusive, only sections A and B are effective, and the circuit ar-

(Al ~8) CC l 

FIG. 5-6.-"Breakdown" of the circuit of Fig. 5-2. The circuit 
,connections for the instrument are shown for the following conditions: 

(A). Selector switch is on contacts Nos. 8. This makes it a 
0-2,000 ohm ohmmeter. 

(B). Selector switch is on contacts Nos. 4. This makes it a 
0-200,000 ohm ohmmeter. 

(C). Selector switch is on contacts Nos. 5. This makes it a 
-0-2,000,000 ohm ohmmeter. 

rangement becomes that shown in Fig. 5-6. Here, 6, 7, 8, 9 repre
sent the contacts on switch (A) (see Fig. 5-2 also). The four 
resistors now become series multiplier resistors, and make the 

FIG. 5-6.-"Break
down" circuit dia
gram for the meter 
of Fig. 5-2 when the 
selector switch is on 
the "voltmeter" posi
tions. This makes it 
a voltmeter having 
four ranges. 

, ..... I\MJ\MI\IIMMJl.f\M...I 

'°•OFF' R 7 
0 

SWITCH 'pt 
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J-1 J-2 

meter a "voltmeter". With the switch on contact No. 6, R 4 is 
in series with the meter, and it becomes a 0-5 d-c voltmeter. 
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With the switch on contact No. 7, R 5 is in series, and the range 
is 0-50 volts. When it is on contact No. 8, R 6 is in series, and 
the range is 0-250 volts. When it is on contact No. 9, R 6 and 
R 7 are in series, and the range is 0-750 volts. 

Resistor R V 1 (see Fig. 5-5) is so constructed, that its re
sistance is different for different equal parts of its length. At 
the low ohmmeter ranges, small changes in this resistance pro
duce large changes in the meter reading, and for this reason 
accurate "zero adjustment" of the instrument prior to using be
comes difficult. By winding the resistance element so that it is 
non-uniform (the change in resistance is slow at one end and 
rapid at the other), good adjustment is obtained over the entire 
range of the instrument. 

A feature of this particular instrument is that but one pair 
of tip-jack "output" terminals are used for all the different pur
poses and ranges of the instrument. 

The "break-down" method of circuit analysis which was 
employed in the detailed study of this instrument should be 
practiced by servicemen when attempting to find out how test 
instruments operate, when only a complete circuit diagram of the 
instrument is available. Through its use, the operation of even 

Oourteq ShaJJ.cro,. Jlfg. Oo. 

FIG. 5-7.-A quick-change volt
ohmmeter which provides four volt
age ranges and four resistance 
ranges. Its schematic circuit dia
gram is shown in Fig. 5-8. ( Shall
cross volt-ohmmeter No. 681). 

the most complicated instruments can be worked out in step-by
step fashion, and understood clearly. It will be found very use
ful later, for studying the operation of analyzers, test oscillators, 
tube checkers, etc., from their rather complicated-appearing cir
cuit diagrams. 

S-S. "Shallcross" Quick-change Volt-ohmmeter No. 681. 
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-This instrument, designated as a "Quick-change Volt-ohmme
ter", is essentially a simple voltmeter and ohmmeter arranged 
with a simple switching system to enable any one of four volt
age ranges and four resistance ranges to be selected quickly by 

FIG. 5-8.-Schem
atic circuit diagram 
of the volt-ohmmeter 
shown in Fig. 5-7. 
All r a n g e s are 
selected by means of 
the d o u b l e-pole 
switch S. A facsim
ile reproduction of 
the scale of the in
strument is shown 
in Fig. 5-9. 
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means of a double-pole, nine-position switch S. The instrument 
is illustrated in Fig. 5-7, and its schematic circuit diagram is 
shown in Fig. 5-8. The operation of this instrument can best be 
studied by the same "break-down" method that was outlined in 
Art. 5-4. However, the various individual diagrams will not be 
given here. The reader will obtain very valuable experience by 
drawing them for himself-a separate diagram showing the com
plete circuit connections should be drawn for each position of the 
switch. 

Eight positions of the switch are active. The first, at the 
extreme right side in Fig. 5-8, makes the instrument an ohmmeter 
with a maximum range of 3,000,000 ohms, when an external 45-
volt "B"-battery is connected in series with the instrument (a 
0-1 ma. meter). The scale, shown in Fig. 5-9, is then multiplied 
by 1,000 to obtain the correct value in ohms, since the lowest 
ohmmeter ra.nge, 3,000 ohms, is engraved on the scale. This posi
tion is marked X 1,000, the "X" meaning "multiply by." For 
position No. ! of the switch, the ohmmeter becomes a simple 
"series" type with the meter, the 4,200-ohm resistor, the 500-ohm 
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variable resistor, and the internal battery all in series with the 
resistor to be measured. For position No. S, the meter, 4,200-
ohm resistor, 500-ohm variable resistor and battery are all in 
series with the resistor to be measured. The 500-ohm fixed re
sistor is shunted across the first three of these. For switch poei-

FIG. 6-9.-Reduced fac
simile reproduction of the 
scale of the ohmmeter il
lustrated in Figs. 6-7 and 
5-8. 

tion No. 4, the same arrangement holds, except that the 45.45-
ohm resistor is now the shunting resistor. The remaining four 
positions connect the multipliers in the conventional series fashion 
to make a voltmeter, the tapped multiplier system being used. 
Voltage ranges of 0-10, 0-100, 0-500, and 0-1,000 volts are ob
tained. 

Here again, the switching system makes it possible to use 

Oourte6JI Supreme Euct. lnatr. Oorp. 

FIG. 5-10.-A volt-ohm
meter which provides for 
a wide range of voltage 
and resistance measure
ments. Its circuit diagram 
is shown in Fig. 5-11. 
(Supreme Model 111.) 

but two terminals through which all the facilities of the instru
ment may be obtained for external use. 

5-6 "Supreme" Model 111 Volt-ohmmeter.-The Supreme 
Model 111 d-c volt-ohmmeter, illustrated in Fig. 5-10, em
ploys a meter with a full-scale deflection of one milliampere. A 
7-position selector switch makes it possible to select the following 
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ohmmeter and voltage ranges: 0-1,000; 0-10,000; 0-100,000; 
0-1,000,000 ohms; 5, 25, 125, 250, 500, 1,250 volts d-c at 1,000 
ohms-per-volt. The 0-1,000,000 ohm range is obtained by con
necting an external 45-volt battery to the binding posts provided 
for this purpose on the panel of the instrument. All other ohm
meter ranges are operated by the self-contained 4.5-volt battery. 
For "zero-ohm" adjustments, a 3,600-ohm rheostat is connected 

I MEG. 

4700 OHMS +} o-c 
L....-------------------G- VOLTS 

FIG. 6-11.-Schematic circuit diagram of the volt-ohmmeter shown 
in Fig. 6-10. The ohmmeter section has been redrawn separately in 
Fig. 6-12. 

in series with a 600-ohm resistor across the 300-ohm "movement" 
of the meter. 

From the schematic circuit, Fig. 5-11, it is seen that when 
the 1,000-ohm-range terminals of the ohmmeter are short-cir
cuited, the battery is connected across 33 ohms of resistance, and 
these 33 ohms are in series with a 297-ohm and a 2,723-ohm 
resistor, the combination being across the meter movement 
(which is also shunted by the zero-adjusting circuit mentioned 
previously). The battery is connected across different values of 
resil!ltance for every 'different voltage range when the terminals 
are short-circuited for zero adjustment. It is well to trace out 
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the circuit for every mode of connection thoroughly to understand 
the instrument. The ohmmeter section has been re-drawn sep
arately to facilitate this, and is reproduced in Fig. 5-12. 

The markings of the "ohms" range of the meter, which are 
direct for the 0-1,000-ohm range, must be multiplied by 10 (by 

M 

1,000,000 OHMS 

3600 2723 
OHMS OHMS-Z-. 

-~ 
297• 

~ OHMS 
+ 

600~ 33-
OHMS OHMS 

t-------«>J I 000 OHMS 

,r--4_5v. ----------11111111 @)OHMS <COMMON> 

FIG. 5-12.-"Breakdown" of the circuit of the volt-ohmmeter 
shown in Figs. 5-10 and 5-11 when it is used as an ohmmeter. 

adding a zero) for the 0-10,000-ohms range; by 100 (by adding 
two zeros) for the 0-100,000-ohms range; and by 1,000 (by add
ing three zeros) for the 0-1,000,000-ohm range. For voltage 
measurements, the selector switch is rotated to the desired volt-

FIG. 5-13.-A volt-ohm
meter which provides two 
resistance ranges and four 
d-c voltage ranges at 1,000 
ohms-per-volt. All volt
age ranges are brought 
out at the upper pin jacks. 
The schematic circuit dia
gram is shown in Fig. 
5-14. (Weston Model 564.) 

age range. Only three voltage ranges are marked upon the me
ter scale, namely 5, 25 and 125 volts. The 250-volt range read-
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ings are obtained by multiplying the 25-volt range readings by 
10, and the 1,250-volt range readings are obtained by multiply
ing the 125-volt range readings by 10. 

S-7. "Weston" Model 654 Volt-ohmmeter.-This instru
ment is equipped with a 0-1 milliammeter, whose scale is directly 
calibrated in two resistance ranges of 0-10,000 and 0-100,000 
ohms, and four voltage ranges of 3, 30,300 and 600 volts, at 1,000 
ohms-per-volt. A self-contained 4.5-volt "C" battery provides 
the necessary potential. As shown by the photograph of Fig. 

0-1 MA 
MODEL30I 

400 OHMS 

76w 

3466 ul 

VOLTMETER TERMINALS 

3V. .,. 

3475..,.) R 

600 V .,. 

FIG. 5-14.-Schernatic circuit diagram of the volt-ohmmeter 
illustrated in Fig. 6-13. 

5-13, all voltage ranges are brought out through the tip-jacks at 
the top of the instrument panel. Two toggle switches are used, 
as shown in the circuit diagram of Fig. 5-14. When the first one, 
8 1, is closed, the meter becomes an ohmmeter-when it is open, 
the meter is a voltmeter, with multipliers of the series type. The 
other switch, 8 2, changes the sensitivity of the meter for the high 
and low ohmmeter ranges. It does this by altering the connec
tions of the 3,466- and 3,475-ohm resistors in the circuit. 

The zero adjustments on the meter are made by means of 
the 400-ohm rheostat located below it on the panel. 

S-8. "Weston" Model 663 Volt-ohm-milliammeter.
Through the use of a 50-microampere meter, a 3-pole 8-posi
tion switch, and the necessary multipliers and shunt resistances, 
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a large number of ranges is made possible with the very interest
ing model 663, volt-ohm-milliammeter shown in Fig. 5-15. The 
scale of the indicating instrument is marked 0-1,000 ohms; 0-2.5, 
5 and 10 volts and milliamperes. The following ranges, however, 
are also available: 0-200, 0-1,000, 0-10,000, 0-100,000, 
0-1,000,000 and 10,000,000 ohms; 2.5, 10,100,250,500, 1,000 d-c 
volts at 1,000 ohms-per-volt; and 1, 5, 25, 100 d-c milliamperes. 
A facsimile reproduction of the meter scale is shown in Fig. 5-16. 
Notice the scale and the graduations on it. 

The schematic circuit diagram of this tester, as drawn in 
Fig. 5-17, is easy to break down into individual circuits. On 
position 1 of the 3-section selector switch, the meter is discon
nected entirely from the circuit. This is the "off" position. On 
position e, the 5,000-ohm fixed and the 15,000-ohm variable re
sistors are connected in series, and the combination is connected 

CourttBY W eaton Eltct. lnatr. Corp. 

FIG. 5-15. - A volt
ohm-milliammeter which 
provides four current 
ranges, s i x voltage 
ranges, and six resist
ance ranges. All ranges 
are selected by the selec
tor switch at the bottom. 
Its schematic circuit dia
gram is shown in Fig. 
5-17. A facsimile re
production of its scale is 
shown in Fig. 5-16. 

across the meter; the variable resistor provides for "zero-adjust
ment". At the same time, the ohmmeter terminals are connected 
in series with one cell (1.5 volts) a 11,500-, a 2,000-, and a 7,500-
ohm resistor across the meter movement. Also, a 484-ohm re-
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sistor is connected from the positive side of the meter to one of 
the ohmmeter terminals. This "break-down" is shown in Fig. 
5-18. By imagining the switch to be successively in the remain
ing positions, similar breakdowns of the circuit may be traced. 

Although only one resistance range is marked upon the 
meter scale (0-1,000 ohms), the other 5 ranges are obtained by 

FIG. 5-16.-A facsimile 
reproduction (reduced) 
of the scale of the volt;.. 
ohm-milliammeter shown 
in Fig. 5-16. Notice the 
non-uniform "Ohms" 
scale. W[SIOII Oft~ 11$11UIIJl1 CIII' •- II J .US A 

• 

rotating the selector switch to the multiplying or dividing factor 
mark engraved upon the instrument panel. The instrument will 
indicate readings below 10 ohms to as low as 0.1 ohm, since the 
first calibrated meter division of this scale is 1.0 ohms. A bat
tery voltage compensator is provided with a control knob marked 
"Ohmmeter Adjuster." A 1.5-volt battery is used. The IO
megohm range is secured by using the full sensitivity of the me
ter and 12.5 volts of battery. For the next lower range in resist
ance, the same sensitivity is maintained using a single dry cell 
of 11/2 volts. The remaining lower ranges are obtained by shunt
ing the meter to obtain various sensitivities. 

Wben the instrument is to be used for the measurement of 
voltages or current, the selector switch is turned to the desired 
position and the tip-jacks for the range on the right or left side 
of the panel are employed. When used as a voltmeter, the meter 
movement is shunted properly to make a 1-ma. movement out 
of it. With the proper multiplier resistors, this makes a voltmeter 
having a sensitivity of 1,000 ohms-per-volt, (see Art. 2-20). 
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5-9. Combination Testers.-Even those who have but little 
knowledge of radio service work realize that the service man must 
have available at all times a number of different test instru-
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FIG. 5-17.-The schematic circuit diagram of the volt-ohm-milli
ammeter shown in Fig. 5-15. A 3-section selector switch makes all 
the necessary circuit changes. 

ments-a volt-ohm-milliammeter, a set analyzer, a capacity 
tester (not essential, but desirable), a tube tester, and the many 
hand tools required for effecting repairs. Individual instru
ments are rather unwieldly, so the trend now is to combine as 
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many individual instruments as possible either into a single carry-

FIG. 5-18.-"Break
down" of the circuit 
of Fig. 5-17 when the 
selector switch is in 
position ! - making 
the instrument an 
ohmmeter. 

M - 50 MICROAMPERES 
+ \. _:- 2500 OHMS 

15,000 OHMS 
7,500~ 
OHMS 

5000 
OHMS 2,000 OHMS-

11,500 
OHMS-z_ _., 

r•·s 
- ......... v_o_L_:r_s __ OHMMETER -----+--~ 

TERMINALS 

ing case or into a single instrument. Such instruments are known 
as combination testers. 

Some manufacturers sell each component as a distinct unit 
-others arrange them into a single case so that they all may be 
carried together or any one removed at will. 

FIG. 5-19.-A com
bination testing unit 
incorporating a cir
cuit tester having 
voltage, current and 
resistance ranges, and 
a service test oscilla
tor. The circuit dia
gram is shown in 
Figs. 5-20 and 5-21. 
The circuit diagram 
of the test oscillator 
portion is shown in 
Fig. 17-9. (Philco 
Model 048.) 

Oourt•'II Pllfleo Bad"1 • T,lt1v. Co. 

5-10. The "Philco" Model 048 Combination Tester. -
An interesting example of a combination tester is the Model 04S 
all-purpose tester manufactured by Philco. It has five a-c voltage 
ranges, five d-c voltage ranges, three d-c milliammeter ranges, 
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three ohmmeter ranges, five a-c output-meter ranges, a capacity 
tester, a 105 to 2,000 kc oscillator, and a tube tester, all built 
into a single case, as shown in Fig. 5-19. 

The voltmeter-ohmmeter-milliammeter sections of the tester 
are of special interest to us at this time. The diagram of this 
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FIG. 6-20.-Schematic circuit diagram of the circuit tester portion 
of the combination tester illustrated in Fig. 6-19. The ohmmeter sec
tion of this tester is drawn separately in Fig. 6-21. 

part of the tester is shown in Fig. 5-20. The meter is of the a-c, 
d-c type, with a built-in rectifier of the copper-oxide type. On 
the right-hand side of the diagram may be seen the multipliers 
for the a-c voltage ranges, and, on the left, the multipliers for the 
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d-c voltage ranges. These connections are perfectly standard 
and therefore require no comment. The d-c terminals of the 
meter also connect to the shunts for the d-c milliammeter ranges, 
and are shown in the upper center part of the diagram. 

The ohmmeter section is re-drawn separately in (A) of Fig. 
5-21. A 250-ohm rheostat is connected directly across the meter 
to provide for zero adjustment. The switch S 1, which is ganged 
to this rheostat, closes the self-contained battery circuit when 
the ohmmeter is to be used. With this closed and with S ! open 
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FIG. 5-21.-A "breakdown" circuit diagram of the ohmmeter 
portion of the tester shown in Fig. 5-20. 

(A) Circuit arrangement when the 150,000; and 1,500,000-ohm 
ranges of the ohmmeter are used. 

(B) Circuit arrangement when the 1,500-ohm range is used. 

as shown, the 1.5-megohm and 150,000-ohm ranges of the ohm
meter may be used by merely plugging one tip-jack into the 
proper terminal. However, when the 1500-ohm range is to be 
used, the switch S ! must be closed. If this switch were closed 
all the time, the 3 volts of the battery would send current 
through 695 ohms of resistance continuously as long as S 1 is 
closed. The circuit of the 1500-ohm range is shown in (B) of the 
figure. The entire 3 volts is connected across 695 ohms of re
sistance, but only 20/695, or about 3 % of this voltage is made 
available for this range of the ohmmeter. 

It should be noted that the resistance to be measured is 
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connected in series with the shunted meter and the voltage source, 
through but 20 ohms of resistance, hence the small energizing 
potential needed. The circuit diagram of the oscillator section of 
this compact but versatile tester will be discussed in Chap. XVII. 

5-11. "Weston" Combination Tester Assembly. -A typ
ical example of a very complete combination tester assembly is 

OourtelJI W uton BleeC. lfletr. Oorp. 

FIG. 5-22.-A typical example of an unusually complete com
bination test unit consisting of separate units grouped together in a 
common carrying case to form a complete radio testing outfit. This 
assembly contains a volt-ohm-milliammeter, set analyzer, capacity 
meter, tube checker. test oscillator, and miscellaneous plugs and cables. 

illustrated in Fig. 5-22. It consists of a volt-ohm-milliammeter t 
shown in the lower left corner of the illustration; set analyzer t 
shown in the lower center; a capacity meter, in the lower right 
corner; a tube checker in the upper right corner; a test oscillator 
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in the upper left corner, and various plugs, cables, adapters, etc. 
in the upper center compartment. The entire assembly is in a 
carrying case, but any individual instrument may be removed at 
any time if desired. Such an assembly of test instruments really 
forms a portable test laboratory, and the wide range of tests and 
.measurements that can be made with it can easily be appreciated. 

Of course, other less elaborate combinations are available. 
One device has a combination a-c, d-c volt-ohm-milliammeter, 
an output meter and a capacity meter. Still others are only out
put meters and capacity meters. There is a tendency to accom
plish all a-c testing functions (such as output, voltage and cap
acity measurements) by means of one instrument, and to make 
all d-c tests by means of another instrument. But if the d-c 
instrument is equipped with a copper-oxide rectifier, then both 
a-c and d-c measurements may be made with it. 

REVIEW QUESTIONS 

1. (a) State two advantages which ohmmeters possess over other 
forms of resistance measuring instruments. ( b) State one 
limitation which ohmmeters possess. 

2. What electrical quantities is a volt-ohm-milliammeter capable 
of measuring? 

3. Trace through the circuit diagram in Fig. 5-8 and break it 
down, drawing separate simplified diagrams showing the circuit 
connections which exist for the following positions of the switch; 
(a) switch in position 1; (b) switch in position 8; (c) switch 
in position 4; ( d) switch in position 9. 

4. Explain each circuit drawn in Question 3, and tell what elec
trical quantity the instrument is able to measure in each case. 

5. Trace through the circuit diagram of Fig. 5-12 and explain just 
what the circuit arrangement is for each ohmmeter range. 



CHAPTER VI 

CONDENSER TESTERS AND CAPACITY METERS. 

6-1. Tests Required by Condensers.-Modern radio receiv
ers employ so many condensers of various types and capacity 
values that it is only natural that every radio service man should 
frequently find it necessary to check the condition of one or more 
condensers which are suspected of being the cause of trouble in a 
receiver. All the service man ever needs to find out about a sus
pected condenser is: 

1. Whether it is short-circuited. 
$. Whether it is open-circuited. 
S. Whether its leakage is excessive. 
4. ,vhether its leakage current is abnormal (in the case of 

electrolytic condensers only.) 
5. Whether its capacity is at normal value. 

Tests for the first four conditions are probably the most 
common ones made, since these represent the most frequently 
occurring troubles in condensers. These tests can be made by the 
ohmmeter, but the instruments described in this chapter are pre
ferable. A practical detailed discussion of the general methods 
of making these tests will be reserved for a later chapter ( Chap. 
XXII). In the present chapter, we are interested merely in the 
instruments employed for condenser testing. 

6-2. When Measurement of Capacity is Necessary.
Although it might seem at first thought that the radio service 
man would rarely find it necessary to check the actual capacity 
value of a condenser, since all the factory-built receivers he en
counters are most likely equipped with condensers of proper 
size, there really are mH.ny occasions upon which it is necessary 
for him to make such measurements. 

He may be called upon to service a receiver manufactured 
years ago-possibly by an obscure manufacturer who has long 

120 
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since gone out of business---and find that no capacity values or 
color codes (see RMA Condenser Color Code in Radio Field Ser
vice Data Supplement Book) are marked on the condensers to 
identify their value. A circuit diagram with electrical constants 
may not be available for the set. He can try substituting conden
sers of various known values in the circuit in place of the suspected 
condenser, until satisfactory operation of the receiver is obtained, 
but this is often a time-consuming, and rather inaccurate, way of 
solving the difficulty. Ability to quickly test the capacity of the 
condenser proves valuable in cases of this kind-especially 
if the condenser is of the paper-, or mica-insulated type. 

Another instance in which the ability to measure the capacity 
of condensers is valuable is when unmarked condensers of un
known value are at hand. These may have been salvaged from 
discarded receivers, bought in a lot for replacement purposes, etc. 

There is still another very important instance-one that is 
not commonly thought of. It is true that the actual capacity 
of a solid-dielectric condenser seldom changes materially when 
in service, but its impedance may. If the condenser happens to 
have a poorly made internal connection or joint, this introduces 
resistance in series with the flow of current in-and-out of the 
condenser plates. In some instances this condition may become 
progressively worse by continued corrosion or oxidation of the 
joint and the resistance may finally become high enough to ma
terially alter the effectiveness of the condenser as a current
storage device. Since "capacity meters" really measure the im
pedance of condensers, the presence of any such high resistance 
in a condenser will be revealed immediately by an abnormally 
high impedance, i.e., by a capacity-meter reading much lower 
than that which would be obtained if the condenser were normal 
(since the impedance varies inversely with the capacity of a 
condenser, see Art. 6-6). Hence a capacity meter is necessary 
for this particular trouble. 

6-3. Distinction Between "Condenser Testers" and "Capa
city Meters-Before proceeding further with our study of 
instruments for testing condensers, it will be well to point 
out a distinction in nomenclature, a distinction between 
the terms "capacity tester", "condenser tester", "condenser an-
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alyzer", etc., and capacity meter. Strictly speaking, a capacity 
tester, condenser tester, or condenser analyzer is merely a device 
which tells whether or not a given condenser is "good", "leaky", 
"open" or "shorted". A capacity meter measures and indicates 
the effective capacity in microf arads. The former make purely 
qualitative tests, the latter makes a quantitative test which may 
also be interpreted to indicate the qualitative conditions of the 
condenser. This distinction will be observed in this book and 
should be kept in mind. We will first study a typical condenser 
tester and will then proceed to a study of capacity meters. 

6-4. Tobe Relaxation-Oscillator Type Condenser Analyzer. 
-The circuit diagram of a very novel instrument for testing the 
condition of condensers (not the capacity) is shown in Fig. 6-1. 
The complete instrument is shown in the illustration of Fig. 6-2. 
The 110-volt a-c input is stepped up by means of power trans
former T, and the output is rectified by means of a 'OIA tube. 
The output voltage appearing across A-B is about 700 volts d-c. 
The "regulator control" resistor R4 permits "splitting" of the 
voltage adjustments obtained by the various transformer taps 
and switch S4, and also limits current flow in the event of a 
"dead short." A neon tube having a very low "striking voltage" 
(glows with little voltage) is connected in the negative return 
line, as shown. A "flash-control" condenser, CJ, and a number 
of resistors are connected by means of the "leakage-control 
switch" S5 across the neon tube. The condenser C:r to be tested 
is connected as shown at the right side of the diagram. 

Solid dielectric condensers are tested by setting all controls 
for maximum voltage, connecting the leakage-control switch at 
position 2, and the condenser under test as shown. When a good 
condenser is connected at C:r, a momentary charging current will 
flow, which will also charge CJ to a potential high enough to 
ignite the neon lamp. As soon as C. is fully charged, the current 
stops flowing, condenser CJ will discharge through the neon lamp 
until its voltage falls below the value required to keep the 
lamp lit; it will then go out. But if C. has a small amount of 
leakage, as represented in the diagram by the dotted-line resist
ance R, a small current will continue to flow, gradually charging 
Ct again. When a high enough potential is built up, CJ dis-
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charges through the neon lamp indicator which again flashes. 
As soon as the voltage of C 1 falls below the value required to 
keep the lamp ignited, it will again go out. The continued flow 
of current at a slow rate through the leakage path will again 
charge the condenser and the lamp will light again, etc. 

A REGULATOR CONTROL 

100 

C2 

,. ,__...;;... __ 
S5 3 e---w.Mr-t 

(:E~GE 
CONTROL 

FIG. 6-1.-Schematic circuit diagram of the relaxation-oscillator 
type condenser analyzer illustrated in Fig. 6-2. 

Hence, a fairly good condenser will manifest itself by alternate 
flashes of the neon lamp, and, in a new, good condenser, the 
flashes of the lamp may be as much as ten minutes apart. The 
lower the resistance of the leakage path ( the worse the con
denser) the more quickly C 1 charges and discharges, and the 
more rapidly the lamp will flash. In this manner the "goodness" 
of a condenser may be estimated by the frequency of the flashes. 
Poor condensers may flash several times a second. A chart sup
plied with the instrument indicates permissible rate of flash for 
good condensers. The reason for the name "relaxation oscilla
tor" is obvious from the theory of operation of the device. 

For small values of C z, say from 0.05 mf d. to 50 mf d., the leak
age control switch is set to position 1. This must be done be
cause, for such small capacities, the charging current and leakage 
currents are too small to charge C 1 in an appreciable time. The 
lamp will glow, however, if the condenser is shorted, and it will 
flash on charge and discharge of the condenser. Under these 
conditions, the device does not operate as a relaxation oscillator. 
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Shorted condensers of any value and type will be indicated 
by a steady glow of the lamp when the leakage-control switch 
is set in either positions 1, S, 3, 4 or 5, since a steady current now 

Oourt•IIJI Tobe Deuuchman.n Corp. 

FIG. 6-2. - The re
laxation oscillator type 
condenser a n a l y z e r 
whose circuit diagram 
is shown in Fig. 6-1. 

flows directly through the condenser under test and also through 
the neon lamp. A condenser of varying capacity is indicated 
by a change in the flashing rate. Open circuits are shown by the 
absence of any flash. 

Electrolytic condensers are tested with the leakage-control 
switch in either positions 3, 4 or 5, and the circuit functions 
merely as an indicator of high leakage current. The controls 
are set for the rated voltage of the electrolytic condenser under 
test. As soon as the condenser is connected, a charging current 
will flow through the resistor connected by the leakage-control 
switch, and the lamp will glow immediately. But in addition to 
the charging current, there will be super-imposed the steady cur
rent due to the inherent leakage of the electrolytic condenser. 
This steady current will flow through the leakage-control re
sistors, causing the neon lamp to remain lit until the leakage cur
rent falls low enough so that the voltage across the resistor is 
lower than the striking voltage of the lamp. In a good con
denser, the initial current through the dielectric will be high, 
but will fall as the voltage applied to the condenser is kept on. 
It should fall sufficiently for the lamp to remain dark. Too high 
a leakage current will cause the lamp to remain lighted. 

Switch SS, which is ganged to line-switch S1 so that it is 
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closed when S2 is opened, is for the purpose of completing the 
circuit through the rectifier tube so that both condenser C2 and 
the condenser under test will discharge automatically through 
this circuit as soon as the line-switch is flipped to the "off" posi
tion, before disconnecting condenser C31 from the tester. This 
eliminates any danger of accidental shock to the service man 
when he removes test clips from the condenser. 

6-5. Simple Condenser Test Methods.-A number of other 
simple condenser test methods which reveal "short" or "open" 
circuits will be discussed in the section on condenser testing in 
Chapter XX.II. These include ohmmeter tests, neon tube tests, 
earphone tests, etc. 

6-6. Principle of Operation of Capacity Meters. - A 
simple capacity measuring instrument can be built along the 
same general lines as the ohmmeter (Art. 3-13). In this case, 
however, the reactance of the condenser takes the place -0f the 
resistance, a-c of a definite frequency is used for voltage supply 

FIG. 6-3. - The fun
damental circuit of a 
simple capacity meter. 
The a-c milliammeter 
measures the current 
flowing through t h e 
condenser circuit. 

ex 

C 100 V. CD---~ 
A-C SOURCE 

rather than d-c from a battery, and a sensitive a-c meter is 
employed. 

Consider the simple circuit of Fig. 6-3. A condenser whose 
capacity is to be measured is connected in series with a resist
ance, an a-c source, and an a-c milliammeter. With points A and 
B shorted, the resistance R is adjusted so that the a-c meter 
(a 0-1 ma. d-c meter with a copper-oxide rectifier is convenient 
for this purpose) reads full scale. \Vhen the condenser C31 is con
nected, its reactance to the flow of current reduces the current 
and the meter reading. The amount of this reduction depends 
upon the amount of "opposition" or "reactance" which the con
denser offers to the flow of the current through it. 
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The rea.ctance ( opposition to a-c current flow) of a condenser 
may be expressed numerically by the expression 

1 
Xe = 6.28X/XC 

Where, X 0 = the capacitive reactance (in ohms). 
f = the frequency of the voltage source (in cycles per 

sec). 
C = the capacity of the condenser (in farads). 

An inspection of this formula for capacitive reactance reveals 
that the larger the capacity of the condenser, the lower is its 
reactance; likewise, the smaller the capacity, the greater is the 
reactance. Hence, in the arrangement of Fig. 6-3, condensers of 
smaller capacity have higher reactance, allow less current to flow, 
and so produce lower meter readings than do those of larger 
capac_ity. Therefore, since the reading of the meter depends en
tirely upon the capacity of the condenser, the scale of the meter 
can be calibrated to indicate the capacity of the condenser di
rectly, instead of indicating how much current is flowing. Hence, 
this simple circuit arrangement can be used for measuring the 
capacity of condensers, i.e., it is a capacity meter-even though 
it is a very simple one. 

6-7. Effect of "High-resistance" and "Leaky" Conden
sers on Capacity-meter Reading.-Suppose a condenser (whose 
external terminals are A, B) has a high-resistance joint intern
ally, and is connected to a capacity meter for test, as shown at 
(A) of Fig. 6-4. The internal resistance of the condenser R., 
then, is in series with the condenser, as shown. Since the effect 
of this additional resistance is to reduce the amount of current 
flowing, it is clear that the meter will indicate as though a smaller 
value of capacity were being measured ( a smaller deflection will 
be obtained), since R.,, plus the reactance c. is greater than the 
reactance of C. alone. 

On the other hand, if the condenser is "leaky", this leakage
path resistance Rz is really between the two sets of plates of the 
condenser, as shown at (B). Therefore, the meter will indicate 
as though C. were greater in capacity than it really is, becauae 
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R. and the reactance of C,, in parallel is less than the reactance 
of C. alone. 

In both these cases the capacity meter may be considered to 
read condenser impedance, rather than reactance alone. Both of 

---""'1!11.1 IOOV. lltr----' 
A-C SOURCE 

CA) 

8 

'-----<ID IOOV. 
A-C SOURCE 

<BJ 

FIG. 6-4.-(A) What happens when a "high-resistance" conden
ser is connected to a capacity meter. The condenser resistance R. is 
in series with the circuit and reduces the meter deflection. 

(B) What happens when a "leaky" condenser is connected to 
a capacity meter. The leakage path C. allows more than normal 
current to flow through the circuit-resulting in larger than normal 
meter deflection or "capacity" reading. 

these conditions and their effects on the capacity-meter reading 
should be remembered. 

6-8. Calibrating Home-constructed Capacity Meters.
The calibration of the scale of a home-constructed capacity me
ter, by the calculation method, is not as simple as is the calibra
tion of an ohmmeter scale. That the calibration of capacity
meter scales is quite involved may be seen from the following 
typical case. 

In the circuit arrangement of Fig. 6-3, in order for the meter 
to read 1 ma., R must have a value of 100,000 ohms when A and 
B are short-circuited. For the meter to read half-scale (½ ma.) 
the combined impedance of C II and R must be 200,000 ohms. 
Now, in a-c circuits we cannot add the reactance of coils, or con
densers, to resistance values arithmetically, the way we do with 
resistances in d-c circuits. The combined opposition to current 
flow, called impedance, of a resistance and a condenser in series 
is equal to the square root of the sum of the squares of the resist
ance and reactance. Therefore, in this case (200,000) 2=R2+ 
X 0

2, where X 0 is the reactance of the condenser. If R is 100,000 



128 MODERN RADIO SERVICING CH. VI 

ohms, then C. for a. half-scale reading works out to be about 
0.00015 mf d. It is evident that the calculation of the capacity 
values by this method would involve considerable computation 
if the entire scale of a home-made capacity meter were to be cali
brated in this way. This may be avoided by calibrating the 
scale by connecting various condensers of known values at C • 
and noting the reading of the meter in each case. 

6-9. How to Construct a Simple Capacity Meter. -
Since service men often desire to construct their own test instru
ments, descriptions of two simple but exceedingly useful capacity 
meters for home-construction will be presented here. The first 
one is for testing condensers over a range from 0.001 to 3 mfds. 
in two ranges, and can be used to test all solid-dielectric type 
condensers that are within these limits of capacity. In other 
words, the meter will test for capacity practically every paper 
type condenser used in the present-day radio receiver, and will 
also test some of the mica-type condensers to be found in such 
sets. It cannot be used to test electrolytic condensers. These 
may be tested by the special capacity meter described in Art. 
6-10. 

As will be seen from the circuit diagram, the source of voltage 
is the 110-volt 60-cycle a-c line. The meter used is a 0-1 ma. d-c 
milliammeter in conjunction with an external copper-oxide recti
fier-or a self-contained 0-1 copper-oxide type a-c milliammeter 
may be employed. 

The theory of this capacity test unit, whose schematic circuit 
diagram is shown in Fig. 6-5, is the simple one of applying a 
known voltage to the condenser and measuring the amount of 
current that flows through its circuit. By referring to a pre
viously made calibration chart, the value of the capacity may 
be read. When the range switch is in either the upper or the 
lower position, the circuit consists of the voltage source, con
denser under test, milliammeter, and resistor R1 or RS, all in 
series with each other. The meter is shunted by resistor RS and 
R4-depending upon the position of the switch. 

The two variaple shunt resistances RS and R4 are employed 
to obtain a full-scale reading of the meter when the test ter
minals are shorted. They are adjusted as follows: with the in• 
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strument connected to 110 volts a-c and the range switch in the 
desired position, the high or low zero-adjuster, that has been first 
turned to its lowest resistance value, is increased slowly with the 
test terminals shorted, until the meter reads full scale. 

50 OHMS 

R4 

0-1 MA. 
D-C 

a~-=)OOoc(llj:; 
CONDENSER IIOV. 60 .::!Y' 
UNDER TEST I " I A-C LINE 

~ L-,fl--J c;.c_:;..,__-,..,~u iJ 

FIG. 6-5.-Schematic circuit diagram of a capacity meter having 
a range from 0.001 to 3 mfd. This meter tests paper and mica type 
condensers only. 

Resistors R 1 or R, need not be accurate, since the instrument 
must be calibrated by the user after it has been constructed. 
This may be done most easily by connecting various condensers 
c,f known capacities to the instrument and recording the meter 
reading in each case. A calibration graph can be drawn for these 
values, so that the capacities corresponding to these or any inter
mediate meter readings may be found easily at any future time. 

6-10. How to Construct a Capacity Meter for Electro
lytic Condensers.-It is of ten necessary or desirable actually to 
measure the capacity of electrolytic condensers. This problem is 
not so simple a matter as measuring the capacity of an air dielec
tric condenser, or of mica or paper-type condensers. Since the 
capacity meter whose circuit is shown in Fig. 6-6 is simple, doe& 
not require costly apparatus, and measures the capacity of this 
type of condenser accurately, it is desirable for home construc
tion. The circuit and all information pertaining to it are pre
sented here through the courtesy of the Aerovox Corporation. 
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A complete description of it follows: 

This capacity meter consists essentially of an a-c step-down trans
former developing a secondary voltage of about 6-volts. Across its 
secondary is placed, in series with a switch, a 0.7 ohm resistor to im-

V 

AMMETER 
SHUNTS 

CONDENSER 

UNDER? TEST 
-, 
C~l 
Ci:I 

--~ 

FIG. 6-6.-Schematic circuit diagram of a capacity meter designed 
especially to measure the capacity of electrolytic condensers. The 
design of this meter is such that it may be constructed easily by 
radio service men. 

prove the regulation by providing a load for the transformer to work 
into. The 100-ohm potentiometer permits adjustment of the voltage 
to be applied to the condenser under test. 

The meters are both Wes ton I-milliampere a-c meters of the 
copper-oxide type, one reading voltage and the other milliamperes 
(1.0 ma. full scale). Various shunts are provided for reducing the 
sensitivity of the ammeter for measuring condensers of various 
capacities. In measuring large capacities, the loading resistor across 
the secondary of the transformer is removed to permit sufficient volt
age to be impressed across the capacity. This is necessary due to the 
poor regulation of the transformer ( which may be the type ordinarily 
used to supply power to light the heaters of 6.3-volt automotive type 
tubes). 

In practice the voltage across the condenser is set at exactly 2.65 
volts. Then the reading in milliamperes will be equal to the con
demer ca.pacity in microfarads. 

The following table gives the values of shunting resistance to be 
used across the ammeter for various capacity ranges. 

AMMETER SHUNTING RESISTORS 

Capacity Rangel Shunt Resist. Capacity Range Shunt Resist. 
(Mfd.) I (Ohms.) (Mfd.) (Ohms.) 

10 1,149.0 3 317.2 
100 106.7 30 31.6 

1,000 11.55 300 3.6 
10,000 1.05 3,000 0.34 

Total voltmeter resistance-6,430 ohms. 
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All the shunts ( except the 1.05- and 0.34-ohm units) are of the vari
able type-although they are shown as "fixed" resistors in the diagram. 

This test instrument will prove very useful in testing electrolytic 
condensers of practically any capacity and will give reasonably accur
ate results provided the unit is carefully constructed. Of course, among 
the most important parts are the shunt resistances across the milli
ammeter, for the accuracy obtained will depend almost entirely on how 
carefully these shunt resistors are made. It is desirable that the resist
ance of the meter used be measured to determine its resistance, al
though for general service, shunts of the value indicated will be satis
factory. 

One of the advantages of this instrument, of course, lies in the 
fact that the reading in milliamperes is equal to the capacity 
in mf ds. That this is true can be seen from the following. 

The a-c current in amperes flowing through any condenser 
having negligible resistance is equal to 

E E l=x. =---1---= 6.28 XE XIX C 

2X3,1416X/XC 
Where, E = Applied a-c voltage (volts) 

f = Frequency in cycles per second 
C = Capacity of the condenser (in farads) 

If the frequency is 60 cycles (that of the ordinary a-c electric light 
circuit), this reduces to 

I = 6.28XEX60XC = 377XEXC 
In terms of mfds. and milliamperes, the current is equal to 

Ima. = 377XEXCmfd. X 10-3 

If, now, the scale reading in milliamperes is to be equal to the capacity 
in mfds, 1 __ 

1 __ = cmftl. or -c-- = 1 
mftl. 

Substituting this in the foregoing equation, we obtain 
1 103 1,000 

1 = 377XEx10-s or E =---- = -- = -- = 2.65 volts 
' 377X10-3 377 377 

The last equation indicates that when the voltage is equal to 2.65 
volts then the current in milliamperes is equal to the capacity in mfds., 
that is, any reading in milliannperes on the meter will be equal to the 
capacity in mf ds. 

This method of measurement is, of course, in error slightly 
due to the fact that the impedance of a condenser is not exactly 
determined by its capacity but is determined by its capacity and 
its internal (series) resistance (see Art. 6-7). However, the error 
involved is not large and the method therefore is generally satis
factory. 

6-11. "Readrite" No. 850 Capacity Meter-Tester.-This 
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simple, interesting instrument, shown in Fig. 6-7, represents a 
typical low-priced commercial capacity meter-tester. It is a dual 
instrument, employing two meters, and is capable of measuring 
the capacity of solid-dielectric condensers directly, and testing 

FIG. 6-7.-A typical inexpensive capacity meter designed to meas
ure the capacity of solid-dielectric condensers and to indicate the con
dition of electrolytic condensers. Its schematic circuit diagrams are 
shown in Figs. 6-8 and 6-9. (Readrite Model 850.) 

the condition of electrolytic condensers by measuring their leak
age current. 

One portion of it is employed to read, directly, the capacity 
of paper- or mica-type condensers in two ranges, from 0.008 to 0.5 
mfd. and from 0.25 to 10 mf d. The circuit diagram of this por
tion of the instrument is shown in Fig. 6-8. It is evident that it 
js merely a simple series circuit with the 100-140-volt a-c line
supply in series with meter and condenser C. under test, so that 
the meter really measures the current flowing in the condenser 
circuit-which is a function of the capacity of the condenser (Art. 
6-6). A 100-volt a-c meter is used in making these tests. It is 
the meter at the right in Fig. 6-7. Line-voltage variations are 
compensated by the adjustable 3,000-ohm rheostat. This rheo
stat is first adjusted for full-scale deflection of the meter by 
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short-circuiting the two test terminals T-T. The "HI" range is 
obtained by flipping the toggle switch S. This shunts the 2,500-
ohm resistor across the meter, providing a by-pass for a definite 
proportion of the current. 

Electrolytic condensers are tested by measuring their leakage 
current with the circuit arrangement shown in Fig. 6-9. The me-

FIG. 6-8.-Schem
atic circuit diagram 
of the portion of the 
capacity meter of 
Fig. 6-7 which is 
used for testing 
solid-dielectric con
densers from 0.008 
to 10 mfd. in two 
ranges, and indicat
ing their capacity 
directly. 

IOOV. A-C VOLTMETER 
CALIBRATED IN MF'. 

"H 1· 2500 
OHMS 

ter employed in this case is a 0-25-100 ma. d-c instrument, also 
calibrated for a voltage range of 500 volts. 

The high voltage necessary for the leakage test of electrolytic 
condensers may be obtained in either one of the following inter
esting ways with this instrument. 

(1): They may first be removed from the set and tested with a 
source of voltage supply taken from the plate circuit of a power tube 
in the set. A convenient plate-voltage connection may be made by 
clipping the red wire (above the d-c meter, see Figs. 6-7 and 6-9) to 
the power choke circuit, and the black wire (also above the d-c meter) 
to the B-minus of the same plate circuit. The B-terminal is the 
center-tap of the high-voltage secondary and in many sets is grounded 
to the chassis. The condenser is connected to the two tip jacks just 
below the d-c meter. The tip of the spare red wire is placed in the 
"positive" (+) jack and clipped to the condenser anode (center ter
minal). The spare black wire lead connects in the other jack and is 
clipped to the can of the condenser. This method may be used for 
testing either new or used electrolytic condensers which are not already 
installed in any radio set, or for testing set condensers after they have 
fir11t been removed from the set. 

(2): To test electrolytic filter condensers without removing them 
from the radio set, the service man may also use the convenient 
method of applying the high-voltage d-c set power (which in this case 
is already connected to the condenser to be tested). 

To do this, the connection wire to the anode of the condenser is 
removed first. This wire should be clipped to the red wire of the 
tester (this is the wire with the clip, above the d-c meter). The spare 
red lead is clipped to the anode terminal of the condenser, putting its 
tip-jack terminal into the positive (+) tip-jack just below the d-c 
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meter. No other connections are made to the tester, and the other 
two black leads are not used. 

After test voltage is obtained by either of the connection 
arrangements just described, the actual test of the electrolytic 
condenser is carried out as follows: (It will prove instructive 
for the reader to trace out the complete circuit connections for 
each position of the 3-section switch). 

MULTIPLIER 
RESISTOR 

30-----

0-C METER 

27,000 
OHMS 

\ RED ' 
WIRE(+) : 

I 
I 

'~~~ ~Q. 
:.J~ 

I ~ u, 
I 
I 
I 
I 

•• j 
'----c::(~=-.. -

ADAPTER 

FIG. 6-9.-Schematic circuit diagram of the portion of the cap
acity meter of Fig. 6-7 which is used for testing electrolytic con
densers by measuring their leakage current. 

First, the 3-section selector switch S is placed in the "VOLTS" 
position, as shown in the illustration above. This connects the meter 
directly across the voltage source, with the multiplier resistor and 
the 27 ,000-ohm resistor in series. The 27 ,000-ohm rheostat is now 
adjusted until the meter reads 300 volts. 

The selector switch is now placed in the "FORM" position. This 
connects the 200-ohm shunt across the meter, so that it now becomes 
a 100-ma. range milliammeter. The voltage source, 27,000-ohm re
sistor, meter ~nd condenser under test are now all in series. The 
"forming" process will start with the meter needle near full-scale and 
be completed when the needle recedes to zero, or near zero. Electro
lytic condensers which are inoperative or leak badly will not form prop
erly. If, after leaving it in the circuit from 10 to 15 minutes, no indi-
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cation of forming can be seen, the condenser is judged to be inopera
tive, and no further tests need be made. New electrolytic condensers, 
or those which have been out of use for 2 weeks or more, require about 
16 minutes time to form properly. 

The selector switch is next placed in the "MILL-AMPS" position. 
This puts the 800-ohm shunt across the meter so it now becomes a 
25-ma. milliammeter. Otherwise, the circuit is the same as for the 
"FORM" position of the switch. The leakage current is now read 
directly on the low-scale of the meter. A good dry electrolytic filter 
condenser should show a leakage curent of no more than 0.6 ma. per 
mfd. when tested at its normal operating voltage, (see Art. 22-36 in 
Chapter XXII). Either a higher, or a fluctuating, reading indicates 
that the condenser is not normal, and should be replaced. 

It will be well at this point to correct some erroneous ideas con
cerning permissible leakage in electrolytic condensers. The limit 
given above (a maximum of 0.6 ma. per mfd. when tested at normal 
operating voltage) represents an average figure. The question of 
how much leakage is permissible in an electrolytic filter condenser 
depends upon several factors in the design of the receiver. Some 
receivers require much more complete filtration of the plate and 
screen supply voltages than others do, in order to provide operation 
without objectionable hum. In general, receivers which are capable 
of reproducing the low audio frequencies require more perfect filter
ing than those which do not. Also in some receivers, the load on 
the rectifier tube and filter chokes is already so great that additional 
load caused by excessive leakage in one of the filter condensers may 
increase the hum greatly. 

No provision has been made on this tester for the possibility 
of the condenser being short-circuited. If a "shorted" condenser 
should be connected to the instrument, the meter needle will be 
thrown violently off scale. If this occurs, the selector switch 
should be set at the "Volts" position immediately, for protection. 
As such a condenser may cause serious injury to the meter, all 
condensers should first be checked for a possible short-circuit 
with an ohmmeter, before applying the leakage test. 

6-12. "Weston" Model 664 Capacity Meter .-There are 
many types of capacity meters available, some incorporating 
every modern advance known, and enabling very low to very high 
values of condenser capacities to be measured with a satisfactory 
degree of accuracy. 

The instrument now to be described is designed for a wide 
range of capacity and a-=c voltage measurements, and is very 
suitable for the requirements of radio servicing. Through the use 
of a sensitive 250-microampere rectifier-type meter, and a selec-
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tor switch to connect the various multiplier and shunt resistors 
for each range, the following ranges of measurements are possi
ble: 0.0001 to 0.02, 0.01 to 0.2, 0.1 to 2, 1 to 20, and 10 to 200 
microfara<ls: a-c voltmeter ranges of 4, 8, 40, 200, 400, and 800 
volts, at 1,000 ohms-per-volt. When any of the low a-c voltage 

Courte111 W uton Eltct. In.tr. Corp. 

Fm. 6-10.-A typical commer
cial capacity meter which is de
signed to measure a large range 
of capacity and a-c voltage. Its 
schematic circuit diagram is 
shown in Fig. 6-11. (Weston 
Model 664.) 

ranges are connected ( through 
a series condenser) from the 
plate of an output tube to 
ground, they provide a sensi
tive output meter which can 
be used when aligning the 
tuned stages of a radio re
ceiver with an oscillator. The 
instrument is illustrated in 
Fig. 6-10. Its complete schem
atic circuit diagram is shown 
in Fig. 6-11, and a reduced 
facsimile of its scale is shown 
in Fig. 6-12. In view of the 
extensive service this instru
ment is capable of rendering, 
it might well be compared 
with the Model 663 volt-ohm
milliammeter described i n 
Art. 5-8. Since the measure
men ts made are fundamental, 
the instruments are not likely 
to become obsolete. 

The instrument is first connected in series with suitable resist
ance to bring it to 4 volts full scale; it is then shunted as required, for 
the higher ranges. For measuring electrolytic condensers up to 200 
mfd., the instrument is adjusted to 100 ma. and functions at 4 volts 
a-c tapped from the small power transformer. This low value of a-c 
voltage does not seem to do any damage to electrolytic condensers, and 
no polarizing voltage is apparently needed. The scale is shown in Fig. 
6-12, and will be seen to be remarkably uniform over a good portion of 
its length. 

The high range to 200 microfarads is obtained by switching to a 
position marked, "X 10"; the direct position adjusts the instrument 
to 10 milliamperes full scale. The position marked,-:- 10, calibrates the 
instrument to 1 milliampere, still maintaining the 4 volts. The posi
tion marked, -:- 100, removes the shunts so that the instrument func
tions at ¼ milliampere sensitivity and the 10-volt transformer tap ia 
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brought into play. The position, + 1,000, is the highest sensitivity of 
¼ milliampere and 100 volts. This is used only for small fixed con
densers. With this range it will be noted that the center point on the 
scale is 0.004 mfd. The first main division is 0.001 mfd. or 1,000 micro
rnicrofarads. This is divided into 10 parts so that the first small 
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FIG. 6-11.-The schematic circuit diagram of the capacity meter 
illustrated in Fig. 6-10. Notice the terminals at the right for voltage 
measurements. Its scale is shown in Fig. 6-12. 

division is 100 micro-microfarads. A capacity as small as that of an 
ordinary 23-plate tuning condenser gives a readable indication. 

In general, capacity readings are most accurate when taken be
tween 1 and 10 on the microfarad scale, and the range selected is 
chosen with this fact in mind. 

A-C Yoltages are measured by turning the switch to the left to 
the position marked "VOLTS." The test leads are then connected to 
the voltage jacks for the range desired, and the instrument will read 
full scale according to the jack markings. 

For the measurement of capacity, the instrument is plugged into 
any convenient 110-volt 60-cycle a-c outlet. The selector switch is 
then rotated to the "CHECK" position and the "LINE ADJUSTER" 
is varied until the meter pointer indicates exactly full scale. The 
test leads are then placed in the "CAP A CITY" jacks and the selector 
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switch is turned to the desired range. The impedance of the con
denser being greater than the short-circuit, the meter indicates less 
than full scale by an amount depending on the capacity of the con
denser. Obviously, short-circuited condensers will indicate "full scale" 
and open-circuited condensers will indicate "zero". 

It is interesting to note that in this instrument the manuf ac
turer applies a low a-c voltage for the measurement of high-

"'" \. 1&1,135 1,177,~ 

"''cROFAR4os 
4 

VOLTS 
ALTERNATING CURRENT 

W[S1l)N n£CTIIICALINSTIUIOO COIF. 
NEWARK, N.J.U.5.A. 

FIG. 6-12.-Reduced 
facsimile reproduc
tion of the scale of 
the capacity meter 
shown in Figs. 6-10 
and 6-11. Notice the 
fairly uniform divi
sion spacings. 

capacity electrolytic condensers. It is claimed that when 
an a-c voltage as low as 4 volts is applied to electrolytic conden
sers under test, it does not seem to do any damage to them
and no polarizing voltage is needed. 

REVIEW QUESTIONS AND PROBLEMS 

1. State four tests which may be made on an electrolytic filter con
denser. 

2. Explain what each of the four tests of Prob. 1 would reveal con
cerning the condition of the condenser. 

3. Explain how a measurement of the capacity of a solid dielectric 
type condenser also reveals whether or not it has an internal 
high-resistance joint. 

4. What is the difference between the function performed by a 
"capacity meter" and that performed by a "capacity tester"? 

6. (a). What is a "relaxation oscillator"? 
(b). How does it work? 

6. Can a relaxation oscillator be used for testing both electrolytic 
and solid-dielectric type condensers ? 

7. How can you tell by means of a relaxation-oscillator type con
denser tester when a solid-dielectric type condenser is: (a) nor
mal; (b) "shorted"; (c) "open"; (d) leaky? Explain! 

8. Explain the principle of operation used in most portable capacity 
meters. 
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9. Explain how you would calibrate the scale of the home-con
structed capacity meter described in Art. 6-9, telling just what 
size "known" condensers you would employ. 

10. Draw three separate circuit diagrams showing the simplified cir
cuit which exists in the capacity meter of Fig. 6-9 when the switch 
S is in; (a) the ''VOLTS" position; (b) the "FORM" position; 
(c) the "MILL-AMP" position. 

11. Explain the operation of the individual circuits drawn in Prob. 10. 



CHAPTER VII 

OUTPUT METERS & VACUUM-TUBE VOLTMETERS 

7-1. Why Output Meters are N eeded.-,vhen making 
certain adjustments or tests upon radio receivers and amplifiers, 
it is of ten necessary to know exactly how much output the re
ceiver, or amplifier, is producing-that is, a quantitative indica
tion of the output is required. Possibly the most common in
stance of this occurs during the alignment of the tuned stages 
of t-r-f and superheterodyne receivers (see Chapters XX.IV and 
XXV). In this work, the person doing the aligning changes the 
settings of the trimmer adjustments one at a time, in the proper 
sequence, stopping in each case when the receiver output has 
been brought up to a maximum value ("peaked"). Naturally, he 
must have some accurate way of telling when the receiver output 
is maximum, so that he can leave the trimmer adjustment fixed 
at this point. 

At first thought, one might suppose that it would be possible 
to judge accurately just when the output of a receiver, or an 
amplifier, has been brought up to the maximum value, simply by 
listening to the sound issuing from the loudspeaker, as shown in 
Fig. 7-1, and judging by ear when it is lcudest. While it is pos
sible to do this, the results are not very accurate, for the simple 
reason that the human ear cannot accurately detect small 
changes in the loudness of a sound. Because of this, it is possible 
to vary considerably the settings of the individual "trimmer" ad
justments on most receivers before any noticeable change results 
in the loudness of the sound from the loudspeaker. Obviously, 
this would not produce very accurate alignment. What is need
ed is some sensitive meter or indicating device (as shown in Fig. 

140 
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7-2), which will produce an easily detectable change in reading 
for very small changes in receiver output. Several forms of in
struments of this kind have been developed, and will be studied. 
All of them come under the general heading of "output meters". 

OBSERVER 

RECEIVER 

FIG. 7-1.-The "ear" 
method of judging the 
intensity of the output 
of a radio receiver or 
amplifier. This is an 
inaccurate method, for 
the human ear is rela
tively insensitive to 
small changes in the 
loudness of a sound. 

They really indicate the signal voltage output of the receiver or 
amplifier- to which they are connected. 

Output meters find another very important use in public 
address systems where they are employed to indicate the output 
of the amplifiers so that the operator may maintain the output 
constant at some desired level during operation. When used for 

FIG. 7-2.-Judging 
the intensity of the 
output accurately by 
means of a suitable 
form of "output 
meter". 

RECEIVER 

OUTPUT 
METER 

this purpose, their scales are calibrated in "decibels", and they 
are often called "power level meters" (see Fig. 7-5). 

7-2. Choice of Instrument for "Meter-type" Output 
Meters.-Since the purpose of an output meter is merely to meas
ure or indicate voltage, it is natural that we should expect to use 
a voltage-measuring meter for this purpose. Indeed, "meter
type" output meters form the most common class of output me
ters used by radio service men.• We shall first study their con
struction, before considering such other forms as crystal-detector 

*NOTE: Another important form of output indicator, the Cath
ode-ray Oscilloscope, will be described in detail in the last half of 
Chapter XXV. This gives a visual picture of the receiver output. 
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output meters, tube-rectifier type output meters, vacuum-tube 
voltmeters and cathode-ray oscilloscopes (see Chapter XXV). 

Since the voltage to be measured in the output circuit of an 
audio amplifier, or radio receiver, consists of rapid pulsations at 
audio frequencies, an ordinary d-c meter cannot be utilized (see 
Art. 2-26). The movable-iron type a-c voltmeter is also unsuited 
for this purpose, because the voltages and power involved are 
of quite small magnitude and this type of meter would absorb a 
comparatively large proportion (see Art. 2-28) of the small 
power available, since too much current is required for the opera

Oouf'tfl'1/ WHton Bleet. In.tf'. Oo,-p. 

FIG. 7-3.-A typical "meter 
type" output meter. Its circuit 
diagram is shown in Fig. 7-4. 
(Weston Model 671.) 

tion of the meter in this type 
of circuit. In addition, the 
low-frequency movable-iron 
type a-c meter cannot be em
ployed to accurately measure 
voltages whose frequencies lie 
in the audio range; further
more, its low-resistance usual
ly disturbs, appreciably, the 
total resistance of the circuit 
to which it is connected. 

It is apparent that the out
put meter must not only be 
capable of accurately meas
uring audio-frequency a-c 
voltages, but must consume 
very little current itself. To 
meet these requirements, the 
"meter type" of output meter 
employs a copper-oxide rec

tifier-type a-c voltmeter. This type of voltmeter, as ex
plained in Arts. 2-30 and 2-35, retains the advantages of a sensi
tive d-c movable-coil instrument for measuring low a-c voltages 
and currents (such as are present in radio receiver output circuits) 
by employing a copper-oxide type rectifier to rectify the a-c, and 
measuring the resulting rectified current with a sensitive mov
able-coil type d-c meter whose energy consumption is very low. 

7-3. Typical "Meter-type" Output Meters.-The con-
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struction of "meter-type" output meters is so simple, that all the 
knowledge we need to have about them can be gained from a 
study of the circuit diagrams and descriptions of the following 
typical commercial copper-oxide type meters of this kind. Be-

INSTRUMENT & 1- -- - ------1 
RECTIFIER UNIT I 

(APPROX. RESIS. ~I I 
739 OHMS) I 

60 
OHMS 

300 
OHMS 

SERIES 600 
OHMS 

RESISTORS 

3000 
OHMS 

2 MF.(400 V.) 

r---lJll:..._SERIES 
~A COND. 

SERIES 
COND. 

I I 
I 
I 
I OHMS I 
L _________ I 

B 
+ 

888.9 
OHMS 

341.9 
OHMS 

62.1 
OliMS 
40.4 
OHMS 

SHUNT 
RESISTORS 

C 
V,n 

FIG. 7-4.-The schematic circuit diagram of the output meter 
illustrated in Fig. 7-3. Five voltage ranges may be selected by the 
knob which controls the selector switch S. The impedance remains 
constant at 4,000 ohms. 

sides these separate units, output meters are built-in as integral 
parts of some commercial test oscillators and set analyzers. 

Weston Model 571 Output Meter: This instrument con
sists essentially of a five-range copper-oxide rectifier- type volt
meter enclosed in a bakelite case, as shown in Fig. 7-3. Its cir
cuit diagram is shown in Fig. 7-4. Voltage ranges of 1.5, 6, 15, 
60, and 150 volts are obtained by the dual-selector switch 8. 
As one side of this switch connects less and less resistance in 
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shunt with the instrument movement and rectifier unit to pro
vide the higher voltage ranges, the other side simultaneously, and 
automatically, adds the proper amount of resistance in series 
with the instrument. These shunt and series resistance steps are 
so proportioned, that the total impedance of the meter (between 
terminals B and C) remains constant at 4,000 ohms, no matter 
which range of the instrument is being used. All the resistances 

Oourt~'I/ Wuton Elect. lnatr. Corp. 

FIG. 7-5. - A typical power 
level meter and voltmeter. The 
scale is calibrated to read the 
voltage, and also the power level 
in decibels. Its schematic cir
cuit diagram is shown in Fig. 
7-7. (Weston Model 695.) 

are non-inductively wound. 
Thus, the complete output 
meter presents a constant non
inductive load of 4,000 ohms 
to any circuit to which it may 
be connected, regardless of 
which voltage range is being 
used. 

Since the impedance of the 
instrument is constant for all 
ranges, and the output voltage 
is measured and indicated on 
the scale directly, it is an easy 
matter to calculate the actual 
power output of the radio re
ceiver or amplifier to which 
the output meter may be con
nected. Since the meter pre
sents a constant non-inductive 
load of 4,000 ohms, we have: 

E E• E' 
P=EXl=EX--=--=--

R R 4,000 
where P=power in watts. 

E=voltage reading on the meter. 

This simple method of calculating the power is often very con
venient. 

As will be seen from Fig. 7-4, the meter is also provided 
with a self-contained 2-mfd. condenser, which automatically 
connects in series with the circuit when terminals A-C are used. 
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The use of this condenser will be explained in Art. 7-5 when the 
methods of connecting output meters are considered. 

Weston Model 695 Power Level Meter and Voltmeter: 
This instrument, shown in Fig. 7-5, is a combined voltmeter and 

FIG. 7-6. - Facsimile 
reproduction of the 
multi-range voltage and 
decibel scale of the 
meter illustrated in 
Fig. 7-5. 

-DECIBELS+ 

,"o 
VOLTS DO 

RECTIFIER TYPE 
ZERO POWER LEVEL 

6 MILLIWATTS 500 OHMS 

output meter designed especially for power level measurements 
on both radio receivers and sound amplifier equipment when 
the readings are desired in decibels. Its schematic circuit dia-
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+28 DB. 
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FIG. 7-7.-The schematic circuit diagram of the power level meter 
illustrated in Fig. 7-7. 

gram is shown in Fig. 7-7. A facsimile of its multi-range scale 
is reproduced in Fig. 7-6. 

An inspection of the circuit diagram shows that the meter 
consists essentially of a copper-oxide rectifier-type multiple
range voltmeter. It provides voltage ranges of 1.5, 6. 16, 60 and 
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150 volts and --8, -4, 0, +4, +s, +12, +16, +20, +24, 
+2s and +32 decibels, selected by means of a marked dial
switch. Its resistance is 2,667 ohms-per-volt, or 4,000 ohms total 
on its lowest range, and 400,000 ohms total on its highest range 
when used as a voltmeter. 

As a power level meter, the instrument, which is bridged 
across the load, is calibrated to read directly the power level in 
decibels above or below 6 milliwatts for a 500-ohm load-or a 
total spread of 56 DB. A chart on the back of the instrument 
is furnished to give the corrections to be made to the decibel 
readings if loads of any resistance from 5 to 50,000 ohms are 
used, considering 6 milliwatts as the zero power level. All of 
the resistances in the meter are non-inductively wound. 

7-4. Uses for Output-Meters. - Since the copper-oxide 
meter type output meter is accurate over the usual range of 
audio frequencies, it is very useful for measuring the signal volt
age output; computing the power output of radio receivers; de
termining the gain or amplification when "lining up", "neutraliz
ing" or "aligning" the r-f or i-f stages of radio receivers; com
paring the amplification produced by several radio tubes; meas
uring the comparative selectivity of r-f tuners; determining the 
amplification produced by an amplifier or radio receiver when a 
known calibrated input voltage is applied to the input of the 
amplifier or receiver; observing the period or per cent of fading; 
to set or keep the volume of public address or sound projection 
equipment at an approximately constant level, etc. Of course, the 
output meters which have their scales calibrated directly in 
decibels instead of volts have a distinct advantage in power
level measurements. 

7-5. How to Connect "Meter-type" Output Meters. -
In order to use a "meter-type" output meter for indicating the 
signal output when making adjustments or tests upon a radio 
receiver, the output meter may be connected to the receiver in 
any one of several ways, depending upon the type of output 
stage and the type of loud speaker in the receiver. Each of the 
various common arrangements will be considered in tum. 

(1). Single-tube Output Stage Feeding Dynamic Speaker: Where 
a dynamic speaker is employed, there are two common circuit arrange
ments: either the receiver uses a single-tube output, or it uses two 
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output tubes in push-pull. The single-tube output arrangement will 
be considered first. 

Perhaps the most convenient place to connect the output meter, 
in this case, is directly across the terminals of either the voice coil or 
the secondary terminals of the output transformer (whichever are 
most accessible). However, this arrangement will give a rather low 
reading on the output meter, and changes in output signal voltage are 
not easily noted. 

A much greater deflection may be obtained by connecting the out
put meter from the "plate" terminal of the output tube to "ground", 
in series with a condenser, as shown in Fig. 7-8. The deflection will 

OUTPUT 
STAGE 
POWER 
TUBE 

GROUND TO 
CHASSIS 

OUTPUT 
METER 

\ 

SERIES COND. 
CUNLESS ONE IS 
INCORPORATED IN -= OUTPUT METER> 

B+ 

OUTPUT 
TRANSFORMER 

,• n.C 
DYNAMIC./ 
SPEAK~ 

FIG. 7-8.-How an output meter may be connected to a receiver 
which employs a single-tube power output stage and a dynamic loud 
speaker. 

be almost 20 times as large as when it is connected across a low-im
pedance voice coil. (The exact increase depends upon the ratio of 
the output transformer windings). The series condenser, which may 
be of any value between about 0.1 mfd. and 2 mfd., prevents direct 
current from flowing through the output meter, and permits only the 
alternating, or pulsating, component of the signal voltage to be meas
ured. Most commercial output meters already contain a built-in 
series condenser (see Fig. 7-4) for this mode. of application. 

The connection of Fig. 7-8 may be made by turning the receiver 
chassis upside down, and connecting a wire from the output meter to 
the "plate" terminal of the power tube socket. Instead of disturbing 
the chassis, an ordinary "plate-lead adapter" may be utilized to make 
connection to the "plate" prong of the power tube. In this case, the 
power tube is first removed from its socket, and the tube prongs are 
placed into this adapter-the lead of which is connected to one ter
minal of the output meter. Now the tube (with the adapter on) is 
inserted back into its socket. Then the other terminal of the output 
meter is connected properly. The circuit connections are again the 
same as shown in Fig. 7-8. 

(2). Push-pull Output Stage Feeding Dynamic Speaker: In the 
case of receivers employing a push-pull output stage, the output me
ter may be connected directly across the terminals of the voice coil 
or the secondary terminals of the output transformer (whichever are 
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most accessible), as shown in Fig. 7-9. However, as explained in the 
previous section, this arrangement will give a rather low reading on 
the output meter and changes in the output signal voltage are not 
easily noted. 

The output meter may also be connected across the "plate" ter
minals of both output tubes, by slipping a "plate-lead" adapter over 

! 
POWER TUBES 

j 

B+ 

OUTPUT 
TRANSFORMER 

?.---

SECONDARY ~ COi\ j 
TERMINALS TERM I NA, 

DYNAMIC SPEAKER 

FIG. 7-9.-One possible way of connecting an output meter when 
the receiver employs a push-pull output stage. The arrangement 
shown in Fig. 7-10 is preferable to this one, however. 

the "plate" pins of each of the push-pull tubes, but the deflection will 
not be very great. 

A much greater deflection will be obtained by connecting the 
output meter from the "plate" terminal of either of the output tubes, 
to "ground" through the series condenser (which may already be 
incorporated in the output meter), as shown in Fig. 7-10. 

B+ 

"GROUND.TO CHASSIS 

FIG. 7-10.-Prefer
able way of connect
ing an output meter 
when the receiver 
employs a push-pull 
output stage. 

(3). Single-tube Output Feeding Directly into Magnetic Type 
Speaker: If output indications are desired on receivers in which a 
single-tube output stage feeds directly into a magnetic type loud 
speaker (without any coupling device between), the output meter 
(with a 2-mfd. series condenser) should be connected directly across 
the terminals of the speaker, as shown in Fig. 7-11. This is per-
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missible since the magnetic speaker usually has a high impedance
around 4,000 ohms. 

(4). Single-tube Output Feeding Magnetic Speaker Through 
Coupler: In many receivers in which magnetic speakers are em
ployed, a coupling device, which may be in the form of an output 
transformer, or a choke-condenser filter, is connected between the out-

FIG. 7-11. - How 
an output meter 
should be connected 
in cases where a 
single power output 
tube feeds a mag
netic speaker with
out a coupling device 
between them. 
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OUTPUT 
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....s' 

---.--4 
SERIES 
COND. 

e+ 
put tube and the magnetic speaker, to prevent the direct plate current 
from passing through the windings of the speaker. In cases of this 
kind, it is best to connect the output meter (in series with its 2-rnfd. 
blocking condenser), from the "plate" terminal of the output tube to 
"ground". The arrangement to be employed when an output trans
former is used in the receiver is shown at (A) in Fig. 7-12. When 
the receiver has a choke-condenser speaker filter, the arrangement 
shown at (B) is used. 

(5). Push-pull Output Stage Feeding Magnetic Type Speaker: 
When a receiver has a push-pull output stage feeding into a magnetic 

ar !l« 
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FIG. 7-12.-(A). How an output meter should be connected in 
a receiver having a single output tube feeding into a magnetic 
speaker through an output transformer. 

(B). How the output meter should be connected if the receiver 
employs a condenser type output filter. 

speaker, the output meter should be connected in the same way as was 
recommended for case (2), see Fig. 7-10. 

Loud Speaker Color Code: In order to facilitate the tracing of 
connections to dynamic speakers in receivers employing the RMA 
standard dynamic speaker color code, this color code should be studied. 
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It will be found in the author's Radio Trouble-Shooter's Handbook. 

Most meter-type output meters are made with a constant im
pedance of 4,000 ohms because the standard loud speaker ( or out
put transformer primary impedance when the speaker is con
nected across the secondary) 1 is the radio receiver output imped
ance during normal operation, and is also approximately 4,000 
ohms in many cases. 

In cases where the required output impedance of the tube 
is greater than 4,000 ohms, additional resistance should be con
nected in series with the output meter in order to bring the total 
load impedance to that required by the tube. Thus, a certain 
tube may require 7,000 ohms load; then 3,000 ohms must be 
connected in series with the output meter. 

7-6. Crystal-detector Output Meters. - So far as most 
audio output comparative measurements which he may make are 
concerned, the radio service man is interested in the relative out
put signal intensity rather than in the exact numerical values of 
voltage or power output. For this type of work, it is not really 
essential that the output meter be of the calibrated, copper-oxide 
rectifier type, although a numerical calibration is convenient. 

It is possible to construct a fairly good, inexpensive indicating 
instrument, to be used as an output meter for determining arbi
trary values or changes in signal voltage during "aligning", etc., 

TERMINALS 

/ 

111.CRYSTAL 
OtTECTOR FIG. 7-13.-A simple output 

meter consisting of a crystal 
detector and a 0-1 d-c milliam
meter. 

by connecting a 0-1 ma. d-c milliammeter in series with a crystal 
detector, preferably of the "fixed" carborundum type, as shown 
in Fig. 7-13. The crystal detector rectifies the a-c so that the 
current flowing through the d-c meter is unidirectional. 

The terminals of the combination may be connected directly 
across the voice coil of the dynamic speaker in the receiver, or 
across the secondary winding of the output transformer (see Fig. 
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7-9). When it is possible to disconnect the output transformer, 
or where the loud speaker is of the magnetic type, the crystal
detector output meter may be coupled to the output circuit of the 
receiver, as shown in Fig. 7-141 by means of its own coupling 
transformer I to prevent excessive current from damaging the 

POWER} 
TUBE IN 
RECEIVER OR 
AMPLIFIER 

a+ 

~TO LOUD 

C::........SPEAKER 

louTPUT 
TRANSFORMER 

CRYSTAL 
DETECTOR 

....... 
0-1 MA. D·C / 

MILLIAMMETER 

\._ COUPLING 
TRANSFORMER 

FIG. 7-14.-A coupling transformer and current-limiting resistor 
have been added to the simple crystal detector output meter of Fig. 
7-13. A break-in adapter is used to break into the plate circuit of 
the output tube of the receiver. 

crystal. A 1,000-ohm rheostat is shown shunted across the sec
ondary of the transformer, to keep the signal indications within 
the range of the meter-preferably near the center of the scale. 

By employing a "plate circuit break-in adapter", neither 
the output transformer nor magnetic speaker wires need be dis
turbed. The output tube, or one of the push-pull output tubes, 
is removed from its socket and placed into the adapter which 
has been inserted into the tube socket. The terminals of the 
instrument are connected to the adapter terminals, as shown. 
The crystal rectifies the a-c signal voltage present in the second
ary circuit of the transformer, just as it rectifies a radio signal, 
so that the current flowing through the d-c meter is unidirec
tional and will cause the d-c meter to read "average" values. 

Another crystal-detector output meter arrangement is shown 
in Fig. 7-15. Here, a 0-1 ma. d-c milliammeter is employed as a 
1,000 ohms-per-volt voltmeter (by means of the series multiplier 
resistors) with ranges of ¼, ½, 11 and 5 volts. 

Although the crystal-detector type output meter is compara-
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tively simple and inexpensive to construct, several disadvantages 
are encountered because of the inherent characteristics of the 
crystal. The varying sensitivity of the crystal makes frequent 
adjustments necessary, which interferes with stable operation. 
This instability prevents the instrument from maintaining its 
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FIG. 7-16.-A crystal detector type output meter in which a 0-1 
d-c milliammeter is employed as a low-range d-c voltmeter. 

calibration for any appreciable length of time. However, despite 
the fact that the crystal contact is liable to oxidize at relatively 
low current values and is generally unstable, this type of output 
meter is more than satisfactory when used to indicate when an 
output is maximum, or changing, etc. 

7-7. A Tube-Rectifier Type Output Meter. - The out
put meters discussed thus far have made use of the rectifying 
action of the copper-oxide disc rectifier and the crystal detector, 
so that a sensitive d-c milliammeter could be employed for meas
uring the low output signal voltage of a radio receiver or ampli
fier. A third method utilizes the rectifying ability of a three
element vacuum tube, connected in a circuit with a 0-1 ma. d-c 
milliammeter, as shown in Fig. 7-16. 

In this case, the milliammeter reads the current rectified by 
the tube, which functions as a two-element detector. The meter 
deflection caused by the rectified current depends upon the value 
of signal voltage impressed upon the terminals A-B of the instru
ment. The purpose of the filament rheostat R 1 is to keep the 
output indications within the range of the meter scale. The vari-
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able resistance R1 provides a control against overload, and serves 
to increase the voltage-measuring capacity of the device. 

To obtain greater output signal indications, the instrument 
may be connected directly in the plate circuit of an output tube 
in the receiver or amplifier under test, through the use of a 

FIG. 7-16.-A sim
ple t u b e - rectifier 
type of output meter. 
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"plate circuit break-in adapter", as shown in Fig. 7-17, instead 
of across the voice coil or output transformer secondary winding 
of the dynamic speaker in the receiver. 

Because of its stability, the tube-rectifier type output meter 
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FIG. 7-17.-A tube rectifier type output meter connected into the 
plate circuit of one of the output tubes of a receiver or amplifier by 
means of a break-in adapter. 

lends itself more readily to more accurate calibration than the 
crystal detector type. Calibrations may be made by applying 
known a-c voltages across the input terminals. It is also wise 
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to check the filament voltage by means of a separate or built-in 
voltmeter to be certain that it is the same at all times. Any 
change in filament voltage will shift the calibration of the in
strument, the amount of shift depending upon the amount of 
change in filament voltage. 

7-8. A Neon-Tube Type Output Indicator.-Both the cir
cuit diagram and an illustration of an unusual type of output 
indicator designed especially to furnish a visual indication of the 
relative output of a receiver when its tuned stages are being 
aligned, are shown in Fig. 7-18. This instrument, which is com
pact and portable, consists of a tapped step-up transformer T 1 

having a ratio of 80 to 1, a potentiometer R 1 , a neon glow lamp 
and three binding posts for connecting the transformer to the 
output of the receiver. Three input impedances, 0.6-ohm from 

Courte8JI BOA. Victor Co. 

P[O-. 

SLU[ 

FIG. 7-18.-(Le/t). An output indi
cator which employs a neon glow lamp 
to give a visual indication of receiver 
output. (RCA Victor Type TMV-121-A.) 

(Right). The circuit diagram of this 
instrument. 

H to L, 1.5-ohms from O to L and 4-ohms from O to H, are 
available. These make it possible to match the impedance of 
the instrument to the impedance of the voice-coil winding of 
the speaker transformers in most receivers which employ dy
namic speakers. 

The signal voltage fed to the primary of transformer T 1 

by the receiver is stepped up by the transformer. Any fractional 
part, or all, of this voltage may be selected by the potentiometer 
and applied to the neon lamp. Since its brightness varies with 
the applied voltage, it serves as a visual indicator of the relative 
output signal strength of the receiver. The glow lamp, which 
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has a "striking" voltage of 50-60 volts, is very sensitive, follow
ing variations in signal frequency and intensity. Naturally, this 
provides a very sensitive indicator for adjusting "trimmer" 
capacitors to their optimum position. 

The instrument is used by connecting it directly across the 
voice-coil winding of the loud speaker transformer-either with 
the voice-coil connected or disconnected. 

7-9. The Vacuum-Tube Voltmeter. - A vacuum-tube 
voltmeter is a type of voltmeter which employs one or more vac
uum tubes for measuring voltages applied to its terminals. The 
two most important characteristics which make the vacuum-tube 
voltmeter extremely useful in radio service work are: 

1. When properly designed and constructed, a V.T. volt
meter can be calibrated at 60 cycles and used there
after at all frequencies from approximately 40 cycles 
up through the standard receiver short-wave ranges. 

2. If the V.T. voltmeter is built without a resistance-type 
voltage divider in its input circuit, it presents practic
ally an infinite resistance across the circuit whose volt
age is to be measured. It may therefore be considered 
to have practically infinite ohms-per-volt sensitivity 
and consumes practically no current from the circuit 
under test. 

The first characteristic makes the v-t voltmeter particularly 
useful for measuring the gain-per-stage (or overall gain) of either 
the r-f, i-f, or a-f amplifiers of receivers, because it will register 
correctly on any of these frequencies. Intermittent operation, 
poor alignment, etc., of each individual r-f or i-f stage may also 
be checked. 

The second characteristic makes the V.T. voltmeter especially 
useful for checking the voltages in ave circuits-as we shall see 
in Art. 7-13. 

7-10. Principle of Operation of the V. T. Voltmeter.
The principle of operation of one common form of V.T. voltmeter 
is similar to that of the three-element "biased detector" so wide
ly used in modem radio receivers, and is as follows: 

The voltage to be measured is applied across the grid-cathode 
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circuit of the tube, which is biased like a detector (see Fig. 7-20). 
The positive excursions of the applied voltage cause the plate 
current to increase, whereas the negative excursions cause it to 
decrease because of the curvature of the Eg-lp characteristic 
of the tube. The result is that the net value of the d-c plate 
current changes by an amount which is a measure of the voltage 
being measured. This plate current change is read upon a mil
liammeter in the plate circuit. The milliammeter may be cali-

CUT-OF'F 
POINT 

-13.0 -2.0 -1.0 

:GRID VOLTAGE 

I APPLIED VOLTAGE 
I (TO M M~AS~ 

0 

PEAK VALUE 

PLATE CURR!'..NT 
{INSTANTANEOUS) 

FIG. 7-19.-Diagram illustrating the action 
taking place in one type of vacuum-tube volt
meter. The tube is biased to its "cut-off" point. 
The voltage to be measured is impressed on 
the grid circuit (see Fig. 7-20). The plate 
current change it produces (measured by 
means of a by-passed milliammeter connected 
in the plate circuit) is a measure of this 
voltage. 

brated directly to read the voltage being measured. The plate 
circuit milliammeter must be thoroughly by-passed to all fluc
tuating currents (see Fig. 7-21). 

The behavior of a V.T. voltmeter depends greatly upon exact
ly which part of the tube characteristic is selected as the normal 
operating point. If the grid bias and plate voltage are such 
that the plate current is allowed to flow continuously, the change 
in plate current is very nearly proportional to the square of the 
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effective value of the voltage being measured. If the grid bias 
is such that the tube operates substantially at the cut-off point 
(see Fig. 7-19), the negative half cycles are entirely suppressed 
and the change in plate current will be very nearly proportional 
to the effective value of the positive half cycles. If the grid bias 
is still more negative, the change in plate current is determined 

FIG. 7-20.-Circuit 
diagram of a sbnf le 
vacuum-tube v o t
meter. 
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4V. 'c" 

-2+2 
V. V. 
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by the peaks of the positive half cycles, and what is substantially 
a peak voltmeter results. 

7-11. How to Construct a V.T. Voltmeter.-In order to 
be suitable for measurements in radio service work, a V.T. volt
meter should meet several important requirements: first, it should 
be able to measure both low and fairly high voltages; second, it 
should be rugged; third, it should be portable; / ourth, it should 
be economical to operate (line operation is desirable); and fifth, 
its cs.libration should hold over reasonably long periods of time. 

A practical instrument that meets most of the above require
ments is shown diagrammatically in Fig. 7-21. It consists of 
a type '30 tube connected in the simple circuit shown. The 2-
volts applied to the filament must be maintained by adjusting 
the 20-ohm filament resistor. The plate circuit has a resistor of 
about 9000 ohms (see below) in series with a 0-2 ma. meter. The 
grid bias is about 4.5 volts negative, which may be obtained from 
a standard battery. The drain from the "B" supply is never more 
than 2 ma., hence small batteries may be used to advantage. 
Switch 1 is used to shut the "A" battery off and turn it on; 
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SW-2 controls the equivalent of a voltmeter multiplier (to be ex• 
plained) ; and SW -3 short-circuits a small fixed condenser. 

This voltmeter, with the switch SW-S at position 7, must be 
adjusted so that the plate meter reads full scale when the grid 
voltage is zero; the adjustment being made by varying the size 
of the plate resistor (it is shown here as 9000 ohms, but values as 
high as 13,00 ohms are necessary in some cases) and keeping the 
tap switch at position 7. 

After the meter has been adjusted for full-scale reading 
with the tap-switch in position 7, it will likely be found that it 
does not read exactly zero for any other position of the switch, 
(when no voltage is applied to the "INPUT" terminals). 
This small residual current always flows and may be "bucked 
out" if desired. However, for the general run of service work, 
it is not necessary to do this. The adjustment becomes compli
cated and has little significance, except for accurate work. If 
the zero reading is very small-about a division or two-the zero 
setting of the meter may be changed to bring the reading to zero. 

The maximum voltage that may be applied to the 
"input" terminals of this voltmeter is 22.5 volts peak, for, by 
means of the potentiometer shown, a known fraction of the input 
voltage may be applied to the grid of the tube. For instance, 
with the tap on position 4, only 2/5, or 0.4, of the "input" voltage 
is actually applied to the tube. For any position of the potentio
meter tap, the meter reading must be multiplied by a definite 
"multiplying factor". These factors are: 

Tap Multiplying Factor 
1 1.00 
2 1.25 
3 1.66 
4 2.50 
5 5.00 

This means that the peak value of the maximum voltage 
that may be read is 22.5 volts a-c, or 22.5 volts d-c. The range 
may be extended further to almost any extent by employing a 
ditl'erent suitable potentiometer arrangement. 

The input resistance of the voltmeter is 1 megohm. Thia 
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value may not be sufficiently high to prevent disturbing all ave 
circuits to which it may be connected in service work. The im
pedance is constant for any position of the potentiometer. 

7-12. Calibrating the V.T. Voltmeter. - Calibration of 
the voltmeter described in Art. 7-11 may be effected by the sim
ple arrangement shown in Fig. 7-22. A small 6- or 10-volt battery 
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4.5 .. V~LTS -1,1,1+? 
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FIG. 7-21.-Schematic circuit diagram of an easily constructed 
V.T. voltmeter for use by radio service men. 

Bis connected to a reversing switch, as shown. The switch con
nects to a potentiometer P having a value of about 1,000 ohms, 
and a d-c voltmeter capable of reading the voltage of B is con
nected from the arm of the potentiometer to one end. The two 
terminals of this arrangement (with the d-c voltmeter) are then 
connected to the input terminals of the V.T. voltmeter. 

The arm of P is set for, say, a 0.25-volt reading on V; the 
arm of the potentiometer in the V.T. voltmeter is set on position 
1 ; SW-8 is closed; and the plate meter reading noted. The 
reversing switch is thrown to the other side and the reading of 
the plate meter again noted. These two readings are subtract
ed, and the difference is to pe taken as the reading of the plate 
meter for an input peak voltage of 0.25. The same procedure is 
followed for input voltages, in steps of 0.25 volt, until 4.5 volts 
are reached. If the V.T. voltmeter has been built and adjusted 
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according to specifications, there will be but a very small change 
in the reading of the plate meter for one position of the reversing 
switch, and so this operation may be dispensed with. 

The calibration obtained will correspond to the peak values 
of sine wave input voltages. Each voltage reading on voltmeter 
V should be multiplied by 0.7 to obtain the effective value . 

p 

.. -
8~ 

REVERSING SWITC.H 

• 
l;PoUT; 

TERMINALS 
OF VT 
VOLTMETEP 

---=-

FIG. 7-22.-Circuit 
arrangement for cal
ibrating the V.T. 
voltmeter of Fig. 
7-21. 

This V.T. voltmeter can be used to measure either a-c or d-c 
voltages whenever a voltmeter that draws little or no current is 
needed. The calibration obtained by the method described in 
Art. 7-12 will be valid for all frequencies (within a tolerable per
cent for service work) within the audio band, and should give 
excellent comparative readings in r-f measurements. Even 
though the calibration may not hold exactly for the higher fre
quencies, it at least enables us to know the order of the voltage 
-whether it is near 5, or 10, or 15 volts, etc. 

Note: When measuring a-c voltages, switch SW-S (Fig. 
7-21) should be left open; it should be closed when making d-c 
voltage measurements. 

7-13. Uses for V.T. Voltmeters.-Now that stable, line
operated V.T. voltmeters are available, it is almost certain that 
they will become much more popular among radio service men 
for the types of receiver voltage measurements for which they 
possess definite advantages over the more ordinary forms of 
voltmeters. 

A vacuum-tube voltmeter is useful for checking the gain-per
stage (or overall gain) of either the r-f, i-f, or a-f amplifiers in re
ceivers. A suitable oscillator is employed to feed a signal to the 
input of any particular stage to be checked. The V. T. voltmeter 
is used for measuring both the voltage across the stage input and 



CH. VII OUTPUT METERS AND V.T. VOLTMETERS 161 

that across the stage output, so that the ga,in may be determined. In
termittent operation, poor alignment, etc., of each individual r-f or 
i-f stage of a receiver can also be checked in this way .. 

The voltages existing across some parts of ave circuits (most of 
which have resistances of over 1 megohm) may easily be upset aa 
much as 50% if even a 2,000 ohms-per-volt movable-coil type volt
meter is used to check them (see Arts. 2-19 and 2-20). This is due 
to the current (even though it is very small) which this type of volt
meter draws. Because it has almost an infinite input impedance and 
therefore draws no current from the voltage source, the V.T. volt
meter (without input voltage divider) may be used for checking 
these voltages (as well as any other low voltages in the receiver) 
without causing any such changes. It is also useful for checking 
grid voltages, plate voltages in detectors and resistance-coupled 
amplifiers, etc. 

The V.T. voltmeter can measure current (indirectly) too. 
Merely connect it across a small, known resistance which is con
nected in series with the circuit whose current is to be measured. 
If the voltage-drop across this resistance, as read by the V.T. 
voltmeter, is divided by the value of the resistance, the value of 
the current flowing (in amperes) is obtained. 

Power outputs of radio receivers may also be measured with 
surprising accuracy. Connect the V.T. voltmeter across the voice 
coil of the speaker and note the voltage so read with a given 
station tuned in. Although the reading will vary with the modu
lations of the signal, maximum, average, or minimum readings 
may be taken. Dividing the "square" of this voltage reading, 
by the resistance of the voice coil, gives the power output in 
watts. In a similar manner, the voltage, or power, of any "resi
dual hum" may be determined, and adjustments in the place
ment of power pack equipment or changes in the filter system 
may then be made until the meter reads lowest. 

7-14. Comparison of the Copper-oxide and Vacuum
Tube Type Voltmeters.-A comparison of these two types of a-c 
voltmeters cannot be made fairly unless the use for which they 
are intended is known. For accurate measurement of high-fre
quency voltages and for an extremely high-resistance device, the 
V.T. voltmeter is best. On the other hand, the high first cost, 
the care which must be exercised in handling and the cost of 
upkeep (however small) may be detrimental factors which may 
limit its usefulness in some cases. The copper-oxide type volt
meter is small, light, rugged, is usually not as accurate as a good 
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V.T. voltmeter, cannot be connected in many circuits without 
disturbing the circuit, and cannot be used at high frequencies. 
Each, therefore, has certain advantages and disadvantages which 
must be considered in any case where the question of their rela
tive advantages is raised. 

REVIEW QUESTIONS 

1. What is the output meter used for in radio service work, and why 
is it necessary ? 

2. Can a d-c meter or a movable-iron type a-c meter be employed in 
place of an output meter? Explain! 

3. What precaution must be observed when connecting an output 
meter of the copper-oxide type from the plate of one of the out
put tubes to ground? 

4. Mention three different types of output meters and explain the 
principle of operation of each. Draw sketches to illustrate. 

6. How would you connect an output meter to measure the output 
of a receiver employing a push-pull output stage feeding into a 
dynamic speaker? Illustrate with a sketch. 

6. Explain the advantages of the copper-oxide type output meter. 
Mention some of its uses. 

7. What is the purpose of the series condenser in an output meter? 
What may occur if it is not employed? 

8. State the disadvantages, if any, of the crystal detector output 
meter. 

9. What is a vacuum tube voltmeter? What are its advantages! 
Disadvantages? 

10. Upon what principle does the vacuum-tube voltmeter operate? 
Draw a circuit of a simple vacuum-tube voltmeter. 

11. How would you calibrate a vacuum-tube voltmeter? How would 
you make it read "effective" values? 



CHAPTER VIII 

THE TUBE CHECKER 

8-1. Need for Tube Testing.-Analyses by competent auth
orities show that inoperative tubes are by far the most frequent 
cause of "dead" receivers or unsatisfactory operation. Tubes 
become poor after they have given their normal amount of serv
ice, or when, because of misuse or faulty manufacture, their char
acteristics change. Tube failure is so common in radio service 
work that the tubes are usually the first parts of a receiver that 
are tested by the average service man. (Note that we consider 
the vacuum tube as an inherent part of the receiver just as we 
do a transformer or a socket. A receiver per se is merely an 
assembly of apparatus, and can serve no useful purpose unless 
it is equipped with the proper tubes.) 

It is quite essential, therefore, that means be available for 
testing radio tubes accurately, swiftly, and without recourse to 
computation. Devices which satisfy these requirements are vari
ously known as tube checkers, tube testers, or tube sellers. They 
all attempt to do the same thing-indicate the condition of the 
tube insofar as that condition affects radio reception. Their 
physical construction depends upon the degree of portability de
sired. Those intended for store use are large, with large indicat
ing meters readable at a distance, and are commonly known as 
counter models; those intended to be part of the service man's 
kit are known simply as portable models. In many cases, the 
circuits of both types of instruments of any one manufacturer are 
identical; the instruments differ only in size and weight. 

8-2. The Replacement Test for Tubes. - The necessity 
for comparing tubes of the same type under standardized con
ditions cannot be underestimated. A few people maintain 

163 
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that the best test for a tube is simply to replace it in the receiver 
with another of the same type. If the signals increase in strength, 
then the original tube is poor; if they remain the same, the 
original tube is good. They maintain that this test is simple, 
and has the distinct advantage that the· tube is being "tested" 
under actual operating conditions and in the receiver in which 
it is used. Perhaps there is an excuse for this test when no 
other means are available for determining the worth of a tube. 
If the tubes in a receiver must be tested, and if no tester is 
at hand, then the logical thing to do is to replace those in the 
receiver with other tubes, one by one, each known to be good. 
However, every radio service man should be equipped to 
test tubes satisfactorily with suitable instruments. These make 
it unnecessary to carry around a good tube of every type for 
test purposes, and give a more accurate test of the condition of 
the tubes-especially for receivers using ave-as we shall now see. 

8-3. Disadvantages of the Replacement Test.-The or
dinary "replacement test" was satisfactory when tubes and cir
cuits were simple, and when small differences in the characteris
tics of two tubes manifested themselves by noticeably different 
signal strength. But today, the design of many circuits is such 
that a tube may be poor enough to be replaced, and yet it will not 
be detected by this test until a relatively weak signal is tuned in. 
Receivers are now equipped with automatic volume controls, 
which vary the sensitivity of the r-f and/or i-f portions of the 
set as the intensity of the signal varies. Thus, on a loud local 
signal, the sensitivity of the receiver automatically decreases, 
and a poor tube in the r-f or i-f portion of the receiver will not 
manifest itself. Even if it is replaced with a normal tube, the 
increased signal strength so obtained automatically causes the 
sensitivity of the set to decrease to the point where the output is 
the same as when the poor tube was in use. In such receivers, 
then, the "replacement test" is utterly useless. Furthermore, the 
types of tubes used in the r-f portion of the receiver are not the 
same as those used in the a-f section, where the replacement test 
has some, though few, merits. 

If a tuning meter is used in the receiver, or if the receiver be 
tuned to such a weak signal that the automatic volume control 
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does not act ( under which conditions the sensitivity of the re
ceiver is at maximum), then a poor tube will be shown up by 
weak and sometimes distorted signals. The deflection of the 
tuning meter is an indication of the signal strength reaching the 
second detector in a superheterodyne, and hence, though the 
audio output remains constant, the reading of the meter will 
change when a good tube is substituted for a poor one. Hence it 
also serves to show up a poor tube. 

However, comparatively few receivers are equipped with tun
ing meters, and it is rare that a properly weak signal can be 
found. Then, too, the signal must be weak for the particular 
receiver under test, which means that every receiver requires a 
different degree of signal weakness for every location of the re
ceiver. The degree of required weakness depends upon the sen
sitivity of the receiver and the amount of ave used; the greater 
the sensitivity and the more the ave the less the required signal. 

It is quite apparent from these remarks that the service man, 
whose time is an important element, is in no position to spend his 
time guessing about the weaknesses of signals and the some
times dubious readings of some tuning meters. Furthermore, if 
tubes in both the r-f and a-f parts of the set are poor, he has no 
recourse but to provide himself with a device that will tell him 
the condition of a tube without the necessity for having special 
signals or special receivers. He must have a device that works 
independently of the receiver itself, and upon which he can rely 
with complete confidence. It is the purpose of this, and the 
following two chapters, to present a comprehensive study of tube 
checkers for accomplishing this task satisfactorily. 

8-4. Structures of Modem Tubes.-Before discussing the 
different practical tests that may be applied to a tube to indi
cate its worth, it might be well to review briefly the different 
structures used in modem tubes and to point out the salient 
features of each electrode arrangement.• With this knowledge 
at hand, it is relatively easy to understand the connections of 
the various grids and plates in some of the modem combina-

•N ote: For a more detailed and comprehensive treatment of the 
subject of vacuum tubes, consult the Radio Pk11aic• Course, by Alfred 
A Ghirardi. (Radio cl Technical Pub. Co., N. Y. C.) 
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tion tubes; for, to understand the operation of a tube tester, 
the connections of the elements inside the tube being tested 
must be known. 

8-5. Diodes and Triodes.-The simplest type of radio tube 
is the diode, so called because it consists of a filament, or heater, 
and a single plate. The filament or heater emits electrons which 
are collected by the plate whenever the plate is positive; no 
electrons are collected when the plate is negative. The arrange
ment of the elements in such a tube is illustrated in (A) and (B) 
of Fig. 8-1. This type of tube is used almost exclusively for 
power rectifiers (filament type, with few exceptions) and for sig
nal detection (heater type). This type of rectifier is the "half
wave" type. Two plates may be incorporated, as shown at (C) 
and (D), to obtain "full-wave" rectification. 

A single "grid" in a filament-type diode makes the tube a 
triode, as shown at (E), and the tube is still a triode if the emit
ter of electrons (simply called the emitter) is equipped with a 
cathode, as in (F). Note that this latter structure has four ele
ments, although only three are actively concerned with the elec
tron flow (the heater is used solely for heating the cathode), 
hence the name "triode" still persists. 

8-6. Multi-grid Tubes.-At (G) is shown a filament type 
tetrode, or four-element tube. G1 is the control-grid. The addi
tional grid GS is inserted to reduce the capacity existing between 
the control-grid and plate of a triode, and is maintained at a 
potential equal to or less than that of the plate in the usual con
nection (except when used as a dynatron). This structure gives 
high gain at very low power output, and is employed mainly in 
tubes to be used as r-f or i-f amplifiers and sometimes in detec
tors. For a-c operation, the emitter may be of the indirect
heater, or "cathode" type, as shown at (H). 

Still more amplification may be secured by inserting another 
grid GS (the suppressor grid) between G! and P, as shown at 
(I). This gives us the pentode (5-electrode) type tubes. This 
type of structure is in common use at this time. In the indirect
heater form of this tube the connection of this grid GS is brought 
out to a separate prong in the base, as shown at (I). This makes 
it possible to connect it (outside the tube) to the cathode when 
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used in the normal way as an r-f or i-f amplifier. For certain 
special control work, its potential can be maintained either 
above or below that of the cathode. In filament-type forms of 
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FIG. 8-1.-Some of the electrode arrangements employed in 
modern radio tubes, starting with the simple diode (2-electrode) tube 
at (A), progressing to the pentode (6-electrode) tubes at (I) and 
(J) and the combination tubes at (K) and (L). 

tubes, the suppressor grid G, is already connected (inside the 
tube) to the center of the filament-as shown at (J). 

8-7. Combination Tubes. - Almost any combination of 
these structures may be built into a single glass envelope and 
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properly called a single tube. For example, as shown in (K), 
the double diode plates of (C) and (D) and the triode of (F) are 
united to form a single unit. A typical "multi-unit", or combi
nation tube employing this arrangement is the '55, and it is known 
as a duo-diode triode. The same structure with slightly different 
characteristics is used in the '75 and '85 tubes. The diode section 
of the tube is placed directly below the triode section. It is inde
pendent of it, and functions just as if the triode were not present. 
In fact, two separate tubes could be used instead, with substan
tially the same results. 

Pentodes and triodes, pentodes and diodes, two separate tri
odes, etc., have been built into a single tube and are used for a 
variety of special purposes. Such combinations lead to names 
such as duplex-diode pentode, etc. A complete chart giving a 
list of these tubes and their socket terminal connections will be 
found in the Appendix at the back of this book. 

Another class of combination, or multiple-unit, tubes com
bines features of the previous classes. Typical of this class are 
the 2A7 and the 6A7 pentagrid converter types. These are tubes 
having an unusually large number of electrodes (seven exclusive 
of the heater), all of which affect the same electron stream and 
yet perform two operations ( oscillator and mixer for superhetero
dyne circuits) independently but simultaneously. The electrode 
arrangement in these tubes is shown at (L) of Fig. 8-1. 

8-8. A Satisfactory Test for Tubes.-J ust what constitutes 
the "best" method of testing a tube to determine its general con
dition has been the subject of much discussion, with the result 
that there are many differences of opinion. However, there is a 
definite tendency among engineers to standardize on two main 
methods of test to judge the condition of amplifier tubes. The 
first is called an emission test, and the second type, a mutual 
conductance* test. The emission test is the only practical test 
for rectifier tubes; they are tested entirely by it. 

Both the emission test and the mutual conductance test will 
be discussed first. Then, miscellaneous tests for cathode-heater 

•Note: The term "mutual conductance," thou,h universally used, 
has been chane-ed by the Standardization Committee of the Institute 
of Radio Engift6ers to transconductance. Both terms will be used 
interchangeably in this book. 
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leakage, "shorts" between the tube electrodes, etc., will be 
explained. Finally, the circuit for a complete simple tube 
checker will be developed step by step, and adapters will be 
described. Complete instructions for making a modern tube 
checker are presented in Chapter IX, and commercial tube check
ers are described in Chapter X. 

8-9. The Emission Test for Tubes.-lf normal voltage is 
applied to the filament or heater of a 2-element radio tube, elec
trons will be emitted, and these electrons can be collected by a 
positively charged plate situated close to the emitter. If the 
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FIG. 8-2. - Circuit arrange
ment for a simple emission test 
on a 2-electrode tube (diode). 
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FIG. 8-3. - Circuit arrange
ment for making an emission 
test on a 3 electrode tube (tri
ode). 

voltage applied to the plate is made high enough, all the elec
trons emitted by the filament can be attracted to the plate 
at the same rate as they are emitted. Then the plate current 
flowing will be a measure of the number of electrons being 
emitted. If this plate current is compared to the normal emis
sion for the particular tube under test, the condition of the 
emitter may be determined. This is the fundamental basis of 
the so-called emission test, and a simple circuit arrangement for 
it is illustrated diagrammatically in Fig. 8-2. 

If the tube is of the three-element type, then the grid must 
be connected directly to the plate, as shown in Fig 8-3. Under 
these conditions, both the grid and plate attract the electrons 
being emitted from the filament, and the meter M reads the 
total of both currents. Note that the grid is at the same 
potential as the plate. This means that the grid current is 
greater than the plate current because it is closer to the fila
ment than the plate. If the grid current is too large, it may 
cause the grid to become red bot; and, if there is a small trace 
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of gas in the tube, the excessive current may ionize it (break 
it up into positive and negative charges), causing an abnor
mally large current to flow and ruining what might otherwise 
have been a good, serviceable tube. 

These facts make several precautions necessary when mak
ing an emission test on a triode. First, the milliammeter M, 
in the plate circuit, must be large enough to safely handle the 
expected current. Second, be certain that the grid of the tube 
can withstand the heat caused by the grid current flow. Third, 
do not attempt to conduct an emission test on indirect-heater 
tubes (cathode types). If too much current (electrons) is drawn 
from the cathode of an indirect-heater tube by having both the 
plate and grid at a high positive potential, the emission action 
in the cathode increases at such an enormous rate that the 
cathode becomes damaged very easily and quickly. 

Theoretically, if the tube has more than one grid, all the 
grids, too, should be connected to the plate; and, as in the case 
of the triode, the meter will read the sum of the plate current 
and all the grid currents. 

8-10. Advantages and Disadvantages of the Emission 
Test.-The emission test is based on the fact that when a tube 
has operated for its normal span of life (about 1,000 hours), the 
electron emission begins to drop, and continues to drop until 
it becomes too small for practical use. 

Since rectifier tubes contain only an electron emitter and 
one or more plates, they must be tested by the emission-test 
method. All rectifier tubes, and the diode sections of duplex
diode tubes, are tested simply by testing their emission in this 
way--even though the same tube checker may check other 
types of tubes by the grid-shift method. Rectifier tube testing 
is simple and presents no special problems; the proper a-c poten
tial is applied between the anode and cathode and the plate 
current is read. If it is below normal, the tube is rejected. 
Little more will be said about the testing of diode, or rectifier 
tubes. 

The emission test reveals the condition of the electron emit
ter in amplifier tubes, but it does not consider any other faults 
that the tube may have. It does not take into consideration 



CH. VIII THE TUBE CHECKER 171 

the fact that a slight amount of gas ionized by the plate cur
rent may cause a higher plate-current reading to be obtained 
than would be the case if there were no gas ionization, that is 
when in reality the reading should be below normal because 
of low emission. In short, the emission test does not test a 
tube under conditions simulating those found in actual practice. 
However, the emission of a tube is an important factor which can
not be neglected. Low emission manifests itself in a manner 
similar to the shifting of grid bias. Low emission is like mak
ing the bias more negative; high emission is similar to making 
the bias less negative. In this manner only does an emission 
test simulate operating conditions. 

8-11. Emission Test on Cathode-type Tubes.-The fact 
that emission tests on cathode-type amplifier tubes cannot be 
made with normal operating voltage because of the high plate 
currents resulting is no detriment in itself. In practice, the 
voltage applied to the plate and grid can be made low enough 
so that the plate-circuit current in a normal tube will not be 
excessive. And if the emission tester is to test a wide variety 
of tubes with widely different plate currents, then means must 
be made available for adjusting the plate voltages on the tubes 
so that the currents are not excessive and so they all will 
fall within the range of a single meter. 

The circuit diagram of a typical emission tester may be 
represented essentially as shown in Fig. 8-3. Of course, the 
necessary switching facilities to reduce the plate current, etc., 
could be added. Also, in commercial designs, the finished in
strument works directly from the a-c supply line. A-c is sup
plied to the plate and filament or heater, and the d-c milliam
meter reads the average value of the plate-circuit current, as 
does the d-c instrument of a copper-oxide type meter (see Art. 
2-32). (Plate current flows only during one-half of each cycle, 
since the grid and plate are negative during the other half cycle.) 

8-12. Calibration of an Emission Tester.-The calibration 
of such an instrument involves the testing of a number of good 
tubes of each type. The readings of the meter M for each tube 
type are recorded and averaged. ThiP average is taken as 
"good" for the particular type tube. From additional tests 
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with "fair" and "poor" tubes, arbitrary limits are set between 
which a tube is said to be good. From still more tests with 
"poor" and "fair" tubes, the limits between which a tube is 
"fair" can be determined. All readings below the lower limit 
of "fair", for a particular tube type, are "poor". The calibration 
cannot be "computed" by means of a formula with any degree 
of success; the only calibration method is that of actually test
ing different tubes whose condition is known. A chart is then 
compiled with the meter reading limits for every type of tube and 
is consulted whenever a test is made with the tester. 

8-13. Effect of Gas and Emission Test.-A small amount 
of gas in a tube may make its operation totally unsatisfactory. If 
a tube contains gas, and if the emission is fairly large, this gas 
becomes ionized, the positive charges traveling through the tube 
to the nearest negative electrode and the electron (the negative 
particles) traveling to the plate. This motion of the charges is, 
in reality, plate current; and, if there is sufficient gas present, this 
current ( composite of the normal plate current and the gas cur
rent) may be sufficiently large to damage the tube by overheat
ing of the elements. 

In modern tubes the gas content is so small that danger of 
overheating because of ionization is small; it is possible, though, 
that the characteristics of the tube may change. When the tube 
is operating in the receiver and the grid bias is small, a little 
ionization may cause grid current to flow, which reduces the in
put resistance of the tube, causing weak signals, broad tuning (if 
in an r-f amplifier) and distortion ( if in an audio amplifier). It 
is well to be able to test a tube for gas content. 

8-14. Testing for Gas.-If the grid current is very small 
with the bias near zero, then the tube may be assumed to have a 
negligible amount of gas. This is the principle upon which the 
typical gas-test indicator works. Consider the circuit (A) of 
Fig. 8-4. A simple triode is connected to batteries and a meter, 
as shov.'11. The plate current is a certain amount, depending 
upon the tube type and the voltages. Assume that C is a small 
battery, perhaps 1.5 volts. If the tube is gassy, current will flow 
in the grid circuit; the direction of flow would be from grid to 
filament, or from filament to grid, depending upon the potential 
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of the grid, the gas pressure, the tube structure, and the poten
tials applied to the other electrodes. For our purpose, it makes 
little di:ff erence which way the current flows, so long as the fact 
that grid current flows is recognized. 

If a resistor R is connected in series with the grid circuit, as 
shown at (B) of the figure, then this grid current will flow through 
R and develop a voltage across it. This voltage then acts either 
with, or against, the voltage C ( depending upon the direction of 
flow of the grid current). In either case, the voltage developed 
across R alters the grid bias voltage, resulting in a change in the 

(A) [&} 
FIG. 8-4.-Action of the circuit arrangement employed to make 

a "gas" test on a vacuum tube. 

plate current-which will be indicated by M. If there were no 
gas, there would be no ionization, no grid current, no drop across 
R, and hence no change in plate current. R is usually made 
about 500,000 ohms, and a switch is placed across it, S in the 
diagram. If opening and closing this switch produces little or no 
change in plate current, then there is little or no gas present. 

The gas indicator, then, is nothing more than a series grid 
resistor with a switch acro~s it. Changes in potential across this 
resistor manifest themselves by changes in the plate current. 

8-15. The Mutual Conductance (Grid-Shift) Test. - A 
more satisfactory method of testing an amplifier tube is to place 
it in a circuit that more nearly simulates the circuit condi
tions in an actual receiver, and determine its property as an 
amplifier. The mutual conductance, or grid-shift, test most near
ly fulfills this condition. 

Any amplifier tube functions because a change in its grid 
voltage causes a change in its plate current. The greater the 
change in plate current produced by a given change in potential 
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applied to the grid, the better the tube is as an amplifier or detec
tor, other tube constants remaining the same. Therefore, since 
the worth of a given type of tube as an amplifier depends upon 
how much plate current change will be produced by a given grid 
voltage change, this can be made the basis of a method of ampli
fier tube testing. This is, in fact, the basis of the grid-shift 
method for testing amplifier tubes. 

As the important "amplifying" property of the tube depends 
on how much plate current change is caused by a given grid volt
age change, by comparing these values we obtain a "figure of 
merit" which is known as the mutual conductance (represented 
by the symbol Gm). This conductance ratio is called mutual be
cause it expresses a mutual relationship between a quantity per
taining to the plate circuit and a related quantity pertaining to 
the grid circuit. It is called conductance because it is the ratio 
of a "current" to a "voltage" (remember that resistance is the 
ratio of a "voltage" to a "current"). Since conductance is the 
opposite of resistance, it is expressed in mhos (mho is ohm spelled 
backward). 

Of course, the plate impedance and amplification factor of the 
tube are important, but, since the "mutual conductance" of a tube 
is equal to the ratio of these other two constants, any change in 
either one is bound to affect the mutual conductance. Therefore, 
if the mutual conductance of a tube is found to be normal, it in
dicates that both the plate impedance and amplification factor 
are also normal, so these need not be tested separately. While 
the mutual conductance is not a complete indication of the com
parative merits of tubes of different types, it is a positive indi
cation of merit among tubes of the same type. 

The fundamental definition of mutual conductance is the basis 
of operation of the grid-shift method of tube testing. Mutual 
conductance, Gm, equals the change in plate current (in amps) di
vided by that change in grid voltage ( in volts) causing the plate
current change-with the plate voltage held constant. 

Keeping this definition in mind, we will now see how the mu
tual conductance of a tube can be measured by the simple circuit 
arrangement shown in Fig. 8-5. The tube is connected as shown, 
with provision to read the plate current by means of d-c milliam-
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meter M. The grid is connected to an adjustable source of volt
age, the value of which at any time can be read on d-c voltmeter 
V. 

Suppose the arm of P to be adjusted so that the grid voltage, 
as read on V, is 1.5 volts "positive", at which time the plate cur
rent meter reads 4.0 ma. Then P is varied until another con
venient grid voltage is obtained, say 2.75 volts "positive", at 

Fm. · 8-5. - Ele-
mentary circuit ar- + 
rangement for de- ::::::::::c 
l;ermining the mut
ual conductance of a 
tube. 

which time the plate current meter reads 7.4 ma. The mutual 
conductance of this tube then is, 

G _ change in plate current produced ( in amperes) 
m - change in grid voltage producing it ( in volts) 

0.0074- 0.004 0.0034 
2_75 _ 1.50 = -c25-= 0.00272 mhos. 

Mutual conductance is measured in mhos. The mutual con
ductance of radio tubes is so small, however, that one-millionth 
part of a mho, the micromho, is the unit universally employed for 
expressing the Gm of radio tubes. To convert mhos into micro• 
mhos, simply move the decimal point six places to the right, i.e., 
multiply by 1,000,000. The Gm of the tube just tested is, then, 
0.00272 mhos, or 2720 micromhos. 

Naturally, the general method just described can be used for 
measuring the mutual conductance of any type of amplifier tube 
-provided of course, the circuit arrangement of Fig. 8-5 is altered 
properly to meet the conditions imposed by the particular elec
trode arrangement which the tube employs (see Fig. 8-1), and the 
practical field conditions under which tubes are usually tested by 
the service man. Practical circuits for making this measure
ment rapidly on all commercial types of tubes employed in radio 
receivers will now be developed and described in detail. 



176 MODERN RADIO SERVICING CH. VIII 

8-16. "Relative" Mutual Conductance Satisfactory. -
While the mutual-conductance testing arrangement described in 
Art. 8-15 gives the information required, it is not really satisfac-

B+ 

Fm. 8-6. - One method of 
shifting the grid bias in a tube 
tester. The switch enables 
either the voltage drop across 
R1, or that across both R1 and 
R2, to be applied to the grid of 
the tube at will. 

tory for rapid testing of tubes, due to the fact that a computa
tion is required for each test. 

This computation of the actual mutual conductance for every 
tube tested by this system is really unnecessary. If we change 
the grid voltage by a definite fixed amount for each type of tube 
every time, all we need to notice is how much change in plate
current is produced by this grid voltage change. Knowing be
forehand (by having previously prepared charts giving the "plate 
current change" limits obtained for known "good", "fair" and 
"poor" tubes which have actually been tested) just how much 
plate current change is obtained in a "good" tube, a "fair" tube 
and a "poor" tube of the same type, and tested under these same 
conditions, we can quickly judge which classification the tube 
being tested falls into-without need for computation of any 
kind. Hence, only the plate current readings (which really 
give us the relative values of mutual conductance) are necessary, 
and they give us all the information we need. 

From previously prepared charts ( or calibrations directly on 
the tube checker) which specify the normal change in plate cur
rent reading for every type of amplifier tube manufactured, the 
relative "goodness" of any tube under test may be quickly ascer
tained in this way. Commercial tube checkers employ this idea. 
However, it must be remembered that a table or chart showing 
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the minimum allowable differences in plate current for varioUB 
type tubes when the grid-shift test is employed, can only be used 
with the particular make and model of tube tester it was pre
pared for. 

8-17. Methods of Changing Grid Bias.-In commercial 
tube testers, which are almost always a-c operated, the bias is 
of ten shifted by changing the voltage drop developed across a 
resistor placed in the cathode circuit, somewhat as shown in Fig. 
8-6. This eliminates the need for using a battery for the grid
bias voltage. \Vith S in position 1, the voltage drop across both 
R1 and R2 is applied to the tube as a negative grid bias; with S 
in position 2, only RI contributes to the bias, so the plate current 
increases. If RI equals R2, then the bias voltage may be halved 
by merely throwing the switch. 

Another method of shifting the bias, shown at (A) of Fig. 8-7, 
is similar, except that S connects the grid to different portions 
of the filament winding. When the switch is in position 1, as 
shown, the grid connects directly to the cathode, and it is at zero 

s 
T' 

PORTION 1: PLATE CURRENT 
CSWffCH AT POSIT. 1') 

110 V. PORTION 2: PLATE CURRENT 
A-C LINE <SWITCH AT POSIT. 2> 

CA> <B> 

FIG. 8-7.-(A) Another method of shifting the grid bias in a 
tube tester. The bias is shifted by employing either "zero" bias 
(switch on Contact 1), or the voltage between a-b as a grid bias 
voltage. Point d may be considered as B minus, and point c as B 
plus. Contact 1 is connected to both the cathode and the filament. 

(B) Portion 1 shows the plate current when switch S is in 
position 1. Portion £ shows it when the switch is in position £. 

potential. A certain plate current flows. Since a-c voltage is 
applied to the plate, the plate current is a pulsating half-wave 
rectified current, as shown at portion 1 of (B). The d-c plate 
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milliammeter reads the average value of the plate current (see 
Art. 2-32). 

,vhen S is in position S, the grid connects to point b on the 
filament transformer secondary, and on the half cycles when the 
plate is positive, the potential of the grid is positive with respect 
to that of the cathode, by an amount equal to the voltage de
veloped in the portion of the winding from a to b. This causes 
the plate current to increase, as is shown by portion f of (B), 
by an amount dependent upon the mutual conductance of the 
tube. The deflection of the meter M increases, of course. We 
need not consider the half cycles when the plate is negative, since 
no plate current flows then. 

One important point must be kept in mind when a tube tester 
employing the latter method of grid-bias shift is constructed. 
The windings of the transformer must be so connected that the 
polarity of the tap b on the filament winding is the same at every 
instant as that of end c of the primary winding ( which connects 

e 

X c'! PRIM. 
IIOV."-!_ __,/ 

................................ + 
......._ PRIM. 

110 V. .....__ 
A-C LINE A-CLINE 

<A> tB> 
FIG. 8-8.-(A) Incorrect transformer connections for grid shift 

test method of Fig. 8-7. The instantaneous polarities of the grid and 
plate are opposite, so they oppose each other's action on the plate 
current. 

(B) Correct transformer connections. Here, the instantaneous 
polarities of both the grid and plate are always similar. 

to the plate of the tube). What happens if this polarity relation 
is not observed may be understood from a consideration of 
the illustrations of Fig. 8-8. 

At (A) we have a simplified sketch of the circuit conditions 
(when switch S of Fig. 8-7 is in position£) if the transformer is con
nected so that the polarity relations are not correct. Notice that at 
the instants when the plate is positive with respect to the cathode, 
tap b and the grid of the tube are negative with respect to it. 
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Let us see what happens during eack half cycle that the plate is 
"positive". As the plate becomes more and more positive, the grid 
becomes more and more negative, so that its effect on the plate current 
is just opposite to that of the plate. Therefore, the plate current will 
either increase a small amount, remain the same, or actually decrease, 
depending upon the value of the plate voltage, the grid voltage and 
the mutual conductance of the tube ( i.e., upon how much relative 
control the grid and the plate voltages have on the electron flow of 
the particular tube). Therefore, with the circuit arrangement of 
(A) the result on the plate current reading is uncertain. 

If the circuit is arranged the correct way as shown at (B), both 
point b (and the grid) will be "positive" every time the plate is posi
tive. Therefore, the grid and plate aid each other, and the plate 
current increases. The tube really will act as a half-wave rectifier, 
plate current flowing only during the "positive" half of each cycle. 

Since the plate current is a half-wave rectified current, the d-c 
milliammeter will indicate the average value of the plate current. 

8-18. Grid-Shift Test Usually Sufficient.-Both the "emis
sion" and "grid-shift" testing methods are in common use. 

The emission test is employed in many tube testers of the 
direct-reading type, called "English-reading" testers by some 
manufacturers. In some so-called English- reading testers, espe
cially when they are designed for counter use ( one is described 
in Art. 10-9), the instruments are compensated in various ways, 
irrespective of the· basic circuit, so that the meter will indicate a 
definite value for a good tube, regardless of the type. The meter 
usually has sectors marked "Good", "Fair", "Reject", etc. This 
makes the test simple, and, since the customer sees his tubes test
ed, it eliminates the necessity for his understanding the signifi
cance of definite milliampere readings and the necessity for sub
traction when the grid-shift test is used. 

Either the "emission" test or the "grid-shift" test give an indi
cation of the condition of an amplifier tube, although the grid
shift test will report more defects than the emission test will. 
The grid-shift test checks the mutual conductance of the tube, 
which is a measure of its amplifying properties. It also reveals 
low emission, since the initial and final readings of the meter will 
be lower than normal (although their difference might be the 
same) in a tube of low emission. Usually, however, low emission 
is revealed in a mutual conductance test by a small "difference 
reading." A larger "difference reading" than normal is somewhat 
rare and is usually due to a shifting of the position of the grid with 
respect to the filament-the filament may sag so that it is closer 
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to the grid than it should be. The grid then controls the electron 
flow more than normal. This closer spacing therefore increases 
the G,,. of the tube, but it is not desirable, because of the greater 
possibility of a "short" occurring between the grid and filament 
due to the very small clearance between them. 

As will be shown in Chapter XIII, many set analyzers are 
equipped with facilities to shift the bias of tubes under test 
(using the voltages of the receiver under test), in order to obtain 
some idea of the worth of the tube in the analyzer. The one 
trouble with this system is that the result shown by the test is 
valid only if all the voltages in the receiver are normal. And 
since the voltages in different receivers of different manufactur
ers are not the same, comparative readings cannot be obtained. 

8-19. Calibrating the Grid-Shift Tester.-In the grid-shift 
tube tester, as in the emission type, the initial calibration of the 
tester cannot be made by computation. A number of tubes 
known to be "good" within practical limits are tested, and the 
"difference readings" noted. The same procedure is followed for 
a number of tubes known to be "fair" and for another lot known 
to be "poor". A chart is then prepared showing what the shift 
in reading should be for a "normal" tube. This is repeated for 
every type of tube to be tested. Of course, commercial tube 
checkers are calibrated at the factory by the manufacturer when 
made. 

8-20. Cathode-Heater Leakage Test.-When an indirect
heater tube becomes noisy, it is almost a positive indication that 
a leakage path is present between "the cathode" and the "heater". 
This is the most common and most important of the leakage con
ditions found in service. The most practical test method for 
disclosing such leakage consists of observing the plate current 
reading for the tube when operated with the cathode connected 
to both B-minus and the heater. Now if the cathode circuit is 
opened, by disconnecting the cathode, the plate current reading 
will be "zero" if there is no cathode-heater leakage. If there u 
any such leakage, the plate circuit will still be continuous, com
pleting its path through this leakage path, and a definite value of 
plate current will still be indicated by the meter. 

Figure 8-9 shows the circuit of a typical cathode-heater leak-
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age testing arrangement. The primary P of filament transformer 
T connects to a 110-volt a-c source. The secondary of this trans
former is tapped to secure all different filament voltages required. 
The plate voltage employed for the tube testing is the supply 
voltage (the voltage drop across the primary). One side of the 
primary connects through a resistor R ( used to limit the plate 

s 
FIG. 8-9.-A typical T _....,._--J. 

circuit arrangement 
employed in tube check
ers for making cath
ode-heater l e a k a g e 
tests. 

p 

ro 110 V. A-C LINE 

T 

current) and meter M, to the plate of the tube in the socket-
a 4-electrode tube in this case. The other end of the primary 
connects to one side of the filament transformer, to the heater, 
and to one side of a switch S. The cathode is connected to this 
same side of the primary through this switch. 

Suppose, under the conditions shown, the tube receives normal 
heater voltage. With the switch closed, as shown, the d-c milli
ammeter M will read the "average" plate current (since the plate 
current in this case is a pulsating d-c). If the switch is de
pressed, the cathode of the tube becomes disconnected from one 
end of the test-voltage source, and the plate current should drop 
to zero, since its path has been opened at this point. 

A good tube with no leakage will be noted by a zero reading 
of the meter when S is depressed. If there is a leakage path be
tween the cathode and heater, there will be a complete circuit, 
and a plate current flowing from the plate to the cathode, then 
through the leakage path to the heater, and thence to the left ter
minal of the transformer, etc. The meter will indicate the value 
of this plate current flowing. It will be lower than normal, to be 
sure, unless there is a direct short-circuit between the cathode 
and the heater, in which case, the plate current reading will be 



182 MODERN RADIO SERVICING CH. VIII 

the same as it was when the "leakage test" switch was "open". 
8-21. Testing for "Shorts" Between Tube Electrodes.

In addition to the foregoing tests, it is essential to know if any 
of the electrodes of the tube are short-circuited to one another. 
If such a short-circuit should exist, there is a possibility of burn
ing out the meter because of excessive current. A simple switch
ing circuit that will connect in a small six-volt lamp, or neon bulb, 
instead of the meter is sufficient. By switching in the lamp be
fore the meter is connected, excessive currents due to short cir
cuited elements will be indicated by the lamp. The lamp remains 
dark if no elements are "shorted". 

The number of shorted elements that can be shown by the 
lamp depends entirely upon the design of the tester. Usually 
one or two elements, the most frequent off enders, can be indi
cated. This makes little difference, though, because the purpose 
of the lamp is to indicate excessive plate current, regardless of 
which element in the tube is short-circuited; and so long as the 
plate current is normal, the rest of the tube test may be per
formed with the meter in the circuit. 

An interesting point arises here in connection with tube test
ing. None of the usual "short" tests that are made on a tube tell 
which element is causing the trouble. For all practical purposes 
that knowledge is not important. As long as the tube tester indi
cates definitely that there is a "short" somewhere, the tube will 
be discarded and the tester has served its purpose. 

8-22. Effect of Line-Voltage Variations Upon Tube 
Checkers.-Unless some form of line-voltage indicator and 
compensating adjustments are incorporated in the tube checker, 
the readings will be seriously affected by line-voltage variations 
which are encountered in normal practice. If the line voltage is 
above normal, higher voltages than normal will be applied to the 
tube under test, and of course the meter readings will be affected 
correspondingly, so that they are not reliable indicators of the 
condition of the tube. The same is true if the voltage is too low. 

To remedy this condition, provision should be made for meas
uring the line voltage, and for adjusting the voltages applied to 
the tubes. In some checkers, the line voltage can be read on the 
same meter used for the tube test. This feature will be studied 
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in connection with the commercial tube checkers described in 
Chapter X. 

Line voltage variations a.re usually compensated for by pro
viding the primary winding of the transformer in the tube checker 
with taps, so that the proper tap may be selected to provide the 
correct voltages to the tube under test, even though the line volt
age may be above, or below, normal. This feature will also be 
pointed out in the commercial tube checkers which are described 
in Chapter X. 

8-23. Development of Tube Checker Circuits.-With all 
of the foregoing tests to be made on a tube, the final circuit of a 
modem tube checker becomes quite complex, especially to the lay 
service man. It will be best, therefore, to develop first, step by 
step, the circuit of a simple tube tester. It should be emphasized 
that the circuits shown are not intended for constructional pur
poses----the circuit of such a tester will be described in the next 
chapter-but merely to show the manner in which the complete 
oircuit of a tube tester is developed step-by-step from the funda
mental tube testing ideas which have been presented here. 

8-24. Step-by-step Development of a "Grid-Shift'' Tube 
Checker Circuit.-Fig. 8-10 shows a fundamental arrangement 
which may be used for the testing of 3-electrode tubes. It is 

FIG. 8-10.-Funda
mental grid-shift 
type battery-oper
ated tube tester cap
able of testing 3-
electrode tubes only. 

T ------t--, 
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simple, and employs batteries for its operation. A "static" 
mutual conductance test is obtained by comparing the plate
current reading for the two positions of the grid-test switch 
(which is usually a S.P.D.T. push-button switch) first in nor
mal position, and second with the switch button pressed. The 
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latter position changes the "zero" bias impressed on the tube, 
to a "positive" bias of 4.5 volts ( the potential of the "C" bat
tery), causing an increase in the plate current of the tube. 
This change in plate current may be ref erred to a chart, pre
viously prepared by testing a number of tubes. The rheostat 
and voltmeter in the filament circuit serve to adjust the "A"
battery voltage to that required for the tube under test. With 
this set-up it is impossible to test 5-prong, indirect-heater type 
tubes. This makes it necessary to add a 5-prong socket to the 
tester, as shown in Fig. 8-11. • 

The disadvantages of these circuit arrangements are ap
parent. As far as portability is concerned, the apparatus is 
impractical because of the size and weight of the batteries 
required. Also, in order that the accompanying "plate-current
change limits" chart be accurate, the battery potentials must 
be maintained within certain limits, necessitating frequent re
newal or re-charging. To overcome these objections, the tube 
tester may be designed for 110-volt a-c line operation, as shown 
in Fig. 8-12. 

This line-operated tester employs a 7.5-volt filament trans
former, with a rheostat and a-c voltmeter, so that the proper 

~RID
SHIFT SW. 

5-PRONC. 
SOCKET 

•c.. <D-----(ll} "A" lo----v ·a" 
I 

~ 4 z V. - 6 V. + QO V + 
FIG. 8-11.-Here, a 5-prong socket has been added to the tester 

of Fig. 8-10. This makes it possible to test both 3- and 4-electrode tubes. 

filament or heater voltage can be impressed on the tube. The 
"B" batteries are eliminated by using the line voltage as the 
source of plate potential. Although the meter in the plate circuit 

•NOTE: In both this tester, and others shown in this book, 8-prong 
sockets may be added in the same way in order to make it possible 
to test "metal" tubes. 
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of the tube under test is a d-c instrument, readings are obtained 
because the tube is acting as a rectifier, and the meter reads 
the "average" value of the pulsating rectified plate current. 
Instead of using a 4.5-volt battery to secure the necessary 
"grid potential change", this potential change is obtained by 

... 

4-PRONG 
SOCKET 

LINE 
(j) SWITCH 

HOV. A·C LINE 't' 

FIG. 8-12.-The tube checker of Fig. 8-11 arranged for operation 
from the 110-volt a-c line. All batteries have been eliminated in 
order to provide greater portability and freedom from battery re
placement troubles. 

short-circuiting part R2 of the grid-bias resistor R2 + RS, 
with the switch marked "grid-shift". The grid-bias voltage 
is obtained automatically from the fall of potential across RB 
and RS, caused by the flow through them of the plate current 
of the tube being tested. As mentioned, when the "grid-shift" 
switch is pressed, R2 is short-circuited, thereby reducing the 
grid-bias and causing an increase in the plate current reading. 

8-25. Further Refinements in the Simple Tube Checker. 
-Even the tube checker of the form shown in Fig. 8-12 is too 
crude and clumsy. The next step in the development involves 
the elimination of the filament rheostat and voltmeter. This 
is accomplished by employing a tapped filament transformer 
to supply the necessary filament and heater voltages required 
by the different tubes. By means of a simple tap-switch, any 
of these voltages can be applied to either tube socket, as shown 
in Fig. 8-13. In this circuit, the method of obtaining the "grid
shift" voltage involves the use of a portion, or all, of the trans-
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former secondary voltage as previously described in Art. 8-17, 
(and shown in Fig. 8-7). Notice that when the "grid-shift 
test" switch button is pressed, the grids are connected to the 
5-volt tap on the filament winding. 

8-26. Providing for Rectifier Tube Tests. - The tube 
checker developed thus far can test the type '81 tube, and one 
plate of the type '80 tube, by the "emission method," if some 

GRID
SHIFT SW, 

110 V. A-C 

LINE 
SWITCH 

LOAD 
RESIST 

FIG. 8-13.-The tube checker circuit arrangement of Fig. 8-12 
further refined by employing a tapped filament winding and the grid 
bias shift method previously shown in Fig. 8-7. 

means are provided whereby the low range 0-10 milliammeter 
can be made to read higher values of plate current. This may 
be accomplished by the addition of a meter shunt, which is con-. 
nected across the meter in series with a S.P.S.T. push-button 
switch which is arranged to close the circuit when in its normal 
position, as shown in Fig. 8-14. The shunt is switched out of the 
circuit by pressing the switch button, when reading low values 
of plate current. 

It is also necessary to provide some suitable method for check
ing the emission of the second plate of the '80 rectifier tube, and 
also for detecting short-circuits or leakage between the cathode 
and heater of indirect-heater tubes. Both of these tests are in
corporated into our tube checker by employing another socket, 
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a S.P.D.T. push-button switch, and a S.P.S.T. push-button 
switch, as shown in Fig. 8-14. The first switch is so connected 
that the milliammeter can be inserted in either the plate or the 
grid lead of the 4-prong '80 socket. Cathode-heater leakage is 
checked by opening the cathode circuit and observing the meter 
reading. Since, as previously explained, the cathode is the plate
return of indirect-heater tubes, no plate current should be ob-

PRESS 
FOR 2ND 

----.......,_4-,,PLATE¾ 

----T 

.. 

110 v. A-C LINE 

FIG. 8-14.-The tube checker circuit of Fig. 8-13 with additional 
improvements. A meter shunt and switch, as well as an additional 
tube socket and plate switch have been added to enable rectifier tubes 
to be tested. A cathode-heater leakage test switch has also been added. 

tained when this switch is pressed. Any reading of the milliam
meter indicates cathode-heater leakage. 

8-27. Providing for Tetrode and Pentode Tube Tests. 
-The 4-prong screen-grid tube, the pentode tube, and the 5-
prong screen-grid tube require an additional 4-prong, and two 5-
prong sockets. These sockets are incorporated into the tube 
checker shown in Fig. 8-15. The circuit is essentially that of 
Fig. 8-14, except for the additional sockets. The screen grids 
connect directly to the plates, so that the tubes are tested exactly 
as though they were triodes. The additional sockets required by 
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tetrodes and pentodes are merely for the purpose of connecting 
the screen grids to the plates, and the control-grids to clips as 
shown. For the testing of triple-grid tubes having 6 and 7 
prongs, three additional sockets must be added, as shown in Fig. 

,r 
,__---------,--=-r=:e-=-,,,...,.~ 

CATHODE- H'T'R '- P SS FOR 2 ND 
LEAKA•E TEST PLATE 

GRID/ 
SHIFT FIL. VOLTS 50 MA. SHUNT TEST SW. 

IIOV. A-C LINE 

LOAD RESIS 
1500 OHMS 

iLINE SW. 

FIG. 8-15.-The tube checker circuit of Fig. 8-14 is here provided 
with additional sockets so that tetrodes and pentodes may also be 
tested. 

8-16. The important thing to be noted here is that these multi
element tubes are tested as though they are triodes. 

8-28. Providing for Testing of Combination Tubes. -
In spite of the fact that our tester is now fairly complete, it can
not test many of the combination tubes now in common use. 
More sockets could be added, requiring perhaps 20 to 30 in all, 
but portability and weight would be sacrificed. Adapters could 
be employed, but they require a considerable amount of storage 
space, are generally considered a hindrance when they are not 
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FIG. 8-16.-Here three additional sockets have been added to the tube checker of Fig. 8-16, so that triple
grid tubes may also be tested. This circuit diagram is that of the finished tube checker designed in our ~ 
step-by-step development. u:> 
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needed, and are usually found to be missing when required. 
Fortunately, however, combination sockets are available-

sockets which can accommodate 4- and 6-prong tubes, 4-, 5-, 
and 6-prong tubes, 6- and 7-prong tubes, etc. By properly com
bining a number of these sockets, an up-to-date tube tester can 
be made requiring perhaps one or two adapters for special cases. 
Such a tube tester, suitable for home construction, will be de
scribed in Chapter IX. 

8-29. Using Adapters to Modernize Tube Checkers. -
Many service men own tube checkers that are out of date. and 
are therefore unable to test many of the new tubes now in com
mon use. The more serious deficiencies of these obsolete tube 
checkers may be classified as follows: 

(1) Lack of required new sockets to accommodate the new 
tube bases and prong arrangements. 

(!) Lack of proper circuits to apply required test voltages 
to the various elements, and to provide proper inter
connection of different tube elements when necessary. 

(S) Lack of prope: filament-supply voltages to operate all 
types of tubes. 

To modernize such testers, adapters must be used with them, 
unless there is sufficient space available on the tester panel for 
the addition of more tube sockets and the service man is able to 
make the necessary wiring changes in the checker. This is not 
usually practical. 

Although it cannot be denied that the ease and speed with 
which tubes can be tested are reduced when a large number of 
adapters must be employed, still there are many men who, for 
one reason or another, do not wish to replace these obsolete test 
instruments. Usually, the use of adapters for testing the new 
tubes is the only practical solution to this problem. A number 
of adapters designed especially for this purpose will now be de
scribed. Of course it is impossible to describe every type of 
adapter here, because of the limited space available. We shall 
try, however, to present here the fundamental ideas involved in 
the design of the more commonly used ones. With this 
knowledge at hand, the reader should be able to understand or 
work out for himself the arrangements required for any others. 
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8-30. How to Make Tube Adapters.--Some of the adapters 
now to be described are available commercially, but they can 
easily be made up at practically no cost by the service man, if 
he desires, by using the bases from discarded tubes and small 
tube sockets that can be fitted into the tube bases. Small 

FIG. 8-17.-A suggested arrange
ment for home-made adapters. The 
wafer type socket is fastened to the 
discarded tube base by means of the 
long machine screw and nut through 
the center. 

wafer type or button type sockets may be employed and held 
in position by a long machine screw passing through the center 
of the socket to the bottom of the tube base, as shown in Fig 
8-17. Short insulated wires are connected in the proper order 
between the hollow pins on the tube base and the tube socket 

(A) (B) (C) 

Courles11 Alden l'rodud11 Oo. 

FIG. 8-18.-Several commercial components for tube adapters. 
(A) A "button" type tube socket. (B) A "wafer" type tube socket. 
(C) Cut-away view of a moulded adapter base. (D) A complete 
adapter designed to make it possible to test certain 7-prong tubes 
in 5-hole tube tester sockets. 

terminals before assembling. Of course, other mechanical 
arrangements than that shown here will undoubtedly suggest 
themselves. 

In Fig. 8-18 several typical commercially available adap
ter components are shown. At (A) we have a button type 
socket. At (B) is a wafer type socket. At ( C) is a cut-away 
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view of a moulded adapter base which can be obtained with 
any number of prongs. The recessed portion at the top is 
designed to take the button-type socket of (A). A complete 
adapter designed to make it possible to test 2 A 7 and 2 B 7 
tubes in the '24 socket of a tube tester, and test 6 A 7, 6 B 7, 
6 C 7, 6 D 7, 6 E 7 and 6 F 7 tubes in the '36 type socket of 
the tester, is shown at (D). Notice that it takes a 7-prong 
tube at the top, and its bottom fits into a 5-prong socket. 

Various typical connection arrangements for common 
"adapting" conditions will now be studied, and the diagrams• 
showing the exact connections required between the base prongs 
and the socket contacts of the necessary adapters will be given. 

•Note: In order to derive the greatest benefit from this study, 
the reader is urged to consult repeatedly, the Tube Base Connection 
Chart which will be found in the Appendix at the back of this book. 
He should study the electrode, and socket-terminal, arrangements of 
each of the tubes discussed, as well as the terminal arrangements of 
the tube-checker socket to be used in each case. In this way, a clear 
idea will be obtained concerning the circuit connections the adapter 
must perform. 

In the diagrams of Figs. 8-19 to 8-26 inclusive, the prongs of the 
adapters have been labelled with the old-style terminal markings H. 
K, P, G (denoting Heater, Cathode, Plate, and Grid, respectively) 

CLIP TO CONTROL-GRID 
CAP ON TUBE 

K p 

(C) 

FIG. 8-19.-(A) Wiring of an adapter for testing the 57, 58, 
77, 78, 6C6, 6D6, etc. tubes in the '27 or '37 sockets of tube checkers. 
(B) Adapter for testing the 57, 58, 6C6, 6D6, etc., in the '24 or '36 
sockets. ( C) A commercial adapter of this type. Notice the flexible 
lead and clip for connecting to the control-grid cap on the tube. 

since these are the ones which are likely to be found on the tube 
sockets of the old tube checkers into which they must be inserted. 
The terminals of the socket portions of these adapters have been 
labelled 1, 2. 3, 4, 5, 6 in accordance with the newer RMA standard 
tube pin marking system, which is employed on the Tube Base Con-
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8-31. Adapters for Testing Triple-grid Tubes.-"rhen the 
tube checker comes already equipped for testing type '27 or '37 
tubes, the adapter shown at (A) of Fig. 8-19 may be used for 
testing type '57, '58, '77, '78, etc., triple-grid 6-prong heater-type 

K p K 
H 1-4 

<A> <B) (C) 

FIG. 8-20.-(A) Wiring of an adapter suitable for testing the 
2A 7, 6A 7, 6D7, 6E7, etc., tubes in a '24 or '36 socket of a tube 
checker. (B) Wiring of an adapter for testing the 2B7 and 6B7 
tubes in a '24 or '36 socket. ( C) A typical commercial adapter of 
this general type. Notice the toggle switch at the side. 

tubes. This adapter is made up of a 6-hole socket (at the top) 
wired properly, as shown, to a 5-prong tube base (bottom). 
The control-grid clip and lead are connected to the "grid" prong 
of the base, as shown. 

If the tube checker already has facilities for testing '24 or '36 
type tubes, the adapter shown at (B) may be constructed instead, 
since the necessary lead and clip which connect to the control
grid cap on top of the tube are already incorporated in the tester. 

8-32. Adapters for Testing "Combination Tubes."-The 
adapter shown at (A) of Fig. 8-20 is constructed with a 7-hole 
socket and a 5-prong base for use in a '24 or '36 socket of a tube 
checker when 2A 7, 6A 7, 6D7, 6E7, and similar type tubes are to 
be tested. Should it be desired to test the type 2B7 and 6B7 
tubes, the adapter shown at (B) must be employed. 

A 7-hole socket and 5-prong base is used here, but a small 
S.P.D.T. toggle switch must be fixed to the side of the tube base 
to make possible the individual testing of the diode and pentode 
portions of the tube. This adapter should be used in either the 
'24 or '36 socket of the tube checker. 

nection Chart referred to above, and which will be found on all the 
newer sockets which may be used for these adapters. 
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An adapter suitable for checking the type 55, 75, 85, 2A6 and 
similar type tubes in the '27 or '37 socket of a tube checker is 
shown at (A) of Fig 8-21. This adapter is constructed with a 
6-hole socket and a 5-prong tube base with a small S.P.D.T. tog-

K 

CA> CB l 

FIG. 8-21.-(A) Wiring of an adapte1· for testing the 55, 75, 
85, and 2A6 tubes in the '27 or '37 socket of a tube checker. (B) 
Wiring of an adapter for testing the 55, 75, 85, and 2A6 tubes in a 
'24 or '36 socket of a tube checker. 

gle switch at the side for testing the diode and triode portions 
of the tube separately. If the tube checker is equipped for test
ing type '24 and '36 tubes, the control-grid lead and clip may be 
dispensed with by assembling the adapter shown at (B). 

The type '53 twin-triode amplifier tube may be tested in the 

K 

IA) (Bl 

C-G 
CLIP 

FIG. 8-22.-(A) Wiring of an adapter for testing the 53 tube in 
the '27 socket of a tube checker. (B) Adapter for testing the '79 
tube in the '37 socket of a tube checker. 

'27 socket of any tube checker with the adapter shown at (A.) 
of Fig. 8-22. In this adapter, a S.P.D.T. toggle switch must be 
employed so that a test of each plate of the tube may be made 
separately. A similar adapter shown at (B) may be constructed 
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for testing the '79 twin-triode amplifier tube, in the '37 socket of 
a tube checker. A S.P.D.T. toggle switch must be installed on 
the side of the tube base of the adapter, as shown. This enables 
each plate circuit of the tube to be tested separately. 

FIG. 8-23.-An adapter for test
ing the '19 tube in the '45 socket 
of a tube checker. 

The type '19 B twin-triode class B amplifier tube may be 
checked in the '45 socket of a tube tester by using the adapter 
shown in Fig. 8-23. This adapter is also equipped with a 
S.P .D.T. toggle switch mounted on its side. This switch enables 
each plate circuit of the tube to be tested separately. 

TOGGLE SW. 
CA> 

FIG. 8-24.-(A) Wiring of an adapter for testing 25Z5 tubes in 
the '27 socket of a tube tester able to supply 25 volts to the filament. 
(B) A single adapter for testing both the '19 and 26Z6 tubes. Two 
switches are employed. 

8-33. Adapters for Testing Tubes with High-Voltage 
Filaments. -A number of recent tubes have filaments designed 
to operate on higher voltages than were used in the older types of 
tubes-higher than the filament voltage which most of the older 
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tube checkers will supply. When these tubes are to be tested in 
old tube checkers, the proper filament voltage must usually be 
supplied by some external source, and adapters must be used. 
Two convenient combination external voltage source and adap
ter units for this purpose will be described in Arts. 8-35 and 8-36. 

If the tube checker is able to supply the necessary 25-volt 
potential for the filament, the adapter shown at (A) of Fig. 8-24 
may be constructed for testing the 25Z5 voltage-doubler tube in 
an old tube checker. A S.P.D.T. toggle switch is incorporated 

K 

FIG. 8-26.-(A) Wiring of an adapter for testing the 6F7 tube 
in the '37 socket of a tube checker. (B) Adapter for testing the 41 
and 42 tubes in the '37 socket. 

for testing each plate circuit separately. If the correct filament 
voltage is available, the adapter should be used in any test socket 
of the tube checker which has its plate and cathode terminals 
in the conventional 5-prong position shown. 

If desired, a single adapter may be constructed for testing 
both the '19 and 25Z5 tubes, as shown at (B) of Fig. 8-24. Here, 
two S.P.D.T. toggle switches must be installed, one on each side 
of the adapter, so that each plate circuit may be tested separate
ly, and the grids and cathodes connected to their correct ter
minals. The adapter is placed in the '27 socket for the tester, for 
the '19 tube; but the 25Z5 requires a filament voltage of 25 volts 
(see Art. 8-35). 

The adapter shown in (B) of Fig. 8-25 may be employed to 
test the '43 power amplifier pentode if 25 volts is available for 
the filament. 

8-34. Miscellaneous Adapters.-The type 6F7 tube may be 
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tested in the '37 socket of a tube checker by means of the adapter
shown at (A) of Fig. 8-25. The S.P.D.T. toggle-switch enables 
each section of the tube to be tested in turn. The adapter 
shown at (B) permits the testing of power amplifier pentode 
tubes, such as the '41 and '42, in the '37 socket of any tube
checker-. 

The 6Z5 may be tested in the '37 socket of a tube checker 
by means of the adapter shown at (A) of Fig. 8-26. A toggle 
switch is provided on the side of the adapter so that each plate
circuit of the tube may be tested separately. The adapter 

K 

CA> (8') 

FIG. 8-26.-(A) Wiring of an adapter for testing 6Z6 tubes in 
the '37 socket of a tube checker. (B) An adapter for testing 6Y6-
tubes in the '37 socket of a tube checker. 

shown at (B) may be used to test the 6Y5 rectifier in the '37 
socket of the tube checker. Both plate circuits may be tested 
separately by means of the toggle switch. 

Many more tube adapter circuits could be described here, 
but it is felt that those already presented will give the reader
sufficient knowledge of this subject to enable him to under
stand what adapters are, how they may be constructed and 
how they may be devised to perform any desired function. 

8-35. "Na-ald" 950 T R Adapter for Testing Tubes with 
High-Voltage Filaments.-In Art. 8-33, the testing of several 
25-volt filament tubes in old-type tube testers was described. 
Obviously, very old tube checkers were not designed to supply 
this high filament voltage. Of course, a new filament trans
former capable of delivering the required voltages could be built 
into the old tube checker, but this is usually a rather complicated 
(and often impracticable) task, and is not often advisable. 
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The problem has been solved by one manufacturer of adap
ters, with the unit shown in Fig. 8-27. It is an adapter contain
ing a built-in filament transformer and switch, and not only pro
vides the necessary high filament voltages, but makes it possible 
for old tube checkers to test these tubes as well. This adapter is 
plugged into the '24 socket of the tube tester. Its transformer 
primary obtains its current (at 2.5 volts) from the heater prongs 
of the socket. Its secondary is designed to deliver 101 13, 141 15, 
25 or 30 volts ( these are not all shown in the diagram of Fig. 
8-28) to the filament of the tube under test, so that it makes 

Court~'II A.Iden Prodw:u Oo. 

Fm. 8-27. - A tube
ehecking adapter which 
enables tubes with high
voltage filaments to be 
checked. It has a self
contained step-up trans
former-see Fig. 8-28. 
(Na-ald 950TR adapter.) 

possible the testing of all high-voltage 
filament type tubes. Thus, it enables 
the old tube checker to test these tubes. 

As is evident from Fig. 8-27, this 
adapter has composite 4-5-6 prong 
sockets, i.e., sockets made to take 
four, five and six-prong tubes. Each 
is identified by a letter referred to in 
the direction chart on the bottom of 
the adapter. It makes it possible to 
test all high-voltage filament tubes 
such as the 12Z31 14, 17, 18, 25Z3, 
25Z5 (each plate), 43, 48, 96, 262A1 

272A, A.22, A.26, A281 A30, A321 A401 

A48, AE1 HZ501 RAl, S01, etc. Its schematic circuit diagram is 
shown in Fig. 8-28. 

8-36. "Radio City" Model 205 Super Multidapter. - A 
very comprehensive tube testing adapter, which possesses several 
unusual features and is designed to be used in conjunction with 
any obsolete tube checker, is illustrated in Fig. 8-29. Its circuit 
diagram is shown in Fig. 8-30. It aims to eliminate the usual 
deficiencies of obsolete testers, and is designed to bring them up 
to date at normal cost. It also supplies correct filament voltages 
(up to 30 volts) for all of the high-voltage-filament type tubes. 

An unusual feature of this adapter is that it causes all tubes 
to be tested as triodes, since the triode test circuit is the funda
mental test circuit of almost all obsolete tube checkers. A de
scription of its essential important features fallows: 
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The 4-prong plug (shown at the lower left) of the cable is in
serted into the '0lA socket of the old tester. The tube to be tested 

CAP FOR 
CO~TROL

GRIDS 

1600 
OHMS 

S.P.D.T. TOGGLE 
SWITCH FOR ~ 
SECOND PLATE. 

f 
5-PRONG PLUG 

WHICH FITS INTO 
24 SOCKET OF 
OLD TUBE 
CHECKER. 

FIG. 8-28.-Schematic circuit diagram of the special tube-checking 
adapter illustrated in Fig. 8-27. Notice the step-up transformer for 
stepping up the low filament voltage supplied by the tube checker, 
to the higher filament voltage required by some types of tubes. 

is inserted into the proper tube socket of the adapter (it has a total 
of 5 sockets, as can be seen in the illustration of Fig. 8-29). 

When tubes having filaments designed to operate on 2.5, 3.3, 5 
or 7.5 volts are being tested, switch 
SW2 is set at contact X. This 
connects the tube filament circuit 
directly into the filament circuit of 
the tube checker; the tube checker 
supplies the correct filament volt
age. When testing tubes requir
ing filament voltages which the old 
tube checker cannot supply, this 
switch is placed at the proper volt
age tap on the secondary of trans
former Tl. The 5-volt primary of 
this transformer is now energized 
from the filament terminals of the 
'0lA socket in the tube checker, 
and its secondary delivers the 
proper filament voltage to the tube 
under test. This transformer wind
ing is designed to deliver as high 
as approximately 30 volts to the 
filament. 

Resistor Rl is connected into 
the plate circuit by pressing switch 

Court~,ry Radio Cit11 Product• Oo. 

FIG. 8-29.-The tube test
ing adapter unit whose circuit 
diagram is shown in Fig. 
8 - 3 0. ( Super-multidapter 
Model 205.) 
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SW1, and serves to reduce the plate current to a safe value when the 
meter on the old tester goes off scale in cases when some of the newer 
high-plate-current tubes are being tested. 

Four flexible cords P, P, G, K (see Fig. 8-30) with miniature 
plugs, permit every possible inter-connection of the elements, involv
ing plates, grids, screens and cathodes, to be made easily and quickly, 
by inserting them properly into the tip-jacks J1, J!l, etc., provided 
on the panel. 

Jl J2 J3 J4 J!> J6 J7 J& 
Tl 

--2 -
/o,r.. 

)C 

FIG. 8-30.-Schematic circuit diagram of the tube testing adapter 
illustrated in Fig. 8-29. The transformer Tl steps up the filament 
voltage supplied by the old-style tube checker to the proper values 
required by all types of modern tubes. 

8-37. Dynamic Mutual Conductance Tube Test.-The com
mon "grid-shift" method of mutual conductance testing (Art. 
8-15), whereby the grid potential is shifted by a d-c voltage, is 
really a test made under "static" conditions and imposes limi
tations not encountered in the "dynamic" mutual conductance 
test. The latter method is superior to the "static" test in that 
a-c voltage (instead of d-c voltage) is applied to the grid for 
grid shift. Thus, the tube is tested under conditions which ap
proximate actual operating conditions. The alternating com
ponent of the plate current is read by means of an a-c ammeter 
of the dynamometer type. Commercial tube testers employing 
this method of testing are available. 
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8-38. The Power Output Type Tube Test.-The power out
put type tube test probably gives the best correlation between 
test results and actual operating performance of a tube. 

In the power output test for Class A operation of tubes, a-c 
voltage is applied to the grid of the tube. When this is done, the a-c 
output voltage developed across a load impedance in the plate circuit 
is measured. From this, the output power is calculated. 

In the power output test for Class B operation of tubes, while 
an a-c voltage is applied to the grid of the tube, the current in the 
plate circuit is read on a d-c milliammeter. The power output of the 
tube is approximately equal to: 

Power Output = ( d-c current in Amps.) 2 X Load resist. in ohms 
(watts). 0.405 

and may be calculated by this relation. Commercial checkers em
ploying this power output test method are available. 

REVIEW QUESTIONS 
1. What is the difference between the type of test provided for in 

the usual "counter type" tube checker, and the tube testing ar
rangement provided in a portable set-analyzer? 

2. What is the advantage, if any, of the former for testing tubes? 
3. State two reasons why the "replacement test" for tubes is not a 

satisfactory test under modern set conditions. 
4. Draw a sketch showing all of the electrodes, in their proper 

relative positions, in a pentode tube. Explain the function of 
each electrode. 

5. What test is applied to rectifier tubes to determine their con
dition? Explain! 

6. What is meant by an 'English-reading" tube tester? Explain! 
7. Explain in your own words, just what is meant by the "mutual

conductance" of an "amplifier tube". 
8. Why is the mutual-conductance test good for amplifier tubes? 
9. What is the fundamental principle of operation of mutual-con

ductance type tube testers? What are their advantages over 
emission testers? 

10. What two methods are employed in tube checkers to obtain plate
current changes? 

11. Draw a simple sketch illustrating one of these methods, and 
explain it. 

12. In the sketch drawn to answer the preceding question, show the 
usual method employed to perform a cathode-heater leakage test. 

13. What are the advantages of using tube adapters with an obso
lete tube checker? What are the disadvantages? 

14. Your tube checker can test a type '37 tube. Draw a diagram of 
an adapter that would enable the testing of a 6Y5 tube using 
this same socket. 

15. Draw a sketch of an adapter for testing the 6F7 tube in the '37 
socket of a tube checker. 

16. What filament voltage provisions must your tube checker have 
for testing both the type 48 and 26Z3 tubes? 



CHAPTER IX 

HOW TO CONSTRUCT A MODERN TUBE CHECKER 

9-1. lntroduction.-In spite of the great number of excel
lent commercial tube checkers which are available, many ser
vice men prefer to build their own instruments, either because of 
the personal satisfaction obtained thereby, or for reasons of 
economy. In any event, it is certain that a service man will 
have a good idea of the limitations of his instrument if he has 
constructed it himself. The one difficulty involved is that of 
calibration of the finished instrument. A great variety of "good',. 
tubes are required for this calibration, and each tube must be 
tested carefully. If the proper variety is available, good calibra
tion is simply a matter of time and patience. If it is impossible 
to secure the proper number and class of tubes of each type, the 
instrument may be used only for comparative purposes-the 
change in plate-current reading of a similar tube in the set (a 
tube known to be good), is compared to the change in reading 
of the tube under test. 

For those interested in constructing their own tube checkers, 
the design and construction data for a modem, practical in
strument is presented in this chapter. This instrument makes 
practical use of the "grid-shift" method of amplifier tube testing 
studied in the preceding chapter. 

9-2. Which Tubes the Checker Will Test.-It is natural 
to suppose that before considering the construction of any tube 
checker, the reader will desire to know just which types of tubes 
the checker will be able to test. This instrument is capable of 
testing all of the tubes (approximately 150 different types) listed 
in the chart of Art. 9-19. Its circuit arrangement is so flexible 
that it is probable that it can also be adapted to test most of 
the later types of tubes which may be marketed in the future.• 

•Non:: See footnote at bottom of page 212. 
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9-3. Two Possible Socket Arrangements Considered.
Before deciding upon the exact design of the checker, de
scribed in this chapter, two possible arrangements were con
sidered. Either a multi-contact multi-gang switch could be em
ployed with individual 4-, 5-, 6- and 7-prong sockets, or, a 
larger number of individual sockets could be used to accommo
date all the tubes, without this complicated switching arrange
ment and wiring. The first design would require rather com
plicated wiring and a fairly expensive switch not readily ob
tainable by individual constructors. The use of a number of 
individual sockets would eliminate these difficulties. Therefore, 
the latter arrangement was adapted. Since "composite" type 
tube sockets for 4-, 5- and 6-prong, 5-, 6- and 7-prong, and 
5- and 7-prong tubes can be procured easily and at small cost, 
the tube checker was designed with 12 sockets, enabling over 
150 different types of tubes to be tested. The circuit diagram 
of the complete tube checker is shown in Fig. 9-1. A suggested 
layout for its front panel is shown in Fig. 9-2. 

9-4. How Amplifier and Rectifier Tubes are Checked.
Amplifier tubes are tested by means of the grid-shift method, 
which indicates their "relative" mutual conductance. The 
mutual conductance is determined by changing the bias on the 
grid of the tube by a definite amount (always 7.5 volts), so 
that an accurate "tube condition" chart may be prepared. Be
cause of probable differences in the parts which may be used 
in the construction of this instrument, and the possibility of 
variations in line voltage, etc., no chart of plate-current limits 
is given here. After the checker is completed, several tubes of 
each type, which are known to be "perfect", "fair" and "poor", 
respectively, should be tested, and the plate-current change ob
tained for each of them should be noted and recorded, so that a 
complete chart (see Art. 9-19) may be prepared and used for 
all future tests. 

The circuit has been arranged to provide comparatively 
large changes in plate current reading, so that the relative mutual 
conductance (see Art. 8-15) of any amplifying tube may be 
determined quickly and easily. Both sections, or plates, of rec
tifier tubes and combination tubes may be tested. Rectifier 
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tubes are tested for "plate emission". Cathode-heater leakage 
tests, a test for "short-circuited" elements, and a "gas test" can 
also be made. 

9-5. Meter Ranges A vailable.-The meter employed in 
the tube checker is a 10 ma. d-c milliammeter. This range 
was selected so that a large deflection would be obtained when 
testing most detector and amplifier tubes. For power ampli
fiers and rectifiers, and for those tubes which have a high plate 
current, the fundamental range of the meter is extended to 50 
ma. by means of a 50-ma. shunt. This shunt is normally con
nected across the meter so that the 50-ma. range is the one 
normally obtained, but by means of the normally closed
circuited S.P.S.T. push-button switch SS, it may be removed 
quickly from the circuit to obtain the lower range. This ar
rangement serves as a protection for the meter. 

9-6. Filament Transformer and Switches.-All heater and 
filament voltages are supplied by a small, tapped filament trans
former, T, providing voltages of 1.5, 2.0, 2.5, 3.3, 5.0, 6.3, 7.5, 
15.0, 25.0 and 30 volts. Any one of these voltages may be im
pressed upon all of the test sockets through the 12 point tap
switch S1, so that tubes of like characteristics or electrode 
arrangement (but of different filament or heater rating), may be 
tested in the same socket. This system also reduces the possi
bility of a tube being burned out accidentally because of inser
tion in the wrong socket, since the voltage at each socket is the 
same at any one setting of the switch. These filament voltages 
are also brought out to a pair of pin-jacks located on the side 
of the panel, permitting external, overhead-heater type tubes 
to be tested by means of an adapter. These pin-jacks also pro
vide a convenient outlet for the low-voltage a-c, which may be 
utilized in conjunction with an a-c milliammeter or voltmeter, 
for checking high capacities (see Arts. 6-5 and 6-6). 

The primary of the transformer is tapped for 105-, 115-, and 
125-volt operation, permitting, by means of the S.P.T.T. toggle
switch S-11, the making of tube tests under constantly similar 
filament-voltage conditions, even though the usual variations in 
line voltage may be encountered. Of course the "plate" volt
ages will vary with any line-voltage variations. Since this type 
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of switch has a "neutral" position, it also serves as an "off-on" 
line switch. 

9-7. How "Short-Circuit", "Leakage" and "Gas" tests 
are made.-A "short-circuit" test has been incorporated in the 
checker to prevent damage to the milliammeter in the event that 
a tube having two or more elements short-circuited together is 
inserted. Before a tube is plugged into any of the test sockets, 
the S.P.D.T. toggle-switch 85 should be thrown into the "short" 
test position. The small 6-volt pilot light bulb will light up if 
the elements of a tube are short-circuited to such an extent that 
the meter might become damaged. This flash of the bulb serves 
as an instantaneous warning. 

A separate cathode-heater leakage test is provided by means 
of the closed-circuit S.P.S.T. push-button switch 81!. Because 
of its position in the cathode circuit, the meter reading should 
drop to zero immediately, when this switch is depressed. If 
any deflection is obtained, it indicates that there is either a 
leakage path or a "dead short" between the cathode and the 
heater of the tube. 

Control-grid-to-cathode (or to filament) short-circuits will 
be indicated, when the "grid test" switch button is pressed, by 
no change in the meter reading. 

A "gas" test is provided by the 500,000-ohm resistance RS 
in the grid circuit. This resistance is shunted by a closed-circuit 
S.P.S.T. push-button switch, 86, and is normally short-circuited 
by this switch. When the switch-button is pressed, the presence 
of gas will be indicated by a change in plate current, due to the 
voltage-drop across the high resistance. This voltage-drop is 
caused by the grid current which flows if the tube is "gassy". 

9-8. Testing Rectifiers and Combination Push-pull Tubes. 
-The second section of dual-purpose, or push-pull, tubes and 
the second plate of rectifier tubes are checked by means of the 
S.P.D.T. push-button switch 82. Each diode of duo-diode type 
tubes is given an individual test as a rectifier by pressing the 
S.P.D.T. push-button switches 89 and 810. At the same time, 
however, it is necessary to press the "second plate" switch, S!, 
in order to disconnect the regular plate element from the circuit 
and connect the diode section of the tube to the meter. 
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9-9. Types of Sockets Employed.-As will be seen from 
the circuit diagram of Fig. 9-1, only 12 test sockets are em
ployed in the instrument.• Ten of these are of the "composite" 
type. These were used purposely to reduce the number of 
different sockets to a minimum, and to provide for the testing 
of future types of tubes whose characteristics may be such as to 
permit their being tested in one of the twelve sockets. 

Three of the composite sockets are of the 4-5-6-prong type. 
Typical sockets of this kind are illustrated at (A) of Fig. 9-3. 
These sockets have 9 contacts, only the filament contacts being 
common. A composite 5- and 7-prong socket, pictured at (B), 
is employed for testing 5- and 7-prong pentode tubes, such as 
the 46, 47 and 59. This socket has eight contacts, all being 
common except the No. 4 contact of the 5-prong and the No. 6 
contact of the 7-prong portions. Two composite 5-6-7-prong 
sockets are also used. One is pictured at ( C). Of the remaining 
six sockets; four are of the composite 7-prong type for both small 
and medium 7-prong tubes, pictured at (D). The other two are 
standard 6-prong sockets. A suggested panel layout for the 
entire checker is shown in Fig. 9-2. 

9-10. What Socket No. 1 Tests.-The first socket, No. 1 
in our tube checker (see Fig. 9-1), is a composite 4-5-6-prong 
type for testing all triode amplifiers such as the 'OlA, 26, 45, 
27, 56 etc.; pentode amplifiers, such as the 41, 42, 48, LA, etc.; 
and all half-wave cathode type rectifiers, such as the 1, lV, 
6Z3, 12A3, AD, etc. When these rectifier tubes are tested, a 
cathode-leakage indication will be obtained only when the "gas 
test" button is pressed. Because of the presence of the 500,000-
ohm resistor RS, a zero reading should not be expected. 

9-11. What Socket No. 2 Tests.--Socket No S is also a 
composite 4-5-6-prong type. Here, almost every tube of screen 
grid construction such as the 22, 32, 24, 35, 51, 57, 58, 77, 78, 
6C6, 6D6, etc., may be checked. 

9-12. What Socket No. 3 Tests.--Socket No. S is a com
posite 5- and 7-prong unit described previously for the testing of 
pentode tubes such as the 59, 59B, 47, types, etc., and dual grid 

•NOTE: Additional 8-prong sockets may be added for testing 
"metal" tubes. 



TO CONT: 
'I-GRIDS 

'~I OF' ALL 
TOP-CAP 

TUBES. 

S12 CATH.-H'T'R 
,r LEAKAGE 

•= I TEST 

''GAS. 
TEST 

~S6 

- --T 

S4 
GRID TEST T 

I : I ' 
PRESS f"Olll 

10 MA.) 

S3 I. a aT 

~I~ ~ 1500 OHMS 
---..;:, --..... LOAD 

ttO Yel.T A•C LINE J IW"919Lt. :tw. -- "ESISTA Nc:I 

FIG. 9-1.-The complete schematic circuit diagram of the tube checker described in this chapter. The panel 
layuut is shown in Fig. 9-2. 

0 
?= -~ 
0 
0 z 
00 
t-3 
~ 
c:= 
0 
t-3 -z 
0 

> 
a:: 
0 
ti 
l.2!j 
~ z 
t-3 
c:= 
al 
l.2!j 

0 
::Il 
l.2!j 
0 
~ 
l.2!j 
~ 

~ 
0 
-1 



208 MODERN RADIO SERVICING CH.IX 

amplifier tubes such as the 46, 49, 52, LA, etc. 
9-13. What Socket No. 4 Tests.-This is the last of the 

composite 4-5-6-prong test sockets. This socket will also be used 
a great deal, since full-wave rectifying tubes, such as the 80, 82, 
etc.; twin grid detector tubes, such as the 29, 69 and 70; duplex 
diode tubes such as the G2, G4, \Vunderlich B, etc., may be 
tested in it. 

9-14. What Socket No. 5 Tests.-A 6-prong socket is 
employed as our fifth test socket for testing the dual tubes type 
19 and 79, and the voltage-doubler 25Z5. The S.P.D.T. switch 
S7 is connected in this circuit. This switch should be pressed 
only when testing the type '79 tube. Unless this is done, no 
plate current change will be noted when the "grid test" button 
is pressed. To test for cathode leakage in the 25Z5, the "gas 
test" button must be used, just as in the case with half-wave 
cathode-type rectifiers. A "zero" reading, however, should not 
be expected. 

9-15. What Sockets Nos. 6, 7, 8, 9 Test.-The type 53 
push-pull output tube is tested in socket No. 6, a composite 
7-prong socket. Socket No. 7 is a 7-prong composite type for 
the testing of 2F7 and 6F7 tubes. Socket No. 8 is a standard 
6-prong socket for testing the 6Z5 and 12Z5 tubes. It should 
be noted that one "heater" terminal of this socket is left un
connected. Socket No. 9 is also a 7-prong composite type for 
testing the 2B6 push-pull output tube. Because the input cath
ode of the 2B6 tube is tied internally to the output grid, it is 
necessary to depress the S.P.D.T. switch S8, and the "second 
plate" switch, when the input portion of this tube is being 
checked. Leakage between the input cathode and heater is read 
by pressing both SB and the regular "leakage" button. 

9-16. What Socket No. 10 Tests.-This is a composite 
5-6-7-prong socket for testing the pentagrid converters 2A7, 
6A7, 6D7, 6E7, etc., and duo-diode amplifiers such as the 55, 75, 
85, 2B7, 6B7, etc. Diode current for each diode is checked by 
first pressing switch 89 and then switch S10, while holding 
down the "second plate" switch button. 

9-17. What Socket No. 11 Tests.-This is a 5-6-7-prong 
composite type socket for testing the 12A5 and 6Y5 tubes. The 
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latter tube is a rectifier employed in many automobile radio 
receivers. 

9-18. What Socket No. 12 Tests.-The twelfth and final 
socket of our tube checker is a composite 7-prong type for test
ing the 12A7 tube. This tube is a combination pentode ampli
fier and half-wave cathode-type rectifier. Provisions for testing 

FIG. 9-2.-A suggested front panel layout for the tube checker 
of Fig. 9-1. 

this tube were included because it has been used in small midget 
receivers, thousands of which are in use, and it may be used in 
more receivers in the future. 

9-19. Test Chart for the Tube Checker.-For the reasons 
already explained in Art. 9-4, a complete test chart for the 
tube checker will not be given here. However, a list of the tubes 
which may be checked, filament switch setting, and the number 
of the particular socket which each tube must be inserted into 
for test is given herewith. The tube type numbers are arranged 
numerically and alphabetically in Column 1. The second column 
indicates the setting of the filament switch S1. In most cases, 
the voltage indicated is correct for that type tube, but since no 
3-volt, 12.5-volt, or 14-volt taps are available on the power trans-
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TEST CHART Foa TUBE CHECKER SHOWN IN FIG. 9-1 

Tube II 
T'l/pe 

'00A 
'0lA 
'0lAA 

1 
lV 
10 
12 
12A 
13 
14 
16 
16 
17 
18 
19 
20 
22 
24 
24A 
26 
27 
29 
30 
31 
32 
33 
34 
36 
36 
36A 
37 
37A 
38 
38A 
39 
39A 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
62 
63 

Set Fil. 
Sw.a.t 
(Volt,) 

6.0 
6.0 
6.0 
6.3 
6.3 
7.6 
6.0 
6.0 
6.0 

16.0 
2.0 
7.5 

16.0 
15.0 
2.0 
3.3 
3.3 
2.5 
2.5 
1.5 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.6 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
5.0 
6.3 
6.3 

25.0 
6.3 
2.5 
2.5 
2.5 

30.0 
2..0 
7.5 
2.5 
6.3 
2.5 

I UH Socket 
No. 

1 
1 
1 
1 
1 
1 
1 
1 
4 
2 
2 
4 
1 
1 
6 
1 
2 
2 
2 
1 
1 
4 
1 
1 
2 
3 
2 
2 
2 
2 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
2 
1 
3 
3 
1 
3 
1 
2 
8 
6 

Tube 

I 
Set Fil. I UH 

T'I/P6 
Sw.cit Socket 
(Volts) No. 

66 2.6 10 
66 2.6 1 
66A 6.3 1 
67 2.6 2 
67A 6.3 2 
67AS 6.3 2 
68 2.5 2 
58A 6.3 2 
68AS 6.3 2 
69 2.6 3 
69B 2.6 3 
64 6.3 2 
64A 6.3 2 
65 6.3 2 
65A 6.3 2 
67 6.3 1 
67A 6.3 1 
68 6.3 2 
68A 6.3 2 
69 6.3 4 
70 6.3 4 
71 5~0 1 
71A 5.0 1 
75 6.3 10 
76 6.3 1 
77 6.3 2 
78 6.3 2 
79 6.3 6 
80 6.0 4 
SOM 5.0 4 
81 7.6 4 
81M 7.5 4 
82 2.5 4 
83 5.0 4 
83V 5.0 4 
84 6.3 4 
85 6.3 10 
89 6.3 1 
90 2.5 4 
92 6.3 4 
95 2.5 1 
98 6.3 4 

182 5.0 1 
182B 5.0 1 
183 5.0 1 
482A 5.0 1 
482B 5.0 1 
483 6.0 1 
484 3.3 1 
484A 8.3 1 
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TEST CHART (CONT'D.) 

Tube I Set Fil. Uae j Tube I Set Fil. I u,. I Sw.at Socket I Sw.at Socket T,n,e I (Volt,) No. 
I 

T'l/pe (Volta) No. 

485 I 3.3 1 IWBnderlich 
486 I 3.3 1 2.5 4 
585 

I 
7.5 1 

1
wunderlich 

586 7.6 1 BB 6.3 4 
686 7.5 1 1 

1A6 2.0 2 
864 ) 1.6 1 ! 1C6 2.0 2 
A22 15.0 2 ' 2A3 2.5 1 I A26 15.0 1 I 2A5 i 2.5 1 
A28 15.0 1 2A6 I 2.5 10 
A30 15.0 1 1, 2A7 I 2.5 10 
A32 15.0 I 

l 
2B6 2.5 9 

A40 15.0 I 1 2B7 2.5 10 
A48 15.0 1 2F7 2.5 7 
AD 6.3 1 I 5Z3 5.0 4 
AE 15.0 1 ' 6A4 6.3 3 
AF 2.5 4 I 6A7 6.3 10 
AG 5.0 4 6B7 6.3 10 
G2 2.6 4 6C6 6.3 2 
G2S 2.5 4 6C7 6.3 10 
G4 2.5 4 6D6 6.3 2 
G4S 2.5 4 6D7 

I 
6.3 10 

G84 2.5 4 6E7 6.3 10 
GA 5.0 3 6F7 6.3 7 
HZ60 16.0 1 6Y5 6.3 11 
KRl 6.3 1 6Z3 6.3 1 
KR2 5.0 1 6Z4 6.3 4 
KR5 6.3 3 6Z5 15.0 8 
KR25 2.5 1 12A5 15.0 11 
LA 5.0 3 12A7 15.0 12 
PA 6.3 1 12Z3 15.0 I 
PZ 2.5 3 12Z5 15.0 8 
PZH 6.3 1 25Z3 25.0 1 
RAl 16.0 1 25Z5 26.0 5 
S01 15.0 1 I I 

former, the nearest voltage to that required has been used. 
Three-volt tubes are tested on 3.3 volts; 12.5-volt and 14-volt 

• ~ ~ •• (A) (B) (C) (D) 
Ooiwtui, Aldffl ProdveC. Oo. 

FIG. 9-3.-Typical "composite" type tube sockets. A 4-5-6 prong 
socket is shown at (A); a 5-7 prong socket is at (B); a 5-6-7 prong 
socket is shown at (C); a 7-7 prong socket is at (D). 

tubes are tested on 15 volts. The application of this excessive 
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voltage for the minute or two required for the test will cause no 
damage to the tube. Of course, it should not be applied too long. 

9-20. Parts Required for the Tube Checker.-The parts 
used in the construction of this tube checker should all be of 
high grade and selected with some care. There are no special 
parts used, and all may be readily secured. Following is a list 
of parts required:• 

1 panel and case 
1 10-ma. milliammeter 
1 50 ma. shunt for the milliammeter 

12 sockets: 
3-4-5-6-prong composite 
2-5-6-7-prong composite 
1-5-7-prong composite 
4--7-7-prong composite 
2-6-prong (standard) 

12 switches: 
1-12-point tap-switch (81) 
6-S.P .D.T. push-button type switches (8S, 84, 87, 88, 

89, 810) 
3-S.P.S.T. push-button "closed" type (SS, 86, S1S) 
1--S.P.D.T. toggle switch (85) 
1--S.P.D.T. toggle switch (811) 

I-filament transformer, 1.5, 2.0, 2.5, 3.3, 5.0, 6.3, 7.5, 15.0, 
25.0, 30.0 volts; primary tapped at 105, 115, 125 volts. 

1-1,500-ohm wire-wound resistor (25 watts) (Rt) 
1-1,000-ohm wire-wound resistor (25 watts) (RS) 
1-500,000-ohm carbon resistor (RS) 
1-pilot-light socket 
1-6 V. pilot light 
2-tip-j acks 
I-control-grid clip and lead 
Miscellaneous wire, solder, screws, nuts, etc. 

•NOTE: Eight-prong sockets may be added and wired into the 
circuit properly in order to make it possible to test all "metal" type 
tubes having the standard "Octal" type base or standard adapters 
obtainable for this purpose may be used with the tube checker when 
these tubes are to be checked. 



CHAPTER X 

TYPICAL COMMERCIAL TUBE CHECKERS 

10-1. Introduction.-The descriptions of the commercial 
tube checkers presented in this chapter are intended to illustrate 
actual design features rather than to provide additional data for 
home-construction purposes. A study of these data will show 
the various methods of test used. Some designs, especially for 
counter models, use the familiar emission test; others use the 
more appropriate mutual conductance test. As explained in 
Chapter VIII, both tests have their merits, and choice depends 
mainly upon individual opinion. 

While the author has endeavored to describe the latest 
testers available, a few tube checkers one or more years old 
have been included purposely in order to illustrate some unique 
and instructive principles of design. The descriptions are ar
ranged in alphabetical order according to manufacturers, for 
convenient reference.• 

10-2. "Confidence" Model C Tube Checker.-The Con
fidence Model C Tube Checker, shown in Fig. 10-1, has been 
designed to test all receiving tubes without the use of adapters. 
Many new tests may be added without any changes, because 
blank switch positions are provided for special tubes which may 
be introduced in the future. 

The instrument is manufactured in several types for portable 
or store use. The 18 sockets with which it is equipped allow the 
elements to be tested as in a radio receiver. Tubes having more 
than one working element, such as the 2A6, can be tested separ
ately. These tests are distinguished by abbreviated markings 
on the tube chart. 

When the selector is pointed to any number on the panel, 
every socket gets the same filament voltage simultaneously, thua 

•NOTII: The tube checkers described in this chapter may be 
adapted for testing all "octal-base" all-metal type tubes if the "stan
dard" adapters available for this purpose are used with them. 

213 
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eliminating the possibility of any injury to a tube by placing it 
in a wrong socket. Fifty-five fixed shunts cover the complete 
range of currents of the tubes tested. 

An interesting feature of the design of this tester is that each 
tube is tested with a fixed bias, and plate voltage is applied 
through a transformer having relatively high regulation. This 

OourtUfl A,>raf'atW ,, ... ,,. Oo. 

combination is so adjusted that 
the tube is operated at a straight 
part of its plate-current grid
voltage characteristic, so that the 
swing of the meter pointer from 
either side of normal is propor
tional to the change in plate im
pedance, or emission, from nor
mal. Hence, the swing of the 
needle is proportional to the 
amount of "poorness" of the 
tube. 

Tubes with short-circuited 
elements will not injure the 
meter on this tester because the 
relationship between the "regu
lation" of the transformer out
put, the hot resistance of the 

FIG. 10-1.-The Confidence pilot lamp and the shunt values 
Model C tube tester. Note 
the large number of sockets limit the flow always within a 
employed. safety factor. 
Line-voltage conditions are adjusted by turning the selector 

knob to V before placing a tube in one of the sockets. The 
meter needle is adjusted to the single line drawn on the meter 
scale, by rotating the small Adjust Line knob in the upper 
right-hand corner of the instrument panel. 

Any short-circuit from plate or screen-grid to grid, cathode, 
filament, suppressor, etc., will automatically light the Short 
indicator lamp brightly. Some of the high-plate-current type 
tubes will cause a slight glow in the indicator lamp when they 
are being tested. This is caused by heavy drain and is not to 
be confused with the bright light occasioned by a short-circuited 



CH. X TYPICAL COMMERCIAL TUBE CHECKERS 215 

tube. Small 2.5- and 6-volt dial or pilot lights may be tested 
by inserting them in their respective sockets located in the panel 
above the large selector knob. The setting of this knob does 
not affect these tests. 

A movable-coil type meter indicates the results of the test, 
and registers the worth of the tube as either Bad or Good on a 
colored scale ("English Reading Scale"). 

10-3. Confidence "Special" Tube Seller.-The Confidence 
Special, shown in Fig. 10-2, is a portable instrument which tests 
over 130 types of radio tubes, in
cluding special Arcturus, Kel
logg, Kenrad, Majestic, Sparton 
and Wunderlich types (as listed 
and arranged numerically on the 
tube chart supplied) without the 
use of adapters (Kellogg ex
cepted). 

The principle of test is the 
same as that employed in the 
Model C Tube Checker. The 
movable-coil type meter is 
protected against possible injury 
by a shorted tube by means of 
a pilot lamp, which indicates 
short-circuits from plate or 
screen grid to any other element. 
A separate cathode-to-heater 

Oourteq Apparatw Duigt1 Oo. 

FIG. 10-2.-The Confidence 
special tube tester. Note the 
unique selector dial at the 
center. 

short test is also included by means of a push-button located to 
the left of the large selector switch. 

Blank switch positions are provided for special tubes which 
might be introduced in the future. Each diode plate as well as 
the pentode and triode sections of dual-purpose tubes are tested 
independently. The condition of any tube is indicated by the 
colored meter scale as Bad or Good. Line-voltage variations 
are compensated for through the use of a 19-tap primary; hence 
this tester can operate from line voltages from 100 to 130 volte. 

10-4. "Dependable" Model 303A Tube Checker.-Thia 
tube tester has several features which distinguish it from others 
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of the same type. The numbers of all the tube types which it 
is capable of testing are etched on the front panel of the instru
ment. Thus, to test a certain tube, the main selector-switch, 
shown in the illustration of the instrument in Fig. 10-3, is set 
to the column of numbers in which the tube type appears, the 

OourlHfl Radio Oit11 Prodiuota Oo. 

FIG. 10-8. - "Dependable" 
Model 303A tube checker. The 
schematic circuit diagram of 
this instrument is shown in Fig. 
10-4. 

filament selector switch is rotated to the proper terminal, also 
etched in the column of tube types, and the test is made. 

This instrument is equipped to make short-circuit tests, gas 
tests, and mutual-conductance tests by means of the grid-shift 

FIG. 10-4.-Schematic circuit diagram of the tube checker illus
trated in Fig. 10-8. 

method. A tap, No. 8, on the filament transformer connects 
directly to one side of the Bias Test switch, as shown in the 
schematic circuit diagram of Fig. 10-4. 

Line voltage is adjusted by setting another switch to the 
105-, 115-, or 125-volt positions, depending upon the voltage 
of the line, which must be known. The "gas" test is made 
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by short-circuiting a 0.1-megohm resistor connected in the grid
return lead of the transformer. The "short-circuit" test iB 
made by connecting an 18-volt pilot light and a 900-ohm re
sistor in place of the meter. Excessive current is indicated by 
the lighting of the lamp. 

Only five sockets are used to test all tubes-a 4-, 5-, 6- and 
two 7-prong types. The tube to be tested is merely placed in 
the one socket in which it will fit-all 4-prong tubes in the 
4-prong socket, all 5-prong 
tubes in the 5-prong socket, 
etc. 

The use of this tester in
volves two operations. First, 
the tube to be tested is in
serted in the proper socket 
and tested for short-circuits, 
gas, etc. Then the Bias-Test 
switch is thrown, and the 
reading noted. The differ
ence between this reading and 
the one obtained before 
throwing the switch is the 
relative mutual conductance 
of the tube. The correct 
value for any particular tube 
is indicated on a chart fur-
nished in the cover of the in-

OourttlJI Ra.dio Oit11 Prod,uct. Oo. 

FIG. 10-5.-Dependable Model 
304 tube tester. This is a direct
reading tester of the emission
test type. Its schematic circuit 
diagram is shown in Fig. 10-6. 

strument. It should be noted that this instrument follows closely 
the test procedures discussed in Chapter VIII. 

10-5. "Dependable" Model 304 Tube Checker.-Figures 
10-5 and 10-6 show, respectively, the photograph and schematic 
circuit diagram of this tester. In contrast to previous types of 
this manufacturer, this one is of the direct-reading type 
(English reading). This feature obviates the necessity for re
ferring to external charts for the determination of the worth 
of the tube under test. The instrument scale is calibrated di
rectly to indicate whether the tube is Good, Bad, or Questionab~. 
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In contrast to the model 303A, this instrument operates on 
the emission principle-the meter in the plate circuit indicates 
the average plate current. Furthermore, since a-c is used on 
the plate of the tube under test, the indications of the meter 
also depend upon the plate conductance (plate current change 
divided by plate voltage change). 

In almost all types of emission testers, it is essential that the 
voltage applied to the tube be accurate within close limits, else 
the direct-reading scale will be inaccurate. For this reason a 

VR-~ 

'IOPYIIW -oF~ 

FIG. 10-6. -
Schematic circuit 
diagram of the 
tube tester illus
trated i n Fig. 
10-5. 

second meter, Mt, is permanently connected across the secondary 
of the filament transformer. A resistance, VR-1, in the prim
ary circuit varies the applied voltage until the meter reads the 
proper value, indicated by a single line on the meter scale. 
This meter has a maximum voltage range of 35 volts, and is 
connected across the 25-volt winding of the secondary. 

A "short" and "leakage" indicator is incorporated in the 
tester, and is operated by means of the switch SW1. Thil! 
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switch, when rotated, indicates a direct short or leakage between 
any two elements. The neon lamp LI glows brightly for a 
direct short, and lights moderately for leakage. The rating of 
this lamp is but 1/25 watt, and it will indicate leakage up to 
2,000,000 ohms. Eight different combinations for indicating 
inter-element shorts and leaks are available with this switch. 

The two selector switches SW2 and SW3 are used for test
ing purposes. SW2 has twelve positions, A to M (the letter 
I is not used), and SW3 has twelve position, N to Y. A sep
arate tabulation shows the setting of these switches for each 
tube to be tested. The instrument is made in both portable and 

FIG. 10-7.-The Franklin 
Model H-33 tube checker. 
Its schematic circuit diagram 
is shown in Fig. 10-8. 

Court~81/ Franklin Radio Product• Corp. 

counter type models to meet the requirements of both field work 
and store use. 

10-6. "Franklin" Model H-33 Tube Checker.-This tube 
checker, shown in Fig. 10-7, is a portable instrument for use 
on 110-volt, 60-cycle lines. Eight sockets are mounted on the 
instrument panel to accommodate all the tubes tested. A com
bination meter is employed, with ranges of 0-500 volts, 0-10 
ma. and 0-50 ma. The schematic circuit diagram is shown in 
Fig. 10-8. 

When checking a tube with this tester, it is important that 
the tube be inserted in the socket having the proper filament 
voltage. The two toggle switches on the top of the panel con
trol the filament voltages applied to the 4-, 5-, 6- and 7-prong 
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FIG. 10-8.-Schematic circuit diagram of the tube checker illustrated in Fig. 10-7. 
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sockets. By properly setting the switches, 2.5, 6.3, 15, and 30 
volts are available at the sockets. Tubes of the 1.5-, 2.0-, 5.0-
and 1.5-volt types are checked in the sockets so marked. 5-, 6-
and 7-prong tubes of the two-volt series are tested in the 2.5 
volt position, and 3.3-volt tubes are tested in the same manner. 
Tubes with a filament rating of 25 volts are checked in the 30-
volt position, and 12.5- and 14-volt tubes are checked in the 
15-volt position. 

By pressing a switch button, the second-plate reading of 
full-wave rectifiers may be obtained. The usual type of test 
has been provided for determining cathode-heater leakage. The 
button marked "Press for 10 ma." is a shunt release for the 
50 ma. scale. When this button is pressed, the full-scale de
flection of the meter is 10 ma. 

An interesting feature of this tester is that the high-voltage 
(plate) circuit employs a copper-oxide rectifier and filter so that 
d-c is impressed on the tubes. In order that each type of tube 
may be tested with the proper voltages, a resistance-type voltage
divider network is used. 

In addition to checking tubes, the H-33 tube checker has 
facilities for measuring circuit continuity. The voltage for the 
ohmmeter is supplied by the self-contained rectifier which de
livers approximately 200 volts. A separate chart is used to 
determine the value of resistance measured. 

The same 200 volts used for the ohmmeter is available for 
external use also. Thus, the instrument has provisions for ob
taining 200 and 50 volts at separate terminals. The 50-ma. 
meter range is also available, as shown on the schematic cir
cuit diagram of Fig. 10-8. 

10-7. "Readrite" Model 421-422 Tube Checkers.-The 
distinct feature of this tester (both testers are the same elec
trically) is the fact that it is of the "English-reading" type and 
works on the mutual conductance principle. The instrument is 
shown in Fig. 10-9 and the schematic circuit diagram in Fig. 
10-10. The instrument has two selector switches, one for heater 
tubes and one for filament types, a separate line meter for check
ing the voltage of the line, and twelve tube sockets. 
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Its operation is as follows. The tube number is noted, and 
the selector switch marked 1, t, 3, etc., is set to the proper 
position indicated by a chart supplied with the instrument. The 
second selector switch marked A, B, C, is also set to the required 
position as indicated on the same chart. The tube is placed in 
the designated socket and the toggle switch is thrown on. The 
line-voltage rheostat is then adjusted until the line-meter pointer 
reaches a single line ruled on the scale of the meter. After the 
tube has heated, the reading of the meter is noted and the test 
button is pressed. A "good" tube will be indicated by the defl.ec-

Courtea11 R,adrite Meter ll'ork• 

FIG. 10-9. - Readrite 
Model 421-422 tube check
ers. Notice the direct
reading scale of the meter 
which indicates the condi
tion of the tube in terms 
of good and poor. 

tion of the pointer on the dark green portion of the shaded scale. 
"Poor" tubes will indicate on the dark red portion of the scale. 

The cathode-heater leakage test used is similar to that ex
plained in Art. 8-20-no reading of the meter when the 
leakage button is pressed indicates no leakage. The test for grid 
short-circuits involves the use of the same meter used for in
dicating the condition of the tube. If pressing the "short" but
ton brings the meter reading down to, but not quite, zero, the 
tube is not shorted; if the meter reading remains unchanged, 
the tube is shorted. The system used for this test may be de
termined from a study of the circuit diagram. 

10-8. "Supreme" Model 65 Tube Testing Power Unit.
The Supreme Model 65, shown in Fig. 10-11 is unusual in that 
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it is essentially a complete tube checker without the meter, but 
is provided with two terminals for connecting any suitable milli
ammeter to check plate current readings. A double range milli
ammeter of 10 and 100 milliamperes may be used. 

An individual socket is provided for 4-, 5-, 6- and 7-prong 
tubes. It is unnecessary to match each particular type of tube 
with a special socket. A large 7-hole to small 7-pin adapter is 
provided for testing all large-bias 7-prong tubes. A multi
section rotary selector switch is used for making proper circuit 

FIG. 10-10.-Schematic circuit diagram of the tube checker illus
trated in Fig. 10-9. 

connections to the five sockets for the various arrangements and 
elements within the different tubes. One position on the switch 
is left open for possible changes in arrangement of these elements 
on future tubes. The schematic circuit diagram is shown in 
Fig. 10-12. 

Proper filament and heater voltages are supplied from the 
transformer through the rotary selector switch to the sockets. 
These voltages are also brought to a pair of pin jacks on the 
panel, making it possible to test the external heater types of 
tubes and to provide a group of low voltages which are often 
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convenient to use on the test bench for one purpose or another. 
When the rotary selector switch is placed in a certain position, 
voltage from an external transformer can be placed on the soc
kets of the power unit through the FIL-HTR VOLTAGE pin 
jacks. These features make it possible to test certain future 
tubes whose filament voltages may be other than those shown. 
The mutual conductance method of testing is employed. 

An automatic "short" test is provided, which eliminates the 
necessity of first inserting the tube in a special socket for the 
indication of shorted elements. A resistor in the plate circuit 
prevents damage to the milliammeter in the event of a short
circuited tube. A means of determining whether or not the 
cathode and heater .are either partly or totally shorted together 
is indicated in the "short" test. A "gas" test is provided by the 

Oourte'II Supreme In.tr. Oorp. 

usual arrangement of inserting 
a high resistance in the grid cir
cuit, as discussed in Art. 8-13. 

The instrument is operated 
by connecting a suitable milli
ammeter to the plate-current pin 
jacks, observing the proper pol
arity. This milliammeter should 
have a range higher than the 
sum of the two values (for the 
particular tube under test) 
shown in the columns on the 
cha.rt supplied. 

FIG. 10-11. - Supreme A cathode-heater short is 
Model 65 tube testing power I d b · th K H 
unit. Its schematic circuit revea e Y pressmg e -
diagram is shown in Fig. Leakage button. If the plate 
10-12. millia.mmeter drops to O when 
this button is pressed, the cathode and heater a.re free from ea.ch 
other. Control-grid-to-cathode short-circuits will result in no 
change in plate current when the "Grid Shift" button is preBBed. 
Plate-to-cathode (or filament), and control-grid-to-plate short
circuits will ca.use the mete.r needle to vibrate about the 0 
position when the ''grid shift" button is pressed. 

10-9. "Supreme" Model 85 Tube Checker.-This ver!a-
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tile tube checker, shown in Fig. 10-13, is designed to provide a 
portable tester by which the quality of a tube may be indicated 

.t MEG. 

I.A~ ,t 
TUiT • 

GRID 
~HIF'T 

FIG, 10-12.---Schematic circuit diagram of the tube checker illus
trated in Fig. 10-11. Note the intricate selector switch at the center. 

FIG. 10-13.---Supreme 
Model 85 tube checker. 
Note the direct-reading 
meter at the center. 
The neon glow lamp 
reveals leakages or 
short-circuits. See Fig. 
10-14 for the schem
atic circuit diagram of 
this tester. 

Court,.,, Bu,weme ln•tr. Corp. 

in terms of Good or Bad, and by which leakage or short-cir
cuits between any elements of a tube may be determined. A 
new circuit is used in which the various types of tubes act as 
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multiplier resistors, so that the meter indications are directly 
proportional to the condition of the tube. 
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FIG. 10-14.-Schematic circuit diagram of the tube checker illus
trated in Fig. 10-13. Note the connection of the neon tube indicator 
in the circuit. 

Leakages between all tube elements are indicated by means 
of a neon glow lamp. This neon lamp will glow when testing 
short-circuited tubes or when the leakage is up to 100,000 ohms. 
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Push-button type switches are provided whereby any one ele
ment may be checked for leakage or short-circuit to any other 
element. According to the manufacturer, the neon lamp is 
superior to a meter for leakage indications because of the in
herent mechanical inertia of meter movements, which does not 
enable them to respond to short, intermittent leakage currents. 

This tube checker is provided with a tapped primary trans
former for adjustments to any a-c line voltage between 98 and 

Courle6fl Wedon Blect. Imtr. Oorp. 

FIG. 10-15. - Weston Model 
681 counter type tube checker. 
Notice the unusually large direct 
reading meter, the clear and 
simple layout of its scale. 

125 volts. The manufacturers prefer the tapped primary to 
the resistive method of voltage compensation because of their 
claim that the latter introduces uncontrollable variations of 
input voltage during test operations. The adjustment of this 
tester remains practically constant under varying tube loads, 
so that the pointer does not have to be re-set for each tube. 
Rectification of the meter current is accomplished by means of 
a type 'OlA tube, which is self-contained in a protected posi
tion under the panel. As shown by the diagram in Fig. 10-14, 
the plate impedance of the tube under test is connected in series 
with the meter. 

One of the features of this instrument is the use of only four 
sockets. All tubes are tested in any one of these sockets, re
gardless of the internal arrangement or placement of the tube 
elements, which determine the push-button switch to be oper
ated. If a button other than the correct one is pressed, nothing 
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happens. The meter needle will not move forward, as the meter 
will read only when the correct button is pressed. 

A list of all popular tubes is verichromed on the panel 
around the "Tube Selector", and a chart of all tubes, with printed 
instructions, is fitted into the detachable cover of the carrying 

® 

FIG. 10-16.-Schematic circuit diagram of the counter type tube 
checker illustrated in Fig. 10-15. 

case. The operating procedure is also verichromed around the 
controls on the panel. 

10-10. "Weston" Model 681 Counter Tube Checker. -
This tester is a typical example of a modem "tube seller." It 
is designed specifically for counter use, where the customer can 
easily see how his tubes are being tested. A large 9-inch meter. 
with all necessary markings on its scale, facilitates its use. 
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The tester is equipped with twenty-five different sockets and 
the usual array of switches to enable the proper tests to be 
made. The scale is divided into a series of colored arcs, lettered 
for rapid reference to the instruction sheet. Short-circuited 
tubes are indicated on the scale in a large area marked Shorted. 
The instrument is also equipped to make leakage tests by the 
method discussed in Art. 8-20. 

Tests of tubes are made by the mutual conductance method. 
A feature of the instrument is that proper plate, filament, screen, 
and control-grid voltages are 
applied to the tube during test. 
Compare this with the many 
other testers that test tubes as 
triodes. 

Individual tests are made on 
all combination tubes, and the 
sockets are color-coded to facili
tate locating the proper socket. 
Of the twenty-five sockets on 
the panel, seven are spares, in
stalled for future tubes to be 
designed; thus, only eighteen of 
the sockets are for present use. 

The instrument is shown in 
Fig. 10-15 and its schematic 

Oourte8JI W uton Elect. Jn11tr. Oorp. 

FIG. 10-17.-Weston Model 
682 tube checker shown here 
in its portable carrying case. 
Its schematic circuit diagram 
is shown in Fig. 10-18. 

circuit diagram is shown in Fig. 10-16. 

10-11. Weston Model 682 Tube Checker.-This instru
ment, shown in Fig. 10-17, has been designed to be employed 
either for portable or for counter use, depending upon the type 
of case used. The meter employed is the familiar model 301, 
and is divided into two colored sections, green and red, marked 
Good and Bad, respectively. 

As shown in the schematic circuit, Fig. 10-18, the total emis
sion method of testing is used. The manufacturers of this de
vice favor this form of test for small checkers on direct-reading 
instruments. The line voltage is adjusted after the tube is in 
the socket and heated. This is indicated on the meter by a 
single line drawn through the center of the scale. 
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Cathode-heater leakage, and short-circuit tests, are available 
in the usual form, the short-circuit being indicated on the same 
meter used for determining the worth of the tube. 

The chart presented in Fig. 10-19 shows the various sockets 
into which the tubes that can be tested are inserted, and also 
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FIG. 10-18.-Schematic circuit diagram of 
tube checker illustrated in Fig. 10-17. 

lists the equivalent tubes-tubes which may be considered 
equivalent for purposes of test on this particular instrument. 
This information is extremely useful for reference purposes. 

An interesting application of the use of a single d-c meter to 
check the a-c line voltage is shown in the schematic diagram. 
When the Line Check switch is thrown for use, the d-c meter 
is connected, in series with 1,600-ohms of resistance and the 
rectifier, across almost all of the transformer secondary-the 
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winding supplying the filament. The meter reading 1s then 
adjusted by the 350-ohm potentiometer labeled Line Voltage. 
The outside terminals of the 400-ohm potentiometer labeled 
Tube Selector are always across the meter; but when the same 
switch is thrown to the "test" position, the arm of this poten-

Tube Type 1 JV OOA OJA 10 12A 14 15 17 JR *19 20 22 24A 26 27 29 
Fil. Selector 6 ti 5 5 7 5 8 2 8 8 2 I -1 3 1 3 3 
Tube Sel'tor 47 46 30 37 -12 -Ill 42 31 -12 -It :m 27 30 38 40 -10 -13 
Socket D D C C C C C C C C (; C C C C C C 

Tube Type 30 31 32 33 34 35 36 
Fil. Selector 2 2 2 2 2 3 6 
Tube Sel'lor 33 37 37 39 37 40 42 
Socket C C C D C C C 

37 38 39 40 41 42 43 45 46 47 48 
666:,6693339 

42 42 44 39 42 4 I 46 44 44 41 -17 
CCC CCC CC DDC 

Tube Type 49 50 52 •53 55 56 57 58 59 69 71A 75 76 77 78 •79 •so 
Fil. Selector 2 7 6 3 3 3 3 3 3 6 !'I 6 6 6 6 6 5 
Tube Selector 40 41 44 46 41 44 45 41 -14 43 -13 -1-1 45 -14 43 44 38 
Socket D C D K F. t C C J C C E C C C F F. 

Tube Type 81 *82 *83 *83V *84 85 89 99 1A6 1C6 2A3 2A3H 2A5 2A6 
Fil. Selector 7 3 5 5 6 6 6 4 2 2 3 3 3 3 
Tube Sel'lor 36 48 48 48 4a 41 43 9 30 36 47 46 43 43 
Socket D E E E E E C C C C C C C E 

Tube Type 2A7 286 287 *5Z3 6A4 6A7 687 6C7 6D7 6E7 6F7 *6Y5 *6Z5 
Fil. Selector 3 3 3 5 6 6 6 6 6 6 6 6 6 
TubeSelector 45 44 41 43 43 44 41 44 45 44 42 47 45 
Socket J J J E D J J J J J J I I 

Tube Type 12A5 12A 7 12Z3 *12Z5 25l3 *25Z5 1828 183 485 950 KR2 *G-4 
Fil. Selector 8 8 8 8 9 9 5 5 4 2 5 3 
Tube Selector 43 43 47 46 47 47 42 42 37 38 t7 20 
Socket L J D I D H C C C D D E 

•CATHODE LEAKAGE: While taking TBST readin1, pull cathode leakace owilch. Pointer should come 
back to Green Arrow. 

"'Manipulate NORMAL PLATE-SECOj'ID PLATE awitch £or ••cond plate rHdinr. 

THE FOLLOWING HAVE EQUIVALE."IT TEST READINGS: 
OlAA = HA 67 = 37 95 = 2A5 951 = 32 
Z7HM = 16 18 = SI 98 = 84 6C6 = 77 

44 = at 88M = 83 482\ = 71A 6D6 = 78 
51 = S5 81M = 81 4828 = 1828 6Z3 = 1 

57AS = 77 82V = 12 483 = 183 6Z4 = 14 
58AS = 71 88 = 83 184 = 485 UZ3 = IZZS 

H=M ff=D W=M ~=U 
15-=11 9%=11 586=50 AD=l 

AF= 8Z 
AG= 83 

G-2 = G,C 
G85-S = 85 

KRI = 1 
KRS = &AC 

KR25 = 2A5 
LA= Ut 

P-861 = 84 
PZ = 47 

PZH = ZA5 
Wund•rlich = 2t 
Wqnd.Aute. = H 

FIG. 10-19.-Operating chart for the Weston Model 682 tube 
checker. This chart specifies the correct settings of the Fil. Selector 
Switch, Tube Selector Sw., and Tube Socket for every type of tube 
which can be tested by the checker. The tabulation at the bottom 
specifies the tubes which may be considered as being equivalent, (for 
test purposes) . 

tiometer connects to B-, so that the amount of shunt across 
the meter depends upon the position of the arm. The correct 
setting for this arm for any type of tube to be tested is specified 
in the chart of Fig. 10-19 (which accompanies the tube checker). 



CHAPTER XI 

THE VOLTAGE-CURRENT SET ANALYZER 

11-1. Choice of a Method of Set Testing.-When a radio 
receiver becomes inoperative or does not function properly, it ie 
usually because of the failure of one or more of the tubes or 
because of trouble in one of the parts or circuits of the receiver 
proper. The service man's task is to determine the location and 
nature of the trouble in the most direct and rapid way possible, 
and to make such replacements or repairs as may be necessary 
to put the receiver back into proper operating condition. The 
element of time is important to both the service man and the 
customer, since service work is usually charged for on a time 
basis. Consequently, every effort has been made to develop 
methods and instruments which speed-up radio service work by 
making it possible to locate troubles in even the most com
plicated modern receivers in a very short time. 

Unfortunately, there is no single standard, or "best" method 
(or system), of locating and diagnosing trouble in all radio re
ceivers. That such a method can be evolved is questionable, 
because of the wide variation between the circuits and construc
tion of the receivers manufactured from year to year and the 
differences in the more common troubles which occur in them. 
However, there are several methods or systems of diagnosis 
which are in common use. Each has its own advantageous feat
ures and its enthusiastic supporters who are always prepared to 
argue in favor of their own pet system and the limitations of all 
others. Regardless of the method employed, there is one com
mon objective-that of making rapid and efficient location and 
determination of troubles in radio receivers possible. 

It is not the purpose of this book to take sides in any con
troversy concerning service methods. Instead, its aim is to pre-

282 
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sent for the reader, in as clear a manner as possible, practical 
information concerning all the common test methods which are 
being employed by the most progressive service organizations 
today, so that the reader may be well informed and better able 
to adapt any of these methods to his own work as the occasion 
arises-consistent with his own ideas and the particular test 
equipment he has available. 

Every experienced radio service man knows that there are 
cases where satisfactory diagnosis can best be made with a 
plug- and cable voltage-current type analyzer; there are other 
cases in modern receivers where this type of analyzer is not able 
to make tests at all points and reveal certain troubles. In such 
cases, point-to-point resistance tests are best. In still other eases, 
combinations of these methods are required, etc. Consequently, 
it is felt that the expert service man should be acquainted with 
all the methods and the test instruments necessary to put them 
into practice, so that he can employ whichever one is best suited 
to the set and circuit conditions at any time. In this chapter, 
we will study the voltage-and-current analyzer method of diag
nosis; the others will be considered in later chapters. 

11-2. Preliminary Check of the Tubes. - When testing 
any radio receiver for the location and cause of trouble which 
may be making it totally inoperative or else operating unsatis
factorily, a considerable amount of information may be obtained 
by first testing the individual tubes for either "emission" or 
"mutual conductance" (also called trans-conductance), by the 
methods explained in Chapter VIII. In many instances, this 
test will reveal one or more faulty tubes. In such cases, it is 
only necessary to replace each faulty tube with a good one of 
the same type in order to obtain normal receiver operation. 

11-3. Trouble-Shooting by Testing Individual Compon
ents.-If the tubes all check satisfactorily, the trouble must be 
looked for elsewhere in the receiver. Of course, at this point 
the service man could remove the receiver chassis from the set 
cabinet and proceed to isolate and test each individual part in 
it by means of an ohmmeter, capacity meter, etc., until the in
operative part was found. This method would probably unearth 
the trouble eventually, but modem receiver circuitA!! are so com• 
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plex and so many individual components are used in them, that 
it would take a great deal of time to test every one in a set thor
oughly. Fortunately, it is not necessary to hunt for trouble in 
this time-consuming, tedious way. There are other methods 
which usually locate the trouble much more directly and quick
ly. The voltage-current analysis method is one of these, and 
will be considered now. Another, the point-to-point resistance 
method, will be described in Chapter XII. 

11-4. The Voltage-Current Method of Receiver Analysis. 
-In most modern receivers, it is quite difficult, and undesirable 
from the point of view of the time required, to isolate a:ad test 
directly all the various resistors, condensers, transformers, etc., 
in a receiver in order to locate trouble. Instead of doing this, 
informative tests can be made at the tube sockets ( usually ex
tended to a point outside the receiver for convenience). 

Every radio receiving tube has either three, four, five, six, 
or more external circuits, depending upon its type (see Arts. 
8-4, 8-5, 8-6 and 8-7). For instance, if it is a direct-heater 
3-electrode tube, it has a filament, a grid and a plate. If it is 
an indirect-heater type 3-electrode tube, it has a heater, a cath
ode, a grid and a plate. An indirect-heater type screen grid tube 
has a heater, cathode, control grid, screen grid and plate, etc., 
(see Fig. 8-1). Furthermore, the number of external circuits 
depends upon how many of the tube elements within the tube 
have connections which are brought out to its base pins. For 
instance, in the case of a 2A7 pentagrid converter tube, a 6-ele
ment tube, there are seven external circuits to consider. In the 
2A5 power amplifier pentode, a 5-element tube, there are five 
external circuits. 

At any rate, in almost all receivers, the main circuits go more 
or less directly to the tube socket terminals, which are easily 
reached for test work. The "voltage-current analysis" method 
of set testing is based upon the idea that: 

trouble occurring in any circuit aasociated with one of the 
tubes in the receiver will cause a change in the voltage 
eziating at one or more of the tube prongs, or a change in 
the current flowi.ng in at least one of the tube circuit,. 
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Therefore, in this method, the receiver is analyzed by care
fully measuring the voltages existing at all of the tube socket 
terminals and measuring the currents flowing in some of the 
tube circuits. These readings are compared with a chart which 
specifies the correct voltages and currents for the particular make 
and model of receiver under test. To the well-informed service 
man, any reading which deviates greatly from the normal value 
furnishes a clue to the location of the particular circuit in which 
the trouble exists. In fact, in many cases a correct interpreta
tion of the readings will also indicate the exact nature of the 
trouble. Keeping this in mind, it is evident that it is possible to 
analyze the various circuits of most receivers by testing the 
voltages, and most of the currents, existing at the terminals of 
the tube sockets. 

A very important point must be emphasized here. The volt
meter and milliammeter readings do not in themselves indicate 
where the trouble lies. They are merely tools which the service 
man must use in order to help him to localize the ft-ouble. No 
voltmeter or milliammeter reading ever solved a problem or 
located trouble in radio service work. The service man must 
solve it, the meter readings are merely important aids to him in 
his reasoning. From the readings obtained, and his own know
ledge of receiver circuits, troubles, etc., he must deduce the loca
tion of the trouble. In many cases, this must be accomplished 
by a considerable amount of trial and error . 

. After the offending circuit has been definitely localized, an 
analysis of it is made by applying the necessary continuity 
tests, capacity tests, resistance measurements, etc., to the various 
individual parts in it, in order to locate the offending compon
ent, connection, etc. These tests, and the instruments for mak
ing them, have already been studied, and will be studied fur
ther in Chapter XX.II. The proper remedy is then applied. 
Thus there are really three main steps to this method of radio 
receiver testing. They are: 

1. The voltage-current analysis at the tube socket term
inals of the entire receiver and consequent localization 
of th~ trouble to some particular offending circuit. 
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2. Testing of the various components and wiring in th, 
offending circuit. 

3. Repair or replacement of the inoperative part ( or othB'f 
correction of trouble). 

These tests are usually applied in the order listed here. 
11-5. Typical Voltage-Current Analysis with Individual 

Meters.-To illustrate how receiver circuits may be analyzed 
by the voltage-current method, let us consider the typical screen
grid r-f amplifier stage shown in Fig. 11-1. The general method 

Cl 

CJ 

T B+ B+ 

NEXT 
STAGE 

FIG. 11-1.-A typical screen-grid r-f amplifier stage with by-paaa 
condensers, bias resistor, and voltage-dropping resistors connected 
in their proper places. The connections of all the separate metera 
required for a complete voltage-current analyais of this stage are 
illustrated in Fig. 11-2. 

of analyzing the circuits of this tube may be duplicated for any 
other stage in the receiver. In the control-grid circuit of the tube 
is the secondary of the preceding r-f transformer, with the tuning 
condenser C 1. In the plate circuit is the primary L of the next 
r-f transformer; one end of the primary is connected to the 
plate of the tube and the other end is connected to the plate 
filter system consisting of the resistance R1 and the by-pass 
condenser Cf. The other end of the resistance R1 connects to 
that terminal of the plate-supply unit which supplies plate volt
age to the other r-f amplifier tubes. 

Of course, in a complete receiver, several tubes comprise the 
complete radio-frequency amplifier, but the circuits of each in
dividual tube are similar to the one shown here. If the tube it 
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an audio amplifier, there would be audio transformers, chokes, 
or resistors, in place of the r-f transformers and variable con
densers. In the intermediate-frequency amplifier of a super
heterodyne receiver, i-f transformers would be used. Slight 
variations from this fundamental circuit will be found; but, if 
this normal arrangement is kept in mind, it will make circuit 
testing a simple task. The early receivers used 3-element tubes 
in the radio-frequency stages. The circuits of these older re
ceivers are essentially the same as those used now, except for the 
added cathode, screen-grid and suppressor-grid elements and 
circuits which the present-day receivers have. 

To check the voltages appearing in the various circuits, in
dividual voltmeters may be used. For battery and d-c electric 
receivers, only one voltmeter is required for this work; but for 
a-c operated receivers, both a d-c voltmeter and an a-c voltmeter 
are necessary. A single combination a-c-d-c voltmeter, of the 
copper-oxide rectifier type already described, is commonly used 
for this purpose, since the one meter will read both a-c and d-c 
voltages. An a-c meter of this type is illustrated in Fig. 2-37. 
The meter should have a resistance of 1,000 ohms or more per 
volt. It should have d-c ranges of 0-10, 0-250, and 0-750 volts, 
and a-c ranges of 0-4, 0-8 and 0-150 volts. Since it has a high 
sensitivity, its current consumption is low, and it does not mater
ially affect the voltages existing in the circuits it is connected 
to. The two lowest scales are for reading the filament voltages 
of a-c type tubes. The 150-volt scale is used for checking the 
a-c power line voltage. A d-c milliammeter also will be required. 

We will now consider the use of individual test instruments 
merely to develop the method of analyzing circuits; later, we 
will show how the modern set analyzer performs all of these func
tions in a rapid, simple manner with one or two multi-range in
struments and proper switches. 

To measure the voltages and currents at the tube socket in 
the circuit of Fig. 11-1, the meters must be connected in the 
various positions across the different tube socket terminals, or 
in series with the circuits, as shown in Fig. 11-2. With the a-c 
meter connected across the heater terminals, K-L, the meter 
indicates the heater voltage. To check the plate voltage, the 
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d-c voltmeter is connected between point H the cathode, and 
point F, the plate. All voltages, except the heating voltage, in 
an indirect-heater type tube are usually ref erred to the cathode 
as the reference terminal. This is taken as the point of lowest 
potential in the tube. All voltages in a direct-heater type tube 
are usually ref erred to the negative terminal of the filament 
when the filament is heated with direct current; if heated from 
an a-c source, either filament terminal may serve as the ref er
ence point. The screen-grid circuit is checked by connecting the 
voltmeter from H to M. Screen current and plate current are 
measured by the insertion of the milliammeter ( of suitable 
range) in the screen circuit M and plate circuit F, as shown on 
the diagram. The control-grid circuit can be checked by con
necting the voltmeter across H and J (the cap on the tube). An 
examination of the diagram shows that this voltage is the grid
bias voltage drop across the grid-bias resistor RS. With the 
voltmeter connected from H to K, the meter will read the 
cathode-heater voltage. 

If the correct voltage reading is obtained between cathode 
and plate, it indicates that whatever is connected in the pla.te 
circuit of the tube (in this case, it is the primary winding L of 
a transformer) is not open-circuited, although there is the pos
sibility of it being short-circuited; it also indicates that the "B" 
voltage supply is operating. If no reading is obtained between 
points H and F, then either there is no "B" voltage or some
thing in series with the B+ line is open. The test should then 
be made between H and E. If a reading is obtained here, it 
indicates that an open-circuit exists in the transformer winding 
connected in the plate circuit between F and E. If no reading 
is obtained, a test should be made between F and the "B" volt
age supply. Voltage here will indicate an open resistor R1; if 
no reading is obtained, the meter should be connected between 
points F and D. (D will usually be grounded to the frame of 
the chassis.) If a reading is now obtained, it indicates that an 
open-circuit exists in the grid-bias resistor RS. 

Two things should be noted: first, the meter readings mere
ly give a clue to the location of the trouble; and second, the 
meter may have to be connected to a number of points before the 
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actual circuit and component causing the trouble is located. 
This simple test procedure would have to be repeated at the 

socket of every tube until the one at which an improper voltage 
exists is located. The particular circuit can then be traced, and 
the individual components tested for open-circuits, short-circuits, 
etc., by the methods to be described in Chapter XX.II. If the 

BIAS -
VOLTAGES 

D 

C3 

B+ Bt 

FIG. 11-2.-The principle of voltage-current receiver analysis is 
iilustrated here by indicating where individual meters would have to 
be connected in the typical screen-grid r-f amplifier stage of Fig. 11-1 
in order to check all the important currents and voltages existing at 
the tube socket terminals. 

plate and grid voltages on all the tubes are found to be low, the 
power-supply unit circuits may be suspected and should be 
checked. 

11-6. Principle of the Voltage-Current Set Analyzer.
The procedure just outlined indicates in a general way how the 
circuits of each tube in the receiver may be analyzed to locate 
the particular circuit in which trouble exists. The equipment 
which we discussed, however, has one serious objectionable 
feature which makes it impracticable for use in efficient modern 
test work. When receivers we.re constructed with all tube soc
kets mounted on an open baseboard with every connection easily 
accessible, this method of testing was suitable. Modern receivers, 
however, are constructed with the tube sockets, resistors, wiring 
and most condensers mounted underneath the chassis. Coils, 
transformers, and chokes are mounted in shield cans, with their 
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connections accessible only from below the chassis deck. Test
ing by the method just outlined, therefore, would necessitate the
complete removal of the chassis from the cabinet for every ser
vice job, and the testing at the tube socket terminals with the 
set in an inverted or upright position, which is rather awkward, 
inconvenient and wasteful of time. 

Since all tests are made at the tube socket terminals, it is 
clear that the test manipulations may be greatly facilitated and 

RECEIVER 

Fm. 11-3.-Pictorial representation of the fundamental idea in
volved in set analyzers. The circuits which normally terminate at 
any tube socket in the receiver may be extended conveniently by means 
of a plug and cable to a similar tube socket placed outside of the 
receiver (in the analyzer), and means provided whereby a meter, or 
meters, can be quickly connected to these extended circuits for test 
purposes. The tube removed from the receiver socket under test is 
placed in the socket of the analyzer, as shown. 

speeded up by bringing all of the circuits of the socket and the 
tube to be tested to an external tube socket located outside of 
the receiver chassis and cabinet. Into this external socket is 
placed the tube taken from the receiver socket under test. This 
may be done conveniently by employing a dummy plug, exactly 
like the base of the vacuum tube. The prongs of this plug fit 
in the holes of the socket, and wires connect from each of the 
prongs to the external sockets. These wires are in the form of a 
cable, and serve merely to extend the connections of the socket 
in the set to the external socket. The tube, therefore, must be 
placed in the external socket. This fundamental arrangement is 
illustrated in Fig. 11-12. The idea is illustrated pictorially in 
Fig. 11-3. 

Once the socket is outside the set, it is a simple matter to 
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measure the voltages and currents. It is not possible to make 
all the measurements that could be made if the receiver were 
removed from the cabinet and turned up-side-down, but a suffi
cient number can be made in such a comparatively short time 
that the cable and external socket idea has been universally 
adopted. 

This is the fundamental principle of the radio set analyzer 
or tester: 

It is nothing more than a means whereby the circuits which 
normally terminate at each tube socket in a radio receiver 
may be conveniently extended to a similar tube socket 
placed outside the receiver (in the analyzer) and means pro
vided whereby a meter, or meters, can be quickly connected 
to these extended circuits in any order for test purposes. 

The problem of supplying meters for making all of the 
measurements required in the testing of modem radio receivers 
has been met in several ways. One arrangement employs a sep
arate meter for every circuit which may be subject to test. A 
glance at Fig. 11-2 will reveal that a large number of meters is 
required when this "individual-meter" arrangement is used, mak
ing the analyzer bulky and expensive. The most popular analy
zers employ one or two multi-range meters with suitable switching 
arrangements to enable them to be connected quickly and proper
ly to make all the voltage and current measurements required. 

There is nothing fundamentally complicated about an an
alyzer. True, the switching systems are not simple-nor are 
they extremely complex. It merely requires a little patience 
to trace out the connections for any setting of the various 
switches. That, however, is not the important thing. The one 
thing to know when using an analyzer is what the meter is read
ing, regardless of the mechanical means used to get that reading. 
The service man must know exactly where the meter is con
nected, and approximately what the meter should read, if every
thing is normal The service man solves the problem; the an
alyzer merely leads the way. 

There are many different designs of set analyzers. Naturally, 
each designer and manufacturer has his own individual ideas re
garding the ranges the voltmeters and milliammeters should 
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have, the types of switches to be used, and the mode of con
nection of the switches in the circuit in order to provide the
greatest ease, speed and flexibility. These variations, however, 
may be regarded as merely incidental to the main problem, which 
involves getting the circuit out of the receiver to an external point 
where the connections are available for easy measurement. Thi& 
is the main purpose of the set analyzer. 

11-7. Development of a Set Analyzer.-In order to make 
clear what goes on in a commercial voltage-current analyzer 
when the various buttons are pressed and switches turned, we 
will show the development of the circuit of a simple analyzer, 
step by step, until quite a flexible testing system is obtained. 
The circuit to be developed is not exactly that employed in all 
analyzers; it is, though, the basic circuit around which modem 
voltage-current type set analyzers are designed. An attempt 
will be made to cover only the general principles involved; the 
descriptions of typical commercial set analyzers presented in 
Chapter XIV will supply the details. 

11-8. The Meter-Switching System.-The use of many 
individual meters for measuring the different voltages and cur
rents of a tube circuit increases the cost of construction, makes 
operation decidedly unwieldy, and the analyzer extremely bulky 
and heavy. Since a milliammeter must be employed in the an
alyzer, and since the basic movement of all d-c ammeters and 
voltmeters is a milliammeter, a single sensitive current-measur
ing instrument may be adapted for the measurement of all d-c 
voltages and currents by utilizing a properly designed arrange
ment to connect suitable shunt and multiplier resistances to it. 
This will be considered in detail in Art. 11-15. If a copper-oxide 
rectifier type instrument is employed, a-c voltages and currents 
may be measured as well. 

In order to make all the voltage and current measurements 
required, using but one or two meters, means must be provided 
for connecting the meters with their proper shunts or multipliers 
into (or across) the various receiver networks. Many modem 
analyzers even employ the same meter as an ohmmeter and/or 
continuity meter, and as a capacity and inductance meter. By 
means of carefully designed switching arrangements connected 
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to the meters, sockets and plug of the analyzer, many circuit 
testing combinations are made possible. 

The actual mechanical means employed by manufacturers of test 
equipment to meet these switching requirements naturally varies; 
each manufacturer employing methods which he believes will offer the 
greatest ease, speed, flexibility, simplicity, safety, freedom from ob
solescence, etc., at the price. Of course, every method has certain 
advantages and disadvantages. 

There are three fundamental methods ( or combinations of 
them) actually employed for connecting the meter quickly across 
the various tube socket terminals for voltage-current analysis. 
They are: 

1. The test prod and pin jack method. 
2. The push button swuch method. 
3. The rotary switch method. 

At first glance, the meter-connection arrangements used in set 
analyzers may appear rather complicated; but a systematic 
study of the main types of pin jacks, push button switches and 
rotary switches employed, together with their circuits, will 
greatly assist the reader to become familiar with them. A study 
of these will now be made. 

11-9. Pin-Jack Meter Connection System for Analyzer. 
-In analyzers employing the pin-jack system for connecting the 
meter to the various terminals of the tube socket, two separate 
leads are connected to the terminals of the meter, as shown in 
the pictorial sketch of Fig. 11-4. The free ends of these leads 
are brought out above the surf ace of the panel and terminate 
in plugs or test prods. The leads coming through the analyzer 
cable (from the circuits of the receiver tube socket under test) 
terminate in the pin jacks (see (B) of Fig. 11-5) of row B on 
the analyzer panel. From the pin jacks of row A these circuits 
continue to their respective terminals on the analyzer tube soc
ket. By means of this arrangement, all of the receiver tube 
socket circuits are extended (through the plug and cable) to the 
analyzer tube socket. The voltage across any two of these cir
cuits may be checked by merely touching the meter test prods 
(see (A) of Fig. 11-5) to those pin jacks which are connected 
to these circuits. The cu"ent flowing in any circuit may be 
measured by inserting the meter test prods into the A and B pin 
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jaoks of that particular circuit. When this is done, the jumper 
contact S opens automatically thereby breaking the normal cir
cuit between the pin jacks. This causes all of the current to 
flow through the meter which is now bridging the jacks. 

Of course the various meter ranges, etc., may be selected by 
properly connecting to the meter the various shunts, multipliers, 
etc. by means of rotary switches, push-button switches, toggle 

Fm. 11-4.-Pictorial representation of the fundamental idea in
volved in a simple set analyzer employing the pin jack system for 
connecting the meter to the various terminals of the tube socket under 
analysis. T is the tube taken from the socket under test in the 
receiver. The dummy plug has been inserted in the receiver socket 
in its place. To make the various voltage and current tests, the test 
prods, P-P, from the meter are inserted in the proper pin jacks--one 
row (A) of which connects to the various terminals of the tube socket 
in the analyzer, the other row (B) of which connect to the various 
circuits of the tube socket in the receiver (by means of the dummy 
plug and cable). This is not to be considered a complete analyzer 
by any means, it merely serves to illustrate one simple test prod and 
pin-jack connection arrangement which may be employed for connect
ing the meter to any of the tube circuits at will. 

switches, or pin jacks, depending upon the preferences of the 
designer. Rotary switches and push-button switches are the 
most popular for this purpose. 

The main advantage of the pin jack system of connecting the 
meter to the various tube socket circuits lies in its extreme flex-
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ibility because of the many test combinations possible. As new 
tubes with new electrode arrangements are developed and used 
in radio receivers, their circuits can still be checked if this system 
is employed in the analyzer. This makes the analyzer less liable 
to become obsolete. The most serious disadvantages of the sys
tem are that it is not as rapid as the switch methods (which 
will be described), because of the time required to transfer the 
two meter leads from one pair of pin jacks to another. Also, 
because of the many combinations possible, errors are apt to be 
made by inserting the leads into the wrong pin jacks when work
ing hurriedly. 

11-10. Use of Switches for Meter Switching in Analyzers. 
-Instead of using the pin-jack system of Fig. 11-4 for connect
ing the meter to the various terminals of the tube socket, switches 
may be employed to accomplish this task. Since several types of 

~ (B) 

(A) 
Court•'II W ,.co11 .iri.ce. Ill.tr. Corp. 

FIG. 11-5.-(A) A pair of test leads (rolled up) with insulated 
straight prods at one end and elbow prods at the lower end. 

(B) A pair of pin jacks having insulated tops to prevent 
accidental contact with the test leads. 

switches, commonly used in radio servicing instruments, are em
ployed for this purpose, it will be well to review their construc
tion briefly before proceeding further. 

11-11. Knife Switches.-Most service men are probably 
familiar with the different types of knife switches commonly 
employed in radio and electrical work. A few of the more com
mon forms are illustrated in Fig. 11-6. __ They are as follows: 

(a) single-pole single-throw (S.P .S.T.) 
(b) single-pole double-throw (S.P.D.T.) 
(c) double-pole single-throw (D.P .S.T.) 
(d) double-pole double-throw (D.P.D.T.) 
(e) triple-pole single-throw (T.P.S.T.) 
(f) triple-pole double-throw (T.P.D.T.) 
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While knife switches are simple and perfectly satisfactory 
from an electrical standpoint, they are seldom used in set analy
zers, because they require too much space for mounting and 
manipulation, and their un-insulated blades expose the operator 
to possible accidental contact with the circuits. 

11-12. Push-Button Switches. - Since the switches em
ployed in radio test equipment are not usually called upon to 

_/_ - / _ =:Y= (A) U.5.T. ~) S.P. D. T. ~) D.P. 1t 

- ~ ~= ~= ---0 - ~ 

(J)) D.P. O.t (E) T.P. ST. (f) T.P. D. T. 

FIG. 11-6.-The common knife switches used extensively in elec
trical work. These contact arrangements can also be obtained in 
push-button type switches (see Fig. 11-8). 

carry large currents, they are constructed in another form which 
is more compact, is equally satisfactory electrically, and does 
not have exposed live parts. The mechanical arrangement em
ployed does not affect the electrical function of the switch in 
any way, and it provides a means whereby the exposed switch 

(A) (B) 
Oourt•811 We.ton Elect. lnatr. Cor11. 

FIG. 11-7.-(A) A typical multiple-circuit push-button type 
switch employed in set analyzers because of its compactness, ability 
to control a number of circuits and construction which permits it to 
be mounted under the panel and operated above the panel by a slight 
pressure of the finger. 

(B) A typical S.P.S.T. push-button switch which opens and 
closes a single circuit. 

contact surfaces may be placed beneath the panel of the analy
zer, thus preventing an excessive accumulation of dust and cor-
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rosion on them-and preventing trouble due to the poor contact 
which would result. This very popular form of switch is called 
the push-button switch, and is used extensively in set analyzers 
It consists of two or more blades made of low-resistance spring 
material such as brass or phosphor bronze, and suitable contact 
points arranged to be brought together ( or released) by light 
pressure on a button of insulating material which projects 
through the panel. A typical multi-blade switch of this kind, 
suitable for controlling a number of circuits, is shown at (A) 
of Fig. 11-7. A typical single-contact push-button switch em
ployed extensively for opening and closing a single circuit is 
shown at (B). Push-button switches are made in locking and 
non-locking forms. In the former, the button and contacts may 
be "locked" down after they are depressed, thus keeping them in 
that position after the finger is removed. This is a very useful 

PAIIEL2 * PUSH·8UTTON 

I AOMTAm l~~w~~r d//2': 
{,a.) S.P S.T. (OPEN) (B) S.P.Sl (CLOSED) 

I ;f;zlNSULAHD 
P,L ADE COUPLER 

(p) D.P. S. T. 

~ INSVLATED 
~LADE COUPLER 

(E~ o/(oNE OPEN,ONE tLOS£DJ 

(C) SP. D.T. 

-(F) D.P. D. T. 

FIG. 11-8.-Several contact arrangements employed in push-but
ton type switches. These switches can be constructed more com
pactly than the knife switches of Fig. 11-6, and are therefore more 
desirable for use in radio set analyzers. 

feature in some applications. In the non-locking type, the but
ton and contacts release as soon as the finger is removed. 

Several blade and contact arrangements employed in push
button switches are shown in Fig. 11-8. A single-pole single
throw switch is shown at (A). It has two blades, each having a 
contact point. When the push-button above the panel is pressed, 
blade 1 is pushed down so that its contact piece engages, or 
makes contact with, that of blade S. This switch is of the open
circuit type because it is open unless the button is pressed down. 
On the other hand, it is possible to arrange the blades as shown 
at (B), so that when the button is pressed, the long blade S, 
is pushed away from blade 1, thus breaking the circuit. This 
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is called a closed-circuit switch. By combining these two blade 
and contact arrangements as shown at ( C), a single-pole double
throw switch results. Pressing the button opens the contact 
between blades 1 and 2, and simultaneously closes the contact 
between blades 2 and 3. An arrangement whereby two open
circuit single-pole single-throw switches are combined to form 
a double-pole single-throw switch is shown at (D). This ar
rangement may be extended to as many poles as desired. The 
two movable arms are coupled by means of a strip of insulating 
material; this insulated coupling causes simultaneous "make" 
and "break" of both circuits. 

The switch at (E), composed of two S.P.S.T. units (one of 
the open-circuit and the other of the closed-circuit type) is use
ful when one circuit is to be opened and another circuit is to be 
closed at the same time. Two S.P.D.T. switches with the long 
blades coupled as shown at (F) constitute a D.P.D.T. switch. 
Building up the switch with three S.P.D.T. switches results in a 
T.P.D.T. combination. Instead of employing two open-circuit 
S.P.S.T. switches as shown at (D), two closed-circuited S.P.S.T. 

(A) (B) 

FIG. 11-9.-(A) A single-arm tap switch with 13 contact points. 
(B) A bi-polar (double circuit) tap switch with 6 pairs of con

tacts. Each arm really touches only its own set of contacts when 
it is rotated. 

switches may be combined to construct a D.P.S.T. switch which 
will open two circuits (instead of clo,ing two circuits) when the 
button is pressed. By properly combining these fundamental 
switch blade and contact arrangements, any desired switching 
function may be performed by the mere pressing of a button. 
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11-13. "Tap" or "Rotary" Switches.-There is another 
form of switch which is valuable for some applications in an
alyzers. This is called a rotary tap s'witch. Tap switches con
sist of one or more arms of spring metal, such as brass or phos
phor bronze, arranged to be rotated over two or more contact 

FIG. 11-10. -A typical 
4-deck tap switch. The 
contact arm for each deck 
may be seen along a line 
between the No. 4 and No. 
6 on the dial plate. Rota
tion of the single knob 
turns all of the contact 
arms simultaneously. 

Courte8JI Radio Cit11 ProdN.cu Co. 

points by means of a knob, dial or pointer. A simple rotary tap 
switch is illustrated at (A) of Fig. 11-9. This type of switch 
is usually employed where one side of a circuit is to be switched 
to any one side of several circuits in turn. An adaptation of 
the simple tap switch is the bi-polar tap switch shown at (B). 
This is generally used for switching both sides of a circuit to 
both sides of any of several circuits. The bi-polar tap switch 
is used extensively in most modern set analyzers and makes 
possible the application of a single d-c meter to measure all d-c 
voltages and currents in any tube circuit. By incorporating a 
copper-oxide type rectifier, the same metH may also be made to 
read a-c voltages. 

These tap, or rotary switches can be obtained with any num
ber of contact points and any number of rotating arms, each in
sulated from the other. A typical commercial 4-deck switch 
of this kind is illustrated in Fig. 11-10. It can be seen from the 
illustration that this unit is composed of four decks-it has four 
individual tap switches coupled together. Note that the switch 
is so designed that the entire switch mechanism may be mounted 
below the panel with only a knob or pointer above the panel. 
An engraved plate shows the position of the rotating arms at any 
setting. 

11-14. Toggle Switches.-Another form of switch fre-
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quently employed in set analyzers and other electrical equipment 
is the toggle switch. The most common type is the single-pole 
single-throw switch, used for "making" and "breaking" any in
dividual circuit. The toggle switch is obtainable with different 
contact arrangements. A single-pole double-throw toggle switch 
is illustrated at (A) of Fig. 11-11. A single-pole triple-throw 

• - • 
' ~ 

(A) (B) 
Oourte111 Welton Elect. Innr. Corp. 

FIG. 11-11.-(A) A typical sin
gle-pole double-throw toggle switch. 

(B) A typical single-pole triple
throw toggle switch. Note the 
extreme compactness of these 
switches. 

toggle switch is shown at (B). Double-pole single-throw, and 
double-pole double-throw types may also be procured. They 
serve the same purposes as the push-button type switches shown 
at (E) and (F) of Fig. 11-8. They open one or two circuits 
while closing one or two others. The toggle form of switch is 
desirable from the point of view of compactness and has the 
additional advantage that all its contact parts are enclosed. 

11-15. Step-By-Step Development of a Typical Set An
alyzer Employing Switches.-To understand more easily the 
circuit arrangement of a complete modern voltage-current type 
set analyzer employing switches for properly connecting the 
meter to the various terminals of the tube socket under analysis, 
it will be well to trace, progressively, its development from a 
simple testing arrangement-step by step. \Ve will start with a 
simple analyzer capable of testing the various circuits termin
ating at the socket of a simple 3-electrode type tube, such as 
was commonly used in the older receivers, and then add to it, 
step-by-step, suitable provisions for making the necessary tests 
for modern tubes having more complicated electrode and circuit 
arrangements. 

Checking the Voltages: 
Since, in the early receivers which employ 3-electrode 4-prong 

tubes, the plate voltage is seldom over 180 volts and the fila
ment current is d-c, all that is necessary to measure the d-c 
voltages existing at the various terminals of the tube is a single 
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4-prong socket connected to a cable and dummy plug, a d-c volt
meter and a single-arm contact switch used in conjunction with 
the meter-all arranged in a manner somewhat as shown in 
Fig. 11-12. After the tube has been inserted into the socket of 
the analyzer, and the dummy plug has been inserted into that 
receiver socket made vacant by the tube, the plate voltage 
(voltage, between the plate and filament terminals of the socket), 
is read on the meter by placing the switch on contact Z. When 
the switch is placed on contact Y, the filament voltage is read; 
and, with the switch on contact X, the grid-bias voltage is read. 
This is substantially the connection of the modern analyzer when 
measuring grid, filament, and plate voltages. 

However, when measuring the grid voltage, the meter will 
read "backwards," or reversed, since the grid of an amplifier 
tube is always maintained negative with respect to its filament, 
and in this test the negative grid is being connected to the 
positive terminals of the meter. It is therefore, necessary to 

:JOOE 
- "c"• _., .. -·a• 0 Ill 

CIRCUIT UNDER TEST 

FIG. 11-12.-Here a voltmeter is used with a single-arm contact 
switch for checking the grid, plate and filament voltages at the term
inals of the 4-prong tube socket in the simple analyzer. 

employ a double-pole double-throw switching arrangement in 
the meter circuit, as shown at (A) of Fig. 11-13, to reverse the 
polarity of the meter for the grid-voltage reading so 
that the meter pointer will deflect in the proper direction ( over 
its scale). Upon tracing this circuit diagram, it will be found 
that, when the switch-button is depressed, the long blades 1 and 
! reverse the connections to the meter. This switch is also 
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necessary in oases where a reversed filament-voltage reading is 
obtained-for instance, in receivers which have their tube fila
ments connected in series with each other. 

Since the d-c filament voltage is 6.3 volts or less, it is difficult 
to accurately read the small deflection which is obtained when a 
meter range of 0-150 volts or higher (which is necessary for 
reading the plate voltage) is used. Therefore, we must employ 

PUSll· IUTTOII 

ll'-D.T. 

(A) 

,- l'OOOS COUESIIIND TO Cl-fll 
> AIIO AT(J)AIID(C). 

.. - + • 
TO AIIAlY ZEt 

CIRCUIT. 

T 
SP.ST. 
0-IY. 
T 

0 
(Cl 

FIG. 11-13.-Progressive study of the voltage-current analyzer 
and the switching arrangements. 

(A) A D.P.D.T. push-button switch is connected to the volt
meter for reversing its connections when checking negative grid 
voltages, etc. 

(B) Here a tap-switch has been added to the voltmeter to make 
possible the rapid selection of any of its ranges. The analyzer of 
Fig. 11-12 is shown here with the voltmeter-reversing switch and 
multi-range voltmeter features added. 

( C) Single-pole push-button switches may be employed in the 
circuits of the voltmeter multiplier, as shown here, to provide rapid 
range selection. 

a multi-range voltmeter having a low range of about 8 volts for 
filament-voltage measurement, and suitable higher ranges for 
other tests. The circuit arrangement of such a voltmeter, with 
its various multiplier resistors and a tap-switch for selecting 
the ranges, is shown together with the reversing switch and the 
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rest of the analyzer at lB). The switch used to select the 
various ranges of the voltmeter may be either a single-arm tap
switch as shown in (B), or a number of single-pole single-throw 
push-button switches connected as shown at (C). The latter 
arrangement enables any voltmeter range to be selected by mere
ly pressing the proper push button. In this way, it is possible 
to check all the d-c voltages of the tube circuit, regardless of the 
magnitude of the voltage, or the polarity. 

Checking the Currents: It is also important to check the plate 

TO 
DUMMY 
PLUG 

VOLTAGE- ) 
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I I 
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4 WIRE 
CABLE 

~ 
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ULTIPLIER 
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GRID TUBE SOCKET 
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SHUNT 

D.P.D. T VOLTMETER 
POLARITY- REVERSING 

SWITCH 

p 

FIG. 11-14.-The circuit arrangement of (B) in Fig. 11-13, altered 
with a bi-polar tap switch employed to connect the meter to the 
different circuits of the tube. The meter is provided with shunts and 
a current switch for checking the plate and grid currents. The volt
meter range multiplier resistances are R1, R2 and R8 • 

and grid currents of the tube. This can only be done by break
ing into the plate and grid circuits and inserting a milliammeter 
of proper range, depending upon the type of tube to be tested. 
This means that an additional milliammeter must be used unless 
the single meter employed in our analyzer is a low-range milli-
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ammeter with the proper multiplier and shunt resistors to en
able it to measure both voltage and low current. In order to 
make possible the use of a single meter for both voltage and cur
rent measurements, it is necessary to modify the arrangement 
shown at (B) of Fig. 11-13, by wiring into the circuit a bi-polar 
switch to connect the milliammeter to the different circuits of 
the tube, as shown in Fig. 11-14. In this circuit, the use of the 
bi-polar switch enables the checking of the grid voltage without 
the necessity of employing the polarity-reversing switch which 
was used in Fig. 11-13. However, this switch is retained, since it 
is necessary when checking the screen-grid voltage in screen
grid tubes. 

By tracing the meter connections for each position of the tap 
switch, it can be seen that instead of breaking into the plate 
and grid circuits to connect the meter for current readings, the 
milliammeter shunt resistors are permanently connected in the 
grid and plate circuits of the tube. This arrangement eliminates 
two switches that might ordinarily be required to perform this 
function if this arrangement were not employed. The presence 
of these shunt resistors in the grid and plate circuits of the tube 
has no effect upon the grid and plate voltage readings, as their 
resistances are very low. For instance, when a 0-1 ma. meter 
is used, the 10-ma. shunt has a resistance of approximately 3 
ohms, and the 100-ma. shunt a· fraction of an ohm. Consequently, 
the voltage drop across these resistors is too small to bother 
about. 
Review of the Analyzer Circuit Thus Far Developed: 

In order to more dearly understand the operation of the 
analyzer which we have built up thus far, let us trace the par
ticular parts and wiring that are in operation when the selector 
switch is s~t at each position. The simplified circuits which exist 
for each position of the switch are shown in Fig. 11-15. As can 
be seen from (A) of Fig. 11-15, when the bi-polar, or "selector", 
switch is set at the F.V. (filament voltage) position, the meter 
is connected directly across the filament terminals of the test 
socket when any one of the voltage-range push-button switches 
are pressed. The advantage of connecting the voltage range 
multiplier resistors, R1, R,, R, to push-button switches, as 
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shown, is to prevent possible injury to the meter, which might 
occur if the tap-switch arrangement illustrated at (B) of Fig. 
11-13 were employed. In the latter case, the voltage range tap
switch must first be set at the proper position before setting the 
bi-polar selector switch at any of its voltage-reading positions, 
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FIG. 11-16.-"Breakdown" of the meter circuits which exist for 
each position of the bi-polar selector switch in Fig. 11-14. 

otherwise, the voltmeter range switch might happen to be set 
for the low voltage range when a high plate voltage is to be 
checked. Naturally, the application of the high voltage to the 
meter would damage it. 

With the selector switch in the P.V. (plate voltage) position 
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the circuit of the analyzer would appear as pictured at (B) of 
Fig. 11-15. The circuit for the G.V. (grid voltage) setting of 
the bi-polar switch is shown at (C). For plate- or grid-current 
measurements, the milliammeter is connected across the shunt 
resistors inserted in the plate and grid circuits of the tube, without 
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FIG. 11-16.-Here an a-c voltmeter has been added to our analy
zer for checking a-c filament voltages and line voltage. The tap
switch shown at the upper right selects its various ranges. 

any multiplier resistors or switches, as shown at (D) and (E), 
after the "current" push button is pressed. 
Checking A-C Filament Voltages: 

The almost universal use of a-c tubes makes it necessary that 
the analyzer be capable of checking a-c filament voltages. This 
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requires the use of an a-c voltmeter with at least three ranges, 
possibly 5, 10 and 50 volts. If this meter also has a range of 150 
volts, it can be employed for the measurement of a-c line volt
ages; if the range of the meter is as high as 750 volts, then the 
output voltage of the high-voltage secondary of the power trans
former can also be checked. By connecting such an a-c volt
meter to the filament circuit by means of a five point tap-switch, 

<B> 

I 

I \ I I 
I I 

I I \ I 
--\-\c-,\:- ·:• y;__·, 

'·<. • . ~ . '.-.1 .... _. 

CA> F F 

FIG. 11-17.-(A) How a 6-prong socket is added to our analyzer 
to make it possible to analyze the circuits leading to 6-prong tubes 
in receivers. 

(B) A 4-hole 6-prong adapter to be used at the end of the 
4-prong dummy plug when the circuits to a 6-prong tube are to be 
tested. The internal connections are shown dotted. Note that the 
K, and one F terminal are connected together. 

as shown in Fig. 11-16, it is possible to measure all a-c filament 
voltages. 
Checking Indirect-Heater Type Tube Circuits: 

Indirect-heater type 5-prong tubes are employed in many 
receivers, so it is necessary to modify our analyzer design to 
accommodate this type of tube. This means that a 5-prong soc
ket must be incorporated in the analyzer and connected into its 
circuit as shown at (A) of Fig. 11-17. The 4-prong cable plug 
must then be provided with a removable 5-prong adapter, pic
tured at (B), to be used when the circuits to a 5-prong tube are 
to be tested. This analyzer circuit arrangement is satisfactory 
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so long as the UY, or type 227, tube is employed as a "grid
leak" type detector with the cathode element connected to 
ground potential; but, when this tube is employed as a "power" 
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FIG. 11-18.-In this circuit, provisions have been made to meas
ure the various voltages with reference to either the cathode or the 
filament. A 5-prong test plug is now used on the cable. 

detector or as an i-f or a-f amplifier, which uses require a "bias 
voltage" between cathode and ground, some arrangement must 
be devised to measure this cathode voltage and all other voltages, 
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with respect to the cathode. This again necessitates several 
changes: another position must be added to the bi-polar switch 
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FIG. 11-19.-(A) Analyzer circuit after provisions have been 
made for measuring the control-grid voltage of screen grid tubes. 

(B) The analyzer dummy plug showing the studs for connec
tion to the control-grid clips in the receiver. The plug is shown cut
away at the bottom to reveal the internal connections to the prongs. 

to measure the cathode voltage, K.V.; a five-wire cable and 
5-prong test plug must be used; and a single-pole double-throw 



260 MODERN RADIO SERVICING CH.XI 

"reference" switch must be added so that grid and plate voltages 
can be referred either to the cathode or to the filament, respec
tively, for 5- or 4-prong tubes, as shown in Fig. 11-18. Since a 
5-wire cable and 5-prong test plug are now used, the adapter 
shown at the lower left is necessary when checking the circuits 
to 4-prong tubes. Notice that it has 5 holes and 4 prongs. 
Checking Screen-Grid Tube Circuits : 

In its present state, our analyzer can only make voltage and 
current measurements on unscreened tubes, regardless of whether 
they are of the a-c or d-c type. If screen-grid tube circuits are 
to be tested, means must be included for the measurement of 
screen voltage and current. But the control-grid element in the 
screen grid tube is not connected in the same relative position 
on the socket as the control-grid on unscreened tubes-it con
nects to a special metal cap on top of the tube. What is norm
ally the control-grid prong in unscreened tubes is the screen
grid prong in screen-grid tubes. 

Another position must therefore be added to the bi-polar 
selector switch to measure the control-grid voltage, as shown 
in the circuit at (A) of Fig. 11-19. These changes make neces
sary a 6-wire cable to the dummy-plug. One of these wires (for 
the control-grid circuit) must be provided with a clip at the "an
alyzer end" for clipping to the control-grid cap of the tube. 
At the dummy-plug end, it must be provided with studs, so that 
the control-grid lead in the receiver may be clipped on to these 
studs for contact. The position of these studs on the plug is 
shown at (B). It can be seen from (A) that, when the bi-polar 
switch is set at the C.G. position, the control-grid voltage of 
screen-grid tubes can be read; and that, with the switch in the 
G.V.-S.G.V. position, the control-grid voltage of other tubes, 
as well as the screen-grid voltage of screen-grid tubes, can be 
checked. When measuring screen-grid voltage in this position, 
however, the meter-reversing switch must be pressed in order to 
obtain a reading of correct polarity. 
Use of Separate Meter Shunts: 

The checking of the voltages and currents existing at the 
socket terminals of the many different types of tubes employed 
in radio receivers requires extreme flexibility in the design of the 
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switching system-the very foundation of any analyzer. Plate and 
screen currents vary within wide limits, so that, if our analyzer 
is to be as useful as possible, we must discard the fixed shunt 
system and use separate shunts, any one of which may be thrown 
into use by merely pressing the proper "current" button. A 
typical deuble-shunt switching system making use of two 
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FIG. 11-20.-A double-shunt switching system which makes use 
of two S.P.D.T. switches for providing two current ranges for grid 
current and screen current measurement. 

S.P.D.T. switches is illustrated in Fig. 11-20. The analyzer 
now is satisfactory even when the voltages and currents at the 
socket terminals of output pentodes (5-prong tubes) are being 
checked, since the only difference between the base connections 
on these tubes and UY-type tubes is in the location of the 
"cathode" prong. In the pentode tube, the prong which would 
normally be the "cathode" prong is connected to the "screen
grid" element within the tube instead (see Figs. 5A and 5B on 
page 1272). Hence, the screen-grid voltage of a filament-type 
pentode tube can be read with our analyzer by placing the 
selector switch in the "cathode volts" (K.V.) position, pressing 
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the proper voltage-range switch, and reading the meter. 
Testing Tubes and Measuring Resistance with the Analyzer: 

Aside from being able to measure the various voltage and 
current values existing at the tube socket terminals, the analyzer 
may also be used to test tubes, although a separate tube checker 
will give more satisfactory results because of the probability 
that the voltages applied to the tube will be more near the 
proper values. A satisfactory method for determining the worth 
of a tube is by checking its mutual conductance (see Arts. 8-8 
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FIG. 11-21.-Circuit arrangement for incorporating a grid-shift 
test for testing tubes in the set analyzer. 

and 8-15) by the "grid-shift" test. Invariably, this is done by 
noting the change in plate current when a small 3- or 4½-volt 
battery is switched into the grid circuit of the tube under test 
in order to alter the grid voltage. By incorporating two double
pole double-throw switches and a small 4½-volt battery into 
the developed analyzer, as shown in Fig. 11-21, it is possible to 
obtain a rough check on the mutual conductance of the tubes. It 
is interesting to note that thousands of analyzers of this form 
have been built and have rendered excellent service. The same 
tube-testing battery may also be used to provide ohmmeter 
facilities, the scale of the meter being calibrated to read "ohms". 
The circuit arrangement for this feature is shown in Fig. 11-22. 
The switching arrangement may also be arranged to provide for 
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the measurement of external voltage, current, and resistance. 
(The testing of radio receivers by means of the voltage-current 
analyzer will be discussed in detail in Chapter XX). 
Testing 6- and 7-Prong Tube Circuits with the Analyzer: 

All that remains to bring our voltage-current analyzer up to 
date is to incorporate facilities for testing the circuits of six
and seven-prong tube8. Two methods are available for doing 
this: first, the analyzer circuit may be re-designed to accommo
date two new sockets; and second, the present sockets and the 
analyzer plug may be used with adapters (see Arts. 8-29 to 8-34). 

The first method, of course, is preferable. It obviates the 
necessity for having numerous adapters, and results in a clean-
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FIG. 11-22.-Circuit arrangement for using the meter in the 
analyzer as a "series" type ohmmeter. 

cut analyzer with a mm1mum of extraneous parts. Since the 
plug should be of the six-prong type, 4-, 5-, and 7-prong adap
ters are required to make it universal. In many cases, the plug 
is equipped with seven prongs, and 7-to-6, 7-to-5, and 7-to-4 
prong adapters are used. 

The second method of attack has the distinct advantage of 
circuit simplicity and is the method that will be followed here. 
The thousands of owners of similar types of analyzers will thus 
appreciate the reason for the use of adapters and, what is more 
important, a logical method of modernizing present analyzers of 
this general type will be presented for use when additional new 
tube types appear. Then, too, it is the purpose of this chapter 
to stress only the general construction of set analyzers, not to 
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explain the many different types of switching systems. Once the 
general scheme has been learned, changes may be made by the 
individual himself in order to meet any special requirement. 
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Fm. 11-23. -Seven
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adapters. Notice the 
control-grid studs on 
the dummy plug. 

Oaurtt811 The B11dio Pratlveu Ce. 

A typical 7-prong dummy plug is illustrated in Fig. 11-23 
with the requisite 7-to-6, 7-to-5, and 7-to-4 prong adapters 
and a 7-to-7 prong adapter for large base seven-hole sockets. 

r r 
CC) 7-5 ADAPTER 

F F 
lD> 7-4 ADAPTER 

FIG. 11-24.-ln
ternal wiring of 
the four analyzer 
adapters illus
trated in Fig. 
11-23. 

The internal wiring of these adapters is depicted in Fig. 11-24. 
Of course, an 8 wire cable must be used. 

11-16. Modernizing Old Set Analyzers with Adapters.-
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Many service men now own voltage-current type set analyzers 
that are able to test the circuits of screen-grid and pentode tubes. 
By employing suitable adapters, most of these analyzers can 
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p FIG. 11-25.-Two-part 
adapter for analyzing 
the circuits to '22, '32, 
and '34 type tubes when 
the analyzer is equipped 
with a 4-prong test 
plug and a 4-wire cable. 

be modernized for the testing of all the new tubes and their 
circuits. In some instances, it will not be possible to analyze 
each individual circuit of a tube, but the principal measurements 
may be made and the tube may be tested for its mutual con
ductance. Several of these adapters will now be described. The 
design of an analyzer determines the number of adapters required 

FIG. 11-26.-Two-part 
adapter for analyzing 
the circuits to '24, '35, 
'36, '38, '39, '44 and '51 
type tubes when the 
analyzer is equipped 
with a 4-prong test 
plug and a 4-wire cable. 
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for modernization. In the following sections, therefore, several 
of the more common designs, including the one developed in 
Art. 11-15, will be considered. 

11-17. Adapters for Analyzers having 4-Prong Test Plugs 
and 4-Wire Cables.-If the analyzer is equipped only with a 
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4-prong test plug and a 4-hole socket, the combination adapter 
illustrated in Fig. 11-25 may be used for testing 4-prong screen
grid tubes of the '22, '32, and '34 types without the need for 
5- to 4- or 4- to 5-prong adapters.• With 5-prong screen-grid 
tubes of the '24, '35, '36, '38, '39, '44 and '51 types, however, 
the combination adapter shown in Fig. 11-26 must be employed. 

FIG. 11-27.-Two-part 
adapter for analyzing 
the circuits to '33, '46, 
'47, '49, etc., tubes with 
an analyzer equipped 
with a 4-prong test 
plug and 4-wire cable. 
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These tubes may be tested and all their circuits, excepting the 
screen-grid and cathode circuits, may be analyzed with this 
adapter. 

If the analyzer employs a 4-prong test plug and a 4-hole 
socket, output pentode tubes may be tested with the combina
tion adapter illustrated in Fig. 11-27. 

For analyzers that are equipped with 4-prong test plugs and 
4-hole sockets, the 6-prong tubes and circuits may be analyzed 
by employing the combination adapter shown in Fig. 11-28. 
With this adapter, however, no check on cathode or screen volt
age can be made. As can be seen, this adapter consists of two 
sections, each with two clips. Tubes of the '55, '57, '58, '75, '77, 
'78, '85, '89, 6C6 and 6D6 types are tested by placing section 
(A) of the adapter on the test plug and inserting section (B) 
into the analyzer socket. Clips Nos. 1 and S are connected to
gether, clip No. 4 is connected to the control-grid lead of the 
stage in the receiver to be analyzed. With this arrangement, it 
is possible to obtain a test of the tube and an analysis of plate 

•NOTE: In the abbreviations 4- to 5-, 6- to 7-, 7- to 4-, etc., the 
first numeral refers to the number of holes in the adapter. The 
second numeral refers to the number of prongs on the adapter. 
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voltage, plate current, control-grid voltage, cathode voltage and 
heater voltage. The measurement of control-grid current may 
also be made if the analyzer is capable of performing this test 
(usually designated as "grid current" with triode tubes). In 
the case of 6-prong tubes, such as the '18, '41, '42, '43, '48, and 
PZH, clip No. 1 is connected to clip No. 2, and clip No. S to 
clip No. 4. All circuits may be analyzed, except the screen circuit. 

11-18. Adapters for Analyzers having 5-Prong Test Plugs 
and 5-Wire Cables. - When the set analyzer comes already 
equipped with a 5-prong test plug and a 5-wire cable, a 5- to 4-
prong adapter is usually supplied with the plug for the testing of 
4-prong tubes and their circuits. If the analyzer does not con
tain a 4-hole socket (only a 5), a 4- to 5-prong adapter is always 
furnished so that 4-prong tubes may be inserted into the an
alyzer. In the 4- to 5-prong adapter, the cathode terminal is 
tied to one of the heater terminals, but in the 5- to 4-prong adap
ter, the cathode circuit is open. 

By employing the combination adapter shown in Fig. 11-29, 
'22, '32, and '34 type 4-prong screen-grid tubes and their circuits 
may be analyzed. As may be seen from the illustration, this 

FIG. 11-28.-Two-part 
adapter for analyzing 
the circuits to '55, '57, 
'58, '77, '78, etc., and 
'18, '41, '42, '43, '48, 
PZH, etc., tubes when 
the analyzer is equipped 
with a 4-prong plug 
and a 4-wire cable. 

<A> tB> 

device consists of two adapters, one of which (A) is placed on 
the 5-prong test plug. Then the usual 5- to 4-prong adapter 
supplied with the analyzer is inserted on this adapter. The 
other one (B) is inserted into the analyzer socket if a 5-hole 
test socket has been provided, and the usual 4- to 5-prong 
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adapter supplied with the analyzer is inserted into this one. In 
this way, 4-prong screen grid tubes may be inserted into this 
latter adapter for test, and their circuits analyzed. The clip 
on section (A) of the adapter is fastened to the control-grid 
lead of the stage in the receiver that is to be analyzed, and the 
clip on section (B) is fastened to the control-grid cap of the 
tube that has been inserted in the analyzer. In this way, the 
tube may be tested in the conventional manner and an analysis 
of all its circuits made, except for the screen-grid circuit. 

By employing the combination adapter of Fig. 11-29, screen
grid tubes of the '24, '36, '38, '39, '41 and '51 types (5-prong 
screen-grid tubes) may also be tested, and all their circuits an
alyzed except the screen-grid circuit. The same procedure de
scribed in the preceding paragraphs is followed, but, in this case, 
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FIG.11-29.-Two-part 
adapter for analyzing 
the circuits to '22, '32, 
'34, '24, '36 and '61 
tube when the analyzer 
is equipped with a 5-
prong plug and a 5-
wire cable. 

the 5- to 4-prong and 4- to 5-prong adapters are not used. Section 
(A) of the adapter is placed directly on the 5-prong test plug and 
the clip is fastened to the control-grid lead in the receiver. Sec
tion (B) is inserted into the 5-hole socket of the analyzer and its 
clip fastened to the control-grid cap of the tube. 

The testing of output pentode tubes such as the '33, '46, '47, 
'GA, 'LA, and 'PZ and their circuits with analyzers equipped 
with 5-prong test plugs and 5-hole sockets should not present any 
difficulties, and an adapter is unnecessary unless the analyzer 
has not been designed to measure high values of cathode volt
age. As has been explained previously, the only difference be
tween the base prong connections of pentode tubes and other 
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5-prong tubes is in what is normally the "cathode" prong. In 
the pentode, this prong connects to the screen-grid element of 
the tube. When the range of the analyzer is limited only to 

G 
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p 
FIG.11-30.-Two-part 

adapter for analyzing 
the circuits to '33, '46, 
'47, '49, etc., tubes 
when the analyzer is 
equipped with a 6-
prong test plug and a 
6-wire cable. 

low cathode voltage measurements, or to none at all, as is the 
case with some old testers, the combination adapter shown in 
Fig. 11-30 may be used. Section (A) of the adapter is placed 
on the test plug and section (B) is inserted in the analyzer 

FIG. 11-31.-Two-part 
adapter for analyzing 
the circuits to '55, '57, 
'58, '75, '77, '78, etc., 
tubes, and the '18, '42, 
'43, '48, PZH, etc. tubes 
when the analyzer is 
equipped with a 5-
prong test plug and a 
5-wire cable. 
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socket. With this adapter, then, the screen-grid circuit of pen
tode tubes cannot be analyzed. 

The testing of 6-prong tubes and their circuits with an an
alyzer provided with a 5-prong test plug, 5-hole socket and a 
5-wire cable, is accomplished with another combination adapter 
such as is shown in Fig. 11-31. This <'ombination adapter is 
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similar to that seen in Fig. 11-27, except for the 36-inch lead for 
the cathode circuit. The tubes which can be tested, and the 
testing procedure, are the same as outlined for this other adapter. 

When the testing of 7-prong tubes and their circuits with an 
analyzer equipped with a 5-prong test plug and 5-wire cable is 

FIG.11-32.-Two-part 
adapter for analyzing 
the circuits of 2A 7, 
2B7, 6D7, 6E7 and '59, 
57B types of tubes 
when the analyzer is 
equipped with a 5-prong 
test plug and a 6-wire 
cable. 

desired, the combination adapter shown in Fig. 11-32 should 
be used. Tubes of the types 2A7, 2B7, 6A7, 6D7 and 6E7 are 
tested by placing section (A) of the adapter on the test plug 
and inserting section (B) into the analyzer socket. Clip No. 1 
is connected to clip No. S, clip No. $ is connected to the control
grid lead in the receiver, and clip No. 4 is fastened to the con
trol-grid cap of the tube under test. With this arrangement, 
plate voltage, plate current, cathode voltage, control-grid voltage, 
and heater voltage may be measured, and the tube may be tested 
for "mutual conductance." In testing 7-prong tubes such as the 
'59 and '59B, clip No. 1 is connected to clip No. $, and clip 
No. S is connected to clip No. 4. All circuits may be analyzed 
but the suppressor- and screen-grid circuits. 

11-19. Adapters for Analyzers having 5-Prong Test Plugs 
and 6-Wire Cables.-If the analyzer has been designed for the 
testing of 5-prong screen-grid tubes, with facilities for measur
ing screen voltage and current, the adapter necessary for testing 
6-prong tube circuits, (shown in Fig. 11-33) is not very com
plicated. The test plugs on these analyzers are provided with a 
stud on the test plug to which the control-grid lead in the receiver 
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is connected. This stud is connected to the control-grid term
inal or lead on the analyzer through a 6-wire cable with which 
the test plug is equipped. 

The combination adapter pictured in Fig. 11-33 is composed 
of two sections, each provided with an external lead termin
ating in a spring clip. In testing 6-prong tubes such as the '55, 
'57, '58, '75, '77, '78, '85, '89, 6C6 and 6D6, clip No. 1 of section 
(A) of the combination adapter which fits on the analyzer 
plug is connected to clip No. 2 of section (B) which is inserted 
into the analyzer 5-hole socket. The control-grid lead in the 
receiver is connected to the stud on the test plug, and the an
alyzer control-grid lead is fastened to the top control-grid cap 
of the t1:1be under test. With this arrangement, an analysis of 
all circuits except the suppressor-grid circuit may be made. 
When the circuits of 6-prong tubes such as the '18, '41, '42, '43, 
'48 and PZH are to be analyzed, section (A) of the adapter is 
placed on the test plug and section (B) is inserted in the an
alyzer. In this case, however, clip No. 1 is fastened to the 

FIG. 11-33.-Adapter 
for analyzing the cir
cuits to '55, '57, '58, '75, 
'77, '78, etc., tubes, and 
to '18, '41, '42, '43, '48, 
PZH, etc., tubes when 
the analyzer is equip
ped with a 5-prong 
plug and 6-wire cable. 
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control-grid stud of the test plug and clip No. S is attached 
to the control-grid cap of the tube in the analyzer. This latter 
procedure makes the testing of all circuits possible. 

Analysis of 7-prong tube circuits with a set analyzer equipped 
with a 5-prong test plug and 5-hole socket is difficult, since the 
internal elements of the various 7-prong tubes are not connected 
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to the base pins in any systematic or definite manner. For 
example, the type '53 tube, a double output triode mounted in 
a single glass envelope with a common cathode sleeve and em
ployed in Class B amplification, has one plate connected to the 
conventional plate prong and the other plate connected to the 
conventional cathode prong. The 2B6, also a twin tube, but 
utilized as a Class A amplifier, has one plate connected to the 
conventional plate prong and the second plate connected to the 
conventional screen-grid prong. Thus, in these two cases, it 
would be necessary to test the emission (plate current) of both 
plates to determine the value of the tube as an amplifier. 

For this reason, and because of the fact that old test equip
ment is usually not designed to measure cathode and screen-grid 
current, testing of the '53, 2B6 and other tubes whose base pins 
are unconventionally connected requires that too many com
plicated adapters be used. ·where the analyzer is provided with 
a 5-prong test plug with control-grid stud (6-wire cable), and the 
testing of screen-grid tubes is possible, the situation is less ser
ious. In the case of analyzers not equipped for the analysis of 
screen-grid tubes, rewiring the set analyzer to accommodate these 
tubes is suggested, since this method is simpler and much less 
expensive than employing an array of complex test adapters. 
The rewiring would involve the installation of an additional 
switch or two (see Testing 6- and 7-prong tube circuits with the 
analyzer, in Art. 11-15), a test plug with a control-grid stud 
connection, a control-grid connection on the analyzer to con
nect to the control-grid cap of screen-grid tubes, and a- 6-wire 
cable in place of the 5-wire cable formerly used. In some in
stances, extra switches are not needed, as many set analyzers 
are provided with bi-polar or selector switches having one or 
more spare blank positions which may be used for such contin-
gencies. 

Analysis of 7-prong tube circuits with set testers employing 
a 5-prong test plug having a control-grid stud for the testing 
of 5-prong screen tubes (6-wire cable), requires the combination 
adapter shown in Fig. 11-34. When 7-prong tubes of the types 
2A7, 2B7, 6A7, 6B7, 6D7 and 6E are encountered, section (A) 
of the adapter is fitted on the test plug, section (B) is inserted 
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into the analyzer socket, and clip No. 1 is connected to clip 
No. 2. The control-grid lead in the receiver is fastened to the 
stud on the test plug, and the control-grid lead in the analyzer 
is placed upon the top cap of the tube under test. An analysis 
of plate voltage, plate current, screen voltage, screen current, 
cathode voltage, control-grid voltage and heater voltage may 

FIG. 11-84.-Two-part 
adapter for analyzing 
the circuits to 2A7, 
2B7, 6A7, 6B7, 6D7, 
6E, etc. tubes, and '59, 
'59B, etc. tubes when 
the analyzer is equip
ped with a 5-prong 
test plug and 6-wire 
cable. 
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be made with this adapter. In the case of the types '59 and 59B 
7-prong tubes, clip No. 1 is attached to the test plug stud, and 
clip No. 2 is connected to the control-grid lead of the analyzer. 
With this arrangement, the tube may be tested, and all circuits 
( except the suppressor-grid circuit) may be analyzed. 

11-20. Adapters for Analyzers having 6-prong Test Plugs 
and 7-Wire Cables.-The testing of 7-prong tubes and circuits 
with an analyzer employing a 6-prong test plug and 7-wire cable, 
(and designed for the testing of 6-prong tubes and circuits) re
quires the two simple test adapters, shown in Fig. 11-35. One of 
them (A) is placed on the test plug and the other one (B) is 
inserted into the analyzer socket. With tubes such as the 2A 7, 
2B7, 6A7, 6B7, 6D7 and 6E7, clip No. 1 is connected to clip 
No. !. All circuits but the anode plate or first diode plate may 
be analyzed, as seen in the illustration, by attaching the con
trol-grid lead in the receiver to the test plug stud and the con
trol-grid lead in the analyzer to the top cap of the tube. With 
the '59 and '59B tubes, clip No. 1 is connected to the test plug 
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stud and clip No. S is fastened to the analyzer control-grid 
lead. With this arrangement, all the circuits may be analyzed. 

11-21. Advantages of Modern Analyzers.-It is clear that 
the use of an analyzer equipped to handle the latest tubes with 
the least number of adapters has very decided advantages over 
the use of an old analyzer modernized with a large number of 
adapters. However, the cost of many of the older analyzers was 
quite high, and service men having them may not want to dis
card them. The adapters described here will be suitable for such 
cases. In the following chapter, point-to-point analyzers cap
able of making resistance, voltage and current analyses of re-
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FIG. 11-36.-Adapter 
for analyzing the cir
cuits to 2A7, 2B7, 6A7, 
6B7, 6D7, 6E7, etc., 
tubes, and '69, '69B 
tubes when the analy
zer is equipped with a 
6-prong test plug and 
7-wire cable. 

ceivers, will be studied. In Chapter XIII, constructional details 
of a modern set analyzer suitable for home construction and 
capable of checking resistance, current and voltage in a receiver 
will be presented. In Chapter XIV, the circuit arrangements of 
several representative modern commercial set analyzers will be 
studied in detail. Interesting and instructive circuit details which 
they possess will be pointed out. 

11-22. Use of the Voltage-Current Analyzer in Receiver 
Testing. - The analysis of radio receivers by means of the 
voltage-current analyzer will be considered in detail in Chap
ter XX. 

REVIEW QUESTIONS 

1. What is the main function of the radio set analyzer or tester! 
Explain fully. 
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2. What is the advantage of using a set analyzer or tester instead 
of checking the various voltages and currents directly at the 
terminals of the tube sockets of the receiver with a suitable volt
meter and milliammeter? 

3. Explain briefly the idea of the set analyzer. Draw a single 
sketch illustrating its principle of operation. 

4. Show by a simple clear sketch how individual meters would have 
to be connected to make the necessary voltage and current tests 
in a socket-analysis test of a type '68 tube used in the r-f ampli
fier stage of a superheterodyne receiver. (See Tube, and Tube 
Socket Connection Charts in the Appendix). 

6. Explain the advantages of employing meter-switching and meter
range multiplying systems in radio set analyzers. 

6. What is a push-button switch? What inherent advantages, if 
any, does this type of switch possess? 

7. Draw a sketch of a push-button type switch which will close 
three circuits when the button is pressed down, and will open 
all of these circuits and close two separate ones when the button 
is released. Explain its construction and operation. 

8. What is a bi-polar switch? How does this type of switch differ 
from a push-button switch? What can it do that neither a knife 
switch nor a push-button switch can do? 

9. Why is it necessary to provide a means for reversing the meter 
connections in a set analyzer? Draw a simple sketch showing 
the connections of a push-button switch capable of accomplish
ing the reversal of the meter polarity (showing the meter circuit 
also). 

10. For what tests is an a-c voltmeter used in a set analyzer? 
11. Describe, with the aid of a sketch, the pin-jack system used for 

connecting the meter to the various tube circuits in some set an
alyzers. What are its advantages and disadvantages? 

12. What is meant by a "locking" type push-button switch? 
13. Explain the value of incorporating a grid current test into the 

analyzer. Draw a simple sketch showing clearly how this is 
done. 

14. By means of a diagram, show clearly how tubes may be tested for 
mutual conductance by the "grid-shift" method, in the set an
alyzer. Explain the advantages and disadvantages of making 
this test in the set analyzer instead of with a separate tube 
checker. 

16. Your analyzer is equipped for the testing of 6-prong tubes such 
as the '27 type. Draw a diagram of a simple test adapter that 
would provide a means for testing a type '44 tube and making an 
analysis of its circuits with your set analyzer. Explain the test 
procedure to be followed. (See the Tube and Tube Socket Con
nection Charts in the Appendix at the rear of this book.) 

16. With the same analyzer mentioned in the preceding question, 
you wish to analyze the circuits of a type 59B tube. Draw a 
diagram showing the adapter required for this purpose. 

17. What are the advantages of test adapters? Mention briefly 
several instances when test adapters are impractical. 
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18. Draw clear sketches showing the socket connections of the '37, 
'77, 6A7, '69 and '75 tubes (looking down on top of the socket). 
Explain the value of knowing the socket terminal connections 
of the various tubes when making an analysis with a set 
analyzer. 

19. To indicate proper operating conditions, is it necessary that the 
voltage-current analysis should show the various voltages and 
currents existing at the tube socket terminals to be practically 
identical with the values shown on the manufacturer's chart for 
that particular receiver? State the reasons for your answer. 

20. What difference would it make if the tube taken from the receiver 
under test were not plugged into the analyzer during the analy
sis of the circuits leading to that tube? Explain! 

21. In your opinion, what is the difference between an "inoperative" 
receiver and a "defective" receiver. 

22. Discuss two general methods of modernizing existing set analy
zers. What are the advantages of each method? 



CHAPTER XII 

POINT-TO-POINT TESTING 

12-1. Limitations of Voltage-Current Analyzer Method of 
Testing.-The method of voltage-current receiver analysis de
scribed in Chapter XI is based upon the fact that defects in a 
receiver will manifest themselves by incorrect voltages and cur
rents at the tube sockets. Open plate circuits will result in zero 
plate voltages and plate current; open grid circuit cause zero grid 
voltage and current (regardless of which grid circuit is consid
ered) ; open cathode circuits will result in zero grid and plate 
voltages because the cathode circuit is common to both the grid 
and plate circuits. 

Incorrect voltages at a certain tube socket are indications of 
probable short-circuits, high-resistance grounds, etc., in the cir
cuits leading to this particular tube socket. However, it should 
be clearly understood that this method of analysis of current 
and voltage at the tube sockets merely serves to point out the 
stage in trouble and gives a general picture of what may be the 
specific difficulty. Modern radio receivers, however, are becom
ing increasingly complex, with their involved circuit networks, 
and abnormal current or voltage readings at the tube sockets 
may be frequently caused by any of several defects which can
not be analyzed from such readings only. The voltage-current 
type of set analyzer merely extends the connections of the tube 
socket of the set to an external tube socket outside the set; it 
does not necessarily enable the operator to determine exactly 
which part of the circuit leading to the tube socket is at fault. 
In most cases where complicated receiver circuits are encount
ered, the receiver must be removed from the cabinet in order to 
make all the additional tests which may be necessary to locate 
the particular part which is at fa ult and which must be either 
repaired (if repair is possible and advisable), or replaced. 

277 
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Then, too, there are many receiver circuits with high-resist
ance de-coupling filters in the grid and plate circuits. These are 
used to localize and segregate the r-f or i-f currents to the par
ticular stage to which they belong, thus preventing interstage 
coupling. Unless it employs a very high-resistance voltmeter for 
checking the voltages, the grid or plate voltages as read by the 
usual voltage analyzer will be so incorrect that it is impossible 
to tell if the plate or grid circuit is normal or not. While the 
larger set manufacturers list the actual voltages (as read by a 
meter of certain sensitivity) which exist at the various tube ter
minals, this information is not always available, in which case 
the service man is at a loss to know if the considerably de
creased grid or plate voltage readings he obtains are normal or 
not. 

The ave circuits in modern superheterodyne receivers present 
typical examples of these conditions. Checking the voltages in 
many parts of these circuits with an ordinary voltmeter is quite 
senseless because the circuits contain such high resistances ( over 
1 megohm) that the comparati\:'ely low resistance of the volt
meter (which really shunts the circuit under measurement) causes 
a comparatively large change in the voltage. Therefore, an er
roneous reading is obtained. This means that unless a vacuum
tube voltmeter ( which has a very high input impedance and 
therefore draws little or no current from the voltage source) is 
used for checking these voltages, resistance tests on the individ
ual units in the circuits must be made instead. The value of 
each resistor in the circuits suspected must be checked with the 
ohmmeter and then compared with the correct value specified 
by the manufacturer. Examination of the manufacturers' voltage 
analysis charts for many receivers shows that they completely 
omit all grid voltage readings which must be read either across 
(or through) very high-resistance circuits. 

12-2. Definite Conditions for Satisfactory Voltage-cur
rent Analysis.-The comparison of the voltage readings ob
tained by means of a voltage-current type analyzer, and those 
specified by the set manufacturer, involves certain definite con
ditions which must be fulfilled if the readings taken by the serv
ice man are to have any important significance. First, the line 
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voltage must be the same as that specified by the manufacturer; 
this involves measurement of the line voltage and the adjustment 
of its value-by some means or other-to that specified by the 
manufacturer who supplies the voltage data. In many large 
cities, the line voltage is fairly constant and little or no adjust
ment is required. But in smaller communities, it is not uncom
mon to have the line voltage vary from 90 to 125 volts, depend
ing upon the time of day, the season of the year (in industrial sec
tions), and the capacity of the power plant. A rise in voltage 
from 90 to 125 volts is an increase of nearly 40 % . If the effects 
of such variations are considered along with the errors caused by 
erroneous readings of the voltmeter because of its resistance, it 
takes the knowledge gained by years of experience to make an 
accurate guess as to whether the voltage readings obtained are 
correct or not--and guessing should be avoided whenever possible. 

Second, the tubes used must be in good condition. In gen
eral, tubes with low emission give rise to an increase in all volt
ages applied to the tubes, because the load on the B-power supply 
unit is below normal. And in extreme cases, this increased volt
age due to the poor regulation of the power supply may com
pensate for some other defect which ordinarily might decrease 
the tubes' voltages. Under these conditions, the voltage analysis 
can hardly reveal the trouble unless good tubes are used. 

Third, the voltage analysis method can be used only when 
the fa ult of the receiver is such that no additional harm can be 
done by leaving the set turned on during the time it takes to 
complete the test. It may take ten minutes or so to make plate
and grid-voltage measurements on five or six tubes with an 
analyzer, and during this time several other components may be 
damaged. For instance, a short-circuited bleeder resistor may 
bum out a rectifier tube or a power transformer, if the receiver 
is allowed to remain connected to the line. 

12-3. Resistance Method of Trouble Analysis.-From the 
foregoing comments, it is clear that any method of analysis that 
is independent of line voltage conditions, trouble with the re
ceiver, or condition of the tubes, is helpful in localizing the f aulte 
in a radio receiver. A resistance analysis fulfills these require
ments. This analysis is made with the receiver turned off. 
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It will be noted that the voltage between two points, and the 
current flowing between these points, may be determined by the 
voltage-current analyzer, and that the quotient of the two is the 
resistance between the two points across which the voltmeter is 
connected. This idea is illustrated in Fig. 12-1. A voltmeter 
is connected between the plate and cathode, and a milliammeter 
is inserted in the plate circuit to read the plate current. The 
voltmeter reading multiplied by 1,000 and divided by the mil
liammeter reading, gives the resistance (in ohms) between the 
plate and cathode. 

But there is no need to take two instrument readings and 
perform a calculation in order to obtain the resistance. An ohm-

FIG. 12-1.-Checking the re
sistance between the plate and 
cathode in a simple radio cir
cuit by means of a milliam
meter and a voltmeter. 

FIG. 12-2.-Checking the re
sistance between the plate and 
cathode in a simple radio cir
cuit by means of an ohmmeter. 

meter can just as well be connected in place of the voltmeter, as 
shown in Fig. 12-2; provided the tube is removed from its socket 
and the set is turned off. The ohmmeter will then indicate the 
resistance directly, which may be compared to the value as 
stated by the manufacturer. Note that this method does not 
involve any unstable conditions due to the power line voltage or 
the tube. Furthermore, and most important of all, the presence 
of the ohmmeter cannot disturb the resistance of the path be
tween the plate and cathode, although the voltmeter does disturb 
the voltage between plate and cathode when a voltage test is 
made. 

In a similar manner, the resistance between grid and cathode, 
grid and plate, plate and high-voltage lead (in any circuit) can 
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be measured conveniently, the only requirement being an ohm
meter that can measure resistances within the range from a 
fraction of an ohm to several million ohms. Such ohmmeters are 
readily available (see Chapter V). 

12-4. Point-to-Point Resistance Measurement. - This 
measurement of the resistance between various points in radio 
receivers has come to be known as point-to-point resistance 
measurement. The name is derived from the fact that the meth
od of test involves the measurement of the resistance from any 
one point to any other desired point that may be accessible. The 
physical means by which this is accomplished will be discussed 
later in this chapter, but suffice it to say here that the advantages 
of this system are many, though it cannot entirely replace the 
voltage-current method. 

In the usual case, the resistance is measured from one fixed 
point to any other point in the circuit, the one fixed point being 
called the common reference point. The reason for this reference 
point is apparent when it is realized that in most cases the serv
ice man must compare the resistance values he finds by measure
ment with the values specified by the manufacturer. In order that 
these measurements may be made under exactly the same con
ditions, the chassis of the receiver is commonly considered as the 
reference point for all resistance measurements. It should be 
emphasized that the "cathode" is not necessarily the proper ref
erence point for all receivers. Any point in the circuit that the 
service man thinks will help him solve the problem is the proper 
point; but when definite readings are to be compared with manu
facturers' data, the reference point must be obviously the same 
as that used by the manufacturer, and it is usually the chassis. 

As a result of the rapid development and widespread use of 
multi-element tubes, the so-called "free reference point" method 
of set analysis has become an essential feature of modem set 
analyzers. By this method the voltage or resistance across any 
two socket terminals, or the current in any tube circuit, may be 
tested through the analyzer cable. Although modem tube and 
receiver design imposes limitations on the use of this method for 
some voltage and current measurements, its usefulness for the 
general run of radio service work is unquestioned. 
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12-5. A Typical Point-to-Point Resistance Analysis. -
Consider the simple portion of a radio circuit shown in Fig. 12-3. 
A power transformer T, is connected to a rectifier tube R which, 
in turn, feeds a tube P, as shown. This tube is of the screen
grid variety. The high-voltage lead is point A, chassis is point 
B, cathode is C, the screen grid is connected to point D, and the 
full output of the rectifier is taken at E for plate voltage. The 
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FIG. 12-3.-A typical circuit associated with a tube in a radio 
receiver. This may be analyzed easily by point-to-point resistance 
measurements made between the reference points indicated by the 
heavy dots. 

9,500-ohm resistor drops the plate voltage to that required by the 
screen grid, and the 10,000-ohm "bleeder" resistor completes the 
circuit to ground through the 500-ohm grid bias resistor. When 
the receiver is in normal operating condition, the current through 
this 500-ohm resistor is the sum of the plate and screen currents 
of the tube plus that through the 10,000-ohm "bleeder" resistor 
R,. In order to prepare the circuit for a complete point-to-point 
resistance analysis, the tube P is removed from its socket, and 
the a-c line plug is removed from the line receptacle. This makes 
the set "dead." 

Measurement of resistance from point F to point A with a 
suitable ohmmeter should give a reading of 50 ohms under nor
mal conditions. Such a reading, or one very close to it, indicates 
that the plate coil L is neither shorted or open, but is normal in 
every respect. Note that this test cannot be made with a voltage 
analysis, since the resistance of this coil is so low that, even if 
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it were partially, or completely, shorted, the plate voltage read
ing would hardly be affected. Measurement of the resistance 
between points F and D should indicate a resistance of 9,550 
ohms, the sum of the resistances of R, and L. It may not be 
possible to read exactly 9,550 ohms on the ohmmeter; but, since 
it is known that Lis normal, the reading should be slightly greater 
than 9,500 ohms. Then, too, the actual value of a resistance is 
seldom the same as the marked value, but the difference is usually 
within 10 % , and, if the reading of the ohmmeter is within this 
limit, then it can be considered normal. 

Measurement of the resistance between F and C should result 
in a reading of 19,550 ohms, the sum of the resistances of R,, R, 
and L. Finally, the resistance between F and B should give a 
reading of 20,050 ohms, the sum of the resistances of R11 R,, R, 
and L. If these tests indicate the resistances to be normal, then 
all of the resistors shown in the diagram are normal. 

But it may not be possible to get at points D and E in order 
to make the above measurements in the order specified, unless 
the chassis is removed from the cabinet. If this is the case, 
exactly the same information can be secured by measuring be
tween other points in the circuit. For instance, one prod of the 
ohmmeter can be inserted in the proper "filament" hole of the 
rectifier socket (the tube is removed first), to obtain point A, 
and the other prod may be inserted in the "plate" hole of the 
socket of tube P, to obtain point F. The reading of 50 ohms 
should then be obtained, which checks the condition of the coil 
L. The measurement of the resistance between "chassis" and 
point A will check the total resistance of the circuit between B 
and A, and an additional check of the individual resistors may 
be made by measuring the resistance between points A-G and 
A-C. In order to obtain the resistance of R,, 9,500 ohms (the 
resistance of R,) must be subtracted from the A-C reading. 

When checking resistance by this latter method, it should be 
noted that point A, the high-voltage line, is used as the reference 
point. The check may be repeated by using "chassis" as one 
terminal for all tests, and measuring between point B, which is 
"chassis", to C, G and F. By the simple process of subtraction, 
the resistance of any of the components may be determined. 
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12-6. Development of a Practical Point-to-Point Resist
ance Tester.-lt is interesting to know that points A, B, C, F 
and G are readily accessible from the sockets and chassis of the 
set, and that by means of an ohmmeter and a little mental arith
metic the resistance value of the component parts may be deter
mined and their condition checked in most cases without the 
necessity for removing the set from the cabinet. Of course, the 
circuit diagram of connections and the normal resistance values 
of the individual parts must be at hand. 

Those who have had some experience with radio receivers will 
realize that it is very inconvenient in many cases to probe inside 
the receiver cabinet and explore the set chassis in order to find 
the proper socket hole in which to insert one of the ohmmeter 
test prods. To eliminate the necessity for doing this, point-to
point resistance testers or analyzers are built exactly the same 
as voltage analyzers-a plug and cable extends the leads from 
the socket to be analyzed to a suitable switch which connects 
to the ohmmeter, and the measurements can be made rapidly and 
easily outside of the set cabinet. 

Figure 12-4 shows a simple circuit arrangement illustrating 
how a plug and 10-wire cable may be employed to extend the 
various circuits from a typical tube socket and the chassis to 
a switch S and an ohmmeter, so that point-to-point resistance 
measurements may be made from a point outside the set cabinet. 
Seven of the wires of the cable connect to the prongs of a plug, 
similar to a voltage-analyzer plug, which fits into the socket to 
be analyzed. Suitable adapters may be necessary if the socket 
to be analyzed is of the 4-, 5-, or 6-prong variety, of course. The 
top view of a 7-hole socket is shown in this case.• One of the 
wires connects the "chassis clip" J, to one side of the ohmmeter. 
Another wire connects to the control-grid stud B, on the plug 
handle. The control-grid clip and lead from the set are clipped 
to this stud. The tenth wire connects to a test prod A, for con
necting to any desired circuit point in the receiver which may not 
be covered by the cable and plug. The other end of the cable 

•Note: It should be understood at this point that all point-to
point testers shown here may easily be provided with "standard" 
plugs and sockets (or "adapters") for testing tubes having 8-pin 
"octal" bases. 
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connects to the ten terminals of a rotary switch S. The contacts 
of this switch have been lettered to correspond with the terminals 
of the socket under test. The end switch-contact J connects to 
the "chassis clip" wire of the cable and also to one side of the 
ohmmeter. By rotating the switch to any particular tap, the 
resistance between the top grid cap terminal-or any socket ter
minal-and the chassis (to which the "chassis clip" is attached) 
may be determined. 

The main difficulty with the system shown in Fig. 12-4 is 
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FIG. 12-4.-A resistance testing arrangement in which a switch 
S and a 10-wire cable are used to connect the ohmmeter to the 
various circuits terminating at a tube socket in the receiver, so that 
point-to-point resistance measurements may be made from a point 
outside the radio receiver cabinet. In this particular arrangement the 
possible number of measurements that can be made is limited by the 
fact that one side of the ohmmeter is "tied" to the chassis of the set, 
thus making the chassis the "reference point" for all the resistance 
measurements. 

that the chassis must be used as the "reference point" for all 
resistance measurements. However, it may be changed to the 
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"free reference point" arrangement shown in the diagram of Fig. 
12-5 to facilitate measurements between any terminal of the 
socket (or "chassis"), to any other terminal of the socket (or to 
chassis). The system used is simple. The analyzer plug leads 
connect to two switches, S1 and S1, instead of one. The arms of 
these switches connect to the two terminals of the ohmmeter. By 
simply rotating either arm, the resistance between any two points 
determined by the setting of the switches can be measured. Note 
particularly that no precautions need be taken when manipulat
ing the switches. It is impossible to damage the ohmmeter with 
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FIG. 12-6.-The point-to-point resistance analyzer of Fig. 12-4 is 
shown here in improved form with one switch added so that resistance 
measurements may be made between any two terminals of a socket, 
or any two points in the wiring of the receiver. This is the "free 
reference point" system. 
any conceivable switch combination used. This is in direct con
tradistinction to the case of the voltage-current type analyzer, 
which must be set to the proper range before testing, in order to 
prevent possible damage to the meter. 
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12-7. The Dual-plug Type Point-to-Point Resistance 
Analyzer.-Up to this point, our resistance analyzer is capable 
of making measurements between any two terminals of a given 
socket and the "chassis". But this may not be sufficient in some 
oases. It may be necessary to know the resistance between any 
terminal of one socket and any terminal of any other socket in 
the set. To make such measurements possible, two cables are 

10-WtRE 
CABLE 

\ 
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FIG. 12-6.-Circuit arrangement of a dual-plug type resistance 
analyzer. Two switches, dummy plugs, and cables are employed, so 
that the resistance between any terminal in one tube socket and any 
other terminal of any other tube socket in the receiver may be checked. 

required, one for each socket in the set. The connections for 
such an arrangement are shown in Fig. 12-6. 

Two plugs are used, as shown. Each of the plugs connect to 
a set of taps, and the arms of the tap switch connect to the ohm
meter. One plug is inserted in one tube socket and the second 
plug is inserted into the other tube socket. It makes no differ-
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ence which is which, because any socket terminal of any plug 
may be used as the reference point by simply turning the tap 
switch to the particular terminal of the particular socket which 
has been chosen as the "reference point". Readings are then 
obtained by turning the other tap switch to the various points. 
The resistance between each of these points and the one estab
lished as the reference point can then be read on the ohmmeter. 

While this dual-plug arrangement gives extreme flexibility, 
there seems to be a general feeling among experienced service 
men that the one-plug system is quite sufficient, and that, once 
the knack of reasoning "resistance-wise" has been attained, t,he 
single-plug arrangement meets all requirements. 

12-8. The Combination Point-to-Point Resistance-volt
age Analyzer.-From the foregoing discussion, it is clear that the 
typical resistance analyzer consists of a plug- and cable-arrange
ment, a set of simple switches and an ohmmeter. With this 
arrangement, point-to-point resistance measurements may be 
made. For 4-, 5-, or 6-prong sockets, simple adapters are placed 
on the plug, in a manner similar to the practice employed with 
voltage-current analyzers. It should be noted that there are no 
sockets on the resistance analyzers discussed thus far, because 
the tubes are not used in resistance measurements. 

Suppose the ohmmeter in Fig. 12-5 is replaced by a voltmeter, 
all the tubes are placed in the receiver, and the power is turned 
on. The voltmeter will now measure the voltage between any two 
points of a socket, provided that the tube removed from the 
socket under test is connected properly to the circuit in some way 
externally. In other words, if a socket is placed in our resist
ance-type analyzer, just as in the voltage-current type analyzers, 
and the ohmmeter is replaced by a volt-ohmmeter, the voltage 
between any two points can be measured with the set turned on, 
and the resistance between any two points can be measured with 
the set turned off. A circuit arrangement illustrating this idea is 
shown in Fig. 12-7. 

A 9-wire cable is shown connected to the seven prongs of a 
socket and a grid clip for cap-type tubes. The tube whose cir
cuit is to be tested is removed from the socket in the set and 
placed in the socket of the analyzer (a 7-prong socket is shown). 
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The cable plug is inserted in the socket in the set vacated by the 
tube, and the measurements made. The power to the set is shut 
off when resistance measurements are made and turned on when 
voltages are measured. For safety, the tube in the analyzer 
should be removed when making resistance measurements. It 
may be left in the socket, if it is certain that none of the elements 
are short-circuited to each other internally. 

B 
II TEST 

PROD 

A 

TUBE SOCKET 
IN RECEIVE I\ 

VOLT
OHMMETER 

FIG. 12-7.-Circuit arrangement of a point-to-point analyzer cap
able of checking both resistance and voltage. Here the analyzer is 
provided with a tube socket in which the tube removed from the re
ceiver socket under test is inserted. The switch enables the volt-ohm
meter to be connected between the "cathode" (which is the reference 
point) and any other terminal of the tube socket. 

12-9. Providing for Current Measurements in the Point-to
Point Analyzer.-If a volt-ohm-milliammeter is available, the 
system may be made to measure voltage and current with the set 
turned "on", and resistance with it turned "off." The schematic 
circuit of a typical instrument of this type is shown in Fig. 12-8. 
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The wires from the plug connect to the socket through tip-jacks 
which are connected together by means of jumpers. When cur
rent is to be measured, the volt-ohm-milliammeter is set for the 
proper current range and inserted between the tip jacks in the 
circuit whose current is to be measured. Thus, if wire No. S hap
pens to be connected to the sc,reen-grid contact of the tube socket 
under analysis, the milliammeter could be connected between the 
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FIG. 12-8.-Circuit arrangement of a typical modern complete 
("free reference point" type) point-to-point "tester" or "analyzer" 
which enables point-to-point voltage, current and resistance meas
urements to be made. Pin-jacks are used instead of switches. 

jacks A and B, with the jumper removed. The meter is then in 
series with the particular wire through which the current to be 
measured (screen current in this case) is flowing. In analyzers 
of this kind, the tip-jacks are constructed so that the jumper is 
automatically disconnected when the milliammeter test prods 
are inserted. 

Since the meter is equipped with voltage and resistance ranges, 
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the voltage or resistance between any two points can be meas
ured by simply resting the test prods on any two tip jacks. Thus, 
this same circuit is suitable for point-to-point voltage and re
sistance measurements. 

12-10. Point-to-Point Voltage Analysis.-An important 
consideration to be remembered is the fact that "voltage" an
alysis may be point-to-point if facilities are available for con
necting the voltmeter between any two points in the circuit. 
This term, however, has generally been reserved for the "resist
ance" method of analysis. In this book, an "analyzer" is con
sidered as a device that is capable of measuring current, voltage 
and resistance, and the term "point-to-point" will be reserved 
for that method of voltage or resistance analysis which has com
plete freedom with regard to the reference point. 

12-11. Commercial Point-to-Point Testers.-A study of 
the commercial analyzers described in Chapter XIV will show 
that nearly all of them provide for making point-to-point tests 
of resistance and voltage. Few, if any, modern analyzers are lim
ited only to resistance analysis. The differences between the tester 
of Fig. 12-8 and those described in Chapter XIV lie solely in 
the methods of switching, and the meter ranges of the instrument. 

The drawing of Fig. 12-8 shows but a single socket and a 10-wire 
cable. Of course, when 4-, 5-, and 6-prong tubes are to be tested, 
adapters must be used, or else four sockets must be wired into the 
analyzer.• Then, only a single adapter for the testing of the few 
large 7-prong tubes is required. The cable may have nine or ten 
wires, depending upon whether or not a test prod for general use is 
included in the device. These are merely mechanical considerations 
in the design of the analyzer, and of course rest solely with the 
manufacturer. A study of the selected list of analyzers described in 
Chapter XIV, however, will furnish a great deal of valuable inform
ation concerning the tester circuit arrangements which have been 
developed. 

It is of interest to note that the analyzer suitable for con
struction, described in Chapter XIII, is a point-to-point device. 

12-12. Resistance Analysis Should Supplement Voltage 
Analysis.-It must not be assumed from this discussion that re
sistance analysis can replace the "voltage" method of testing. For 
one thing, a resistance test is what is termed a "cold" test-the 

•Note: This analyzer ( or any other analyzer shown in this book) 
may be adapted for analyzing the circuits of receivers using "octal 
base" all-metal tubes if the "standard" plug- and socket-adapters 
available for this purpose are used. 
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set is cold while it is being tested. In many cases, a defective 
part (such as a resistor) will not show up unless it is warm; the 
resistance analysis will fail to reveal trouble in such a unit. 
Then, again, many carbon resistors undergo large changes in 
resistance between the time they are "cold" with the set turned 
off, and the time they are "warm" with the set in operation. A 
"cold" resistance test will fail to reveal trouble in such a unit 
(unless the receiver is heated artificially [see Fig. 23-16] ) . 

It must also be remembered that a resistance test cannot check 
low line voltage, poor tubes, and other, more incidental, troubles. 
The resistance test should follow a voltage test for a thorough 
analysis of any receiver. The practical methods of making volt
age, current and resistance analyses on receivers will be discussed 
in detail in Chapters XX and XXI. 

REVIEW QUESTIONS. 
1. State four reasons why voltage-current analysis alone is of little 

value in the analysis of modern receivers. Explain! 
2. Name five advantages of point-to-point resistance analysis of a 

radio receiver. 
3. What is meant by point-to-point analysis? 
4. What is the general principle of operation of the point-to-point 

tester? Draw the circuit diagram for a simple point-to-point 
resistance tester and explain how it works. 

6. Can voltage analysis be point-to-point? Why? 
6. Discuss the advantages and disadvantages of the two types of 

point-to-point analyzers used in practice. 
7. Can resistance analysis replace voltage-current analysis entire

ly? Why? 
8. Draw the complete circuit diagram to illustrate the circuit condi

tions, position of the switches, etc., and explain in your own 
words how. you would use the analyzer of Fig. 12-6 to check the 
resistance between the "screen grid" of one tube and the "plate" 
of another tube in a receiver. 

9. Referring to Fig. 12-3, suppose you were testing the plate circuit 
for grounds (with set shut off) and your ohmmeter indicated a 
resistance of 10,500 ohms between "chassis" and point E, and 
10,500 ohms between "chassis" anci point D. What would this 
indicate? 

10. Suppose you are using the analyzer of Fig. 12-7 (with a suitable 
5-prong adapter) to make a point-to-point voltage and resistance 
analysis on the circuit of Fig. 12-3. Usin~ the cathode as the 
reference point, the voltage of point F (Fig. 12-3) is found to 
be 200 volts positive, that of point G is found to be zero. 
(a) Which unit would you suspect to be the cause of trouble? 
(b) What is the suspected nature of the trouble? (c) What 
steps would you take next, to confirm or disprove your sus
picion? 



CHAPTER XIII 

HOW TO CONSTRUCT A COMPLETE MODERN SET 
ANALYZER 

13-1. Features which are Desirable in a Practical An
alyzer.-In order to be of maximum usefulness, a set analyzer 
or set tester must possess certain desirable features. It must be 
capable of measuring all a-c and d-c voltages and currents 
normally encountered in radio receivers-both old and new. It 
must be compact and simple to operate, and its cost should be 
comparatively low. In order to meet the requirements of com
pactness and low cost, only a single sensitive meter with the 
necessary multiplier and shunt resistors is usually employed. 
To measure any voltage or current value, it should not be neces
sary to manipulate more than two or three controls or to consult 
complicated numbering or data charts upon which intelligent 
operation of the instrument may depend. The design of the an
alyzer should be flexible and of such nature as to prevent any 
possibility of immediate obsolescence. It should be kept up-to
date easily by simple additions or changes in wiring. It should 
permit all tests to be made rapidly, and should possess all neces
sary safety or foolproof features. A further requirement is the 
ability to perform all essential tests without the need for any 
complex adapters. The circuit diagram of an analyzer which 
meets these requirements is shown in Fig. 13-1, with all electrical 
values marked.* The panel layout is shown in Fig. 13-3. It may 
be constructed readily, at comparatively little expense, since no 
special switches or equipment are necessary. A detailed study of 
this analyzer will now be made. The reader is urged to follow 
every point explained by referring continually to Fig. 13-1 

*Note: This analyzer may be adapted for analyzing receivers 
using "octal base" all-metal tubes if the "standard" plug- and socket
adapters available for this purpose are used. 

293 
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and tracing through all the circuits which are explained here. 
This will prove exceedingly instructive. 

13-2. The Meter Section of the Analyzer.-A 0-1 ma. 
d-c milliammeter, in conjunction with a copper-oxide type recti
fier (see Art. 2-30) is used as the indicating instrument for the 
checking of a-c and d-c voltages. As shown in Fig. 13-1, switch
ing from d-c to a-c measurements is accomplished by means of a 
triple-pole double-throw switch S4. If it is desired, a commer
cial rectifier type a-c-d-c meter may be employed in place of 
the individual meter-rectifier combination shown. Through the 
use of the 12-position bi-polar switch, S1, the various multiplier 
and shunt resistors are properly connected to the meter for the 
external measurement of voltage, current and resistance. The 
following ranges are available: 5, 10, 100, 250, 500 and 1,000 a-c 
or d-c volts at 1,000 ohms-per-volt; 1, 10, 100 and 500 d-c mil
liamperes; and 0-1,000, 0-100,000 ohms. By the addition of an 
external 45-volt battery, the 100,000-ohm range may be increased 
to 1 megohm. 

The resistors used to make a high resistance voltmeter from 
the 0-1 d-c milliammeter must be accurate to at least 2 per cent 
if any degree of precision is to be obtained. The values are:R1, 
5,000 ohms; R2, 10,000 ohms; RS, 100,000 ohms; R4, 250,000 
ohms; R5, and R6, 500,000 ohms. If desired, any other com
bination of voltage ranges may be secured by employing the 
proper multipliers. The shunt resistors are best purchased, as 
they are quite inexpensive. However, they may be made up if 
the internal resistance of the milliammeter is definitely known 
(see Art. 2-14). When this internal resistance is correctly deter
mined, the exact resistance value required for the 10-, 100- and 
500-ma. shunts may be calculated by using the formula present
ed in Art. 2-13. The values of the shunt resistors in this an
alyzer are approximately 3, 0.275 and 0.05 ohms to secure the 
10-, 100- and 500-ma. ranges. If great accuracy is not desired, a 
commercial wire-wound filament resistor may be secured and the 
required amount of wire removed from its resistance element in 
order to make the shunts (see Arts. 2-15 and 2-16). The 100-
and 500-ma. shunts can be made in similar manner. 

The original 0-1 ma. scale of the 0-1 milliammeter may re-
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main without further markings, and a multiplying factor such 
as X 10, X 100 and X 1,000 etc. may be marked directly on 
the panel of the analyzer and applied to the d-c readings taken. 
A very important point arises here for all a-c readings taken 
with the meter. As was explained in Art. 2-32, a copper-oxide 
rectifier type instrument does not really measure the effective 
value of the a-c current or voltage (which is the value we are in
terested in knowing), but actually measures the "average" value. 
For this reason, the a-c scales must be corrected in some way in 
order to have the meter indicate the "effective" values directly. 
In the event that a commercial scale with the proper correction 
already made is not employed, the meter will indicate only the 
"average" a-c values. These should be multiplied by 1.11 to 
obtain the effective values. Of course, if a commercial universal 
copper-oxide rectifier type instrument of the proper ranges is 
employed (see Fig. 2-45) in the analyzer, no trouble will be ex
perienced with the meter scales. The scale of such an instru
ment is illustrated in Fig. 2-46. 

13-3. Provision for Resistance Measurements.-A small 
4.5 volt "C" battery is incorporated in the tester in such a man
ner that it is used to convert the milliammeter into an ohmmeter 
with two ranges, from Oto 1,000 ohms (with which it is possible 
to read accurately resistance values as low as½ ohm), and from 
0 to 100,000 ohms. This feature is useful when resistance an
alyses are necessary, and for checking the resistance of the var
ious components in an offending circuit. Provisions have been 
made for increasing the ohmmeter range to 1 megohm by con
necting a 45-volt battery as shown and multiplying the reading 
on the 100,000-ohm scale by 10. When this is done, additional 
current-limiting resistor RtO is automatically connected into the 
circuit. Low resistance values are measured by the shunt 
method. 

13-4. Provision for External E, I and R Measurements. 
-All voltage, current and resistance measurement ranges of the 
meter are instantly made available for external test purposes at 
only two binding posts or pin-jacks by simply rotating the 
"range" bi-polar switch to the desired range setting. This feat
ure makes it unnecessary to connect the test leads to different 
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sets of binding posts for external voltage, current, or resistance 
tests. 

13-5. Flexibility of Stage Analysis Tests Possible.
This analyzer has been designed so that an analysis of every cir
cuit of every type of tube in use at this writing can be made by 
means of the two "Circuit" switches, S2 and SS, which connect 
any range of the voltmeter, milliammeter, or ohmmeter selected 
by the "Range" switch S1 between any two circuits or between 
any circuit and chassis, without the use of jumper or connecting 
leads. In other words, either the voltage or the resistance exist
ing between any two points may be measured with any circuit 
(not only the cathode) as the reference point. This makes the 
analyzer useful for resistance analysis (see Chapters XII and 
XXI) also. Current measurements in all circuits except the 
heater circuit are also made without using jumper leads. Special 
attention has been given to provide for every degree of safety 
to the meter through the use of momentary switches and by care
ful circuit design. 

13-6. Provision for Tube Testing.-Any and all types of 
tubes may be tested with this analyzer, regardless of the base 
pin arrangement, by the "grid change" method, thus enabling 
relative mutual conductance measurements to be made. This 
is accomplished by the insertion of a 4.5 volt "C" battery in the 
control, or normal, grid circuit of the tube under test. Because 
of the fact that the battery may be introduced into any one of 
five possible circuits, both sections of double purpose tubes, such 
as the '19, '53, '79, '2A7, and 6F7 etc., may be checked for mutual 
conductance. To provide for future changes and new develop
ments in tube design, the two "Circuit" switches S2 and SS have 
additional blank positions. 

13-7. Output Meter Facilities.-Any voltage range of the 
instrument may be employed for output measurements. Where 
the "output meter" is to be connected across the plates of power 
output tubes, or from the plate of one tube to chassis, a series 
condenser is incorporated into the analyzer to prevent a flow of 
direct current from injuring the rectifier. By means of the an
alyzer test plug, these output measurements may be made with
out the need for any adapters. 
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13-8. Numbering System For Tube Socket Terminals.
For the purpose of convenience and to aid in speedy manipula
tion of the analyzer, all socket terminals and circuits have been 
marked with letters and a numbering system. It must be re
membered that these letters are symbols referring to certain 
socket terminals or circuits and do not ref er to the elements 
within the tube itself. The socket terminal numbering system 
employed is that formulated and adopted as standard by the 
Radio Manufacturers' Association (see Appendix). 

The analyzer is designed with a 7-prong plug to enable each 
circuit to be analyzed individually. The use of this plug re
quires a 7-to-4, a 7-to-5, a 7-to-6, and a 7-to-7 prong adapter 
when the test plug is inserted into 4-, 5-, 6- or large 7-prong 
sockets. Two test sockets are employed on the analyzer, a com
bination 4-, 5-, and 6-prong socket, and a combination 7-prong 
socket for standard and large-base 7-prong tubes. The test
plug cable is composed of 9 wires. The 9th wire is utilized for 
making connection to the chassis by any means desired, and 
terminates at the test plug in a miniature spring clip or a small 
tip jack so that an additional lead may be connected to the 
chassis from the clip to make point-to-point measurements be
tween any circuit and chassis possible (see Chapter XII). This 
terminal must of necessity be very small so that it will not hinder 
the free use of the test plug. 

13-9. Using the Analyzer.-The operation of this an
alyzer is extremely simple, requiring only the amount of care 
ordinarily exercised with any sensitive testing instrument. 
Placing the bi-polar "Range" switch S1 so that a high range is 
connected when making voltage or current measurements, and 
checking the position of, the a-c-d-c switch are precautions 
which will avoid damaging the meter and rectifier. Before chang
ing the position of the two "Circuit" switches, SS and SS it is 
safest to set the a-c-d-c switch, 84, in the "Off" position-a 
position provided for safety purposes, so that the meter will not be 
damaged by connecting it across the wrong circuits accidentally. 

13-10. Voltage, Current and Resistance Analyses.-Volt
age, current, and resistance analysis with this analyzer or with 
any modem point-to-point instrument requires a knowledge of 
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tube-base or terminal-pin arrangements so that the various 
switches may be properly set for intelligent circuit analysis. For 
voltage measurements, the two "Circuit" switches are set to the 
taps between which a reading is desired. These switches are 
marked "minus" (-) and "plus" ( +) , so that the polarity of 
the meter will be correct without resorting to the use of the 
polarity-reversing switch, 85. 

13-11. How Voltage Measurements are Made.-Only 
one "Circuit" switch is employed for voltage readings-the "plus" 
switch. The "minus" switch is placed on the K or H- terminal, 
depending upon the type of tube and which element is being 
used as the reference terminal. The "plus" switch is then ro
tated to the P, G3, G2, etc. terminals to check plate, screen grid, 
suppressor grid, etc., voltages, respectively. For control-grid 
voltage, the "plus" switch may be placed on the terminals G 1 or 
C.G., but the polarity-reversing switch must be employed since 
a negative voltage is usually present in this circuit. If desired, 
the plus switch may be placed upon K or H-, and the minua 
"Circuit" switch rotated to G 1 or C .G. for control-grid voltage; 
this method makes the use of the reversing switch unnecessary. 

Cathode-to-ground voltage in most receivers is "positive" 
when the conventional bias resistor is used. On the other hand, 
some sets have the cathode connected either directly to the heat
er, or grounded; when this is found, no reading will be obtained. 
For cathode voltage, the plus "Circuit" switch is placed on K 
and the minus "Circuit" switch upon H-. If the reading ob
tained is reversed, the meter-reversing switch must be pressed. 
The filament voltage of battery-operated tubes, or those in elec
trically operated d-c receivers, is read with the "minus" switch 
on H- terminal and the "plus" switch placed on H +. The re
versing switch may have to be used in some instances, such as in 
the case of series-filament d-c receivers, when the meter may 
read reversed. When testing a-c receivers, the a-c--d-c switch, 
S4, must be placed in the a-c position so that the alternating 
heater or filament voltages of the tubes may be read correctly. 

13-12. How Current Measurements are Made.--Current 
measurements in any circuit but the positive heater circuit are 
made by placing the "Circuit" switches on both terminals of that 
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circuit, and pressing the current button for that circuit. For ex
ample, if plate current is to be read, both "Circuit" switches are 
placed on P terminals and the "P" current-switch button SJS, is 
pressed. Current in any circuit is measured in a like manner by 
placing the "Circuit" switches on the desired terminals and press
ing the current-switch button for that circuit. The "Range" 
switch must be set for a range suitable for the readings. The meter 
reversing switch must be used for control-grid current readings. 

13-13. How Rectifier Tubes are Tested.-With this sys
tem of voltage and current measurement, it is a simple matter 
to test both plates of rectifier tubes, such as the '80, '82, '83, 5Z3, 
6Z5, etc., (see Art. 8-26). By placing one of the "Circuit" 
switches on the t::orrect terminals ( on the G 1 and P terminals in 
turn, in the case of an '80 rectifier) and setting the a-c-d-c 
switch in the a-c position, and the other "Circuit" switch on H
or H +, the high secondary voltage of the power transformer 
may be checked. The a-c voltage impressed on one plate is read 
with one "Circuit" switch upon P or G 1, and the other upon H
or H +. The "Range" bi-polar switch should be placed in the 
1,000 volt position for these readings. 

13-14. How Tubes are Tested.-Tubes are tested by the 
"Grid-Shift" method (see Chapter VIII). With the test plug 
inserted in the receiver socket and the tube in the analyzer sock
et, both "Circuit" switches are placed on the P terminals for that 
type tube to be tested and the current-switch button for that 
circuit is pressed. The plate current reading obtained is com
pared with the reading when the proper "Tube Test" push-but
ton switch is pressed. The difference between the two readings 
is a measure of the mutual conductance, or transconductance, 
of the tube. 

Which of the five "tube Test" switches are pressed depends 
upon the location of the control-grid element with respect to the 
tube-base terminal arrangement. Each section of double-pur
pose tubes, such as the 153, 1791 6F7, etc., may be tested separate
ly. This is accomplished by reading the plate current of one 
section, then pressing the correct grid "Tube Test" switch, and 
reading again. The process may be repeated with the other tube 
section. Since the voltages which operate the tubes vary with 
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different receivers, it is difficult to compute an exact chart of 
mutual conductance values. However, a chart may be made up 
on the basis of rated voltages by noting the changes in reading 
of the plate milliammeter when the grid-shift test is made with 
rated voltages applied to the tubes. 

By means of the switches S2 and 83, and the "External 
Range" meter terminals on the panel of the analyzer, any cir
cuit may be opened to permit the insertion of headphones in it 
for aural analysis. In that case, the switch SJ should always be 
in the "1000 volt" position, since this is the point at which the 
highest resistance is placed across the phones, thereby causing 
them to reproduce the signal with maximum loudness. In a 
like manner, phonograph pickups and microphones may also be 
connected to any receiver, either in series with any circuit or 
across any two points of a circuit, for test purposes. 

13-15. How Resistance Measurements are Made. -
Point-to-point resistance measurements between any two circuits 
or between any circuit and chassis (see Chapters XII and XXI) 
can be made by setting the "Circuit" switches, without regard 
for polarity in this case, on the terminals between which the re
sistance measurements are desired. The "Range" switch is 
placed on any one of the "Ohms" positions, as required. When 
measurements are made between any circuit and chassis, the 
small connecting lead fastened to the ninth wire terminal on the 
test plug is connected to chassis. One "Circuit" switch is then 
placed in the Gnd. (chassis) position. For resistance measure
ments from 100,000 ohms to one megohm, an external battery of 
45 volts must be connected across the two binding posts pro
vided; the ohmmeter switch, S18, must be turned to the "Off" 
position as it is used only for the purpose of opening the ohmmeter 
circuit so that the external voltage source may be easily discon
nected, and to prevent undue battery consumption when the low
range ohmmeter circuit is employed. The additional current
limiting resistor necessary for the additional ohmmeter voltage 
is automatically placed into the circuit when the switch is thrown 
and the voltage source is connected. Proper battery polarity 
must be observed. 

A zero-ohms adjustment for the "high ohmmeter range" is 
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secured by short-circuiting the test prods, or the "External 
Range" binding posts on the instrument, and varying the 5,000 
ohm "Ohmmeter Adjuster" for full scale deflection. All that is 
necessary for the proper use of the low ohmmeter range is the ad
justment of the 5,000-ohm rheostat so that the meter reads full 
scale without short-circuiting the test prods or instrument bind
ing posts. When the self-contained 4.5-volt battery depreciates 
to such a low value that full scale deflection of the meter cannot 
be obtained with the "Ohmmeter Adjuster," it should be dis
carded. 

13-16. How Output Measurements are Made.-For out
put measurements (see Chapter VII), any a-c voltage range of 
the instrument may be utilized by setting the a-c-d-c switch 
on the a-c position, and placing the "Range" switch on the re
quired voltage setting. Test leads are then connected from the 
"External Range" binding posts to the voice coil of the speaker 
or output transformer secondary of the receiver. ,vhen output 
readings are taken from plate-to-plate of the output tubes or 
from the plate of one tube to chassis, the series condenser incor
porated in the analyzer must be thrown into the circuit to pre
vent the direct current from flowing through the meter rectifier. 

,vith this instrument, output measurements from the plate of 
one power tube to chassis may be made without the use of adapt
ers, jumpers, or connecting leads. This is especially valuable in 
the many receivers in which space is at a premium. The power 
tube is placed into one of the analyzer sockets and the test plug 
into the receiver socket left vacant by this tube. One "Circuit" 
switch is then set upon the "P" terminal and the other upon 
the "Gnd" terminal. The small ninth wire lead on the test plug 
is fastened to chassis and the series condenser toggle switch is 
thrown to the "In" position. This latter switch shunts the series 
condenser which is inserted into one leg of the meter circuit, as 
shown in the schematic circuit diagram. 

13-17. How Capacity Measurements are Made. - The 
capacity or impedance of solid-dielectric condensers may be 
measured by placing the unit under test in series with the 250-
volt a-c range of the analyzer and a 115 volt, 60-cycle line 
source (see Chapter VI). If the reading obtained is less than 
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100 volts, the "Range" switch should be placed in the 100-volt 
position. In this manner, capacity or impedance may be read by 
means of a capacity-impedance curve, which can be easily drawn 
with the aid of readings obtained on a number of condensers of 
various known values. When making these measurements, 
the 250 volts a-c range of the meter should always be used 
first to prevent possible injury to the instrument in the event of 
short-circuited or leaky condensers. It must be remembered 
that, in making any capacity or impedance measurement, the 
unit under test must be disconnected from any component across 
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which it may be shunted, or else erroneous readings will result. 
These tests, of course, do not apply to electrolytic condensers. 

For convenience and speed in making capacity-impedance 
measurements, the simple adapter shown in Fig. 13-2 will prove 
satisfactory. The line cord marked 110-volts a-c is plugged into 
any 110-volt, 60-cycle outlet or socket, and the remaining two 
wires are connected to the "External Range" binding posts on 
the analyzer. The condenser under test is placed across the 
"Test Leads" of the adapter by means of the test prods, which 
are connected to the term1nals. 

The use of this type of analyzer, and the correct interpreta
tion of its readings will be discussed in Chapters XX and XXI. 
A suggested panel layout illustrating the position of the meter, 
switches, sockets and binding posts is shown in Fig. 13-3. 

13-18. List of Parts Required for the Analyzer. - The 
point to be borne in mind when selecting parts to be used for 
the construction of the analyzer is that the accuracy and effi
ciency of the instrument are dependent upon the quality of these 
parts. There should be no need to state that the use of high-
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grade switches, resistors, etc., will be amply repaid by long and 
uninterrupted service free from annoying and time-consuming 
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FIG. 18-8.-A suggested panel layout for the analyzer of Fig. 
18-1. The labeling of the various parts shown here corresponds to 
that in Fig. 13-1. The compartment at the top contains the two 
41,fi-volt dry cell batteries and also serves as storage space for the 
test plug and cable, adapters, etc. 

troubles. Likewise, care should be observed in the assembling 
to insure permanent contact. Care should be taken to avoid 
making "rosin" joints, for such joints are extremely troublesome 
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and they are often very difficult to locate. A list of the parts 
necessary for the construction of the analyzer follows: 

One panel 9 x 12 inches, of either bakelite or hard rubber. 
One 0-1 ma. milliammeter and one copper-oxide type meter re-

tifier, or, one Universal a-c--d-c rectifier type meter. 
One bi-polar switch (S1) with 12 positions. 
Two tap-switches (S! and S8) with 10 positions each. 
One T.P.D.T. jack-switch (S4) for a-c or d-c volts, with "Off" 

position. 
Six D.P.D.T. push-button switches (S5, S8, S'l, SB, S9, S10.) 
Seven S.P.S.T. push-button switches (S11, SI!, S18, S14, S15, 

S16, Sl'l). Normal position, "closed-circuit". 
Two S.P.S.T. toggle-switches (S1B and S19). 
Six wire-wound resistors with a tolerance of 2% plus or minus: 

5,000 ohms (Rl); 10,000 ohms (R!); 100,000 ohms (R8); 
250,000 ohms (R4); and two 500,000-ohm resistors (RS, 
R6). 

Three shunt resistors (R'l, RB, R9), for 10-ma., 100-ma., 500-ma. 
ranges. (Values shown on diagram are for a 27-ohm 
meter.) 

One 40,000 ohm carbon resistor, filed down until its resistance 
is 45,000 ohms (R10). 

One 0-5,000 ohm zero-adjusting variable resistor (R11). 
One 2,000-ohm carbon resistor (Rl!). 
One composite 4-, 5-, 6-prong socket. 
One combination 7-prong socket for large and small 7-prong 

tubes. 
One 7-prong small size test plug and adapters (7-to-4, 7-to-6, 

7-to-6, and 7-to-7) for large-base tubes. 
One 0.5 mfd. oy-pass condenser (400 v.). 
One 9-wire cable and small clip for ground connection. 
One control-grid cap. 
Two 4.5-volt "C" batteries. 
Nine tip-jacks. 
Eight binding posts. 
Necessary wire, screws, etc. 

Note: Simple "standard" plug- and socket-adapters for analy
zing the circuits of all "octal base" all-metal tubes with this analyzer 
may be obtained from any manufacturer of adapters. 



CHAPTER XIV 

TYPICAL COMMERCIAL SET ANALYZERS 

14-1. Study of Commercial Set Analyzers or Testers.
In our fundamental study of the set analyzer in Chapters XI, XII 
and XIII, we studied its development from a simple arrange
ment for making two or three measurements to a versatile in
strument capable of performing every requisite test in analyzing 
the circuits of the most complex receivers. To enable the reader 
to more thoroughly acquaint himself with the more important 
circuit and test arrangements employed in analyzer construc
tion, this chapter has been devoted to descriptions of several 
typical commercial set analyzers. 

A close study of the illustrations, schematic circuit diagrams 
and brief descriptions of the representative commercial set an
analyzers to be reviewed will reveal the fact that, in general, they 
are all designed to accomplish essentially the same results i.e., 
quickly analyze the circuits of a radio receiver in which trouble 
of some kind exists, and then determining the exact nature of 
the trouble after the circuit in which it is located has been iso
lated. The increasing complexity of receiver circuits and the 
necessity for being able to make special tests in the field has 
caused one or two manufacturers to incorporate oscillators, 
output meters, and tube testers into their analyzers, which other 
set analyzer manufacturers have seen fit to market as separate 
test instruments. 

The incorporation of suitable arrangements for making the 
meters in the set analyzer available also for use as ohmmeters, 
capacity testers, and for any separate external tests or measure
ments has become general practice in the interests of compact-

307 
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ness and economy. Of course, the exact switching arrangements 
and layouts vary in the different testers. 

There are a number of important advantages to be gained 
by a study of the circuits and constructional features of com
mercial set analyzers. First, the fundamental principles dis
cussed in the previous two chapters take on a real practical 
significance when they are shown to be applied in commercial 
equipment; second, the technical descriptions serve as a foun
dation upon which future advancements in the field may be com-

Oourl•'11 BGdio Oitr, Prod,ucC. Oe. 

FIG, 14-1. - An analyzer
adapter unit designed to oper
ate in conjunction with an ex
ternal volt - ohm - milliammeter 
for point-to-point set analysis. 
Its circuit diagram is shown in 
Fig. 14-2. (Dependable Model 
501.) 

pared; third, a knowledge of the equipment used at present for 
the analysis of radio circuits may be had; and fourth, the· de
scriptions may serve as a guide in the selection or construction 
of an analyzer. 

It is evident that great pains have been taken in the design 
of these analyzers to make them compact and readily portable, 
rugged, almost obsolescence-proof, reliable and complete in the 
sense that they will make practically any receiver analyses re
quired in radio service work. A considerable amount of clever 
planning has gone into the development of the circuit-switching 
arrangements and the various parts, the main object being al
ways to promote speedy manipulation in all test operations, for 
time means money to a radio service man and to the customer 
who must pay the bill for his services. 

It must not be supposed that the descriptions of the commer
cial analyzers presented here cover all the commercially avail
able analyzers. They are rather, in the opinion of the author, 
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most typical of the types most generally employed by service 
men and they involve most of the fundamental ideas discussed 
in the previous chapters. The descriptions are presented in al-
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FIG. 14-2.-Schematic circuit diagram of the analyzer-adapter 
unit illustrated in Fig. 14-1. 

phabetical sequence according to the name of the manufacturer.• 
14-2. "Dependable" Model 501 Analyzer Unit.-This in

strument, shown in Fig. 14-1, is, in reality, an adapter unit de
signed to work in conjunction with an external volt-ohm-milli-

•Note: Any of the analyzers described in this chapter may be 
used for analyzing the circuits of all "octal base" all-metal tubes if 
the "standard" adapters available for this purpose are employed with 
them. 



810 MODERN RADIO SERVICING CH.XIV 

ammeter with proper ranges. The service man may use an in
strument which he already possesses, for this purpose. The 
mode of operation of the device is very simple. Ref erring to 
the schematic circuit of Fig. 14-2, all the terminals of a 4-prong, 
a 5-prong, a 6-prong and a 7-prong socket are connected direct
ly to the contact points of two rotary switches, SW-1 and SW-2, 
having eleven contacts each. All the No. 1 terminals of the 
sockets connect together and to the No. 1 contact on the switches, 
all the No. 2 terminals connect together and to the No. 2 con
tact on the switches, etc. This accounts for seven of the eleven 
contacts. The eleventh connects to the cable lead that clips to 
the chassis of the receiver, the ninth connects to the central
grid clip, and the remaining two contacts are spare, one of which 
is blank and the other going to a spare wire in the cable. 

The two arms of the switches connect to tip jacks J6 and J,, 

Oourt•'11 Beodrit11 Jleter Wor.te 

FIG. 14-3.-A complete radio 
set analyzer. The cable, test 
plug and adapters are clearly 
visible in the top compartment. 
The meters, tube sockets, pin 
jacks, and meter range switch 
may be seen on the main panel. 
The schematic circuit diagram 
is shown in Fig. 14-4. (Read
rite Model 720.) 

into which the terminals of the voltmeter-ohmmeter-milliam
meter plug. Jacks J 1 to J 4, inclusive, open the connection to 
socket terminals 1, 2, 5 and 6 for current readings by the ex
ternal instrument. 

Voltage measurements are made by setting the two switches 
to the numbers of the socket terminals between which the voltage 
is to be measured, and setting the voltage range of the external 
meter; the same process is repeated for resistance and current 
measurements, except that in the latter case the proper jack, 
J 1 to J 4, inclusive, must be used. 

This instrument is versatile in the sense that measurements 
may be made between any two terminals on the sockets pro-
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vided, and hence between any two elements in any tube, as long 
as the tube can fit in the socket. The analyzer cable is equipped 
with ten wires, one of which is a spare-it does not connect to 
any of the terminals of the plug. Adapters for 4-, 5- and 6-prong 
tubes are provided. Adapters for "octal base" all-metal tubes 
can also be used. 

It is interesting to note that the design of this instrument 

tLECTOR 
POSITIONS 

·orF'u 
•1 BLANK 
•2 15V. O·C 
•3 l50V.O-C 
•,4 300V.0-C 
•5 600V.0-C 
•e 15 MA. 
•1 BLANK 
• 8 150 MA. 
•9 750'1.A·C 
10 150V.A< 
11 .25V A·C 
12 10 V. A-C 
13 BLANK 
OF'F' 

ANALYZER PLUG 

ISATTERY 
NNECTEO HERE 

WILL ISREAK THE 
LINE 

FIG. 14-4.-Schematic circuit diagram of the set analyzer illus
trated in Fig. 14-3. 

follows precisely the fundamental ideas presented in Chapter XII 
regarding point-to-point socket analysis. 

14-3. "Readrite" Model 720 Tester. - This instrument, 
shown in Fig. 14-3, really consists of two sections both mounted 
in a single case, as may be seen by reference to the schematic 
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circuit diagram of Fig. 14-4. One section consists of the analyzer 
cable, tip jacks, and the required four sockets, while the second 
section is a volt-ohm-milliammeter. 

Section No. 1 is a point-to-point type analyzer of conven
tional design, which requires no further comment. An 8-wire 
cable and a ground connection complete the test facilities to 
the receiver. The socket terminals are numbered according to 
the RMA standard, and thus may be used for measurement 
purposes without having a detailed knowledge of the construc
tion of the tube being tested. The tops of the tip jacks are of 
metal, so that the terminals of the volt-ohm-milliammeter may 
be touched quickly to any two for contact and a voltage read
ing. Current measurements are made by inserting the test 
prods into the jacks in the circuit whose current is to "e meas
ured; the closed circuit is automatically opened by the test prod. 

Section No. t consists of a suitable a-c and d-c meter with 
the proper multipliers, shunts and a switching arrangement 
for the use of the meters. Four d-c voltmeter ranges to 600 
volts, two milliammeter ranges to 150 ma., and four a-c volt
meter ranges to 750 volts complete the facilities of this section. 
Two terminals enable the batteries to be connected for resistance 

Courte,v Supreme Elect. In.tr. Corp. 

FIG. 14-5.-A typical single
meter point-to-point set analy
zer. A unique switching ar
rangement makes jumper leads 
unnecessary. " Breakdown " 
schematic circuit diagrams of 
unique portions of this analyzer 
are shown in the next four illus
trations. (Supreme Model 91.) 

measurement, and an additional two jacks enable all of the 
facilities of the volt-ohm-milliammeter to be used for measure
ments at the socket in which the tube under test is placed. The 
plug is provided with the usual assortment of adapters so that 
any desired tests can be made on all types of tubes. 
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14-4. "Supreme" Model 91 Analyzer.-This instrument, 
shown in Fig. 14-5, makes use of the point-to-point method of 
testing described in Chapters XII and XIII. In common with 
all such testers, the terminals of the radio socket under test are 
brought to the analyzer, and connected to corresponding term-

FIG. 14-6.-Meter-rectifier sys
tem employed in the analyzer of 
Fig. 14-5. A compensating re
sistance network is employed to 
make the deflections for a-c the 
same as those for d-c, so that 
one set of meter scales suffices 
for both a-c and d-c measure
ments. The compensating ar
rangement may be studied by 
tracing the circuit which exists 
when the switch is in the d-c 
position, and again when it is 
thrown to the a-c side. Notice 
that for d-c measurements the 
meter is shunted by the 1600-
ohm resistor. 

TO 
SWITCHES 

inals of two rotary selector switches. Thus, tests may be made 
between any two contacts on the socket by the proper manipu
lation of these switches. It is unfortunate that the complete cir
cuit diagram of this tester cannot be reproduced here. It is so 
large that, after being reduced to a size sufficiently small to fit 
the page size of this book, it would be impossible to read it. 
However, we will study the important features of this analyzer 
by means of individual break-down diagrams of the various 
important parts. 

The instrument is designed for a-c and d-c voltage measure
ments in six ranges to 1,000 volts; a-c and d-c milliampere 
measurements in five ranges to 500 ma.; resistance measure
ments in four ranges to 5 megohms; and capacity measurements 
to 10 mfd. in three ranges. Tube tests may be made by means 
of the grid-shift method using the same batteries as employed 
in the ohmmeter, and provisions are made for the use of the 
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measuring facilities of the instrument for any external uses. 
A single d-c meter with a bridge-connected copper-oxide rec

tifier (see Art. 2-31) is employed in the circuit shown in Fig. 
14-6. Two arms of the bridge connect to the switching facilities 
through a 700-ohm and a 1,200-ohm resistor, and the remaining 

+-----
TO EXTERNAL 45V. 
BATTERY F'OR 

OHMMETER 

+ 

50M 
/ 

/ 
/ 5M 

5MEG 

TO 
RES15TANCE 

TO BE MEA5UREO 

~ 
c.> ::OHMS 
M :THOUSANDS 

OF' OHMS 
(G.=MEGOHMS 

FIG. 14-7 .-One portion of the ohmmeter section of the set an
alyzer illustrated in Fig. 14-5. 

two arms connect to the meter through a compensating resist
ance network. The purpose of this network is to make the de
flections of the meter the same for a-c as for d-c, so that separate 
scales for a-c and d-c measurements are not necessary. This 
is an unusual feature. Additional corrections for temperature 
are also provided. 

The ohmmeter connections of the instrument are somewhat 
difficult to trace from the main diagram, so that a breakdown 
of this part of the circuit is shown in Fig. 14-7. With the switch 
SW closed, the 4.5-volt ohmmeter battery is connected in the 
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circuit and the position of the selector switch determines the 
range of the instrument for all but the 5-megohm range. For 
this latter range, an external battery of 45 volts must be con
nected in the circuit to supply the required potential. The two 
ohmmeter rotary switches, S1 and S2, shown are ganged to a 
single shaft, and, as seen, the latter is really connected in series 
with whatever battery is used for the ohmmeter. 

It is interesting to note that the "zero-adjust" arrangement 
consists of the 2,000-ohm variable resistor in series with the 

-- ----.... (,,: 

TO 
C'K'T 

INSCRTCD 

\ 
\ 

~ 
I 
I 

I 

I 
I 

-------'(,( - ' 

' \ 
' t:= 

TO 
MILLIAMMETER 

I 

FIG. 14-8.-Unusual selector switches in the set analyzer of Fig. 
14-5. Each contact point on the switches is in reality two con
tact points which are normally shorted together when the arm is 
not touching them, but "open", as shown here, when the arm makes 
contact with them. 

300-ohm fixed resistor across the meter terminals; the 5,000-
and 50,000- and 5-megohm ranges all use the series-shunt system 
discussed in Art. 3-18. 

The main rotary, point-to-point, switches are rather unique. 
The usual arrangement is to employ switches of conventional 
design as illustrated in Chapter XIII. The arrangement of the 
switches in the Model 91 analyzer is shown in Fig. 14-8. Each 
arm of each rotary switch is divided into two sections, each 
insulated from the other, as shown. Each contact stud on each 
switch is really two contacts, which are closed when the arm 
is not on it and open when contact by the rotor arm is made. 
In this position, each section of each switch point stud makes 
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contact with each section of the rotor arm. The connections 
for a particular pair of contacts are drawn in the diagram. 

The right-hand section connects to the milliammeter section 
of the analyzer; and when the milliammeter button is pressed 
after the proper range has been selected, the milliamMeter is 
automatically connected in series with the lead connected to the 
particular contact opened by the switch arm. 

The similarly constructed left-hand switch connects to a 
pair of terminals called "Insert Terminals." This enables head
phones or a loudspeaker to be connected into any of the circuits 
selected, in a manner similar to the right-hand switch. This fea-

TO 601'\J 
A·C LI NE 

5 
0 z I
:::, Ill 

Ci~ 
z 
0 u 

METER 

RECTIFIER 
ARRANGEMENT 

SHOWN IN FIG. 14· 6 
..):OHMS 

FIG. 14-9. - Circuit 
arrangement employed 
for capacity measure
ments in the set analy
zer of Fig. 14-5. The 
meter rectifier enables 
the d-c meter to be used 
to measure the a-c flow
ing through the conden
ser under test. The 
meter shunts are sel
ected by the switch. 

ture is an excellent one for making "aural" noise tests of all the 
circuits in a noisy receiver. For no external connections, the 
switch SW must be closed, of course. Another significant feature 
common to point-to-point switching and available in this instru
ment is that all of the potentials of the radio receiver are avail
able at pin jacks located on the panel of the tester. 

Capacity-measuring facilities are available through the cir
cuit illustrated in Fig. 14-9. The condenser whose capacity is 
to be measured is connected to the terminals as shown. The 
instrument is calibrated for use with a 60-cycle line, and will 
not be valid for frequencies other than 60-cycles unless specific
ally stated when ordering the instrument. Capacity measure
ments are read on the "100" scale of the instrument; the actual 
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scale readings are divided by 10 for the 10 mf d. range, by 100 for 
the 1 mfd. range, and by 1,000 for the 0.1 mfd. range. 

These are but a few of the many measurements that may be 
made with this instrument. The usual output-meter facilities, 
leakage tests, grid-cathode resistance tests and other miscel
laneous measurements are also provided for. 

14-5. "Supreme" Standard Diagnometer.-The Supreme 
Standard Diagnometer shown in Fig. 14-10 is intended as a 
complete service laboratory for either portable or shop use. In 
a single ca:-e it contains a tube tester, a service oscillator, a 

FIG. 14-10.-Supreme Stand
ard Diagnometer. Within the 
single carrying case is contained 
what amounts to a complete 
service testing outfit comprising 
a tube checker, a service test 
oscillator, a volt-ohm-milliam
m e t e r providing numerous 
ranges, a capacity meter, a 
point-to-point tester, etc. 
Oourt••II Supreme Elect. ln•tr. Corp. 

6-range milliammeter to 1,250 ma., a 6-range a-c and d-c volt
meter to 1,250 V., 3-range capacity-measuring facilities to 12.5 
mfd., a 3-range ohmmeter to 200,000 ohms (which may be extend
ed to 2 megohms by the addition of an external 45-volt B bat
tery), a complete point-to-point analyzer, and several miscellan
eous refinements which are possible because of the flexible circuit 
arrangement of the instrument. 

Tube Tester: 

The tube tester is of the emission type discussed in detail 
in Chapter VIII, Arts. 8-9 to 8-14. A 0-1 ma. meter is connected 
in the plate circuit of the tube under test, and the terminals of 
the sockets are connected to a row of seven switches for special 
circuits. There is nothing radically new about this method of 
testing, and the reader is urged to refer to the manufacturer if 
the operating procedure is desired. The scale of the tube-testing 
meter is calibrated simply in "good" and "bad" sections, which 
is typical of the "direct", or so-called "English-reading" type. 
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Test Oscillator: 
The service test oscillator is equipped with two ranges, the 

first from 95 to 220 kc and from 1,500 to 3,300 kc. Higher 
frequencies for use with all-wave receivers may be obtained by 
the use of harmonics, as will be explained in detail in Arts. 15-18 
to 15-22. A significant fact is that this oscillator is not 
equipped with an attenuator for control of output. The manu-

,,, 
::E 
::c 
0 
II 

'3 

TO 
MtTER 

..,__8500 MA. 

--u1250MA. 

~-------•COMMON 

FIG. 14-11.-Circuit ar
rangement of the shunts 
in the milliammeter sec
tion of the Supreme Diag
nometer of Fig. 14-10 • 

facturer believes that the elimination of this control also elim
inates frequency-shift errors, which sometimes occur when 
attenuators are used. When a very weak signal is desired, the 
manufacturer recommends that a high harmonic of the oscillator 
be used. The circuit of the oscillator is of the conventional 
electron-coupled type, which will be discussed in complete detail 
in Chapter XV, Art. 15-31; the reader is referred to this section 
of the book for a discussion of electron-coupled oscillators. 

Since the plate voltage of this oscillator is supplied by the a-c 
voltage obtained from the same transformer used in the tube 
tester, the output is modulated 100% at 60 cycles (see Art. 
15-25), and hence its output is more stable than if the more 
usual "grid" modulation were used. Furthermore, the audio 
output in the receiver under test is dependent upon the per cent 
modulation of the carrier of the oscillator, as discussed in Art. 
15-24. Therefore, if the output signal of the test oscillator is 
well modulated, as is the case with this oscillator, the r-f tubes 
of the receiver under test need not be overloaded in order to pro
duce sufficient audio output required for the usual test purposes. 
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Current Measurements: 
A 0-1 ma. d-c meter is used for current measurements. The 

connection of the various shunts is shown in Fig. 14-11. Note 
that, with any but the lowest range in use, there are resistors in 
series with the meter as well as in parallel with the terminals 
in use. Thus, when the 125-ma. range is in use, there is 60 + 
12 = 72 ohms in series with the "positive" lead of the meter, 
and the remainder is in shunt with the terminals. 
Voltage Measurements: 

The a-c, d-c voltmeter multiplier connections are shown in 
Fig. 14-12. The series connection of the multipliers is standard, 
but the inclusion of the condensers is a bit unconventional. The 
size of the condensers as marked on the diagram is for a 60-
cycle supply; if the supply is of any other frequency, these values 
of capacity must be changed. Thus, if the supply line frequency 
is 30 cycles, then each condenser marked should be doubled in 
size so as to present the same reactance to the 30-cycle current 
that the size indicated here presents to 60-cycle current. Thus, if 
the supply frequency happens to be 50 cycles, the size of the 

12!>0 V. 
II) 

~ 
FIG. 14'-12.-Circuit arrange- on5 500 V 

ment of the multipliers for the ~" 
a-c--d-c voltmeter employed in :cw 

O::I 250 V. 
the analyzer of Fig. 14-10. The 1111 

shunting condensers act as com- '3G 
pensators when alternating volt- 125 V. 

ages are being measured, and 
TO 25 V. make the deflections for a-c the 

METER same as those for d-c. There-

( fore, a single set of meter scales 
5V. suffices for both a-c and d-c 

measurements. 50,000-.> 

COMMON 

condenser across the 20,000-ohm resistor should be 0.08 X 60/50, 
or 0.096 mf d, and the condensers across all the other resistors 
must be similarly changed. In this manner, the size of condenser 
required for any line frequency may be determined. These oon
densers have no effect on the circuit when d-c is being measured, 
but act as convenient shunts when the terminals of the instru
ment are connected to a source of alternating current. 
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Capacity Meter: 
The circuit of the capacity-measuring section of the analy

zer is shown in Fig. 14-13. The condenser to be tested is con
nected between the proper terminal on the panel, and one side 
of the 110-volt a-c line. In the diagram, a condenser X to be 
measured is shown connected to the 1.25 mf d.-range terminal. 

w:OHMS 

+ 
'3 
0 
0 
0 
0 .,, 

1.25 Mf"O. ...._x• --------- ... , 
I 
I 

~-~11112.5 Mf"O. I 
I 

---7 I 
110V. I 

I 

~,i~v. + 
A-C 

FIG. 14-18.-Circuit arrangement of the capacity-measurin~ sec
tion of the Diagnometer illustrated in Fig. 14-10. The three resistors 
act as shunts across the meter circuit. The rectifier rectifies the a-c 
so that it can be measured by the d-c meter. 

The resistors shown act as multipliers for each of the ranges. 
The values of the resistors are shown only for a 60-cycle supply; 
when the supply is different than 60 cycles, the resistors must be 
increased in proportion to the decrease in frequency; similar 
to the case of the condenser changes just described. The 50,000-
ohm resistor shown connected across the meter side of the recti
fier remains fixed regardless of frequency. It will be noted that 
this mode of measuring capacity is similar to that shown in 
Fig. 14-9, and described previously in Art. 6-6. 

The circuit arrangement for the ohmmeter is not unusual. 
The reader is referred to Chapter III for ohmmeter details. 
Set Analyzer: 

The "analyzer" section of the instrument employs the point
to-point system discussed previously in chapter XII. The cable 
is of the 9-wire type which terminates in a 7-wire plug; adap
ters are provided for use with 4-, 5-, or 6-prong sockets (proper 
adapters can also be used for the "octal base" tubes). The 
remaining two leads are for the top cap, abbreviated TC, and a 
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long lead terminates in a clip for connection to the chassis of 
the receiver. 

The various terminals shown in the illustration of the instru
ment (Fig. 14-10) are used in conjunction with a suitable rotary 
switch for analyzing a receiver. When the voltage existing 
between any two elements of a tube is to be measured, the selec
tor switch is rotated to the "d-c volts" or "a-c volts" position, 
which connects the meter to the voltage pin jacks on the panel. 
The proper voltage range is then selected by inserting one end 
of the test prods into the proper pin jacks; the other ends of the 
prods are then inserted into the jack terminals of the analyzer 
section between which the voltage is to be measured. For cur
rent measurements, the rotary switch is set to the "d-c ma." 
position and the test leads are inserted in the twin pin jacks 
associated with the circuit in question. The proper milliam
meter jacks on the panel must be chosen with care, as the cur-

------------------"" 
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FIG. 14-14.-Point-to-point tester portion of the Diagnometer of 
Fig. 14-10. The pin-jacks are shown at the extreme right. 

rent may be higher than that expected, which may damage the 
meter. The schematic circuit of the test portion of the analyzer 
is shown in Fig. 14-14. 
Miscellaneous Tests: 

There are numerous miscellaneous uses to which the facilities 
of this instrument can be adapted. Thus, the a-c voltage scales 
of the instrument are entirely suitable for output measurement 
work in conjunction with, or without, the test oscillator. The 
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ohmmeter may be used for the measurement of condenser leak
age, aside from the fact that the capacity of condensers may be 
measured. The alternating voltage applied to rectifier tubes 
and the output voltage of the oscillator may be measured. Ap
parently similar inductances may be connected in series and 
compared. Both the previous and the remaining chapters of 
this book will suggest numerous uses of the facilities provided by 
instruments of this type. 

14-6. "Triplett" Model 1220 Tester.-Figures 14-15 and 
14-16 show, respectively, the appearance and circuit of another 
simple analyzer suitable for determining the condition of radio 

Oou.rte..,, Triplett Elect. In.tr. Oo. 

FIG. 14-15.-Another simple 
analyzer-adapter unit designed 
to be used in conjunction with 
an external volt-ohm-milliam
meter for point-to-point set an
alysis. The four adapters pro
vided are shown at the right. 
Additional "standard" adapters 
may be used for "octal base" 
all-metal tubes. (Triplett Model 
1220) 

receivers when used in conjunction with a suitable external 
volt-ohm-milliammeter. The simplicity of the circuit is appar
ent. A 4-, 5-, 6- and 7-prong socket are connected in parallel 
and to the cable plug through pin jacks, as shown. Two addi
tional wires for a ground clip and control-grid stud are provided 
to enable all connections to be made to the tube circuit in the 
receiver. 

The jacks shown have metal tops, so that the test prods of 
the external voltmeter or ohmmeter may be touched quickly 
to the tops of any two jacks for voltage or resistance measure
ments. Current measurements with an external milliammeter 
are facilited by inserting the test prods into the jacks, which 
automatically opens the circuit. Suitable adapters are also 
provided to enable the circuits of all types of tubes to be tested. 
These are visible in Fig. 14-15. This simple circuit employed in 
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this tester carries out the fundamental ideas involved in point
to-point testing of radio receivers, as presented in Chapter XII. 

14-7. "Weston" Model 665 Selective Analyzer and Model 
666 Socket Selector U nits.-The form of this unique instru
ment was designed especially to reduce the possibility of obso
lescence. It consists of two separate main parts; a volt-ohm-

FIG. 14-16.-Schematic circuit 
diagram of the analyzer-adapter 
unit illustrated in Fig. 14-15. 
Notice the circuit-closing con
tacts bridging the pairs of tip 
jacks. 

C·G 
CAP 

milliammeter and circuit selector arrangement, known as the 
"selective analyzer"; and a socket with pin-jack terminals, 
known as a "Socket Selector Unit". The volt-ohm-milliam
meter and circuit-selector section may be equipped with a rotary 
selector switch, in which case it is known as Type 1, or it may 
have all pin jacks, in which case it is known as Type 2. 

Instead of bringing the receiver socket terminals through the 
cable direct to the inside of the tester proper, as is the case in 
most types of analyzers, they are brought to the small rectangular 
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unit carrying a tube socket and a group of pin jacks. This small 
unit, known as the Model 666 socket selector, has two fixed pins 
on its under side which fit into corresponding blank pin jacks 
above the volt-ohm-milliammeter on the Model 665 Selective 

FIG. 14-17.-Assembly of a 
Weston Model 666 Socket Selec
tor Unit plugged into the 665 
Selective Analyzer Unit contain
ing the meter and switching cir
cuits. A detailed view of the 
socket selector unit is shown in 
Fig. 14-18. 
Oourtu11 Weaton Elect. ln8tr. Corp. 

Analyzer so that it may be plugged into it, as shown m Fig. 
14-17. 

The present Model 666 Socket Selector consists of a tester 
plug with a 4-ft. cable wired to a small 7-prong tube socket block. 

FIG. 14-18.-A detailed view of the 
model 666 Socket Selector Unit which 
plugs into the 665 Selective Analyzer 
Unit (as shown above). This Socket 
Selector Unit consists of a tester plug 
with a 4-ft. cable wired to a small 7-
prong tube socket block. The socket 
terminals are connected, as shown by 
white tracer lines, to pin jacks on either 
end of the block; jacks are also provided 
for the cap and ground lead connection. 
Differently colored adapters are pro
vided for 4, 5, 6, large 7, and also the 

Oourtu11 W uton Elict. ln8tr. Corp. 8 prong "octal base" tubes. 

The socket terminals are connected as shown, by white tracer 
lines (see Fig. 14-18) to pin jacks on either end of the block; 
jacks are also provided for the cap and ground lead connection. 
Differently colored adapters are provided for 4, 5, 6, and large-7 
prong "glass tubes" and also for the 8-prong "octal base" all
metal tubes. 
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The operation of the selective analyzer ( the schematic circuit 
diagram is shown in Fig. 14-19) is as follows: To analyze the 
circuits leading to the tubes of a radio receiver, the Socket 
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FIG. 14-19.-Schematic circuit diagram of the Selective Set An
alyzer Unit illustrated in Fig. 14-17. The circuit shown here is for 
the Type 1 instrument, which is provided with a selector switch for 
switching the various circuits. 

Selector Unit is plugged into the pin jacks provided for that pur
pose at the top of the panel of the Selective Analyzer Unit. Then 
the proper tube adapter is inserted into the Socket Selector Unit 
and the tube taken from the receiver is in turn inserted into this 
adapter. The analyzer plug is inserted into the vacated tube 
socket in the receiver. The socket selector has a group of pin 
jacks moulded in the bakelite, which are wired to the socket ter
minals as shown by the white lines engraved on the top of the 
unit. Pin jacks are also provided for the cap and for a ground 
lead to make measurements to the chassis itself. The pin jacks 
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are marked with a numbering system which corresponds to a 
similar numbering system on the socket. 

Voltage readings may be made from any terminal to any 
other terminal by plugging two small jumper wires into the 
respective pin jacks and inserting the other ends of these wires 
in either the a-c or the d-c pin jacks on the instrument panel. 
The desired instrument range is obtained by turning the range
selector switch in the Type 1 instrument (visible in Fig. 14-17), 
or by using the proper jack terminals in the Type 2 instrument. 
If the current flowing in any tube circuit is to be checked, the 
jumper wires are plugged into the twin pin jacks corresponding 
to that particular circuit (see Fig. 14-18), the break-in switch be
tween them opens automatically when this is done. The other 
ends of the jumper wires are then inserted into the d-c ma. jacks 
on the instrument panel, and the range-selector switch set to 
the desired ma. range (Type 1 instrument). 

From this explanation, it can be seen that this instrument, 
whose schematic diagram is shown in Fig. 14-19, will also serve 
for point-to-point resistance measurements by plugging the 
jumper wires into the respective pin jacks on the socket selector 
unit with the other ends inserted in the proper resistance jacks 
on the instrument panel. The instrument may be employed for 
measuring the resistance between each tube circuit and ground 
by setting the range selector switch to read resistance. 

A mutual conductance tube test can be made by using the 
internal batteries employed for resistance measurements. Two 
jumper wires are connected from the grid-test pin jacks on the 
instrument panel to the control-grid pin jacks, just as for cur
rent measurements, on the selector unit. Then, two additional 
jumper wires are inserted in the "Plate Current" pin jacks on 
the socket selector unit and the other ends inserted in the d-c 
ma. jacks on the instrument panel. The meter will then read 
the "plate current," and the ohmmeter battery will change this 
plate-current reading when the "Grid Test" button is depressed. 
The change in plate current is then a measure of the worth of 
the tube. The panel is equipped with jacks for a small grid-shift 
test and a high grid-shift test, of 4.5 and 13.5 volts respectively, 
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to check audio amplifier tubes as well as tubes with a low mutual 
conductance. 

The volt-ohm-milliammeter section has the following ranges: 
1, 2.5, 5, 10, 25, 501 1001 2501 500, and 1,000 a-c and d-c volts at 
1,000 ohms-per-volt; 1, 2.51 5, 10, 25, 501 100, 250 and 500 d-c 
milliamperes for the Type 1 and an additional 1,000-ma. range 
for the Type 2. Four resistance ranges are available; 1,000 
ohms, 10,000 ohms, 100,000 ohms and 1,000,000 ohms, with the 
lowest range indicating I-ohm per division. The a-c ranges are 
obtained through the use of a copper-oxide, full-wave rectifier. 

All voltage and current ranges are available at the pin jacks 
by placing the selector switch for the desired range. A reading 

FIG. 14-20. - The 
complete Selective 
Set Servicer in its 
carrying case. No
tice the test plug 
and cable at the left, 
the Socket Selector 
Unit at the top with 
the Selective Analy
zer Unit under it, 
four of the tube 
adapters, and the 
miscellaneous con
nection leads at the 
bottom. Additional 
adapters are now 
supplied to make 
tests on all types of 
tubes possible. 
(Weston Model 698) 

Oourt11-,, Wuton Elect. lnatr. Oorp. 

cannot be obtained until either the d-c or a-c push-button at the 
bottom of the panel is pressed. These buttons are of the locking 
type and must be returned to their original position after each 
test is completed. 

Although the Model 666 socket selectors were designed for 
use with the Model 665 selective analyzers (Type 1 and Type 2) 1 

and the Model 698 Selective Set Servicer I they may be used 
directly with Weston Model 660 Analyzer, 663 Volt-ohmmeter 
and 664 Capacity Meter by plugging the socket selectors 
into the top jacks on these units. The working jacks which 
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are occupied by the selector pins are made available for use
through a special fixed attachment. These socket selector units 
can also be used as means of modernizing any analyzer by drill
ing a pair of holes to take the selector mounting pins. When 
these socket selectors are used in any of the older type radio 
analyzers, the degree of modernization depends, of course, upon 
the limits of the voltage, current and resistance ranges available 
at the binding posts or pin jacks of the particular analyzer in 
question. 

This analyzer combination is able to make all voltage, cur
rent and resistance tests required in any set analysis. Its free-

lSMA COM 

........ __ .... 

·- alO ZIV • V 

FIG. 14-21.-Rear
view schematic cir
cuit diagram of the 
Selective Set Ser
vicer illustrated in 
Fig. 14-20, showing 
all of the parts, wir
ing, and terminals . 

dom from obsolescence lies in the fact that future developments 
in tube base design can be taken care of by the purchase of 
relatively inexpensive additional selector blocks or adapters to 
accommodate the new type tube bases to the analyzer. 

14-8. "Weston" Model 698 Selective Set Servicer.-This 
instrument is substantially a simplified, less costly design of 
the Model 665 instrument described in Art. 14-7. It utilizes 
the Model 666 socket selectors in combination with a pin-jack 
type Universal volt-ohm-milliammeter unit. The complete unit, 
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together with the four adapters, test-plug and cable, test leads, 
etc., provided, is shown in its carrying case in Fig. 14-20. The 
schematic circuit of the tester is shown in Fig. 14-21. 

Measurements of voltage, current and resistance are made in 
a manner similar to that described for the Model 665 tester, 

FIG. 14-22. - Ar
rangement of the ex
ternal resistance and 
b a t t e r y connections 
which must be employ
ed to extend the ohm
meter range of the 
Weston Model 698 in
strument to 10,000 
times scale reading. 

JI, 500 
OHM 

KESISTO~ 

4-5 VOLT 
BATT-

and the reader is referred to that description for the procedure 
to be followed here. The most significant changes between the 
two types are the meter ranges provided and the method of test
ing tubes by the grid-shift method. 

The meter ranges for the Model 698 set tester are shown in 
the diagram; as will be seen, they are adequate for all ordinary 
service use. The voltmeter ranges indicated are available for 
both a-c and d-c measurements. The ohmmeter provides ranges 
of 500,000 and 5,000 ohms full scale; 3,500 and 35 ohms center 
scale. The ohmmeter range may be extended to 10,000 times 
scale reading by using an external 45-volt B battery in series 
with a 31,500-ohm resistor, as shown in the sketch of Fig. 14-22. 

Testing of tubes by the grid-shift method must be effected by 
means of an external battery of 4.5 volts for ordinary r-f and 
detector tubes and of 13.5 volts for power tubes (see Fig. 14-23). 
The milliammeter leads of the instrument are inserted in the 
normal fashion to read plate current, and the control-grid cir
cuit is opened with another pair of leads, just as if control-grid 
current were to be read, as described for the Model 665 tester. 
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The other ends of these leads connect to a 1,000-ohm resistor 
across the battery as shown in Fig. 14-23. The difference in plate 
current when the external battery circuit is opened and closed 
is an indication of the mutual conductance of the tube. 

This analyzer can make voltage, current, resistance and con
tinuity measurements on any receiver. Future developments 

1000w 
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FIG. 14-23.-External connections which enable tubes to be tested 
by the grid-shift method with the Weston Model 698 Selective Set 
Servicer. The external battery supplies the grid bias voltage for the 
tests. 

on tube base design can be taken care of by the purchase of 
relatively inexpensive additional selector blocks or adapters to 
accommodate the new type tube bases to the servicer. 

REVIEW QUESTIO:SS 

1. Explain how current and voltage measurements are made in the 
Dependable Model 601 set analyzer ( refer to the circuit dia
gram). 

2. What do the two separate sections of the Readrite Model 720 
consist of? What is the purpose of each section? What is the 
purpose of this arrangement? 

3. Draw the schematic circuit diagram of the compensating network 
used with the meter in the Supreme Model 91 analyzer. What 
is its purpose? 

4. What is the switching arrangement used in the Supreme Model 
91 analyzer? Illustrate by means of a diagram. 
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5. In the analyzer of Question 4, what means is used to measure 
current? 

6. Condensers are connected across the voltage jacks of the Supreme 
Standard Diagnometer. If one of these condensers has a value 
of 0.005 mfd. for use on 60 cycles, what should its value be 
when the instrument is to be used to measure 40-cycle voltages. 

7. One of the resistors used in the capacity measuring section of the 
Supreme Standard Diagnometer has a value of 22 ohms when 
used on 30 cycles. What should be its value when used on a 60-
cycle line? 

8. Explain the unusual fundamental idea involved in the design 
of the Weston Model 665 and 698 set analyzers. State two ad
vantages of this arrangement. How is danger of obsolescence 
minimized? 

9. Draw the schematic circuit of the socket selector unit used with 
the Weston model 665 and 698 analyzers for 7-prong tubes. 

10. What external connections are required when the Model 698 
Weston tester is to be used for tube testing? Explain them! 

11. What external connections are required when it is to be used 
for resistance measurements in the "10,000 times scale reading" 
range of the ohmmeter? Explain! 



CHAPTER XV 

THE SERVICE TEST OSCILLATOR 

15-1. Why Test Oscillators are Needed.-The service man 
is consulted when a radio receiver operates either unsatisfactorily 
or not at all. He usually proceeds to test the tubes and then 
the individual circuits, in an attempt to localize the trouble to 
a particular stage. When a particular component is at fa ult, 
the trouble may usually be located by first making a voltage
current, (or resistance) analysis of the receiver, and then check
ing the individual components in the faulty circuit until the 
faulty unit is found. However, in many cases the receiver oper
ates poorly (or not at all) but there is not one faulty unit present 
in its circuit. In that case the receiver may be out of alignment 
-its sensitivity may be too low for satisfactory reception in the 
particular location it is operated in (especially in rural districts), 
the receiver may be inoperative only over certain portions of the 
tuning scale, etc. In such cases, the test procedure to be followed 
often requires a source of signal whose frequency and intemi.ty 
may be adjusted at will to suit any test that may be made. It 
is the purpose of the test oscillator to furnish this signal. 

There are several reasons why the signals from broadcasting 
stations cannot be used for this purpose: first, their strength 
varies from instant to instant, depending upon the type of pro
gram and selection being broadcasted; second, the frequency of 
the signal required for a test may be different than that of the 
stations that could be tuned in if the receiver were operating to 
some extent; third, the intensity of the signal depends upon the 
power of the station, the distance between transmitter and re
ceiver, the amount of absorption of the wave in the intervening 

332 
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space, and the sensitivity of the receiver (all of which means 
that the service man must accept the signal strength as received 
rather than as his tests demand); fourth, broadcasting stations 
are unreliable in the sense that the stations which might be de
sired for tests purposes may not be transmitting at the par
ticular time that they are needed; fifth, it may not be possible to 
receive them with the set operating in its poor condition. 

The test oscillator is really a miniature broadcast station 
under complete control of the service man. He can vary the 
frequency or the intensity of its signal in a few seconds without 
disturbing the adjustment of the receiver with which it is used. 
He can modulate it or not, as he sees fit. It is ready for opera
tion any time it is needed, and is one of the most important 
pieces of test equipment in the service kit. 

15-2. What Test Oscillators Can be Used For.-The test 
oscillator can be used for any purpose for which a broadcast 
signal can be used, for the fundamental purpose of the test 
oscillator is to replace the broadcast signal for tests and adjust
ments. A few of the specific uses of special importance to the 
service man are as follows: 

1. For the alignment of r-f and i-f circuits of any type 
and description. 

f. For aligning oscillator padding circuits in super
heterodynes. 

S. For neutralizing receivers using any type of neu
tralizing circuit. 

4. For checking the condition of tubes. 
o. For determining the gain of any, or all, amplifier stages 

in a radio receiver. 
6. For testing ave circuits and their operation. 
7. For checking operation and selectivity of tuned circuits. 
8. For testing individual components. 

We will now review these briefly. 
(1) If the tuned circuits of a receiver are badly out of align

ment, it may be necessary to use an oscillator whose output 
voltage is variable from a fraction of a microvolt to several volts 
and whose frequency is variable from about 100 kc to 30,000 kc. 
Such a source of signal is properly fed to the receiver or amplifier 
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under test in place of the usual broadcast station signal, and the 
alignment made. The use of the test oscillator for this purpose 
is considered in detail in Chapters XXIV and XXV. 

(2) The padding circuits of the oscillators used in super
heterodyne receivers must be adjusted carefully at several specific 
frequencies during the course of aligning a receiver. Broadcast 
signals are hopelessly inadequate for this purpose, especially when 
the receiver is of the all-wave type. Details on the alignment of 
padding circuits are given in Chapters XXV and XX.VIII. 

(3) The neutralization of a receiver requires a source of 
constant signal voltage, which can only be obtained from a test 
oscillator. The output of the oscillator is fed to the input of the 
stage to be neutralized and balanced out. Details for this pro
cedure are given in Chapter XX.IV. 

( 4) Tubes may be compared by connecting the output of 
the oscillator to the aerial and ground posts of a receiver in good 
working condition and noting the reading of an output meter 
connected to the receiver (see Art. 7-5). Now, by replacing any 
tube in the set with another which is of the same type and is 
known to be good, and reading the output meter again when the 
replacement tube is in the set, an indication of the condition of 
the tube replaced is obtained. A greater reading means that 
the replacement tube is better than the original; an unchanged 
reading means that the original tube is as good as the replace
ment tube. This tube test is known as the replacement test and 
was discussed in Chapter VIII. 

( 5) The service test oscillator is also of particular value in 
determining the gain of a radio receiver or amplifier. Its output 
is connected to the input of the receiver or amplifier and the 
oscillator voltage is measured by a suitable multi-range output 
meter or vacuum-tube voltmeter. Keeping this voltage constant, 
the output meter or vacuum-tube voltmeter is then connected 
across the primary of the output transformer of the receiver and 
the voltage existing here is measured. The ratio of the second 
to the first reading is the gain of the receiver. It is not neces
sary that the output meter or vacuum-tube voltmeter be cali
brated; the ratio of the two readings obtained is quite sufficient 
for a rough check in most of the ordinary cases encountered. 
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(6) The oscillator may be used to check the ave tube and 
circuit action in a receiver. Merely connect the output of the 
oscillator to the input of the receiver and adjust the voltage so 
that an output meter connected to the receiver reads about half 
scale. Then change the ave tube and note the reading of the 
output meter. A reduction in the reading means that the first 
tube was defective; an increase in the reading means that the 
second tube is faulty. See Chapter XIX for further details. 

(7) The selectivity of tuned circuits may be checked by 
varying the frequency, with constant voltage, of the oscillator 
connected to the tuned circuit or receiver under test. The volt
age output of the tuned circuit or receiver is then noted for 
every setting of the oscillator from a few kc below to a few kc 
above the resonant frequency. For ordinary good fidelity, the 
curve plotted sho!,lld have substantially the same height 5 kc 
below (and above) resonance as it has at resonance (for high
fidelity this should be 7.5 kc). Details concerning resonant 
radio circuits are presented in Chapters XXV and XXXI. 

(8) Individual components may be tested with the oscillator 
if a vacuum-tube voltmeter is available. The oscillator serves 
as a source of high-frequency voltage which can be applied to 
the coils, resistors, or condensers under test to determine their 
condition at or near the frequency at which they will work in 
practice. Many occasions arise when a d-c or low-frequency 
test will not reveal the source of trouble and only a high-fre
quency test will show it up. 

These are but a few of the many applications of the service 
test oscillator. Many incidental uses which are of inestimable 
value to the service man will be pointed out at various places. 

15-3. What the Test Oscillator Is.-To use a service test 
oscillator intelligently, and to understand the actions taking place 
in the oscillators used in superheterodynes, it is essential that a 
clear understanding be had of the arrangements and charac
teristics of the different forms of oscillator circuits. First of all, 
the oscillator as we know it is a device used to generate alter
nating current (and hence alternating power) by means of the 
vacuum tube. The service test oscillator depends for its opera
tion upon the principle that a vacuum tube can be made to pro-
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duce oscillations of almost any frequency, by connecting it in a 
circuit arranged to continuously feed a proper amount of the 
energy of the plate circuit back to the grid circuit in the proper 
phase. 

In an oscillating circuit, part of the energy of the operating 
plate current is being fed back to the grid circuit continuously. 
This is being amplified by the tube, and the extra energy pro
duced by the amplification (at the expense of the energy from 
the batteries or other power supply) may be used outside of the 
oscillator circuits for any useful purpose. Now it is not essen
tial to use a vacuum tube; any device capable of convert
ing direct current to alternating current is a generator of elec
trical oscillations. But the point is that the vacuum tube is 
probably the most efficient and convenient converter for produc
ing a-c of high frequencies known at this time, and it is for 
this reason that it enjoys such widespread use for this purpose. 
Furthermore, it is relatively small physically, and almost any 
amount of alternating power can be generated at will by prop
erly selecting the circuits and using large enough tubes. 

Oscillators are variously known as test oscillators, converters, 
generators, signal generators and signal sources, depending upon 
their use and the point of view of the theory of operation. The 
oscillator itself does not "oscillate" mechanically-it is the cur
rent through the oscillating circuit that circulates in an oscil
lating fashion (back and forth), hence the name "oscillator." If 
the tube is considered as a converter of d-c to a-c, the name 
converter is obvious. If it is considered as a generator of alter
nating current, the name generator is clear. But if the device 
is to be used as a source of signal power for some test, then it 
may be called a signal source, a test oscillator, or a signal gen
erator. Insofar as service work is concerned, the oscillator is a 
convenient l!!ource of signal voltage whose frequency and intensity 
may be varied at will over the necessary range. 

In this chapter we will make a detailed study of the operation 
of various oscillator circuit arrangements and their character
istics. Practical details concerning the actual use of test oscilla
tors in service work will be presented in Chapters XXIV and 
XXV when the alignment of tuned receiver circuits is studied. 
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15-4. The Vacuum Tube as an Amplifier.-Consider an 
ordinary triode connected as an amplifier as shown in Fig. 15-1. 
A signal from some convenient source, such as a broadcast sta
tion, is fed into the coil L,. The circulation of the alternating 
current through this coil generates an a-c voltage in coil L., which 
is tuned to the resonant frequency of the signal source by the con
denser C. The a-c voltage across C is applied to the grid of the 
tube, as shown, and an amplified version of this voltage appears 

LOAD 
RJ 

.. . . . . . 
VOLTAGE) 
ACROSS Rj} .__... . 

i 

B+ 

FIG. 16-1.-Fundamental circuit of a vacuum tube amplifier stage. 

across the load resistor, Ri, in the plate circuit. If another stage 
of amplification followed, this load voltage would be fed to it. 

Now the important thing is that with the proper value of load 
resistance, R,, the voltage across R, is greater than that across C 
because of the amplifying properties of the tube. It is the 
voltage that appears across R, that is the most useful voltage in 
the whole circuit. As mentioned, it is this voltage that is fed to 
succeeding amplifiers in a radio receiver for further amplification 
before being fed to the loud speaker for reproduction. It is also 
this same voltage that is applied across the antenna and ground 
in a broadcast transmitter in order to produce radiations that will 
travel off into space to be picked up by receiving aerials. This 
self-same voltage is the amplified signal. 

15-5. How the Power Supplied by the Plate Battery 
Divides.-When no signal is applied to the input circuit of the 
amplifier tube, the plate current is steady and the voltage across 
the load resistance is steady. The voltage of the B-battery (or 
other B-power supply source) multiplied by the plate current, 
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in amperes, gives the power in watts that is taken from the B
battery and dissipated as heat both in the plate-to-cathode 
path of the tube and in the resistance of the plate-load of the 

+~<Al o o} 
FLUCTUATIONS IN - GRID BIAS 
GRID POTENTIAL 
DUE TO APPLIED ---::~ ~- NoRMACGRIDPOTENT-
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I I I 
FLUCTUATIONS IN 
THE PLATE CURRENT -·"'....,....., 
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VOLTAGE-DROP ACROSS 
Rt <DUE TO SIGNAL) 

c D > 

- -}-STEA DY PLAT£ 
VOLTAGE WITH 
NO SIGNAL 
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FIG. 15-2.-Graphs showing the simultaneous effects on the grid 
potential, plate current, voltage drop across the plate load and actual 
plate voltage, when a sine-wave signal voltage is applied to the grid 
input circuit of a vacuum tube amplifier or oscillator. 

tube. The former is known as the plate loss because it serves 
to heat the plate of the tube, and the latter is known as the exter
nal power output because it is this power that is used up in the 
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actual resistance of the load; in fact, the load resistance times 
the square of the plate current gives the external power output. 
This same value may also be obtained by multiplying the plate 
current by the voltage across the load resistance R,. In a test 
oscillator, both of these powers are a total loss, since they can 
be put to no useful purpose. 

When a signal is applied to the grid of the tube, the poten
tial of the grid alternately increases and decreases from its 
bias-voltage value, as shown at (A) of Fig. 15-2, and the plate 
current likewise alternately increases and decreases above and 
below the value when no signal was impressed, as shown at (B). 
When the plate current increases, the voltage drop across Rr 
increases, as shown at ( C), and the voltage between plate and 
cathode decreases by an equal amount as shown at (D), since 
the sum of the two must always equal the steady B-battery 
voltage. When the grid potential decreases (becomes more neg
ative) because of the signal, the plate current also decreases; 
this means that the voltage across R, decreases, and the voltage 
between plate and cathode increases by an equal amount. Here 
again the sum of the two voltages is always equal to the steady 
B-battery voltage at any instant. The action of these two 
voltages is somewhat similar to that of a see-saw; when one 
goes down, the other goes up an equal amount, and vice versa. 
These conditions are all illustrated in the sketch of Fig. 15-2. 

Of particular interest is the fact that the plate voltage 
(voltage actually existing between plate and cathode, not the 
B-battery voltage) always varies in a sense opposite to that of 
the voltage across R,, because the sum of both voltages at any 
instant must equal the B-battery voltage. This is brought out 
clearly by the positions of the peaks in graphs (C) and (D). 

The power heating the plate of the tube at any instant is 
the plate voltage times the plate current, and the power dissi
pated in the load, Ri, at any instant is the product of the voltage 
across R, and the plate current. The power heating the plate 
of the tube (the plate loss) is the power that would be meas
ured by a wattmeter connected in the plate circuit, and is equal 
to the average of the instantaneous powers obtained by individ
ual multiplication. In a similar manner, the power dissipated 
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in the load is also the average of the instantaneous powers ob
tained by individual multiplication. 

However, the power delivered to the entire circuit (plate and 
load) is the power delivered by the B-battery, which is equal 
to the B-battery voltage times the d-c plate current. Since the 
B-battery voltage is constant, and since the average plate 
current remains the same during each cycle, as shown at (B), the 
average power supplied to the entire circuit remains the same 
regardless of whether or not a signal is applied. This point is 
very important, for it means that, with no signal, the entire 
power supplied by the B-battery is wasted in heating the plate 
of the tube; but that when a signal is applied to the grid of the 
tube, some of that same power is fed into the load, so that the 
power supplied to the plate, and the consequent plate heating, 
is less with a signal than without a signal I 

Further, if the grid bias and plate voltage are adjusted so 
that the plate current is half the maximum value, and if the load 
resistance is equal to the plate resistance of the tube ( which is 
the same as saying that the varying voltage drop across B1 is 
equal to that from plate to cathode of the tube) , then the power 
dissipated in the internal plate circuit is only half of what it 
would be if there were no signal. 

For example, suppose that with no signal, the B-battery is 
supplying 10 watts of power to a certain tube, all of which is 
heating the plate and supplying a small loss to the grid circuit. 
Now, when the signal is applied, the average heating of the plate 
may be caused by only 8 watts; the difference of 2 watts is that 
power which is absorbed by the load. 

15-6. Effect of the Nature of the Plate Load .-If the 
load of the tube we just considered is a resistance, then all of 
the output power developed will go toward heating this resist
ance. If the load is a coil coupled to an aerial, then most of 
the 2 watts will be radiated into space as radio waves. It makes 
little difference to the tube where the 2 watts goes to, and for 
this reason the plate load is of ten ref erred to as a resistance, 
even though it actually does not consist of a piece of resistance 
material. The circuit acts as though a resistance were there. 

Suppose the load is simply a coil of wire, Li, as shown in 
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Fig. 15-3. Then, if the coil has very low resistance, an alter
nating voltage will be built up across it, but there will be very 
little power dissipated in it because there is no place for the 
power to go. In other words, in this case the plate will be heated 
by practically 10 watts of power, referring to our previous ex
ample. The interesting condition exists, then, that the stronger 
the signal voltage applied to a tube, the less is the heating of 

;g 
~ 

a- B+ 

FIG. 16-3.-An am
plifier tube with an 
inductive load in ita 
plate circuit. 

the plate of that tube if the load in its plate circuit. can absorb 
power. 

15-7. Action of the Vacuum Tube as an Oscillator.
Suppose a signal is applied to the tube shown in Fig. 15-3; an 
alternating voltage will then be generated across the plate coil 
L1• Now if this coil is placed near the grid coil L, as shown in 

FIG. 16-4.-Producing a re
generative feedback action in 3 
the circuit of Fi~. 15-3 by in• Lp 
ductively coupling energy from 
the plate circuit back into the 
grid circuit. 

B- B+I 

Fig. 15-4, so that L, acts like the primary of a transformer, a 
voltage will be induced in the grid coil L, because of the usual 
transformer action. And if the direction of the winding and the 
connections of coil Li are correct, so that its magnetic polarity 
is correct, the voltage it induces into L, will aid (be in phaae 
with) that induced in L, by the signal across coil L,. Then the 
fluctuating potential applied to the grid will be greater than be-
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fore, and the output will be still stronger, i.e., the signal has 
been amplified still more. This is the principle of regeneration. 
If the original signal were removed from the circuit after this 
regenerative action started, and if the voltage induced in L, by 
L, were great enough, then the same signal would be impressed 
on the grid circuit of the tube again and again, being amplified 
more each time. If this occurred, the tube would be said to be 
oscillating, and the oscillations would be termed self-sustaining, 
because no outside influence ( other than the power supplied to 
the filament, plate, etc.) would be required to maintain them. 

The reader may well wonder if there is any definite limit to 
this process of continuous amplification. If a small signal is 
applied to the grid of a tube, it will be amplified, and part of 
the amplified energy will be returned to the grid circuit by the 
plate coil Li for additional amplification. The part returned to 
the grid circuit automatically adjusts itself to that required to 
supply onl~ the losses in the grid circuit. This means that, with 
a somewhat constant low loss in the grid circuit, the strength 
of the impulse should increase steadily. It does continue 
to increase until the grid potential excursions become so large 
that twice during each cycle the tube reaches the saturation 
points at the upper and lower bends of its characteristic curve, 
i.e. the points at which any further change in grid voltage pro
duces no change in plate current. Obviously, these are the limits 
for plate current change and of course vary for different types of 
tubes. Under these conditions, during oscillation the plate cur
rent fluctuates, theoretically, between zero and the saturation 
value of the tube for the particular steady voltages applied. 
This is merely another way of saying that the amplification 
factor drops to a fraction of its initial value, which reduces the 
amount of amplification secured. This drop acts as an auto
matic valve, and tends to maintain the amplitude of oscillation 
at a constant level. This means that the amplitude of the 
oscillations builds up gradually from a small value to a final, 
steady state. 

15-8. Requirements for Oscillation.-In order to have os
cillation in the type of vacuum tube circuit described above: (1) 
the tube must be an amplifier; (2) the voltage induced in the 
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grid coil by the plate coil must be of the proper polarity; and (3) 
the voltage induced in the grid coil by the plate coil must be large 
enough to excite the grid sufficiently. 

The third requirement needs further explanation. The sec
ondary of the transformer L, is like the secondary of any other 
transformer-it must supply the losses of the circuit connected 
to it. In this case, the losses are due to the resistance of the 
coil, the condenser, the wiring, and the grid-cathode resistance 
of the tube. True, the grid-cathode resistance may be very high 
because the tube is biased negatively, but it may become posi
tive during certain parts of the cycle, and, during these times, 
it draws current and dissipates power which must be supplied 
by the secondary. Hence, the voltage in the secondary must be 
great enough to supply this power. This voltage comes from 
the plate circuit, which means that at least enough signal power 
must be trans/erred by the plate circuit to the grid circuit to 
overcome the losses in the grid circuit. This extra plate circuit 
signal power will only be available if the tube is an amplifier. 
It is seen, then, that the tube must not only be an amplifier, 
but it must amplify sufficiently to supply the losses in the grid 
circuit. 

15-9. Oscillator Grid Bias.-,Vithout regard to how the 
plate energy is fed to the grid circuit, the question of the proper 
bias to apply to the grid must be considered, as it is a very 
important factor in the design of any service test oscillator. 
Bias may be obtained in three ways: by means of a grid-leak 
and grid-condenser; by a grid-bias resistor; or by a separate 
battery. 

If a bias resistor or battery is used, the voltage should be 
such that the tube operates as an amplifier, exactly like it would 
be used in a radio receiving set. Sometimes the bias voltage is 
made greater than that required for amplifier action. In these 
cases, the tube operates over the lower bend of its grid-voltage 
-plate-current characteristic, and therefore operates as a grid
bias detector. Under such conditions, plate current flows only 
during one-half of each cycle. This re1mlts in increased effic
iency of the tube as an oscillator. Since the plate current flows 
during only about one-half of each cycle, the heating of the 



344 MODERN RADIO SERVICING CH.XV 

tube is less, but current is supplied in the tuned circuit during 
the other half of each cycle by the flywheel action of the circuit. 
Thus, if the half-cycle acts to charge the tuning condenser, and 
is then removed, the condenser will discharge of its own accord 
and supply the other half-cycle. In a tuned circuit of low re
sistance, therefore, it is not necessary to supply it with a full 
wave. In fact, in a Class C oscillator only a small fraction of 
a half-cycle is supplied to the tuned circuit, the circuit itself 
supplying the remainder by flywheel action. However, as we 
shall see in Art. 15-18, biased tubes produce a large number of 
strong harmonics. Whether or not this is desirable depends on 
the design of the particular oscillator. 

When a grid leak and condenser is used, the grid leak, R,, is 
connected as shown in (A) or (B) of Fig. 15-5. These connec
tions are similar to those used in receiving sets-the only 
difference lies in the values employed. In either connection (A) 
or (B), the potential of the grid is zero with no oscillation. 
Any slight disturbance in the plate current (such as the turning 
on of the filament or plate voltages) will cause a voltage im-

CA> B- B+ < 19) a- • + 

FIG. 15-5.-Two possible ways to connect the grid leak R, and 
grid condenser C, in the grid circuit of an oscillator tube. 

pulse to be generated in L, by the plate coil L1. During the 
first positive half-cycle, the grid is positive and a grid current 
flows. The direction of the grid current for these two circuit ar
rangements is as shown in (A) and (B) respectively of Fig. 
15-6. Since the grid current flows through the grid-leak resist
ance in either case, a voltage-drop is produced across the grid 
leak, the "grid" end being negative with respect to the "cathode" 
end. This means that the grid receives a negative bias due to the 
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presence of the grid leak and the grid current flowing through it. 
It makes no difference in which of the two ways the leak and 
condenser are connected, the bias is generated just the same. In 
the first mode of connection (A) , the grid current flows through 

PATH OF' GRID / 
CURRENT-~ 

lA> 

PATH OF' GRID .,' 
CURRENT - - .,, 

(8) 

FIG. 15-6.-Direction of the grid current flow in the grid-leak 
and condenser circuits of Fig. 15-5. 

the grid-cathode resistance of the tube and the grid leak. In 
(B) it flows through the coil L, as well. 

The grid condenser in an oscillator is used solely for the 
purpose of by-passing the high-frequency oscillations around 
the leak. If the grid condenser were omitted in system (A), 
the tuning coil would short-circuit the leak; in system (B) the 
high resistance leak would be in series with the grid tuning cir
cuit and the grid of the tube, which would cut down the voltage 
applied to the grid. During operation, the bias voltage devel
oped is equal to the average grid current multiplied by the leak 
resistance in ohms; the grid condenser by-passes the r-f signal 
around this leak; hence the bias is constant. If the strength of 
the oscillations is increased by, say, increasing the plate voltage, 
then the bias applied to the grid is greater because the a-c grid 
voltage is greater. But this is as it should be, since an increase 
in plate voltage makes an increase in grid bias necessary, if the 
same relative operating conditions are to be maintained. 

15-10. Fundamental Oscillator Circuits.-\Ve have not 
yet mentioned the different types of circuits that may be used 
to generate oscillations, for the reason that the considerations 
given the problem thus far merely concerned themselves with 
the general action of the vacuum tube as an oscillator and not 
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with details of the particular circuit used. As long as energy 
is fed from the plate to the grid circuit in sufficient quantities 
and of the correct instantaneous polarity (phase), the tube will 
oscillate. 

The grid and plate circuits of an amplifier tube can be ar
ranged in several ways to produce oscillations, each arrangement 
having certain desirable characteristics which make it more 
suitable for particular applications-but they all operate on 
the principle of feeding energy back from the plate circuit to 
the grid circuit. The frequency of the oscillations produced is 
governed mainly by the values of inductance and capacitance 
of the tuned circuits in either the plate or grid circuit. If a suit
able fixed inductance and variable tuning condenser of proper 
value are employed, the frequency of the oscillator signals may 
be varied over any desired frequency range. Thus it becomes 
a miniature radio broadcast station of variable frequency. 

There are several fundamental oscillator circuits in common 
use, and the service man will do well to thoroughly acquaint 
himself with their fundamental comlections so that he will be 
able to recognize them in other oscillator circuit diagrams which 
he may see. 

Fortunately, the more simple oscillator circuits are perfectly 
satisfactory for use in test oscillators for radio service work. 

----+ 

C 

FIG. 16-7.-A self
modulated oscillator 
circuit of the tickler 
feedback type. Con
denser C by-passes 
the plate voltage sup
ply. 

They may be easily constructed and calibrated by the average 
service man with the aid of a few tools and without the necessity 
for employing complicated calibrating instruments. Some of 
these will now be described. The actual procedure to be fol
lowed in using them is discussed in detail in following chapters. 

15-11. Tickler Feedback Oscillator Circuit.-Probably 
the best-known oscillator circuit is the tickler feedback circuit 
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shown in simplified form in Fig. 15-7. The outstanding char
acteristic of this arrangement is the fact that the plate of the 
tube connects to B plus through a coil Lt. R-f energy in this 
plate coil induces additional grid voltage in L, by induction 
(transformer action), and it is in this manner that the tube 
continues to oscillate. The closer the coupling between the 
tickler Lt and the grid coil L,, the stronger the oscillation. With 
the connections to L, fixed, the polarity of the wiring to tickler 
Lt must be in correct phase in order for the tube to oscillate. 

15-12. Reversed Feedback 
Oscillator Circuit. - A slight
ly different arrangement of the 
conventional feedback circuit is 
shown in Fig. 15-8. Note here 
that the tuned circuit is in the 
plate circuit instead of in the 
grid circuit, and that the proper 
grid voltage is obtained by in
ducing a voltage in Lt. This cir
cuit is the reverse of the one 
shown in Fig. 15-7, and hence is 
called the reversed feedback 
circuit. This circuit is not used 

FIG. 16-8.-Reversed feed
back oscillator circuit. 

in service tes~ oscillators to any great extent, but is described 
here because of the somewhat unusual location of the tuned 
circuit L.-c •· 

In discussing the theory of the oscillator from the standpoint 
of the amplifier, it was pointed out that the grid circuit was 
tuned to resonance with the applied signal. When the tube is 
generating self-sustained oscillations, there is no applied signal, 
but the frequency of oscillation is determined by that same re
sonant circuit. In our explanation of the action of the vacuum 
tube al!I an oscillator in Art. 15-7, we merely removed the applied 
signal and substituted for it a portion of the energy in the plate 
circuit. Now if the plate circuit is made the resonant circuit, 
then all that is necessary is a few turns of wire in the grid cir
cuit coupled to the plate coil in order to obtain the requisite 
grid voltage to keep the tube oscillating. This is exactly what 
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the reversed feedback circuit contains, as shown in Fig. 15-8. 
15-13. Tuned-Plate-Tuned-Grid Oscillator Circuit.

If the inductance of L, in Fig. 15-8 were made as large as L,, 
and if it were shunted by a condenser of the same size as C ,, 
the voltage built up in the grid circuit would be very large, 
simply because it is tuned to the same resonant frequency as 
the frequency of oscillation. But if both coils were coupled 
magnetically as shown in that figure, the grid voltage would be 
excessive. However, it may be reduced to almost any desired 
value by reducing the coupling-spacing the coils farther apart. 

Suppose the plate and grid coils are not magnetically coupled 
at all. Then the circuit should not oscillate, because there is no 
induced grid voltage to keep, or even start, it oscillating. But, 
fortunately, every tube used for service test oscillators has a grid 
and a plate close to each other, and they are both of metal. 
This means that a capacity exists between the grid and the 
plate of the tube. Now r-f current will flow in the circuit as
sociated with a condenser, because of the charge and discharge 

t!lCqp 
c;.l 

,_.__, I 

J 

FIG. 15-9.-Tuned grid
tuned plate oscillator cir
cuit. 

of the condenser plates, which 
means that part of the energy 
in the plate1 circuit ( obtained 
from some random initial dis
turbance) may be transferred 
to the grid circui.t by means of 
this internal grid-plate capacity 
of the tube itself. If we take 
our tuned grid and tuned plate 
circuit, then, and connect it as 
shown in Fig. 15-9, the circuit 
will oscillate because the grid 
receives its exciting voltage via 
the internal grid-plate capacity 

of the tube. If the tube has a small amount of capacity, the 
tube may not oscillate, and an additional condenser must be 
placed from grid to plate outside the tube, as shown by the 
dotted condenser C 6,. 

Only a small amount of grid excitation is needed with this 
circuit because both the grid and the plate circuits are tuned 
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to the frequency of oscillation. Hence the name of this circuit, 
tuned-grid-tuned-plate. Because of the two tuning condensers 
required, this circuit is not in general use in service test oscilla
tors, since in these instruments they would both have to be 
variable, thereby complicating the frequency control system. 

15-14. Meissner Oscillator Circuit.-Another well-known 
variation of the conventional oscillator circuit is shown in Fig. 
15-10. Here, neither the plate nor the grid circuit is tuned 1 the 
re~onant frequency being determined by a separate circuit com-

FIG. 15-10. - The 
Meissner oscillator 
circuit. A separate c~ 
tuned circuit com- ---
posed of L and C is 
employed. 

posed of L and C. The important thing about this arrangement 
is that any random initial disturbance will cause a change in 
the plate current through the plate coil L,. This change will 
induce a voltage in the oscillatory, or tank, coil L, and set up 
oscillations in the L-C tuned circuit. The magnitude of these 
oscillations depends mainly upon the induced voltage and the 
resistance of the coil L. But the grid coil L, is also magnetically 
coupled to this same coil L; hence the oscillatory current in the 
L-C circuit induces a voltage in the grid coil, and it is this 
induced voltage that keeps the tube oscillating. 

Another variation from what might be termed conventional 
circuits is the fact that the cathode, or filament, of the tube is 
not at B minus potential. The cathode may be grounded, and 
if it is, then B minus must not be grounded, otherwise the plate 
coil will be short-circuited. 

A distinct advantage of this circuit lies in the fact that the 
frequency of oscillation is really controlled by the resonant fre
quency of the L-C circuit, and is not influenced by tube and 
stray capacities. This circuit has been used extensively in 
small transmitters, but has not been used in service test oscilla-
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tors, mainly because of the fact that three separate coils are 
required. This is a disadvantage in all-wave oscillators which 
employ rather complicated coil-tap and switch arrangements, as 
we shall see in Chapter XVII. 

15-15. Hartley Series and Parallel Feed Oscillator Cir
cuits.-Figure 15-11 shows the schematic circuit of what is 
probably the most widely used oscillator circuit employed for 
test oscillators. The resonant frequency of the circuit LC1 de
termines the frequency of oscillation. The plate of the tube 

FIG. 16-11.-Series 
feed Hartley oscilla
tor circuit. The feed
back coil L. is in 
series with the plate 
circuit. 

connects through the by-pass condenser C to one end of this 
coil, and the grid connects to the other end. The filament or 
cathode is tapped somewhere in between, usually about ¼ the 
total number of turns from the bottom. Thus the coil L is 
divided into two sections, L 11 and L,. 

Any initial disturbance sets up a voltage in the plate coil 

( 
CRI 

I 

Li 

+ 

I ,O,'--------::ll------
1 

l~------~ 

FIG. 15-12.-Parallel 
feed Hartley oscilla
tor circuit. The feed
back coil L. and con
denser C, form a par
allel circuit with that 
of the plate. 

L,, which sets up an oscillating current in the whole coil and 
condenser circuit LC1; part of the voltage across L is applied 
between grid and filament of the tube to keep the circuit os
cillating. The position of the cathode tap is therefore important 
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in determining the value of the grid voltage and the amount 
of inductance in the plate circuit. 

This circuit is called a series feed Hartley circuit because 
the plate battery is connected in series with the coil L, and the 
plate-cathode resistance of the tube. If it is connected in par
allel with the cathode and plate, as shown in Fig. 15-12, it is a 
shunt, or parallel feed Hartley circuit. The mode of operation 
is the same for both. 

In the series feed circuit, the plate current of the tube, whether 
or not it is oscillating, flows through the coil L, because it is 
in series with the plate circuit. However, in the shunt feed cir
cuit, the d-c plate current does not flow through L,, because of 
the by-pass condenser C 1, but the r-f current is forced through 
it by the r-f choke. 

The construction details for both a practical battery-operated 

FIG. 15-13.-Circuit 
arrangement of the 
Colpitts oscillator. 
The tuning capacity 
consists of two parts, 
one for the grid and 
the other for the plate 
circuit. 

and a line-operated test oscillator employing the Hartley parallel
feed circuit are presented in Chapter XVI. 

15-16. Colpitts Oscillator Circuit.-Instead of using part 
of the inductance of the tuned circuit for the plate and grid 
coils, it is entirely possible to break up the tuning capacity into 
two sections, using one for the grid and the other for the plate 
circuit. This idea is the principle of the familiar Colpitts cir
cuit shown in Fig. 15-13. The tank condenser is now composed 
of C 1 and C, in series, the combination being in parallel with 
the coil L. The grid leak is connected from grid to cathode 
in this circuit, because the cathode is not directly connected to 
the coil to complete the grid-return circuit. The r-f choke is 
connected as shown, in order to complete the B battery circuit 
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to cathode. If the choke is a good one, it will not affect the op
eration of the tube as an oscillator. 

Any disturbance will change the current through the choke, 
because the choke is in series with the plate circuit. A change 
in current means a change in voltage, and this change in voltage 
is applied across C • because CI is in parallel with the choke. 
Now a voltage across C1 will cause condenser C1 to be charged 
and discharged according to the charge and discharge of C ,, and 
in this manner an oscillating current is set up in the LC ,C • 
circuit. The alternating voltage across C 1 is that which actu
ates the grid; and the one across CI is that which excites the oscill
ating circuit. 

In other words, the voltage across C • corresponds to that 
across L,, in the Hartley circuit, and that across C 1 corresponds 
to the voltage across L11• The method of grid circuit excitation is 
inductive in the Hartley and capacitative in the Colpitts circuit. 

15-17. The Dynatron Oscillator.-It will be recalled that 
the vacuum tube can be made to generate high-frequency cur
rents because of variations in plate current caused by changes 
in some other element, usually the control grid. Furthermore, 
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FIG. 15-14.-Funda
mental dynatron char
acteristic of a screen 
grid tube. Over re
gion B-C an increase 
in plate voltage re
sults in a decreC1,Be in 
plate current i.e., the 
tube exhibits a fl.ega.
tive resistance char
acteristic. 

the usual form of oscillator is equipped with two sets of coils, 
a grid and a plate coil. 

Because of the peculiar characteristic of a screen-grid tube 
(not a pentode), it may be caused to generate alternating cur
rents by virtue of the unique shape of the plate-voltage-plate
current curve. Consider such a curve as shown in Fig. 15-14. 
Imagine the potential of the plate of a screen-grid tube (not a 
pentode) to be gradually increased from zero, and the screen 



CH.XV THE SERVICE TEST OSCILLATOR 868 

voltage maintained constant. At first, the plate current increases. 
as shown, in the region between point A and B, and then decreases 
with increasing plate voltage (from B to C). This decrease in 
plate current is due to the secondary emission of electrons from 
the plate toward the screen grid. The screen grid attracts these 
secondary electrons because the fixed screen potential is greater 
than the plate potential in this region. Therefore, the screen 

FIG. 16-16. - Fundamental 
circuit arrangement of the dy
natron oscillator. LC forms the 
tuned circuit. 

attracts all the secondary electrons until the plate has a potential 
equal to that represented by point C. Any further increase in 
potential beyond that point, causes an increase of plate current, 
because now the plate has a higher potential than any other ele
ment in the tube has, and it can therefore attract back any "secon
dary" electrons that it may emit. The rise from C to D to E 
is "normal". 

It is the region from B to C that is the interesting one from 
our standpoint. An increase in plate voltage produces a de
crease in plate current, and if the tube is connected as shown 
in Fig. 15-15, oscillations will be generated. We will now see the 
reason for this. 

Any initial disturbance in the circuit at all (such as the ap
plication of plate or screen voltage) will cause a change in the 
current through the coil L and a change in charge in the con
denser C, the tank circuit. This means a change in voltage 
across L (and, of course, across C). If this small generated 
voltage is such as to increase the total applied plate voltage, 
the plate current will decrease because of the peculiar charac
teristic, and this decrease in plate current will generate a voltage 
across L which will be in such a direction as to tend to main
tain this current constant. In other words, the plate voltage will 
increase again, causing a further reduction in plate current. 
This process continues until point C on the characteristic is 
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reached, after which time, increasing voltage causes an increase 
in current. Hence the direction of the generated voltage will 
be reversed-in such a direction as to reduce the plate voltage
and the current will rise to point B on the curve. In other 
words, if the normal plate voltage without oscillation is repre
sented by point O, the reversed slope of the curve will maintain 
oscillations. 

Another explanation for this action is usually given in terms 
of the negative resistance of the tube in the dynatron region. 
Resistance is equal to voltage divided by cu"ent. A positive re
sistance is one in which an increase in applied voltage is accom
panied by an increase in current; a negative resistance is one in 
which an increase in voltage is accompanied by a decrease in cur
rent. Therefore, since in the region between Band C (Fig. 15-14), 
an increase in plate voltage results in a decrease in plate current, 
the tube may be looked upon as a negative resistance. A glance 
at the schematic diagram of the dynatron circuit will show that 
this negative resistance of the dynatron is shunted across the 
oscillatory circuit composed of L and C. Now a negative re
sistance across a positive resistance means that the net is the 
difference between the two ( one tends to increase the current 
while the other tends to decrease it), and, if they are both 
equal, the resistance of the circuit is zero. 

Any circuit with zero resistance will maintain a circulating 
current for an indefinite length of time; hence, the oscillating 
current will be maintained. Any tendency to absorb energy 
(and hence increase the positive resistance of the circuit) will 
be compensated for by the negative resistance of the tube. 

(There is no doubt about the fact that a clear conception 
of negative resistance is beyond the scope of the average radio 
man without a knowledge of at least the calculus. But so many 
writers have referred to the negative slope and characteristic 
of the dynatron, that the author has included this brief note in 
the hope that it may make these explanations a bit clearer.) 

The dynatron oscillator cannot be considered a stable os
cillator. The characteristics of a group of tubes of the same 
type are not likely to be the same in the dynatron region ( es
pecially since the plates of tubes are now carbonized to reduce 
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secondary emission). However, the use of but a single coil, and 
the elimination of numerous adjustments have made this form 
of oscillator somewhat popular for some classes of work. It 
is not a very stable oscillator, even with a given tube, because of 
the change in secondary emission with changes in temperature. 
Under thermostatic control, however, it should prove very suit
able, but a thermostatically controlled arrangement is hardly 
practical for use in test oscillators. 

15-18. How Harmonics are Generated in an Oscillator.
From the previous discussion of oscillators,· it is clear that the 
frequency of oscillation is determined by the tuned circuit, called 
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FIG. 15-16.-Diagram il
lustrating h o w harmonic 
frequencies may be gener
ated in amplifier and oscil
lator tubes. Operation of 
the tube at the lower bend 
produces distorted wave-
form S which represents a 
condition where harmonic 
frequencies are present. 

the tank circuit, and it appears from this discussion that but one 
frequency can be generated at a time-that corresponding to the 
resonant frequency of the tank circuit. But an important con
sideration arises here-almost all oscillators generate frequencies 
which are integral multiples of the main, or fundamental, fre
quency, and these frequencies are called harmonics of the fun
damental. Let us revert to the theory of the vacuum tube op
erating as an amplifier, for a plausable explanation of this. 

Figure 15-16 shows the grid-voltage-plate-current charac
teristic curve H-G-D of a typical triode. Assume that a grid 
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bias, designated by the distance 0-A, of such value that the tube 
operates normally over the straight portion E-D of its charac
teristic, has been applied. The no-signal plate current is then 
represented by distance A-C. If a signal P, represented by sine
wave 1-S-S-4-5-6, is now impressed on the grid of the tube, the 
plate current will vary in accordance with the corresponding 
plate-current curve R, marked 1-S-S-4-5-6. Since the tube ia 
operating over the straight portion of its characteristic, the in
creases in plate current are equal to the decreases, and the form 
of the plate current variations is exactly (for our purpose) the 
same as the form of the applied signal voltage variations. Under 
these conditions, the plate current has but one frequency-that 
determined by the signal. 

Suppose, however, that the bias is made more negative, so · 
that the no-signal operating point is represented by F. The same 
signal, now labeled Q, is impressed on the tube. The resulting 
plate current variations, curve S, do not resemble the input volt
age variations at all: the increases, 7-8-9, in plate current are 
much greater than the decreases, 9-10-11. 

Under this condition of tube operation, the output is distorted, 
for its wave-form does not resemble that of the applied signal. 
There are several ways by which this distortion can be depicted: 
first, the distorted wave form can be plotted(as we did) and the 
picture studied; second, the ratio of the plate current decrease. 
to the plate current increases can be measured and this ratio 
considered as a measure of the distortion; or third, the distorted 
wave may be considered as being composed of a number of 
pure waves, of the same form as the original (sine waves) but 
differing either in frequency and/or in amplitude. ·For practical 
purposes, the third method is the preferable one, the first two 
being used when the amplitude and number of waves or fre
quencies required are to be calculated. These extra frequencies 
are called harmonics of the main, or fundamental frequency. 

15-19. Harmonic Frequencies.-Let us consider our dis
torted wave-form further. If the wave is considered as being 
composed of the fundamental and a number of integral frequen
cies, then, at any instant, the sum of all of them should equal 
the original distorted form. This is exactly the state of aft'airs. 
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The distorted wave may be considered as composed of waves 
of a number of different "harmonic" frequencies, each bearing 
a definite relation to the lowest frequency generated, called the 
"fundamental," which is determined by the resonant frequency 
of the tank circuit. 

This means that if another tuned circuit were coupled to the 
tank circuit, and the resonant frequency of this other circuit 
were adjusted (in turn) to two, three, four, five, etc., times that 
of the fundamental frequency, currents having a frequency of 
two, three, four, five, etc., times respectively that of the "fun
damental" frequency of the oscillator would be induced in this 
circuit. Each of these individual currents would be pure sine 
waves, and entirely suitable for service work. 

To illustrate this point, let us assume that a tuned circuit 
is made to oscillate at a fundamental frequency of 500 kc. If a 
radio receiver is coupled to the tank coil of the oscillator by 
means of a coil having a few turns placed in inductive relation 
with the tank coil so as to absorb energy from it, and the re
ceiver is tuned to 1,000 kc, the modulated oscillator signal will 
be heard. This frequency is the "second harmonic". Another 
signal will also be heard when the receiver is tuned to 1,500 kc, 
etc. This signal is the "third harmonic", having a frequency 
three times that of the fundamental. 

This question of harmonics may be summed up as follows: 
If a vacuum tube has a sufficiently large grid-bias voltage 

applied to it, any sine-wave voltage impressed across its grid 
circuit does not cause equal changes of plate current during each 
half cycle, due to the fact that the tube will be operating over 
the curved portion of its grid-voltage-plate-current characteris
tic. This causes the wave-form of the plate current to differ 
somewhat from that of the sine-wave grid impulses and become 
distorted, resulting in a generation of multiple frequencies (har
monics) in addition to that frequency (fundamental) to which 
the oscillating circuit is tuned. 

15-20. Computation of Harmonics.-The fundamental 
frequency is the lowest frequency generated by an oscillator 
for a given inductance and capacity in its tuned circuit. This fre
quency, regardless of its amplitude, is determined by the resonant 
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frequency of the tank circuit. The next higher frequency is 
twice the fundamental; the next, three times the fundamental; 
etc. In other words, the order of the harmonic is the number 
of times it is greater than the fundamental. For instance, if the 
fundamental is 100 kc, the second harmonic would be 200 kc, 
the third 300 kc, etc. The 2nd, 4th, 6th, 8th, etc., are even har
monics. The 3rd, 5th, 7th,etc., are the odd harmonics. It should 
be remembered that the strength or intensity of the harmonics 
of the fundamental frequency generated by an oscillating circuit 
diminishes as the order of the harmonic signals increase. Thus, 
the fifth harmonic is very much weaker than the second, etc. 

FUNDAMENTAL AND HARMONIC FREQUENCIES (KILOCYCLES) 

Fundamental Second Third Fourth Fifth 
Frequency Harmonic Harmonic Harmonic Harmonic 

100 200 300 400 500 
125 250 375 500 625 
150 300 450 600 750 
200 400 600 800 1,000 
250 500 750 1,000 1,250 
300 600 900 1,200 1,500 
350 700 1,050 1,400 1,750 
400 800 1,200 1,600 2,000 
500 1,000 1,500 2,000 2,500 
700 1,400 2,100 2,800 3,500 

1,000 2,000 3,000 4,000 5,000 
1,500 3,000 4,500 6,000 7,500 
2,000 4,000 6,000 8,000 10,000 
2,500 5,000 7,500 10,000 12,500 
3,000 6,000 9,000 12,000 15,000 
4,000 8,000 12,000 16,000 20,000 
5,000 10,000 15,000 20,000 25,000 

The importance of this chart lies in the fact that it shows 
the wide range of frequencies that may be covered with a single 
oscillator. 

Suppose that any of the oscillator circuits shown in this chap-
ter are tuned by a variable condenser. Further suppose that the 
minimum frequency is 100 kc ( determined by the tuning in-
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ductance and the maximum setting of the tuning condenser), and 
that the capacity variation range of the condenser is 16: 1; that is, 
suppose the ratio of the maximum to the minimum capacity of 
the condenser is 16: 1. Then, since the frequency (in cycle, 
per sec.) of a resonant circuit is 

159,000 
f=----------------------

y L (in microhenries) X C (in microfarad,) 

the frequency coverage ratio is 4: 1. This means that the max
imum fundamental frequency would be 400 kc ( obtained at the 
minimum-capacity setting of the tuning condenser). The fifth 
harmonic of this maximum frequency is 2,000 kc. If all the har
monics to the fifth were strong enough for use, then the effective 
range of this oscillator would be from 100 to 2,000 kc. 

Another coil could be switched in the circuit to make the 
lowest fundamental frequency 400 cycles, and, for this coil, the 
range would be from 400 to 1,600 kc without harmonics, and from 
400 to 8,000 kc with harmonics. 

This action of an oscillator tube to produce, in addition 
to the fundamental frequencies, "harmonic" frequencies which 
are multiples of the fundamental frequencies to which its oscil
lating circuits are tuned, is utilized in some test oscillators, for it 
makes possible the construction of cheap and simple oscillators, 
which cover the very wide frequency band required for adjust
ment and test work on both broadcast r-f, and intermediate 
frequencies. It is seen from the above, that, if the "harmonics" 
produced by the oscillators are employed, only a few coils are 
required in them in order to have them produce signals over the 
complete i-f and r-f bands used in radio receivers today. Hence 
their construction is greatly simplified. However, test oscillators 
which produce fundamental frequencies covering a range from 
about 100 to at least 25,000 kc (or, better still, up to 30,000 kc) 
are preferable, because the higher-frequency signals are usually 
stronger and the manipulation of the instrument is simplified. 

15-21. Amplitude of the Harmonics Produced.-The am
plitudes or "strengths" of the harmonics depend upon the 
amount of distortion in the wave form-the greater the distortion 
the stronger are the harmonics. In general, severe distortion of 
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the wave form is secured by biasing the grid of the tube to the 
point where it actually begins to rectify its own grid signal, as 
shown by waves Q and Sin Fig 15-16. Under proper conditions, 
the amplitude of the second harmonic may be as much as 25 % 
of the fundamental. Also, the strength of each succeeding higher 
harmonic is much less than the lower ones. The strength of all 
harmonics may be increased by using a larger plate voltage and 
a greater bias voltage ( within certain limits). In this case, 
plate current will flow only during a short portion of each 
cycle of the grid signal. The distortion is then very severe, and the 
amplitude of the harmonics is therefore large. More will be said 
about harmonics in Chapter XVI in connection with the calibra
tion of test oscillators. 

15-22. Calibration of Test Oscillators by Means of Har
monics.-The harmonics generated by an oscillator may be used 
conveniently to determine the frequency of oscillation. How
ever, we will defer the explanation of this until the latter pa.rt of 
Chapter XVI, after the construction of a typical modern test 
oscillator has been explained. 

15-23. Modulating the Oscillator Output.-The test oscil
lator in its simplest form will generate a signal of the frequency 
determined by the resonant circuit; and, if the bias is correct, 
harmonics of this fundamental circuit will appear in the plate 
circuit. If the output of such an oscillator is fed into a radio 
receiver, no musical note will be heard beca1,Jse the output of the 
oscillator is an unmodulated r-f current. It will sound exactly 
like a broadcast station when no announcer or artist is speakin& 
into the microphone-the carrier noise can just barely be heard 
in most cases. For certain test purposes, it is desirable to hear 
some sort of note from the loud speaker of the set under test. 
It may often be necessary to test the audio amplifier along with 
the r-f end of the set; it may be that the tone, as well as the 
readings of an output meter or vacuum-tube voltmeter are to 
be observed; or, as is often the case, the psychology of listening 
to a note while testing makes for more efficient work. 

The process of impressing a low-frequency signal (usually an 
audio signal) on a signal of much higher frequency is known ae 
modulation. There are various ways in which this may be done. 
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The simplest method for explanatory purposes is shown in Fig. 
15-17 and is known as grid modulation, because the audio modu
lation is impressed in the grid circuit. The oscillator shown is the 
tickler type, and the only change is the insertion of the secondary 
of an audio transformer in the grid-return lead. An audio signal 
from a carbon microphone or an additional audio oscillator 
(similar to any of the oscillators described in this chapter, for 

FIG. 16-17.-Circuit 
arrangement of a 
simple grid-modulated 
oscillator with tickler 
feedback. Modulation 
is secured here by the 
use of an audio signal 
and transformer T. 
Condenser C 1 is mere
ly an r-f by-pass. 

~ AUDIO 
SIGNAL 

example) is impressed on the primary of this transformer; the 
resulting secondary voltage varies the grid bias of the tube at a 
rate determined by the frequency of the audio signal. 

Thus, suppose the r-f grid voltage is represented by (A) in 
the diagram of Fig. 15-18, and the audio voltage is represented 
by (B) ; the resulting modulated r-f wave is as shown at ( C). 
The frequency of the r-f oscillations remains about the same, but 
their amplitudes vary at the rate determined by the amplitude 
of the audio signal. If the peaks of all the r-f cycles are con
nected together, the line connecting them is called the envelope 
of the wave, because it envelopes the entire r-f wave. 

15-24. Per Cent Modulation.-In the example shown in 
Fig. 15-18, the amplitude of the unmodulated wave (A) is rep
Tesented by the distance A, and the audio signal is assumed to 
have the same amplitude, that is, the voltage impressed on the 
grid of the tube due to the oscillations (the voltage across the 
tuning condenser) is equal to that across the secondary of the 
audio transformer. Hence, since currents in the same phase add 
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and those in opposite phase oppose each other, at some instants 
the net voltage on the grid will be 2A and at other instants the 
net voltage will be zero. Hence the amplitude of the resulting 
radio wave varies from zero to 2A, as shown in (C) of the 
figure. 

On the other hand, suppose the amplitude of the audio volt-
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FIG. 15-18.-What happens during the modulation of r-f oscilla
tions. Modulation consists in causing the amplitude of the high
frequency current, (A), to vary in strength in accordance with an 
a-f variation, (B), to produce an r-f current, (C), of correspondingly 
varying strength. 

age (B) were but one-half that of the unmodulated r-f voltage 
(A); then the resulting radio wave would be as shown at (D). 
The amplitude now d()es not rise to twice its unmodulated value, 
but only to 50 % more; and in a similar manner it does not go 
down to zero, but only to half its unmodulated value. In other 
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words, the amplitude varies at an audio rate, but only 50 % 
above and below its unmodulated amplitude, because the strength 
of the audio signal is but 50 % of that of the unmodulated r-f 
signal due to oscillation. 

The percentage of modulation is the ratio (expressed in per
centage) of the increase or decrease in amplitude due to modu
lation, to the amplitude of the unmodulated signal. In the case 
shown at (C), the per cent modulation is 100, and in the case 
shown at (D) the wave is modulated 50% because B/A is 0.5 
= 50 % , since the amplitude of the audio signal is half that of 
the r-f signal. 

1S-2S. Plate Modulation.-The grid modulation arrange
ment shown in Fig. 15-17 is generally unsuitable when stability 
is desired, because the changes which the audio signal pro
duces in the grid potential shift the bias too much for high per
centage of modulation and introduce undesired forms of audio 
distortion. Then, too, the frequency of oscillation varies with 
the audio signal, with the result that the frequency is modulated 
(shifted) as well as the amplitude. Furthermore, when the 
audio is removed to obtain only the carrier, the frequency of the 
steady oscillation is different from the modulated carrier. These 
considerations led Heising to develop a system of modulation in 
which the modulating source varies the plate voltage of the 
oscillator tube, instead of the grid voltage. It is therefore called 
plate modulation. 

The circuit diagram of one of the various arrangements for 
producing "plate" modulation is shown in Fig. 15-19. The oscil
lator shown is a shunt-feed Hartley. Normally, with no mod
ulation, the B power source would be connected across term
inals 1 and ~; but when plate modulation is used, an audio 
choke, L, is connected as shown. This choke is also in the 
plate circuit of an audio amplifier tube V I to which the audio 
modulator signal is fed. Variations in the grid potential of V 1 

( called the modulator tube) vary the voltage across the choke L. 
This variable voltage is applied to the plate of the oscillator 
in series with the B voltage which is now common to both tubes. 
In this manner, the oscillator plate voltage is varied in accord
ance with the audio signal impressed on the tube V ,. Since the 
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output of an oscillator is directly proportional (within limits) to 
its plate voltage, the amplitude of the generated high-frequency 
oscillations varies in accordance with the impressed audio signal. 

The resistor R is merely a voltage-dropping resistor to make 
the oscillator plate voltage lower than that of the modulator in 
order to secure a high percentage of modulation. The choke L 

OSCILLATOR 
v, 

2 

MODULATOR 

Vi 

FIG. 15-19.-Heising or "plate" system of modulation. Here the 
modulating source modulates the plate voltage of the oscillator tube 
through choke L. 

may be replaced by the secondary of an audio transformer if 
so desired, with exactly the same principle of operation. Since 
L has a very high inductance, the current through it changes 
but little, and for this reason this system is sometimes known as 
the constant-current system of modulation. It is without doubt 
one of the most commonly used methods of modulating the car
rier in modulated oscillators requiring stability and faithful 
reproduction, as we shall see in Chapter XVII. Commercial 
test oscillators employing this method are described in Arts. 
17-2, 17-3, and 17-4. 

15-26. Electron Modulators.-The two systems of modu
lation already described depend for their operation upon the 
variation of either the control-grid or the plate potential by the 
modulating signal. It is possible to modulate a carrier without 
recourse to this method, (which almost always results in fre
quency modulation and instability). By applying the modulating 
signal to another grid placed in the electron stream between the 
cathode and the plate of the r-f oscillator tube, it is possible to 
vary this electron stream in accordance with the modulating 
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signal, and thus modulate the plate current without changing the 
potentials applied to the oscillator electrodes of the tube directly. 
A circuit diagram for such a system is shown in Fig. 15-20. 

The tube shown here, the familiar 2A7 which is equipped 
with five grids, labeled as shown. Grid 1 is connected to the 
cathode because it is not required for our purpose. Grid 2 con
nects to one side of the modulating circuit, as does one side of the 
tank coil. Grids Sand 5, tied together inside the tube, shield the 
control-grid, No. 4, from capacitative coupling effects and are 
placed at a potential slightly lower than the plate voltage, a 
normal connection. Now, when the audio modulating signal 
varies the potential of grid 2, the number of electrons reaching 
the plate (as a result of the r-f potential placed on the control
grid by the oscillating circuit) varies, in direct proportion to the 
voltage of this No. 2 grid. In this manner, the r-f plate current 
has an envelope similar to the audio wave, and none of the os
cillation-generating elements have their potential varied. In 
other words, grid 2 acts on the r-f electron stream directly and 

RFC 

+ 

TO 
AUDIO SIGNAL 

FIG. 16-20.-An electron modulator system. Modulatin~ grid G1 
controls the flow of the stream of electrons between the cathode and 
plate and modulates it in accordance with the modulating signal im
pressed upon it. 
11modulates" the flow of electrons between the cathode and the 
plate. 

It is not essential for grid 2 to be the modulating grid. Any 
of the grids in the tube are suitable: the r-f oscillator grid may 
be No.Sand the modulating grid No. 4, etc. As long as the tube 



366 MODERN RADIO SERVICING CH.XV 

oscillates and the modulating grid varies the electron stream, the 
tube current is modulated. Also, a separate oscillator and modu
lator tube may be employed, so long as modulation takes place by 
control and variation of the electron stream within the modula
tor tube. A commercial test oscillator employing this arrange
ment is described in Art. 17-11. This system is gaining much 
favor in low-powered oscillators, and its stability has much to 
recommend it. The important point about it is that there is no 
mutual inductance or capacitance coupling between the oscillator 
and modulator sections of the system-the coupling or control is 
obtained purely by the electron stream. Despite the fact that 
these somewhat ideal conditions are not realized in practice, 
practical electron modulators are sufficiently good to warrant 
their favor. 

15-27. Self-Modulated Oscillators.-The oscillator systems 
already described are suitable for tests where stability and ac
curacy are of importance. For the radio service work ordinarily 
encountered, extreme stability and accuracy are not necessary 
nor desirable from the standpoint of cost, portability, upkeep, 
fragility, and test requirements. A simple one-tube oscillator, 
capable of modulating itself, or of being modulated from an ex
ternal source such as a phonograph pickup, an a-f oscillator, etc., 
is really what is desired. The modulating system must be simple 
and fairly reliable. There are many oscillators available that 
use separate modulators and that are very stable for service 
work. These oscillators are better than any self-modulated sys
tem. The leak-modulator system is used in many of the less 
expensive self-modulated radio test oscillators because of its 
simplicity. 

If the grid leak and condenser, R,, and C,,, respectively, in 
any of the oscillator diagrams shown previously, are made large 
enough, then the condenser will accumulate a negative charge 
on the side nearest the grid. This charge cannot leak off fast 
enough to keep the grid from becoming more and more nega
tive because of the large size of the condenser and leak, with 
the result that, eventually, the negative charge becomes great 
enough to stop the flow of plate current. This means that the 
tube stops oscillating. 
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When the tube stops oscillating, there is no varying potential 
on the grid, so the grid condenser starts to discharge slowly 
through the leak ( the power stored in the condenser is dissipated 
as heat in the leak resistance) until the plate current rises 
sufficiently to start oscillation again. Just as soon as the oscil
lations start, the grid condenser begins to accumulate a charge 
again, and the process repeats itself. In this manner the tube 
starts and stops oscillating at a rate depending upon how fast 
the condenser can charge and discharge. This rate, in turn, de
pends upon the size of the condenser and leak. The higher the 
capacity and the higher the resistance of the leak, the more time 
it takes to build up a charge and the longer it takes to discharge. 
This means that the oscillations are stopped and started again at 
a slower rate than with a smaller condenser and leak. It is this 
gtarting and stopping action that modulates the normal plate cur
rent-hence the name self-modulation, or, grid leak and condenser 
modulation. Of course, the advantage of this circuit lies in the 
fact that the oscillator is simple since it does not require any 
external modulator. Commercial test oscillators employing this 
method of modulation are described in Arts. 17-5 and 17-7. 

It should be pointed out that with a small condenser and a 
small leak resistance the charging and discharging takes place 
just the same. But the point is, that it charges and discharges 
fast enough so that the amount of charge (and hence the highest 
negative potential) is never great enough actually to stop oscil
lation. It is only when the capacity is large and the leak re
sistance is large that self-modulation can take place. 

It will be recalled that the purpose of the leak is to provide 
an automatic grid bias for the tube. But if the leak resistance 
is too great, the bias becomes too great, and the tube stops os
cillating. The condenser, whose function is solely to by-pass the 
leak during the "no-modulation" condition, assumes an im
portant role when self-modulation takes place. Instead of mere
ly by-passing, its charge becomes greater and greater during 
each r-f cycle, until finally it becomes great enough to stop os
cillation. As mentioned previously, small condensers take a 
correspondingly smaller charge, and under normal conditions 
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this charge is never great enough to seriously affect the operating 
conditions. 

Another method which may be employed to produce self
modulation in test oscillators is to operate the oscillator from the 
60-cycle a-c power line, supplying this 60-cycle alternating cur
rent to both the filament and the plate circuit of the oscillator 
tube. Naturally, the plate current will be a d-c current pulsating 
60 times per second. This causes a 60-cycle modulation in the 
r-f output. A commercial test oscillator employing this principle 
is described in Art. 17-8 of Chapter XVII. 

15-28. "Frequency" Stability of Oscillators.-An oscil
lator is said to be stable when its frequency and voltage output 
do not vary with time. In other words, the frequency and 
voltage output of an oscillator should remain constant both dur
ing a test and from one test to another. When output readings 
are taken on a radio set which is being fed by an oscillator, it 
is quite essential that the oscillator output remain constant, else 
the readings can have little significance. 

The stability of the usual oscillator of the vacuum-tube type 
is very good, unless the dynatron is used. As pointed out in 
Art. 15-17, the dynatron is inherently an unstable form of oscil
lator, and its use should be limited to tests where accurate cali
bration is not essential. There are two classes of instability 
of the frequency-"drift" and "flick". \Vhen the frequency of an 
oscillator changes very slowly, the change is called a drift, and 
when the change is rapid, it is called a flick. 

Slow changes or "drifts" in frequency are due to the chang
ing characteristics of the tube or batteries used, to any gradual 
absorption of moisture in the insulating forms of the coil and 
the insulation of the tuning condenser, to any gradual deter
ioration of the grid leak and condenser, and to any change in 
tuning coil characteristics due to temperature changes. "Flicks" 
are due to poor or loose connections, and more generally to poor 
grid leaks. It must be remembered that the grid current of 
certain types of oscillators may be greater than the plate cur
rent, and a small leak, unable to handle this current safely, will 
show erratic changes in resistance value from instant to instant 
because of overheatin2. 
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15-29. "Amplitude" Stability of Oscillators.-Oscillators 
tend to function more strongly at the higher than at the lower 
fundamental frequencies because of the existence of the internal 
capacity of the tube. However, a given oscillator may give more 
output as the tuning-condenser capacity is reduced (higher fre
quency), and then, quite suddenly, the output drops. This rapid 
drop is due to the very small value of tuning condenser in the 
tank circuit, which is unable to keep the circuit oscillating. This 
point may be explained as follows: 

An oscillator is a power generating device, and, as such, must 
store power in the tuning coil and condenser. The coil and 
condenser do not absorb power, they just store it up for use by 
the external circuit. The energy stored in a condenser of cap
acity C is ½CE2, where E is the voltage across the condenser. 
Now, with the alternating grid voltage fixed by the tube, bias, 
plate voltage, etc., sufficient energy cannot be stored when the 
capacity C is too small; hence the power output must drop. 
This accounts for the rather sudden drop in output at the very 
low capacity settings. 

The rise in output due to inter-electrode feedback is compen
sated for to some extent by the grid leak and grid condenser. 
It may be further improved by the use of a large plate (tickler) 
winding closely coupled to the grid circuit. The large plate coil 
acts to some extent like a choke (see the tickler oscillator cir
cuit), which tends to reduce the high-frequency output by in
creased choking action. Too big a tickler, however, will stop 
oscillation. Therefore, the tickler should be adjusted so that best 
oscillation is obtained at the highest fundamental frequency. 

15-30. Effect of Coupling to the Oscillator.-An oscil
lator in itself is of little use; it is useful only when part of the 
energy of the tank circuit can be removed for "test" or other use
ful purposes. But when a coil is coupled to the tank coil and en
ergy is removed in this fashion, the inductance of the tank coil 
changes. This causes a change in the frequency of the output 
of the oscillator. All the types of oscillators already described 
in this chapter, therefore, are subject to changes in frequency 
with changes in the load. This frequency shift may be small 
or it may be very large, depending upon many factors, such as 
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the amount of coupling, the amount of energy removed, the size 
of the inductance, the frequency, etc. Any means which pro
vides for the removal of energy without shifting the frequency 
of the tank circuit will result in increased stability and con
stancy of frequency. The electron-coupled type oscillator ac
complishes this. 

15-31. The Electron-Coupled Oscillator.-There is noth
ing radically different about the "oscillator portion" of an elec-
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FIG. 15-21.-A typi
cal electron-coupled 
oscillator circuit. A 
Hartley oscillator ar
rangement is used. 
The oscillator is elec
tron-coupled to the 
plate, P, and the ex
ternal circuit via the 
electron stream in the 
tube. 

tron-coupled oscillator. The main deviation from the conven
tional oscillator circuit lies in the method of coupling the main 
oscillator plate circuit to the external or output, circuit of the 
oscillator. A typical electron-coupled oscillator arrangment is 
shown in Fig. 15-21. 

First of all, only the cathode K, control-grid G1 , and grid G1 act 
in the oscillation-producing circuit. Grid G1 is ordinarily the screm 
grid, but in this oscillator circuit a positive potential is applied to it 
and it acts as the "plate" of the triode which comprises the oscillator 
portion of the tube. A higher positive potential is also applied 
through load resistor, R (which may be a choke instead), to the elec
trode P of the tube. The electron stream between the cathode and 
G1 (which is really acting as a plate here) varies in accordance with 
the r-f oscillations set up in the oscillatory circuit. Since this grid 
is not solid like an ordinary plate--it is really composed of a mesh 
( or coarse coil) of fine wires; therefore, since the electrons which 
are moving rapidly toward it from the cathode are also attracted 
by the strong positive charge on electrode P beyond it, many of them 
shoot through the open spaces in this grid, continuing on their way 
past it to electrode P, then around through R and the plate circuit. 
For a given fixed voltage applied to electrode P, the number of these 
electrons reaching it at any instant will be proportional to the num
ber which reach the "plate" electrode G1 at that instant. Therefore, 
the current in the P-electrode circuit varies exactly in accordance 
with the cyclic changes of the oscillator current, that is, the fre
auency of the current in the P-electrode circuit is exactly the same 
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as that of the current in the main oscillator circuit. Since this cur
rent flows through R, a corresponding cyclic voltage drop is de
veloped across R, and the output circuit may be connected across R 
(either directly, through a coupling transformer, or through a coup
ling condenser, C, as shown). 

It is evident that in the electron-coupled oscillator, the main 
oscillator circuit is really extended (or coupled) to electrode P 
(and the output circuit) through the medium of the electron stream 
which shoots through the meshes of electrode G1 ; i.e., the output 
circuit is electron-coupled to the oscillator circuit. Hence, the name 
electron-coupled oscillator. It is important to note that any changes 
in the voltage applied to electrode P (or in the plate load R) cannot 
affect the frequency of the oscillations, since electrode P is not 
directly a part of the oscillating circuit. The increased stability and 
constancy of frequency which this results in, is the main reason for 
the use of this type of circuit in many of the commercial test os
cillators used in radio service work. ( The oscillators described in Arts. 
17-3, 17-4 and 17-9 employ this type of oscillator; a study of their 
circuit diagrams at this point in order to see how the electron
coupled oscillator arrangement is obtained, will prove beneficial.) 

There are but two places in the circuit of Fig. 15-21 where coup
ling other than electron coupling can exist: (1) from electrode P to 
grid G1 inside the tube, because of the capacity between them; or (!) 
because of part or all of the load current flowing through part of 
the oscillatory circuit. The first possibility is taken care of by placing 
grid G1 at the same potential as the cathode; since it is interposed 
between P and G,, it effectively shields one from the other, reducing 
the actual capacity to nearly zero. 

The second condition is not so easy to minimize with the Hartley 
circuit. An examination of Fig. 15-21 will show that the cathode con-

FIG. 15-22. - An 
electron-coupled oscil
lator with a tickler 
feedback arrange
ment. The oscillator 
is electron-coupled to 
the external circuit 
v i a the electron 
stream in the tube. 
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nects to ground (B minus in this case) through part of the oscilla
tory circuit, Lp. This makes L,, part of the output load circuit, since 
all references in a tube are with respect to cathode, which in this case 
is not at ground potential. Hence, changes in load current will change, 
t.:> a small extent, the frequency of the oscillatory circuit. By changing 
the form of the oscillator to a tickler feedback circuit, this latter 
objection is removed. The new circuit is shown in Fig. 15-22. For 
the sake of variation, a choke is shown in the plate circuit instead 
of a resistor; both work equally well. Notice that the third grid and 
the cathode are both grounded in this circuit. Inductance L, and 
condenser C comprise the entire tuned circuit. 
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The frequency of oscillation of this type of oscillator can be af
fected by coupling effects caused by poor shielding of the third grid, 
no shielding near the tube socket, capacity between connecting leads, 
etc. But aside from these extraneous effects, this form of oscillator 
is probably the most stable one known that is not crystal or other
wise controlled. 

Tetrodes may be used in electron-coupled oscillator circuits, but 
the stability will not be as good as might be desired, because of the 
capacity-coupling between plate and screen grid. Filament-type tubes 
may be used in electron-coupled oscillators, but that leg of the fila
ment not connected to L, must have a choke in series with it in order 
to keep its potential above ground when the Hartley arrangement is 
used. No choke is required if the circuit with the tickler arrange
ment is employed. 

A little thought will make it apparent that the r-f output of this 
type of oscillator can be modulated easily either by applying the 
modulating voltage to an additional suitable grid placed in the elec
tron stream of the tube ( employing the principle of "electron modu
lation" explained in Art. 15-26), or by applying the modulating volt
age to the plate electrode P of the tube (as explained in Art. 15-25). 
An example of the use of the former system is presented by the 
oscillator described in Art. 17-11, the latter system is used in the 
oscillators described in Arts. 17-4 and 17-9. 
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FIG. 16-23.-Several simple output-level (attenuator) control 
arrangements for test oscillators. 

15-32. Attenuators for Test Oscillators.-If the oscillator 
is to be used to feed a signal to some sort of radio equipment, 
such as a radio receiver, it is desirable to have some means of 
varying the output voltage of the oscillator. The most desirable 
range of the output indicating device may then be employed, 
and the output of the oscillator may be adjusted to the value 
best suited for the desired test conditions. This detail is es
pecially important in cases where the test oscillator is used in 
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testing or aligning receivers employing automatic volume con
trol. To really line up ave circuits closely, it is necessary to 
be able to attenuate the signal of the test oscillator to a very 
low value at all test frequencies. This requirement calls for a 
good output voltage control on the oscillator. Any of the simple 
potentiometer control methods shown in Fig. 15-23 can be used 

FIG. 16-24.-A constant-imped
ance attenuator circuit. All three 
resistors are varied simultaneously 
by a single knob. A constant im- INPUT 
pedance is presented to both the 
input and output sides. 

OUTPUT 

for this purpose, but they all have the disadvantage of present
ing a varying impedance to the terminals to which the test os
cillator is connected. However, they are employed in many 
test oscillators, as we shall see in Chapter XVII. 

A discussion of the design of an attenuator ( device that varies 
the output signal strength) that presents a constant impedance 
to the external circuit is beyond the scope of this book, although 
the general arrangement of such an attenuator is pictured in Fig. 
15-24. Three variable resistors are used, two of which, both 
labeled R 1 , are equal at all times. This condition is secured by 
"ganging" the shafts of all three resistors. When the voltage at 
the "output" terminals is to be increased, R 1 is decreased and R, 
increased at the same time. Furthermore, the decrease in R1 

is compensated for by the increase in R,, so that the impedance 
looking into the input terminals always remains the same. Since 
both series resistors are the same and R, is common to both the 
input and output circuits, the impedance looking into the output 
terminals is also always the same. All three resistors are controlled 
by the same shaft and knob. 

A further advantage in the use of the constant-impedance 
type of attenuator is that it maintains the amount of load on 
the tuned circuit constant with changes in its frequency 
setting, thus minimizing the amount of "frequency" shift of the 
oscillator (see Art. 15-28). 
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1S-33. General Conclusions.-The oscillator theory and 
circuit development presented in this chapter are intended to act 
as a guide to the clear understanding of the function, operation 
and characteristics of test oscillator equipment. For further 
details concerning oscillator theory, the reader is ref erred to 
the Radio Physics Course, by Ghirardi. Many service men 
pref er to build their own oscillators and still others pref er to pur
chase them. For this reason information on the construction of 
several practical test oscillators is presented in the following 
chapter. In Chapter XVII will be found descriptions of several 
typical modern commercial test oscillators suitable especially 
for service test work and embodying many of the oscillator, 
modulator and attenuator features described in the present 
chapter. A study of the circuit arrangements employed in them 
is very instructive. 

REVIEW QUESTIONS 

1. (a) Are the signals from broadcasting stations suitable for 
aligning all the tuned circuits of a modern all-wave superhetero
dyne receiver employing an i-f of 456 kc? ( b) State 3 reasons 
for your answer. 

2. (a) Of what value is a modulated test oscillator in service work! 
( b) What frequency range should it cover in order to be of 
maximum usefulness? (c) Why? 

3. (a) Why is the signal delivered by a test oscillator purposely 
modulated? ( b) What determines the frequency of modulation 
in the grid leak and condenser arrangement for self-modulation? 
Explain. 

4. With no signal, a power unit supplies 17 watts of power to the 
plate circuit of an output tube used as an amplifier. When a 
certain signal is received, the plate absorbs but 11.5 watts. What 
is the signal output in watts? Explain fully. 

5. (a) What three requirements must be satisfied in order that 
oscillation may take place in a vacuum-tube oscillator circuit. 
( b) Explain each requirement. 

6. Explain the two common methods of obtaining the bias voltage 
in an oscillator. 

7. (a) Name the seven fundamental types of oscillator circuits. 
( b) Draw the circuit diagram for each one and explain the out
standing features of each. 

8. (a) Under what conditions are harmonics generated by an os
cillator tube. ( b) Explain fully. 

9. How can a distorted wave-form be depicted graphically? 
10. Explain what is meant by the "order" of a harmonic. 
11. (a) Compile a table showing the 2nd, 3rd, 4th, 5th and 6th 

harmonics of the following fundamental frequencies; 176 kc, 
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276 kc, 426 kc, and 600 kc. (b) Which are the "even" harmonics; 
which are the "odd" harmonics. 

12. What is meant by (a) "modulation"; (b) per cent modulation! 
13. Draw an illustration showing (a) a completely modulated high

frequency current; (b) a similar partly modulated current. 
14. Explain several common methods of modulation. 
16. Draw the circuit diagram for a typical plate-modulated oscill

ator and state the functions of each part. 
16. What is meant by the stability of an oscillator? 
17. (a) What is meant by "amplitude stability" of an oscillator? 

(b) What factors may affect it in a practical oscillator? 
18. (ci) What is meant by "frequency stability"? (b) What may 

cause a practical oscillator to be unstable in this respect! 
19. What is an electron-coupled oscillator? 
20. What is meant by "electron coupling"? 
21. What are the advantages of electron-coupled oscillators over 

those employing ordinary methods of coupling? 
22. To obtain stability in an electron-coupled oscillator, what re

quirements must be satisfied? 
23. (ci) How may the strength of the output signal of a modulated 

test oscillator be controlled? ( b) What is the best form of 
control? 

24. (ci} Draw a circuit diagram of a constant-impedance attenuator. 
(b) Describe its construction, and state its advantages. 

26. When testing tubes by the "replacement method", using a mod
ulated test oscillator and an output meter, you find that the meter 
needle shows a steady rise and fall at regular intervals when 
the original tubes are in the receiver, but shows a steady reading 
when one of the i-f amplifier tubes is replaced with a similar 
new one. What would be your conclusion regarding the fault 
in this tube? 

26. Suppose you are making a stage-by-stage test on a super
heterodyne receiver by means of a test oscillator, in order to 
localize trouble. When the oscillator test lead is connected to 
the plate of the first i-f tube, the signal is heard in the loud 
speaker; but, when it is connected to the plate of the mixer tube, 
the signal is not heard. What does this indicate regarding the 
location of the trouble? 



CHAPTER XVI 

HOW TO CONSTRUCT AND CALIBRATE A 
TEST OSCILLATOR 

16-1. Requirements for a Service Test Oscillator.-There 
are five fundamental requirements that a test oscillator must 
satisfy in order to be suitable for radio service work. It must 
be simple, versatile, stable, rugged, and portable. 

The simplicity of an oscillator depends upon its construction. 
Oscillators having four or five tubes are usually very complex. 
Shielding between tubes, the necessity for large power units, the 
possibility of failure, all place too much uncertainty of perform
ance upon a device intended for work in which simplicity and 
freedom from trouble are paramount. One or two-tube oscilla
tors are adequate for the usual routine testing requirements of 
the service man. 

Versatility, at the present time, cannot be under-estimated. 
With tube testers, analyzers, ohmmeters, adapters, hand tools, 
etc., all necessary units of standard service equipment, it is es
sential that every device be made to perform as many functions 
as possible so that the service man will not be obliged to carry 
too much equipment around with him on service calls. The os
cillator is no exception to this. It should be designed to cover the 
complete frequency range needed for service work-from the 
lowest intermediate frequency used in superheterodynes to the 
highest radio frequency used in short-wave broadcast transmis
sion. This means that the oscillator should cover the range from 
at least 100 to about 25,000 kc without any gaps-preferably 
on its "fundamental" frequencies. If it covers a range from about 
100 to 30,000 kc, so much the better. 

Oscillator stability is just as essential in service work as it is 
in the laboratory. Stable equipment in an experimental laboratory 

3'18 
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is necessary for precision and convenience; it is also necessary 
in service work for speed, accuracy, and convenience. True, the 
accuracy required is by no means as great in the service field as it 
is in the laboratory; but a certain degree of accuracy, say, 1 % , 
is necessary. Furthermore, the customer usually pays for the time 
spent on a particular job, and it is only fair to the customer to 
do a certain amount of work in the least possible time. Stability 
of test equipment contributes largely to speedy service. Con
venience, of course, lends interest, and personal interest always 
leads to greater accuracy. 

The last two requirements, ruggedness and portability, must 
be satisfied when the oscillator is to be carried from place to 
place. When the equipment is to remain in one place it may be 
less rugged, and even bulky, as long as the first three require
ments are met. Service men, however, usually carry their equip
ment with them, and it is for this reason that these two features 
are mentioned. The construction of two test oscillators will now 
be described. The first one is for battery operation. The second 
one (Art. 16-7) is for a-c or d-c line operation. 

16-2. Constructing A Battery-Operated Test Oscillator.
Figure 16-1 shows the schematic circuit of a simple one-tube 
oscillator suitable for radio service work. It is designed to cover 
the band from 100 to 24,000 kc without the use of harmonics 
and without any gaps. This is accomplished by using five sep
arate coils and a single tuning condenser. Any one of the five 
coils may be switched into the circuit at will by means of the 
double-pole, five-point rotary switch composed of S1 and S,, which 
are ganged to a single shaft. Tuning is accomplished by means of 
the condenser C,, and the output voltage is varied by means of 
the potentiometer R,. 

16-3. The Circuit.-By imagining the switches to be set at 
any position and tracing the circuit, it will be found that it is 
of the electron-coupled type using the Hartley parallel-feed 
connection (see Art. 15-15). Although the tickler arrangement 
would place the rotary plates of C, at ground potential and give 
slightly more stability, the circuit used here has several advan
tages from a construction standpoint. 

First, only a single coil is necessary for each band; second, 
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one of the filament terminals may be placed at ground poten
tial, which will prevent radiation from the filament leads if they 
are outside the oscillator proper; third, the shield can may be 
grounded to the filament lead, which prevents coupling from 
these leads to the shield-an important consideration when the 
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FIG. 16-1.-Schematic circuit diagram of an all-wave, battery
operated electron-coupled test oscillator. Instructions for constructing 
and operating it will be found in the accompanying text. The same 
oscillator, arranged for line operation, is shown in Fig. 16-3. 

filament batteries are outside the oscillator proper or are placed 
close to the shield can inside the shield; fourth, since the filament 
is tapped to the coil, there is little possibility of varying calibra
tion because of varying coupling between the plate and grid 
coils, which might result if the tickler arrangement were used, 
since two coils per band would then be required. 

The tube selected is a type '34 because it may be operated 
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from a small 3-volt battery, and since it is a pentode it makes 
electron-coupling possible (see Art. 15-31). If the B batteries 
are placed within the shield can-as they should be-the choke 
RFC may not be required. However, if one is used, it should 
be placed close to the screen-grid terminal of the tube socket. 
The 15-ohm rheostat R1 is used to shut the oscillator off and 
turn it on, and to adjust the filament voltage to the proper value 
before using. As mentioned previously, the output voltage is varied 
by means of the potentiometer R,, in the plate circuit of the tube. 
Of course, a more costly constant-impedance type attenuator 
may be used here instead, if desired. 

16-4. Coil Data.-Five coils are required to cover all the 
i-f and r-f bands used in commercial receivers today. They 
should be wound on a form 1¼-inches in diameter, and placed 
as far from one another as possible. When wiring them to the 
grid terminals of the switch contacts, be certain to place the coils 
so that the leads from the grid terminals of the coils to the 
switch contacts are as short as possible-preferably no more 
than an inch or two in length. The table below gives the wind
ing data for all the coils: 

WINDING DATA FOR THE OSCILLATOR COU.S 

Coil No. Band Number Wire size Tap from 
(in kc) of Turns and insul. Bottom 

L1 I 100-300 I 
500• 

I 
No. 32 enam. 

I 170 
(112 T.P.I.) .. 

L2 I 300-900 I 226 I No. 32 enam. I 75 

La I 900-2,700 I 46 I No. 32 enam. I 15 

L, 
I 2,700-8,100 I 17 I 

No. 20 enam. 
I 5 

(29 T.P.I.) .. 

L11 I 8,100-24,ooo I 5.2 
I 

No. 14 enam. 
I 

1.4 
(15 T.P.I.) .. 

•coil form 2.5 inches in diameter. .. T.P.1.=Turns Per Inch. 

After the coils are wound and tapped properly, they should 
be coated with a thin layer of collodion or similar substance to 
hold the wire in place. After they have dried, it is wise to con
nect the mounting brackets (if used) to them. Test all coils for 
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continuity after the brackets are mounted, as frequently short
circuits to the brackets occur, which prevents oscillation. Mount 
all the parts required, make the wiring short and direct, solder 
each joint so that it is both mechanically and electrically secure. 

16-5. Some Precautions in Construction.-When wiring 
to the switch contacts, care must be taken to wipe every joint 
clean of soldering flux or rosin. While these substances are in
sulators of direct current and low-frequency alternating current, 
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FIG. 16-2.-Switching system for short.circuiting one unused 
oscillator coil for each band, to prevent absorption and possible in
operation of the oscillator. This should be substituted in the circuit 
arrangement of Fig. 16-2 if "dead spots" are encountered. The five 
coils here correspond to those shown in Fig. 16-1. The connections to 
switch S1 (not shown here) are the same as in Fig. 16-1. 

they leak quite a bit at i-f and r-f. Electrical leakage between 
the coils will almost certainly make oscillation impossible. 

It may be found after operating the oscillator that, at a 
single spot on the dial, oscillations cease. If the oscillator stops 
functioning at only one point in a given band, it is an indication 
that one or more of the unused coils are resonating at the fre
quency at which oscillations stop. Means must then be taken to 
prevent the absorption of energy by the unused coils. This 
may be done in two ways: ( 1) revise the electrical connections 
so that one or more of the unused coils are short-circuited auto
matically with the same switch used to change wave bands; or 
(2) thoroughly shield one coil from another, so that there can 
be no transfer of energy from one to the other. 

If the first remedy is to be employed, the circuit change shown 
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in Fig. 16-2 is recommended. It consists of an additional switch 
S, ganged to S1 and S, and connected as shown. At any posi
tion of the switches, the next larger coil is short circuited. It is 
not necessary to short-circuit all the coils not used, because it is 
usually only a single coil that is causing the trouble. However, 
if desired, still another deck may be added to the switch to short
circuit two unused coils. It is best first to construct the oscillator 
without the short-circuiting arrangement and try it. If absorb
tion is encountered, simply add another deck to the switch and 
change the switch wiring to that shown in Fig. 16-2. Deck 
switches are usually constructed so that they may be easily 
enlarged by the addition of more decks. 

If shielding is to be resorted to for the solution, then each 
coil should be separated from the adjacent one by a complete 
shield. Under these conditions, it is usually necessary to change 
the entire layout of the oscillator in order to flt the shields. 
Incidentally, the diameter of each shield can (if cans are used) 
should be at least twice the diameter of the form on which the 
coils are wound. If shielding is obtained merely by placing 
metal barriers between the coils, then the barriers should be 
spaced a distance equal to at least twice the coil-form diameter. 

The tuning condenser C, is above ground potential. There
fore, it cannot be grounded directly to the shield can which 
houses the oscillator. This may give rise to what is known as 
hand-capacity efject. If the hand or any other part of the 
human body is placed in the vicinity of any part of a tuned cir
cuit, the natural frequency of that circuit is changed. The 
change in frequency is greater when the part of the oscillator 
near the hand is further above (or below) ground potential. 
Ground potential is the potential of the earth or any other very 
large mass. Practically, this means that if the hand is placed 
near the tuning condenser in order to tune it, the frequency of 
the oscillator will change, especially in our case when the con
denser is above ground potential. To minimize this effect, it is 
necessary that the condenser be mounted near the center of the 
oscillator shield box, and as far away as possible from all sides 
of the box. The shaft may then be extended to the dial by 
means of a bakelite, or similar composition, rod. Hand-capacity 
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effects will then be very small, because the front panel, which 
is grounded, is between the hand and the condenser. 

16-6. Testing the Oscillator.-After the oscillator is fin
ished, it should be turned on and tested by listening to 
it on a good all-wave receiver. .The low-frequency coils 
may be tested by bringing a lead from terminal A of the oscilla
tor to the grid cap of an i-f amplifier tube in a superheterodyne 
receiver. Rotating the condenser will change the frequency until 
a point is reached where the oscillator will operate at the i-f 
used in the receiver, at which time it will be heard. The object 
of testing the oscillator over its entire operating range is to make 
certain that there are no breaks, dead spots, etc., over the entire 
range of the instrument. 

As mentioned in Art. 15-23, no audible note can be heard 
with an unmodulated oscillator. For this reason, it is desirable 
to provide some means for modulation. The simplest method 
is to make the grid leak variable from 0.5 to 5 megohms, which 
will provide a variety of audible tones. For the alignment of 
tuned circuits, the leak should be adjusted for no modulation, 
else the radiated wave will be too broad for any accurate use. 
Merely turn on the modulation for picking up the signal; once 
obtained, turn the modulation off. Another thing to be careful 
of is the change in calibration with the use of self-modulation. 
The scale as calibrated for modulation is different from that ob
tained for no modulation. 

When the oscillator is first turned on and tuned in on a 
receiver, it will be found that, for the same setting of the oscill
ator, it can be tuned in at different points on the receiver, these 
points being very close to one another. This is due to the fact 
that the oscillator tube-and perhaps the tubes in the receiver 
-has not heated up properly. Always allow the oscillator to 
warm up for a few minutes before attempting to use it. 

If, after a half hour or so of operating the oscillator, you are 
certain that it is functioning properly on all bands, you are ready 
for calibration. This will be explained in Arts. 16-12, 16-13, etc. 

16-7. Operating the Oscillator from a D-C or A-C Line.
The oscillator we have just described may be operated from a 
d-c or an a-c line by the addition of a rectifier tube. Of course, 
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it is possible to use a-c on the plate, grid and filament of the 
oscillator as it stands, but then the output is modulated at the 
frequency of the supply line ( usually 60 cycles) and is very 
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FIG. 16-3.-Schematic circuit diagram of the test oscillator of 
Fig. 16-1 arranged for operation from the a-c or d-c electric light line. 

broad--certainly too broad for accurate alignment purposes. 
Consequently, several minor changes are necessary. The os
cillator tube should be replaced by a type '57 or '58 tube, other-
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wise the a-c through the filament will modulate the output. The 
schematic circuit with all electrical values for the power system, 
and the connections for the type '57 or '58 tube, is shown in Fig. 
16-3. 

The circuit is essentially the same as the battery-operated 
version shown in Fig. 16-1, with the exception that a cathode
type tube is used instead of a filament type. The oscillator 
should be thoroughly shielded, and the power unit placed to one 
side of the shield can. The only additional precaution to be 
taken is to ground the shield can through a 1-mfd. condenser. 
Do not apply the ground connection directly, as there is a poaai
bility of blowing the line fuse if it is inserted into the line socket 
in the wrong way. 

Many experienced service men will recognize the power cir
cuit as being of the "universal" a-c---d-c type. That is, the os
cillator will function regardless of the type of power line used. 
If it is a-c, the 25Z5 rectifier will rectify it to d-c; if it is d-c, the 
plug should be inserted so that the plate lead (of the rectifier) 
connects to the positive side of the line. It is not necessary to 
test for correct polarity on d-c lines, as the oscillator will func
tion only with the plug in one direction. If it does not work one 
way, reverse the plug. 

The bleeder resistor R11 is a 10,000-ohm, 10-watt fixed re
sistor of the uninsulated type with two variable clamps on it. 
One of these clamps connects to the r-f choke in the screen grid 
circuit, and the other connects to R, for the plate voltage ad
justment. With the tube oscillating, adjust these taps so that 
the screen voltage is 45 volts and the plate voltage is about 90 
volts. 

The coil data and construction details given for the battery
operated type hold also for this oscillator, and the oscillator 
should be checked for dead spots in the same manner as previous
ly described in Art. 16-5. When everything is working norm
ally, the oscillator should be calibrated. 

16-8. What '"Calibration" Means.-The term "to calibrate" 
has two different meanings, depending upon the nature of the 
work. If a scale is divided into any given number of arbitrary 
parts, and the abaolute value of each part is to be determined, 
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then the scale is to be calibrated. The Fahrenheit thermometer 
is divided into 180 even parts, starting at 32 and ending at 212 
(this range of the thermometer reads from the melting point of 
ice to the boiling point of water). Now each division on the 
scale has no meaning in itself; it is only when each division is 
marked according to temperature that it takes on significance. 
Thus, the fifth division is nothing but a fifth division until it is 
calibrated and given an absolute number of ~7 degrees Fahrenheit. 
In this sense, calibrating a scale means giving each, or a selected, 
part of the scale an absolute value. It is in connection with 
this meaning that we shall use the term calibrate when ref erring 
to oscillators. 

However, the term "calibration" is used in still another sense. 
A scale may be calibrated, but the calibration may be suspected 
of being in error. The procedure, then, is to check the calibration 
of the scale by some means or other in order to rectify any error 
in the existing calibration. The process of rectifying the errors is 
also commonly called "calibration". A voltmeter, for instance, has 
a direct-reading scale from O to 150 volts. The 150-volt mark 
must be checked, for, as pointed out in Art. 2-41, the accuracy 
of a meter is a given percentage of the full-scale reading. The 
process of comparing the full-scale reading with a standard volt
meter reading is often called "calibration," even though the volt
meter has been calibrated before. In order to differentiate be
tween the two meanings, we will refer to the first as calibration, 
and to the second as checking. 

Finally, there are two types of calibrations, direct and indirect. 
A directly calibrated instrument is one in which the absolute 
values are read directly on the scale of the instrument; and an 
indirectly calibrated instrument is one in which arbitrary grad
uations of a scale are ref erred to some other chart or scale to 
obtain the absolute value of the quantity desired. Both direct 
and indirect calibrations are used in radio equipment. 

16-9. Calibration is Really a Comparison.-For our pur
pose, a calibration is nothing more than a comparison. When 
an oscillator is to be calibrated, we mean that it is to be com
pared with some other instrument which will give us absolute 
frequency values. If a wavemeter is available, the readings of the 
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oscillator are compared with the corresponding frequency read
ings of the wavemeter. If a standard radio signal is available, 
the reading of the oscillator is compared with the frequency of 
the signal. And, if a calibrated radio receiver is on hand, the 
readings of the oscillator may be compared with the calibration 
of the radio receiver. 

This idea of comparison emphasizes a very important point 
in connection with all forms of empirical calibrations. If a 
calibration is a comparison, then the accuracy of the final cali
bration cannot be greater than the accuracy of the device against 
which the comparison is made. If the accuracy of calibration 
of a wavemeter is 2 % , and if an oscillator is compared with 
this wavemeter, the oscillator readings cannot be more accurate 
than 2 % . Many people are under the impression that if a 
standard (that which the unknown is compared against) is ac
curate to, say, 5 % , then it is possible for some inaccuracy in 
the oscillator to be calibrated to compensate for all or some of 
this 5 % , and thus secure a calibration more accurate than the 
standard. 

But the point is that one never knows how much of the 
5 % applies at any given setting and whether the 5 %-or part 
of it-adds to the reading or subtracts from it. The net error 
would be known if we knew how much and in which sense the 
wavemeter error is. But if we knew which way and how much 
the wavemeter error was, then it would really have no error at 
all, because we could immediately apply it as a correction to 
every reading of the wavemeterl 

These points have been emphasized before going into the 
actual calibration of the oscillator in order to point out the neces
sity for care in performing the calibration. 

16-10. Methods of Calibrating Test Oscillators. - A 
simple and accurate method of calibrating an oscillator is to con
nect it up for operation and place the coil of a calibrated wave
meter close to a coil connected to the oscillator output terminals. 
The reading of the wavemeter for the setting which gives maxi
mum indication, is the frequency of the oscillator. A wavemeter 
is nothing but a coil, condenser, and indicating device, so con
structed that its coil may be placed close to the circuit which is 
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to be calibrated; the remaining part of the wavemeter is shielded. 
A diagram of such a device is shown in Fig. 16-4. To be suit
able for use, the wavemeter must have been already calibrated. 
Since a wavemeter is not generally considered a service instru
ment, no further discussion of its use will be presented here. 

The second method of calibration involves the tuning in of the 
signal on a radio receiver which has been calibrated previously. 
The reading of the dial of the radio set where the oscillator is 
tuned in is noted and compared with the calilxation of the re-

FIG. 16-4.-Schem
atic circuit arrange
ment of a simple 
wavemeter. The re
sonance point is in
dicated by maximum 
current indication on 
the galvanometer. 
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ceiver. The use of this method necessitates several precautions. 
First, the range of the receiver must be within the range of the 
oscillator, otherwise it is impossible to tune in the oscillator sig
nal. Second, the operator must be sure that he is not tuning 
in a harmonic of the oscillator; the amount of error involved 
here is considerable. 

The third method of calibration, and the one most suitable 
for the service man, involves the use of the harmonics of the 
oscillator and is the method to be given detailed study in the 
following sections of this chapter. 

16-11. Some Characteristics of Harmonics.-As discussed 
in Arts. 15-18 and 15-20, any oscillator with distorted plate 
current will generate harmonics. A "harmonic" of a funda
mental frequency is a multiple of this frequency, having a value 
of two, three, four, etc. times the fundamental, depending upon 
its order. This is another way of saying that the difference be
tween any two successive harmonics ( or the fundamental and 
the second harmonic) is equal to the fundamental frequency. 
Thus, suppose the fundamental frequency of an oscillator is 
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125 kc; the harmonics would be 250, 375, 500, 675, etc. kc; and 
the difference between any two successive harmonics is 125 kc. 
This is shown in the followin2 table. 

Difference 
Fundamental 125 kc 

]----------125 kc 
tnd Harmonic 250 kc ] _________ 125 kc 
Srd Harmonic 375 kc ] __________ 125 kc 
4th Harmonic 500 kc 

] 
________ 125 kc 

5th Harmonic 675 kc 
The fact that the difference between a given harmonic and 

the following harmonic is equal to the fundamental frequency of 
the oscillator, is the basis of the method of calibration about to 
be described. 

As the order of the harmonic in use increases, the accuracy 
of the harmonic remains the same, although the absolute error 
in kilocycles increases. For instance, suppose that an oscillator 
has a fundamental frequency of 100 kc and has strong harmonics 
up to the fourth; further, suppose that the 100 kc is accurate to 
1 % ; this means that the actual frequency is between 99 and 
101 kc, a maximum deviation of 1 kc either way from the stated 
value. The second harmonic would have a stated frequency of 
200 kc, and it, too, would be accurate to 1 % ; the actual fre
quency in this case would lie between 198 and 202 kc. The max
imum possible deviation is 2 kc either way. In a similar manner, 
the third harmonic would be 300 kc, and its maximum deviation 
would be 3 kc. either way. The fourth harmonic would have a 
maximum deviation of 4 kc, either way, from the stated value. 

The point to be emphasized is that the per cent accuracy is 
still 1 % for any harmonic, but the error in kilocycles increases_ 
In fact, the accuracy of the fundamental (expressed in kc) mul
tiplied by the order of the harmonic (second, third, etc.), is equal 
to the error of that harmonic in kc. Thus, if the 28th harmonic 
of an oscillator is to be used (not uncommon in certain forms of 
radio work), the possible error of the harmonic frequency in kc is 
twenty-eight times that of the error of the fundamental. When 
high-order harmonics are used therefore, more exact calibration 
is required than is the case when only low-order harmonics are 
employed. 
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If the fundamental tone of a harmonic is modulated by a 
400-cycle audio note, then any of the harmonics will be mod
ulated by that same 400 cycles. In other words, even though 
the frequency corresponding to the harmonic in use is greater 
than that of the fundamental, the frequency of its modulations is 
the same as the frequency of the modulations of the fundamental. 
Therefore, the fourth harmonic of a 100 kc signal modulated at 
200 cycles is a 400 kc signal modulated at 200 cycles, etc. 

16-12. Calibrating the Receiver.-Since a calibration is a 
comparison, then the oscillator to be calibrated must be com
pared against something that is already calibrated. The most 
convenient piece of apparatus that can be accurately calibrated 
is a radio receiver, and we will base our measurements on the 
use of such a device. The receiver should preferably be of 
the t-r-f type, as a superheterodyne gives rise to image response 
and undesired beats between the set oscillator and its harmonica, 
and the harmonics of the oscillator to be calibrated. If a super
heterodyne must be used, then it should be thoroughly shielded 
and have one, or preferably two, stages of tuned radio frequency 
ahead of the detector. 

Now, the usual type of broadcast receiver can tune easily 
from about 500 to 1,500 kc, and the first thing to be done is to 
calibrate the receiver. If the dial is divided into 100 divisions, 
it is desirable to get a calibration point on at least every 10 
divisions. Some dials have more than 100 arbitrary divisions. 
It makes little difference, as about ten stations, evenly dis
tributed, must be obtained. The more modern sets are already 
calibrated in kilocycles, but the calibration should be checked 
in exactly the same manner used to calibrate a rec~iver with 
an arbitrary scale, for the receiver dial calibrations are often 
inaccurate. 

Tune the receiver to about 95 on the dial ( or tune it to 
95% of the top mark) and tune in a station carefully. Note 
its call letters and look up its frequency in your local news
paper since broadcast stations in this country must keep within 
50 cycles of their assigned frequency, they are sources of extreme
ly accurate standard signals. A station in the middle of the band 
may have a frequency of 1,000 kc, and, if it must keep within 
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50 cycles of this, it has an accuracy of 50 parts in 1,000,000, or 
1 part in 20,000 (0.005 per cent). It is best to tune in the sta
tion between selections, when there is no one on the air, because 
an unmodulated carrier is much sharper than a modulated 
carrier. Once it is tuned in, jot down the frequency of the sta
tion and the exact reading of the broadcast receiver dial. 

Then tune the receiver to about 90 on the dial and try to 
tune in another station in that vicinity. It is not at all neces
sary to get a station at exactly 90; it may be between about 
87 and 93 just as well. Tune it in carefully and listen for the 
station announcement. Look up the frequency and again jot 
down the receiver-dial reading and the frequency of the station. 
Repeat this procedure for about every ten degrees of the dial. 
Of course, if more than 10 stations can be received, so much the 
better, but the object is to get at least 10 stations evenly dis
tributed over the dial. 

When you have finished, go over them again to check over 
your work. It must be remembered that the accuracy of the 
final r~ult cannot be any more accurate than the calibration 
of the receiver. The broadcast stations are accurate enough; 
it will be, in all probability, the exactness of your work that will 
determine the final accuracy. 

16-13. Drawing the Calibration Curve.-Upon the com
pletion of the listing of the stations, the next step is to draw 
a calibration curve. If you have but ten stations, the listing 
is good for those ten only, and some means must be available 
for determining the frequency corresponding to points on the 
receiver dial other than those ten. It is for this reason that 
a calibration curve is drawn. 

Procure a sheet of cross-section paper having about ten 
divisions to the inch; the size of such a sheet is, say, about 
5 x 10 inches. Keep the 5-inch side horizontal. On the IO-inch 
side, label the top horizontal line 500 ( or else the lowest fre
quency to which the receiver tunes) and mark off every ten 
divisions. Thus, the horizontal lines will be divided into 10 
equal parts, the first being labeled 500, the second, 600; the 
third, 700, etc. In a similar manner the vertical lines should 
be divided into 10 equal spaces, labeled evenly from O to 100. 
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The final sheet will then be marked in accordance with the 
ruled lines and scales on the typical graph of Fig. 16-5. 

For every point calibrated, there is a location on the curve 
such that a horizontal line through the point meets the fre-
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FIG. 16-5.-Calibration curve for a broadcast receiver. It shows 
the frequencies in kc corresponding to the various settings of the 
tuning dial-and the dial settings at which various stations are 
received. 

quency of that station and the vertical line through the point 
corresponds to the dial setting of the receiver. Locate the points 
and draw a smooth curve through all the points. If the conden-
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sers used in the receiver are of the straight-line-frequency type, 
the curve will be a straight line; if they are of the straight
line-wavelength or straight-line-capacity type, the curve will 
not be straight. In all cases, though, a smooth line should be 
drawn through all the points. The particular receiver corres
ponding to the curve shown in Fig. 16-5 employed straight-line
frequency tuning condensers and tuned to below 500 kc and 
above 1,500 kc. 

16-14. Calibrating the Oscillator.-When the receiver has 
been calibrated as described, you are ready to calibrate the 
oscillator. Turn it on (with modulation on) and allow it to warm 

TEST 
OSCILLATOR 

NOT CONNECTED 

RECEIVER 

Si, Sz RI Rp -= GND 
CON BATT. MODEL ONLY· 
S4 ON A·C MODEL> 

FIG. 16-6.-Connec
tion of the test oscil
lator to the broadcast 
receiver for calibra
tion. 

up for about ten minutes so as to reach a constant temperature. 
As shown in Fig. 16-6, connect post A of the test oscillator output 
terminals to the aerial post of the receiver, and post G to the 
ground post. Of course, the receiver aerial should be discon
nected, but the external ground may be left attached. Set S1.-S, 
(of the oscillator described in this chapter) to position 1, which 
connects coil L1. for operation to cover the band from 100 to 300 
kc. Set the oscillator dial at about 90, and tune in its signal on 
the receiver. 

The signal now tuned in is not the fundamental, but a har
monic of the oscillator. At 90 on the oscillator dial, the cap
acity of the oscillator condenser is nearly maximum ( unless the 
dial reads reversed), which means that the fundamental fre
quency of the oscillator is about 100 kc. Since the lowest fre
quency tuned in by the receiver is 500 kc, and the highest 1,500 
kc, you may tune in any harmonic from the fifth to the fi.f-
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teenth. If you know that the oscillator fundamental is about 
100 kc and that the signal is tuned in near the top end of the 
receiver scale (lowest frequency), then, by referring to the re
ceiver calibration chart, the frequency corresponding to the 
point where the signal is tuned in may be read. Dividing this 
frequency by 5 gives the fundamental frequency of the oscillator. 
For example, suppose that at 82 on the receiver dial, some har
monic of the oscillator is being heard. The calibration chart of 
the receiver tells us that 82 corresponds to a signal of 540 kc. 
And if we know that the fundamental of the oscillator is about 
100 kc, then we must be hearing the fifth harmonic, in which 
case the fundamental of the oscillator is 540/5 = 108 kc. On a 
sheet of paper, the dial setting of the oscillator and the frequency 
corresponding to it as determined are jotted down. 

If the same oscillator fundamental is tuned in at any other 
part of the dial, say at about 26, the fundamental may be 
determined in exactly the same manner. On the receiver dial 26 
corresponds to a frequency of 1,272 kc. If we know that the 
oscillator is working at about 100 kc, then we must be hearing 
the twelfth harmonic, and the fundamental must be 1,272/12 = 
108 kc. In other words, because of the low frequency of the 
fundamental and because of the wide frequency range of the 
receiver, about ten different harmonics may be tuned in. 

This method of calibration is based on the knowledge of 
the approximate fundamental of the oscillator and a knowledge 
of the harmonic heard. But to the inexperienced service man, 
this knowledge is not always available. However, another sys
tem may be used which pre-supposes no approximate knowledge 
at all. This will now be described I 

16-15. Calibrating the Test Oscillator by the "Difference" 
Method.-It was pointed out in Art. 16-11 that the difference 
between any two harmonics is equal to the fundamental fre
quency. Thus, if any harmonic of the oscillator is tuned in 
on the receiver, and then the next highest or lowest harmonic 
is tuned in, the fundamental frequency of the oscillator is the 
difference in frequency corresponding to the two settings of the 
receiver. 

For example, suppose that the oscillator is connected to the 
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receiver as described, and a harmonic is tuned in at 50 on the 
dial. On the receiver dial 50 corresponds to 972 kc. The oscill
ator is left alone, and the receiver dial is rotated slowly to the 
next point at which the oscillator harmonic can be heard. Sup
pose one can be heard at 57.5 on the dial, corresponding to a 
frequency of 864 kc. The difference between 972 and 864 is 108 
kc, the fundamental frequency of the oscillator at the point at 
which it is set. 

This method of calibration is known as the difference 
method, because the difference between two readings is ob
tained. It is to be pref erred over the method of division because 
less information is pre-supposed and because the fundamental 
may be checked again and again by tuning in different har
monics over the scale of the receiver. 

During this time, but one point on the oscillator has been 
calibrated. In order to obtain sufficient points for a given coil, 
it is necessary to repeat the operations for at least ten evenly 
spaced points on the oscillator dial. When finished, a tuning curve 
similar to that of the receiver (Fig. 16-5) should be drawn from 
the readings obtained. 

This point will be valid for position 1 of the switch, and 
must be repeated for position 2. But in position S only the 
fundamental of the oscillator can be tuned in, using one part of 
the oscillator scale, and harmonics on the other. 

The fundamental of the oscillator on position S is from 
300 to 900 kc, approximately. The 300 kc fundamental pro
duces harmonics of 600, 900, 1,200, and 1,500 kc, which can 
be tuned in on the broadcast receiver because they lie within 
the tuning range of the receiver. When the oscillator is set to, 
say, 800 kc, the fundamental will be tuned in, but it is not 
possible to tune in any of the harmonics of the oscillator because 
the lowest-order harmonic, the second, is 1,600 kc, which is 
outside the tuning range of the receiver. You will know when 
you reach this point because the oscillator will be tuned in at 
only one point in the receiver. And these "one-spots" are the 
fundamental frequencies of the oscillator. Theoretically, if the 
receiver tunes only from 500 to 1,500 kc inclusive, a 499 kc 
fundamental from the oscillator can be tuned in at only 
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two points-at 998 kc (corresponding to the second harmonic) 
and at 1,497 kc (corresponding to the third harmonic). 

At 500 kc, just about three points are available-500, 1,000, 
and 1,500 kc; at 510 kc fundamental, two points are available,. 
510 and 1,020 kc; at 750 kc fundamental, two points are avail
able, 750 and 1,500 kc. But only one point can be tuned in 
when the fundamental oscillator frequency is between 751 and 
1,500 kc. 

The rule to remember is that when two· spots are available,. 
the "difference" method should always be used; when only one 
spot is available, that frequency corresponding to the single 
spot is the fundamental of the oscillator. 

In this manner oscillator frequencies up to 1,500 kc may be 
tuned in on the receiver, and points of the oscillator scale 
can be given absolute values. But part of band S of our os
cillator is above 1,500 kc, and thus cannot be tuned in on the 
receiver. Oscillators do not generate frequencies lower than the 
fundamental-the fundamental is the lowest frequency. 

16-16. Calibrating the Higher Frequencies.-Up to this 
point, all of the positions 1 and 2 of the switch have been 
calibrated. A separate curve should be drawn for each of these 
positions in a manner similar to that described for the broad
cast receiver. Only part of the third position has been cali
brated because of the limitations of the broadcast set. In order 
to calibrate the third and remaining oscillator bands, a short
wave (or all-wave) receiver must be available. 

It is not necessary to calibrate the short-wave receiver care
fully. Such a calibration may be made, but the number of 
accurate stations available are not nearly as great as on the 
broadcast band, and for this reason some other means must be 
resorted to. If two of the oscillator sections have calibration 
curves, they may be used to obtain the curves for the remaining 
three bands. 

Most all-wave and short wave receivers have some sort of 
calibration. As long as it is sufficiently accurate to give one an 
idea of approximately what frequency the receiver is being 
tuned to, it is suitable. The procedure for calibration is now as 
follows: 
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Set the oscillator switch on position S and generate a fun
damental frequency of, say, 850 kc. The harmonics will then 
be 1,700, 2,550 etc., kc. Tune the receiver to approximately 
1,700 kc and then tune more carefully until the oscillator can 
be heard. If the fundamental of the oscillator is 850 kc, the 
signal heard will be 1,700 kc. Leaving the receiver alone, tum 
the tap switch on the oscillator to position S, and turn the dial 
until the signal is heard again. The oscillator will now be gen
erating a frequency of 1,700 kc. It cannot be any other frequency 
because there is no other fundamental on this position that will 
give a harmonic of 1,700 kc. That setting of the oscillator on 
position S corresponds to 1,700 kc. 

Suppose that the next calibration point is 2,000 kc. Set the 
oscillator again to position S and tune to a fundamental of 
500 kc, the highest frequency in this band generating a fre
quency whose harmonic is 2,000 kc. The fourth harmonic will 
be 2,000 kc, and may be heard by tuning it in on the receiver. 
The fundamental of 2,000 may be found by again setting the 
switch in position S and tuning until it is heard. Since the 
third position covers the range from 900 to 2,700 kc, there is 
but one frequency in this band that can produce a harmonic 
of 2,000 kc, and that is 1,000 kc. But the dial reading of the 
oscillator for the 1,000 kc fundamental will be near one end, 
while we know that the setting for the 2,000 kc fundamental 
should be near the center; in this manner the proper setting 
may be selected. This procedure is continued, always using the 
calibrated readings of the previous switch positions, until all five 
bands are covered. When completed, five sets of curves will be 
had, one for each band. These curves will correspond to the 
fundamentals of the frequencies generated. 

16-17. Use of Harmonics vs. Fundamentals.-The ques
tion may be raised that, if the oscillator produces harmonics 
strong enough for use in calibration work, why cannot they be 
used in regular service work? If they are used, only one, or 
possibly two coils will be required. The answer is that it is per
fectly possible to use the harmonics of the fundamental, but 
the point is that, unless considerable experience is had, it is 
difficult to differentiate between one harmonic and the other. 
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It is true, of course, that the fundamental is far stronger than 
any of the harmonics, and that the strength of the harmonics 
decreases as the order of the harmonic increases, which may 
serve as a guide in some tests. But the fact remains that the 
use of fundamentals obviates the necessity for computation; 
and, when the dial of the oscillator is set for 18,700 kc, it is the 
fundamental that is being used, not some harmonic of some 
other fundamental. However, to an experienced service man, the 
use of harmonics have the advantage of simplifying the con
struction of the oscillator. In any event, the use of fundamental 
frequencies alone gives a more constant output. Opinion on this 
point seems to be well divided. 

The use of the test oscillator in radio service work will be 
treated in Chapters XXIV and XXV. 

REVIEW QUESTIONS 
1. What are the requirements of a service test oscillator? 
2. DiscuBS each of these requirements in detail. 
3. Draw a circuit diagram of an electron-coupled test oscillator 

and explain the function of each part. 
4. What precautions must be observed in building a service test 

oscillator? 
5. (a) What is meant by "dead spots"? (b) How may they be 

eliminated? 
6. (a) What is meant by hand-capacity effect? (b) Explain two 

methods of eliminating it. 
7. May an oscillator be operated with a-c applied to the plate and 

filament? Explain! 
8. Is a-c applied to the plate and filament of an oscillator desir

able for alignment purposes? Why? 
9. What is meant by calibration? 

10. How many types of calibrations are there, and when is each 
used? 

11. What limits the accuracy of calibration? Explain! 
12. What are the three methods of calibrating a test oscillator? 
13. What is the basis of the method of calibration described in 

detail in this chapter? 
14. Does the accuracy (expressed in kc) of a harmonic decrease 

with the order of the harmonic? Explain! 
15. How would you go about calibrating the tuning dial of a broad

cast receiver? 
16. What is the advantage of drawing a calibration curve of a 

receiver for test purposes? 
17. Explain in detail how you would go about calibrating a test 

oscillator by the harmonic method, using a calibrated receiver 
18. What is the "difference" method of calibration? Explain! 



CHAPTER XVII 

TYPICAL COMMERCIAL TEST OSCILLATORS 

17-1. Introduction.-It is the purpose of this chapter to 
present descriptions of several representative commercial ser
vice test oscillators of different types which have been devel
oped especially for radio service work. We will see how manu
facturers have met the requirements for test oscillators able to 
perform satisfactorily under modern servicing conditions. This 
study will also add to our academic knowledge of oscillators 
obtained in Chapter XV, a wealth of practical information which 
can only be obtained by a thorough study of representative 
commercial instruments. The use of test oscillators in alignment 
work will be studied in Chapters XXIV and XXV. 

Service oscillators have undergone radical changes in design 
during the past few years ~ecause of the large number of short
wave and all-wave receivers in use. The popularization of all
wave receivers for the home has naturally resulted in the neces
sity for a great deal of alignment work on them. This work 
requires the use of test oscillators capable of producing suffi
ciently strong signals of a wider range of frequency (as high as 
30 megacycles) than has ever been necessary in radio service 
work before, since it is necessary to produce every common 
short wave, intermediate and broadcast frequency employed. 

The almost universal use of automatic volume control on 
modern receivers has made necessary a special refinement in 
the service test oscillator. Previous to the use of ave, the "at
tenuator" was simply a handy device that was used to lower 
the output of the oscillator; with present receivers, it has become 
an important control-important because the threshold at which 
ave action starts varies with different receivers; and for some 
test purposes, as we shall see, it is essential that the output of 

398 
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the oscillator be kept very low, and within very close limits. 
The use of harmonics for obtaining the very high frequencies 

required for the aligning of all-wave receivers is used to some 
extent, although the trend is toward the use of a complete range 
of fundamentals, from the lowest to the highest frequencies re
quired. Harmonics, of course, are also available from these 
same units, although the strength of any harmonic is always 
less than that of the fundamental (see Arts. 15-21, 16-11 and 
16-17). 

Modulation of the test oscillator signal is now being more 
generally accomplished by the Heising circuit (see Art. 15-25) 
using a separate modulator tube. This represents a decided 
change from test oscillators of a few years ago. As was 
shown in Chapter XV, Arts. 15-27 and 15-28, self-modulation 
of an oscillator is usually accompanied by a change in the fun
damental frequency of the oscillator when the modulation is 
turned on and off. This effect is entirely eliminated when a 
separate modulator tube is used. All these points will be appar
ent as the following descriptions of representative commercial 
test oscillators are studied. 

17-2. "Burton-Webber" Model 10 Oscillator.-Figure 17-1 
shows an external view of the Burton-Webber Model 10 all
wave oscillator which incorporates many of the features men
tioned in the introduction to this chapter. Its schematic cir
cuit is shown in Fig. 17-2. This diagram shows that two type 
'30 tubes are employed, one as an oscillator and the other as a 
separate modulator. The oscillator is battery-operated, employ
ing one 4½-volt C battery for filament supply and one 22½
volt B battery for plate supply. These batteries fit into the 
oscillator cabinet. 

The oscillator section uses the tickler feedback circuit dis
cussed in Art. 15-11. Proper bias is obtained through the use 
of grid leak R, and grid condenser C ,. The frequency range 
of the instrument is from 90 kc to 25 me (megacycles), in eight 
different bands, the range of each band being as follows: A, 
90-140 kc; B, 140-300 kc; C, 300-650 kc; D, 650-1550 kc; 
E, 1.55-3.5 me; F, 3.5-6.5 me; G, 6.5-13 me; H, 13-25 me. 
Eight separate grid circuit tuning coils and eight tickler coils 
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are employed in connection with a 3-section range switch to 
provide these eight frequency bands. The connections of the 
grid and tickler coils used for each of these bands are shown in 
the schematic diagram. The row of C 7 condensers shown in the 
upper right-hand part of the diagram are used for individual 
calibration of each band, and a fixed series padder, C1, is used 
in conjunction with the main tuning condenser to facilitate 
tracking over the dial. The plate of the oscillator tube con
nects to the attenuator, R4, through a fixed condenser C,. 

A Hartley a-f oscillator circuit (see Art. 15-15) is employed 
with the modulator tube to generate a 400-cycle note, which mod-

Courle'IJ Bari W•bb,r Co. 

FIG. 17-1. - Exterior 
view of the all-wave bat
tery-operated test oscilla
tor whose schematic cir
cuit diagram is illustrated 
in Fig. 17-2. The large 
dial face with the scales 
for the various frequency 
ranges can be seen plain
ly. The frequency range 
switch is at the lower left 
and the attenuator control 
is at the right. ( Model 
10.) 

ulates the carrier of the oscillator tube about 35 % . The modu
lation choke has a tapped winding which enables it to be used 
also as the oscillator coils of the modulator tube, and the B plus 
is fed through the center tap of the choke. This means that the 
modulator grid portion of the choke is in series with the oscil
lator plate circuit, and it is in this fashion that modulation 
occurs. Since the modulation choke is center-tapped, there is 
no d-c potential difference between its outside terminals, al
though, of course, they are at different 400-cycle potentials. 
This condition makes it possible to take the voltage drop across 
the choke and lead it out for possible external use. Two pin 
jacks T 1 and T, which connect to the outside terminals of the 
choke are provided for external use of the 400-cycle impulses 
generated by the modulator tube. When these pin jacks are 
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short-circuited by a short length of wire, the modulator tube 
does not generate oscillations, and the output of the oscillator 
is unmodulated. Thus, either a modulated or unmodulated out
put can be secured. 

The "attenuator" (output control) is of the so-called "lad
der" type, consisting of a tapped voltage-divider resistor R,, 
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FIG. 17-2.-Schematic circuit diagram of the all-wave test os
cillator illustrated in Fig. 17-1. A separate oscillator and modu
lator tube are used, and a 3-section range switch is employed with 
8 grid and tickler coils to cover the entire frequency range from 
90 kc to 25 me. Only fundamental frequencies of the oscillator are 
employed. 

and a continuously-variable resistor R4, both across the output. 
This provides both "step" and "continuously-variable" control. 
There are three steps: low, medium and high, represented by 
the designations L, }.f and H, respectively, available at pin 
jacks on the panel. The output is obtained between each of 
these jacks and ground, designated by G. The variable output 
control may be employed with any output level. The location 
of these output terminal pin jacks, as well as the location of the 
modulator output jacks and range-switch knob, is shown in Fig. 



402 MODERN RADIO SERVICING CH.XVII 

17-1. A shielded wire lead (not shown) is furnished with this 
instrument for connecting its output terminals to the receiver, 
being aligned. The shielding prevents radiation of the oscillator 
signal through the air to the wiring of the receiver under test. 

17-3. "Clough-Brengle" Model OC Oscillator.-Figure 
17-3 shows an external view of the Clough-Brengle Model OC 
all-wave test oscillator. The arrangement of its main parts is 

Oourteq OZovqh-Brenqle Oo. 

FIG. 17-3.-Exterior view of 
the all-wave oscillator whose 
rear view and schematic cir
cuit diagram are shown in 
Figs. 17-4 and 17-6 respective
ly. It operates from either a 
110-volt a-c or d-c line. 
(Model OC.) 

shown in the interior view of Fig. 17-4. This service oscillator 
has several interesting features. It uses three tubes (a recti
fier, an oscillator and a modulator tube), operates from either 
a-c or d-c power lines, and makes use of fundamental frequencies 
only, to cover its entire range from 50 kc to 30 me (6,000 to 10 
meters). 

As shown in the schematic circuit diagram in Fig. 17-5, 
the 110-volt a-c or d-c line enters a line filter network to a 
type '37 tube, with grid and plate connected together as a rec
tifier for the plate and screen grid B supply, using the con
ventional a-c-d-c circuit. This enables the instrument to be 
operated on either a-c or d-c current. The line filter prevents 
feedback through the power supply circuit. The output of the 
rectifier is filtered by an iron-core choke and condensers C1 and 
Ca; the positive B lead connects to one end terminal of the modu
lation choke L 8 • The center tap of this choke supplies plate 
voltage to the type '36 oscillator tube and the other end term
inal supplies plate voltage to the modulator tube; thus, con
stant-current "plate" modulation (see Art. 15-25) is secured. 

The oscillator circuit is of the electron-coupled type, whose 
frequency is not affected by wide fluctuation in tube voltages 
(see Art. 15-31). Modulation may be applied to the plate cir
cuit. The grid, cathode and ground leads terminate in three 
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wiping contacts which make connection with the corresponding 
terminals of whichever oscillator coil happens to be in the cir
cuit. The six tuning coils are all mounted on one rotatable form, 
and are turned into position as used so that their terminals make 
contact with the leads, rather than the leads being switched 
to make contact with the coils, as is usually the case. This 
results in very short leads throughout the tank circuit, which 
reduces undesired interaction at the high frequencies. Six 
tapped, shielded, rotatable coils are used in all (see Figs. 17-4 
and 17-5) , and the frequency range of each band is as follows: 
(1) 50-175 kc; (2), 155-530 kc; (3), 500-1,750 kc; (4), 1,750-
6,000 kc; (5), 6,000-21,000 kc; (6), 21,000 kc-30 me. 

The high B voltage is dropped through resistor Rs to the 
value required by the screen grid of the '36 oscillator tube. The 
plate circuit also contains a choke L 7 through which the high
frequency plate current flows. Coupled to this coil is another, 
L9, which leads to the output attenuator. The oscillator tube 

FIG. 17-4. - Rear view 
of the interior of the os
cillator shown in Figs. 
17-3 and 17-5. The three 
tubes, tuning condenser 
and six shielded coil units 
may be seen. 

Oourteq Olouo1&-Bren11le Oo. 

obtains its proper bias through the use of grid leak R, and grid 
condenser C •· 

The separate a-f modulator stage employed assures freedom 
from "frequency drift" (see Art. 15-28) and also a pure 400-cycle 
note that does not shift with line voltage variation or tube re
placement. The grid coil of the separate modulator tube is 
coupled to its plate circuit, since it really is the secondary of a 
transformer of which L 8 is the other coil; in this manner, a 
400-cycle modulating current is generated. A third coil (lower) 
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picks up part of this 400-cycle oscillation for external use 
through the tip jack J,. The modulation switch SW, across 
the entire modulation choke is used to stop the generation of 
the 400-cycle oscillation when an unmodulated carrier is desired. 
The grid coil of the modulator tube is also equipped with a jack 
which allows the insertion of an external modulating source 
whenever desired. In other words, this jack allows a phono
graph or microphone circuit to be connected to the input of the 
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FIG. 17-5.-Schematic circuit diagram of the all-wave line
operated test oscillator illustrated in Figs. 17-3 and 17-4. Three 
tubes are employed, and a fundamental-frequency range from 60 kc 
to 30 me is provided. The oscillator is of the "electron-coupled" type. 

modulator tube for modulation of the oscillator; the 400-cycle 
oscillation is not generated when this is done because the normal 
grid circuit is broken by the jack. 

Two separate attenuators are used: one for high output and 
the other for low output. When the Gnd. and Low terminals 
are used, potentiometer P, is used for variation of signal out-
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put strength; when Gnd. and High output terminals are used, 
potentiometer P1 is used. By means of these two attenuators, 
the output of the oscillator may be varied continuously from 
less than 0.5 microvolt to 2 volts, low enough for sensitive re
ceivers and high enough for receivers badly out of alignment 
and for all general work. The shielded output lead connects 
the test oscillator to the receiver being aligned, the inside wire 
and the shield serving as the two conductors. The purpose of 
the shielding is to prevent radiation of the oscillator signal. 

A unique feature is the gear-driven tuning condenser, Ci, 
with a 100-division dial extending over 360 degrees and a sep
arate four-position marker dial. The effect of this dial is to 
spread the 100 divisions to 400 divisions, which are, in turn, 

FIG. 17-6. - Exterior 
view of the all-wave 
line-operated test oscil
lator whose circuit dia
gram is shown in Fig. 
17-7. The large scale of 
this instrument is re
produced in Fig. 17-8. 
Notice the compactness 
and provisions for ease 
of manipulation of this 
instrument. (Model 440) 

spread over nearly 28 inches of scale length. The manufacturers 
claim that this dial may be read to an accuracy of 1/10 of 1 
per cent, as compared with an accuracy of 1/2 of 1 per cent to 
which the oscillator is calibrated. 

17-4. "Jackson" Model 440 Oscillator.-The Jackson 
Model 440 service test oscillator is a three-tube all-wave in
strument designed for operation from either an a-c or d-c power 
line. An illustration of the instrument is reproduced in Fig. 
17-6, and its schematic circuit diagram is shown in Fig. 17-7. 



MODERN RADIO SERVICING CH.XVII 

Since the instrument is to operate from either an a-c or a d-c 
line, a 137 tube with its grid and plate connected together is 
employed as a half-wave rectifier for the plate and screen cur
rents, in the usual way. The full line voltage is applied to the 
plate of this tube. All the heaters of the tubes are connected in 
series with each other and with a voltage-dropping resistor which 

- •1 ·rrE· r ~ o 100 MMF:O 
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FIG. 17-7.-The schematic circuit diagram of the all-wave test 
oscillator illustrated in Fig. 17-6. Three tubes are employed.-one 
as a rectifier. A fundamental-frequency range of 100 kc to 10 me 
is provided. This oscillator is of the "electron-coupled" type. 

is built into the line-plug cord. A line filter consisting of two 
chokes and two 0.25 mf d. condensers is provided to prevent 
oscillator voltage from feeding back into the line and disturbing 
the measurements or adjustments being made on the receiver 
connected to the same line. The rectified output voltage from 
the rectifier tube is filtered by a 10,000-ohm resistor and two 
4 mf d. condensers. 

The second type '37 tube is used as the modulator. This 
audio oscillator employs a single center-tapped modulator choke, 
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L1, connected in a Hartley circuit (see Art. 15-15). It produces 
a pure 400-cycle output, and its plate circuit is provided with a 
switch so that the r-f output of the signal generator may be 
modulated or unmodulated, as desired. Two leads from the 
terminals of the modulator choke connect to binding posts A-1', 
on the panel of the instrument, so that the 400-cycle a-f note may 
be used for other external a-f tests or measurements. 

An electron-coupled type r-f oscillator employing a '77 type 
screen-grid tube is used. It will be recalled (Art. 15-31) that 
high-frequency stability is obtained by using this type of circuit. 

The screen and suppressor grids of the r-f oscillator tube con
nect to the plate voltage source through a 10,000-ohm resistor, thus 
acting as the "plate" of the oscillator portion of the tube. The "real" 

FIG. 17-8.-Reduced 
facsimile reproduction 
of the scale of the 
oscillator illustrated 
in Figs. 17-6 and 
17-7. Five fundamen
tal-frequency ranges 
and scales are pro
vided to cover the 
range from 100 kc to 
10 me. In addition, 
a second harmonic 
range from 8 to 20 
me is provided. 

001'rt,.,, Jacluoft .lrlcct. IMtr. Oo. 

plate and the external "output circuit" are coupled to them by the 
electron stream within the tube, so that we have here, an electron
coupled oscillator (see Art. 16-31). Since one end of the modulation 
choke L1. connects (through the 60,000-ohm resistor) to this real plate, 
modulation of the generated r-f oscillations is effected through the 
plate circuit without altering the frequency of the r-f oscillations. 

This test oscillator covers the complete frequency ranges 
used in all-wave receivers in five bands: 100-225 kc, 225-550 kc, 
550-1,500 kc, 1,500-4,000 kc, 4-10 me. The frequency indications 
are calibrated directly on the scale. As shown by a facsimile 
of its scale in Fig. 17-8, another range from 8 to 20 me is also 
available. This latter range makes use of the harmonics of the 
fundamental frequencies of the fifth range; hence, the fre
quency of every division of this scale is just double that of the 
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corresponding division of the fifth ( 4 to 10 me) scale. This may 
be seen by inspecting Fig. 17-8 closely. 

The coil-switching system is apparent from the diagram. 
Five tapped oscillator coils are used-one for each of the funda
mental ranges (see Fig. 17-7). Each one has a separate trim
mer condenser, T, for calibration. The coil-switching system 
consists of two sets of switches, as shown. One set controls 
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FIG. 17-9.-Simple battery-operated test oscillator employing 
the Hartley circuit. This is a portion of the Philco Model 048 all
purpose set tester shown in Fig. 6-19. (Courtesy Philco.) 

the screen grid and tap terminals of the five coils and another 
switch controls the control-grid terminals. A 370 mmfd. vari
able condenser is used for the main tuning. 

The plate of the r-f oscillator tube connects to the atten
uator network through a 100 mmfd. fixed condenser. The at
tenuator is composed of a dual potentiometer connected as 
shown, which permits variation of volume from the minimum 
required for sensitive receivers, to the maximum output of the 
device for receivers badly out of alignment, etc. The entire 
oscillator is well shielded to prevent the direct radiation of 
signals. A shielded wire is f umished for connection between 
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the test oscillator and the receiver being aligned, the inside wire 
and the outside shield serving as the two conductors. The shield 
prevents radiation of the oscillator signal. 

17-5. "Philco" Model 024 Test Oscillator.-Figure 17-9 
shows the circuit diagram of the Philco Model 024 test oscillator. 
This is also the test-oscillator portion of the Philco Model 048 
all-purpose set tester which was described in Art. 5-10 and illus
trated in Fig. 5-19. This oscillator differs from the others prev
iously described in that it is simple, self-modulated and has but 
two fundamental-frequency ranges. Higher frequencies are ob
tained by utilizing the harmonics of the fundamentals. 

By means of the tapped grid coil arrangement shown, the 
range of fundamental frequencies available is from 105 to 2,000 kc. 
Higher frequencies can be obtained through the use of harmonics. 
The main tuning condenser is C 1• This oscillator uses the series
feed Hartley oscillator circuit (see Art. 15-15), and is self-mod
ulated by the grid lead R 1 and grid condenser C,. The grid 
coil, L1, is coupled to the attenuator magnetically by means of 
the pickup coil L,. The attenuator is simply a potentiometer, 
P, connected across the output of the pickup coil. The oscillator 
is battery-operated, the batteries for which are contained in the 
instrument case itself. The A battery is a single flashlight cell, 
and the B battery is a small 22½-volt unit. 

17-6. "RCA Victor" Model 97B Oscillator.-The RCA 
Victor Model 97-B service oscillator is a 2-tube battery-oper
ated unit designed for radio service work. It has a frequency 
range from 90 kc to 25 me. a separate modulator tube is used. 
The illustration of Figure 17-10 shows the external appearance 
of the instrument. Its internal construction and arrangement 
of parts is shown in Fig. 17-11. The complete schematic cir
cuit diagram is shown in Fig. 17-12. 

The oscillator circuit is the familiar tickler type, with eight 
grid and tickler coils to cover the complete range in fundamental 
frequencies only. A three-gang coil switch is used to select 
the various coils in order to obtain the following bands of fre
quency ranges: (1), 90-200 kc; (2) 200-400 kc; (3), 400-800 kc; 
(4) 800-1,500 kc; (5), 1.5-3.1 me; (6), 3.1-6.8 me; (7), 6.8-14 
me; (8), 14-25 me. Section S-S of the gang switch is used to 
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select the grid coils, which have the even numbers from L-S to 
L-16 inclusive; section S-S of the switch selects the tickler coils, 
which have the odd numbers from L-1 to L-15 inclusive; and sec
tion S-1 is used to short-circuit two of the grid coils not in use, 

FIG. 17-10.-Exterior 
view of the battery-op
erated all-wave test os
cillator shown in Figs. 
17-11 and 17-12. The 
range switch is at the 
left, and the frequency
calibrated dial is at the 
center. The output (at
tenuator) control is at 
the right. ( Model 97B) 

Oourtesv ROA Victor Co. 

for these might otherwise absorb excessive oscillator power. The 
illustration of Fig. 17-11 shows the arrangement of these coils 
in the oscillator. 

A tap is taken from the coil side of the grid circuit to the 

FIG. 17-11.-lnterior 
view showing the con
struction of the test 
oscillator above. The 
two tubes, tuning con
denser, coils, and fila
ment and plate bat
teries are plainly 
visible. 

Oourtesv ROA Victor Co. 

attenuator potentiometer R-1 through a 4.5 mmfd. condenser, 
C-1. Control of oscillator voltage is secured through the use 
of the simple potentiometer circuit. 

The second type '30 tube is the modulator. The B plus con-
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nects to one side of the primary of the audio transformer T-1, 
the other side of which connects to the plate of the modulator 
tube and to the B plus side of the tickler coils in the high-fre
quency oscillator circuit. Thus, the same coil that feeds the 
modulator tube also feeds the oscillator, and hence modulation 

- i' - .., 
4j, nJ• 
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FIG. 17-12.-Schematic circuit diagram of the battery-operated 
all-wave test oscillator illustrated in Figs. 17-10 and 17-11. One 
tube acts as an oscillator, and the other as the modulator. 

of the oscillator is secured by the usual constant-current system. 
The grid circuit of the modulator connects to the secondary of 
the modulation transformer, and, since the two coils of T 1 are 
coupled magnetically, the modulator tube generates oscillations. 
The modulator frequency is 400 cycles, and the output of the 
oscillator is modulated about 50 % by this. 

Tuning is accomplished by means of a single knob of varying 
ratio. In other words, the knob of this oscillator has provisions 
for varying its tuning ratio from 6:1 to 20:1 by adjustment 
of the position of another small knob situated above the tuning 
knob. This variable ratio enables the operator to obtain a fine 
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variation of frequency at the high frequencies and a more rapid 
rate of control at the lower frequencies. 

As already mentioned, the attenuator is of the potentiometer 
type. In some instances it may not be possible to lower the os
cillator output sufficiently for sensitive receivers. The manu
facturer recommends the following to be used to alleviate this 
condition. Two carbon resistors, one having a value of 100 ohms 
and the other a value of 100,000 ohms should be connected in 
series and placed across the Ant. and Gnd. terminals of the 
oscillator with the 100-ohm resistor connected to the Gnd. 
terminal. The "antenna" terminal of the receiver is then con
nected to the junction of the two resistors and the ground to 
the Gnd. terminal of the oscillator. Control of volume is then 
effected by the usual knob on the oscillator. 

The oscillator is calibrated to within 3 % of the scale read
ing and a special correction chart is supplied so that the user 
may correct the calibration for more accurate results. A special 
adapter may be obtained which, when plugged into the modu
lator socket, provides an unmodulated output. 

17-7. "Readrite" Models 553, 554 and 556 Oscillators.
These test oscillators are similar except for the fact that the 
Models 553 and 556 have output meters incorporated in them 

FIG. 17-13.-Exterior view of the 
battery operated test oscillator whose 
circuit diagram is shown in Fig. 17-14. 
The oscillator is shown here in its 
carrying case, with an output meter 
at the right. (Model 553) 
Oourteq Beadrite Jlee,r Work, 

and the Model 554 has no output meter; the meters in the 
Models 553 and 556 are of different quality. A reproduction 
of the Model 553 instrument is shown on Fig. 17-13, and its 
schematic circuit diagram, except for the output meter, is shown 
in Fig. 17-14. 

These oscillators are typical of the commercially available 
single-tube self-modulated units. A 2-turn pickup coil con-
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nected to the potentiometer-type attenuator is coupled to the 
three grid coils, as shown. A 32-turn tickler coil in the plate 
circuit of the tube also couples to the grid coils for feedback 
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FIG. 17-14.-Schematic circuit diagram of the test oscillator 
illustrated in Fig. 17-13. Notice that the oscillator tube is self-modu
lated by the leak-condenser method. 

purposes. A type '30 tube with self-contained batteries is used. 
Self-modulation is accomplished by the leak-condenser meth

od discussed in Art. 15-27, and a switch is utilized to facilitate 
short-circuiting part of the 2-section grid leak when no modula
tion is desired. The oscillator has four bands and can tune 
from 110 to 14,000 kc. Although there are only three tuning 
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coils, there are two variable condensers, which enable (by means 
of the switching system) the four ranges to be obtained. 

Four output terminals are used. For weak signals, the CAP., 
and 2nd terminals are used, and the two center terminals marked 
MAX. are used for large outputs. It is to be noted that the 
lower MAX. terminal connects through the full attenuator re
sistance. The CAP. terminal is capacitively coupled to the small 
coil which connects to the upper MAX. terminal. A shielded 
wire is supplied for leading the oscillator signal to the receiver 
without radiation of the r-f signal. 

17-8. "Supreme" Model 61 Test Oscillator.-The Supreme 
Model 61 all-wave test oscillator is a typical example of a single
tube unit of the a-c operated type that is automatically 100 % 
modulated by the a-c power supply line. The oscillator is shown 
in Fig. 17-15 and its schematic circuit diagram in Fig. 17-16. 

Two bands of fundamental frequencies are available: the 
first from 95 to 220 kc, and the second from 1.5 to 3.3 mega
cycles. Frequencies up to 21 megil.cycles are readily obtainable 
by the use of harmonics. As can be seen, the a-c line connects 

FIG. 17-15.-The line-operated, 
single-tube, all-wave test oscillator 
whose schematic circuit diagram 
is shown in Fig. 17-16. The com
pactness, and simplicity of con
trol, of the instrument is appar
ent. (Model 61) 

to the primary of a power transformer, T, the secondary of 
which develops 41 volts. This voltage heats the filament of the 
type '30 tube through a 200-ohm resistor and supplies plate 
voltage through the 2,000-ohm resistor. The secondary of this 
transformer is filtered by means of the elaborate choke-conden
ser filter system shown, to prevent the oscillator from feeding 
back into the line. 

Two coils labeled L and H are, respectively, the coils tor 
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the low- and high-frequency bands. The tuning condenser is 
shown above coil H. The plate and grid, through the grid leak 
and condenser, connect to the terminals of the two coils, in tum, 
through the double-pole double-throw tumbler switch, S. The 

r---- ------------------- ----- -- ----, 
'.ll o:.c•LL. 

FIG. 17-16.-Schematic circuit diagram of the test oscillator 
illustrated in Fig. 17-15. A single tube is employed, and its output 
is modulated by the a-c line. A fundamental frequency range of 
95 kc to 220 kc, and from 1.5 to 3.3 me is provided. 

center tap of each of the coils connects to the high-voltage line 
(which serves as both the filament and plate voltage supply), 
hence, the circuit is of the Hartley type. The small coil, M, near 
coil L, is a pickup coil and connects to the output terminals (Ant., 
Gnd.) of the oscillator. No attenuator circuit is provided. 

The values of the grid leak and grid condenser are such that 
practically no grid modulation takes place. It is the purpose of 
the grid resistor and capacitor combination ( 1) to provide the 
proper grid bias for the oscillator tube so as to maintain the 
proper impedance relations between the grid and plate circuits, 
and (2) to provide protection to the oscillator circuits against 
possible short circuits between the grid and plate elements of 
the oscillator tube. 

The fact that a-c is supplied to both the filament and the 
plate automatically modulates the r-f of the oscillator 100 % 
(see Arts. 15-25 and 15-27). This 100 % modulation is a de
sirable feature when aligning the tuned circuits of modem radio 
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receivers in which the blasting effect of strong signals is min
imized by volume level circuits which are most efficient when 
operating with signals from a 100 % modulated broadcast station. 
If strong r-f signals are applied to a sensitive receiver of this 
type by a weakly modulated oscillator, it is possible to over
load the detector with energy without having any appreciable 
loudspeaker output (or output meter reading). In some re
ceivers, an overloading of the above-mentioned circuits with r-f 
energy may result in two maxima or "peaks" of the radio out
put, and in broad tuning when the modulation is considerably 
less than 100 % . It is, therefore, obvious that the loudspeaker 
output ( or output meter reading) is greatly dependent upon 
the percentage of the modulation of the input r-f signals. Since 
a-c is the only form of line voltage which will operate this in
strument, it is not possible to secure an unmodulated output. 
However, 60-cycle modulation (the modulating frequency is 

FIG. 17-17. -The bat
tery-operated, two-tube, 
all-wave test oscillator 
whose schematic circuit 
diagram is shown in Fig. 
17-18. (Model 180) 

equal to the line supply frequency) is quite suitable for ordinary 
set aligning purposes. 

The instrument is completely shielded in a cast aluminum 
case, which is grounded; it is hand calibrated with the tube sup
plied with the instrument. A calibration chart showing the fre
quencies supplied by the oscillator at any dial setting is fur
nished with the instrument. A shielded lead is provided for 
leading the oscillator signal to the receiver without radiation. 
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17-9. "Supreme" Model 180 Test Oscillator.-This is a 
2-tube separately-modulated, battery-operated, all-wave oscil
lator of the electron-coupled type. A type '30 tube is the mod
ulator, and a type '32 tube is used in the high-frequency oscil-
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FIG. 17-18.-Schematic circuit diagram of the test oscillator 
illuatrated in Fig. 17-7. This is a 2-tube, separately modulated, 
oscillator of the electron-coupled type. 

lator circuit. The instrument itself is shown in Fig. 17-17, and 
the schematic circuit diagram is presented in Fig. 17-18. 

The modulator circuit uses the transformer T in the con
ventional connection: one winding in the plate circuit couples 
to the other winding in the grid circuit. The constants are ad
justed for the generation of a 400-cycle modulator signal. The 
grid leak and condenser in the modulator grid circuit are used 
to obtain proper automatic bias in the usual manner. 

The oscillator circuit is of the electron-coupled type (see Art. 
15-31). While only one set of oscillator coils is shown in Fig. 17-18 
for simplicity, there are actually seven such sets whose connec
tions are switched by means of a five-gang seven-position rotary 
switch. Three of the switch gangs switch the grid, tap, and 
ground connections of the main coils, labeled G; the other two 
are used to switch the additional small windings labeled B. It 



,1s MODERN RADIO SERVICING CH.XVII 

will be recalled that one fundamental requirement of an electron
coupled oscillator circuit is that the filament tap be at a high
frequency potential; this means that the other leg of the filament 
must be at the same r-f potential, otherwise part of the coil 
will be short-circuited through the filament of the tube. It is 
the function of the "bucking" winding B to place one leg of 
the filament at r-f potential; the other leg of the filament is 
already at this potential because it connects to the tap on the 
main coil G. This idea has already been explained in Art. 15-31. 

It will be noted that the plate of the oscillator tube is con
nected to the plate of the modulator tube through the 2.5 mh. 
r-f choke; hence the oscillator is modulated in the plate circuit. 
It is known that the frequency of a triode oscillator depends to 
some extent upon the plate voltage of the oscillator, which in 
the case of an electron-coupled oscillator means the screen-grid 
circuit. Therefore, if the screen-grid circuit of the oscillator 
were modulated, some frequency modulation might result at 
the same time that it is being amplitude modulated. It is also 
known that, in an electron-coupled oscillator, the plate (actual) 
is coupled to the oscillator elements by the electrons in the tube, 
and hence the frequency of oscillation is independent of the plate 
voltage. Since the r-f current in the plate circuit depends upon 
the plate voltage, it is convenient to modulate the plate cur
rent of the oscillator, thereby maintaining frequency stability, 
but varying the r-f output voltage at the rate of 400 cycles per 
second, which is exactly what modulation really is. Stated in 
another manner, the amplitude of oscillation in the oscillatory 
circuits remains constant, and the amount transferred to the plate 
circuit varies with the frequency of the modulation voltage. 

The output of the oscillator is coupled to the attenuator 
through a 25 mmfd. fixed condenser, and the resulting voltage 
across the terminals of the attenuator is r-f modulated about 
50 % at 400 cycles. The manufacturer has found that a 20 % 
decrease in the potentials of the self-contained operating bat
teries results in no appreciable change in oscillator frequency. 
The audio output is available from two jacks on the panel of 
the instrument (not shown), and the modulation may be shut 
off by means of the short-circuiting switch provided across 
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the plate circuit winding of the modulation transformer T. 
Seven tuning bands are available, covering the complete 

range from 90 kc to 20 me. This arrangement provides complete 
coverage, using fundamental frequency signals, of all super
heterodyne intermediate frequencies, standard American broad
cast frequencies, police tuning bands, and all short wave bands 
down to approximately 15 meters. The guaranteed accuracy of 
the calibration is ½ % . 

Three attenuator pin jacks are on the panel. The "Ground" 
and "High" terminals provide maximum signal output, with no 
variable control, for circuits which require "feeling" with an 
oscillator until it is heard. This connection is also useful when 
neutralizing old types of insensitive neutrodyne receivers, and for 
preliminary adjustment of receivers which are badly out of 
alignment. The terminals "Ground" and "Low" are used for 
all other test work which requires variable attenuation. 

17-10. "Weston" Model 694 Oscillator.-This oscillator is 
representative of the type using a single multi-element tube. One 
section generates the audio oscillations and the other generates 

FIG. 17-19.-The test oscillator 
whose schematic circuit diagram 
is shown in Fig. 17-20. This os
cillator is battery-operated and 
employs a single multi-element 
tube. (Model 694) 

Oourt,.,, Weaton Elect. IMtr. Corp. 

the r-f oscillations, modulation being accomplished by the elec
tronic coupling between the two sections (an application of the 
electron modulation principle discussed in Art. 15-26). Figure 
17-19 shows an illustration of the oscillator, and Fig. 17-20 is its 
schematic circuit diagram. 

The tube used is the 1A6 (or 1C6), which has a filament, 
a plate and five grids. Reading in the direction from filament 
to plate, we will ref er to the grids as G 1 to GI inclusive. A 
breakdown of this circuit would show that the plate, filament, and 
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grids G, to G, inclusive generate audio oscillations of suffi
cient intensity to modulate the r-f by about 30 o/c. This gen
eration is accomplished by the transformer, T, shown, one 
winding of which connects between plate and B plus while the 
other connects between G ~ ( control grid) and filament. Grids 
G, and G,, connected internally, are shields to decrease cap-

r------------------------ ---------- ----- ------------""" 
I r"T"-----------------~ I 
I 
I 
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FIG. 17-20.-Schematic circuit diagram of the battery-operated 
test oscillator illustrated in Fig. 17-19. A multi-element tube is 
used, one section of which generates the r-f oscillations, and the 
other section of which generates the a-f oscillations for modulation. 
An "electron-modulation" arrangement is used. 

acity-coupling to grids Gl and G,, the oscillator section of the 
tube. In this discussion we will refer to grid G, as the oscillator 
plate and Gl as the oscillator grid, because G,, Gl and the fila
ment constitute a separate triode for the generation of r-f. 

There are four frequency bands in all: band LI covers the 
range from 100-300 kc, HI covers the range from 200-600 kc, 
BC from 500-1,600 kc, and SW from 1,500-3,000 kc. The letters 
are abbreviations for "low intermediate," ''high intermediate," 
"broadcast," and "short-wave." 

Although not apparent from the switching arrangement as 
drawn, the four ranges are obtained by two plate coils, and two 
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grid coils, each tapped as shown. The top coil on the left, 
designated by terminals 7 and 8, is a pickup coil which connects 
to the attenuator network for variation of the output from max
imum to a minimum of 1 microvolt. 

On the SW position coil 6-5 (left) and coil !-1 (left) are 
in the circuit, with the B plus connected to terminal 5. On the 
BC position, coil 6-4 (left) and coil S-! (left) are in the cir
cuit with the B plus connected to terminal 4. On the HI posi
tion, the plate coil consists of the coils 6-4 on the left and 5-4 
on the right connected in series, and the grid coil consists of 
coils S-1 on the left and !-1 on the right connected in series; 
the lowest band, LI, contains 6-4 on the left in series with 6-4 
on the right, while the grid coil consists of the series connection 
of S-1 on the left and !J-1 on the right. The right- and left-hand 
sections are shielded from each other to avoid interaction. 

The attenuator system provides for two outputs, "low" and 
"high". The "low" output voltage is that across a 2-ohm re
sistor connected in series with 1,100 ohms, the total being in par
allel with the arm of the potentiometer and one end. "High" out
put is obtained across the potentiometer, with 400 ohms in series. 

One of the two tuning condensers, C1 , is always in the cir
cuit, and the other, C ,, is thrown in by the cam-switch to secure 
the desired frequency range on the HJ. and L.J. bands. Norm
ally, it is connected across the grid and plate coils. 

17-11. "Wireless Egert" Model 99 Test Oscillator.
This battery-operated test oscillator is typical of the type which 
uses a separate modulator tube electron-coupled to an oscillator 
(this is electron-modulation; see Art. 15-26) which covers the 
range in fundamental frequencies from 100 to 21,000 kc. The 
instrument itself is shown in Fig. 17-21, and its schematic circuit 
diagram is shown in Fig. 17-22. 

The main tuning control is varied by a knob under the air
plane-type dial shown. This dial has a pointer which is equipped 
with a true vernier, which allows the dial to be read accurately 
to within 1/10 division; it has a ratio of 14 to 1. 

As shown in Fig. 17-22, coils L, to L7 are the oscillator 
coils, which connect to the type '30 oscillator tube in a stand
ard tickler circuit. A 7-point two-gang switch SW changes the 
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plate and grid coils for each of the seven bands, the frequency 
range of each being as follows: (1), 12-21 me; (2), 6.75-13.5 
me; (3), 3-7 me; (4), 1.4-3.4 me; (5), 550-1,500 kc; (6), 250-570 
kc; (7), 100-255 kc. These are fundamental frequencies; hence 
it is not necessary to resort to the use of harmonics. Condenser 
C 1 is the main tuning condenser. 

The r-f signal generated by the type '30 tube is fed to the 
fourth grid of the 1A6. This fourth grid is shielded by grids 

Oourt,av ll°ir,·le•• Egert Eng., Jr.,,. 

FIG. 17-21. - The bat
tery-operated all-wave test 
oscillator whose schem
atic circuit diagram is 
shown in Fig. 17-22. The 
circuit diagram reveals 
several very interesting 
circuit features of this 
oscillator. (Model 99) 

~ and 5, which also connect to the plate and to one side of the 
modulation transformer L8 ; the other side of the modulation 
transformer connects to B plus. The other coils of this trans
former, together with condenser C ,, connects to grid No. 1 of 
the tube. Hence, the 1,000-cycle audio signal is generated by 
grids 1, 2, S and 5, and the plate. Modulation is accomplished 
inside the 1A6 tube by the modulating action of the audio grids 
on the electron stream (electron modulation). 

It will be noted that the r-f attenuator connects to the plate of 
the modulating tube through a 0.006 mf d. fixed condenser. The 
audio-frequency signal is available externally as the voltage drop 
across one winding of Ls. The connections are such that the 
audio signal may also be obtained from the r-f tip jacks, in 
which case the voltage output is approximately 1/20 volt at the 
full setting of the r-f attenuator. 

The output impedance of the attenuator is low, about 100 
ohms, which prevents ordinary loads from disturbing the cali
bration of the instrument. An unmodulated signal may be ob-
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tained by short-circuiting the a-f pin jacks. An interesting 
feature of the instrument for service work is that the attenuator 
is of the logarithmic output type, and is calibrated directly in 
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~ lf)-~
...J 

0 
0 
a: 
~ 
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FIG. 17-22.-Schematic circuit diagram of the battery-operated 
test oscillator illustrated in Fig. 17-21. A separate combination "a-f 
oscillator" and "modulator" tube, electron-coupled to the oscillator 
tube, is employed for "electron modulation". Seven coil units are 
employed to cover the frequency range of 100 kc to 21 me. 

"microvolts", although the calibration is only approximate. 
However, it permits the operator to obtain some idea of the value 
of voltage he is feeding to the apparatus under test. 

REVJEW QUESTIONS 

1. Draw the circuit diagram of the modulating system used in 
the service test oscillator of Fig. 17-2, and show the means 
used to shut off the audio modulation. 

2. What is the principle of the attenuator used in the test oscil
lator whose schematic circuit diagram is shown in Fig. 17-6? 



PART 2 

THE PRACTICAL SERVICING 
OF RADIO RECEIVERS 

426 



CHAPTER XVIII 

PRELIMINARY TESTS FOR TROUBLE 

18-1. Introduction.-The process of testing a radio re
ceiver to determine the location and cause of trouble is com
monly called trouble shooting, and it is the goal of every radio 
service man to become expert in locating trouble quickly and 
directly. The ease and rapidity with which a receiver may be 
analyzed or diagnosed depends largely upon the technical 
knowledge and practical experience possessed by the individual, 
as well as upon the test equipment he has available. It is im
possible for one to become an expert trouble shooter unless he 
has a thorough knowledge of the fundamental principles and 
circuits upon which the operation of different parts of radio 
receivers depends. This knowledge can be gained only by thor
ough training in electrical and radio principles, and by the con
stant application of these principles. 

Service men usually work out their own methods or proced
ures for revealing the location and nature of troubles that may 
cause a receiver to operate unsatisfactorily or not at all. The 
set analyzer is a valuable aid in this work, but, as we shall see, 
intelligent radio servicing consists of far more than merely 
operating a set analyzer mechanically. It is of utmost import
ance that the service man learn to observe and recognize the 
symptoms which the analyzer, or other meter equipment, reveals, 
as well as those which it cannot disclose. This chapter is intended 
to serve as an outline and a guide for the development of a rapid 
system for mnking preliminary tests on receivers. Undoubted
ly, each man will continue to add additional tests or "short 
cuts" to those presented here as his experience in radio service 
work increases, but the tests described in this chapter will 
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serve as a solid, practical foundation.• The more detailed tests 
will be described in later chapters. 

18-2. Preliminary Questions to Ask the Owner.-Before 
any efiort is made to analyze a receiver I the service man should 
question the set owner briefly in order to acquaint himself with 
all the information about the receiver that the owner can give. In 
many instances, the information obtained by these questions 
will furnish some indication of the probable source of trouble 
before any testing is done. Upon arriving at the owner's home 
questions such as the following ones should be asked: 

1. What is your complaint regarding the receiver? 
2. Did the trouble develop recently? 
S. Has the set ever experienced the same trouble before? 
4. Did the set stop suddenly? 

If the trouble is "gradual fading" or "intermittent reception" 
the following questions should be asked: 

5. Does reception die out or fade gradually, or does it cut 
off sharply? 

6. How long does it take before reception is again obtained? 
7. Can you make reception normal by operating any 

switches, striking the cabinet, or by any other unusual 
method? 

8. How often does the fading occur? 
9. When reception fades out and comes back either grad• 

ually or suddenly, can you hear a click? 

If the trouble is "noisy reception" 1 ask these questions: 
10. How long has this noise existed? 
11. Is the noise of an intermittent nature? 
12. During what time of the day or evening have you 

noticed the presence of the noise? 

The purpose of' the first set of questions is to get the owner 
talking about the set. The fact that the owner of the set can 
definitely state his complaint is an indication that something is 
actually wrong with the receiver. Very often, service men are 
called on jobs, only to find that the owner thinks something 
might be wrong, not because he knows definitely that something 
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is wrong. If the owner's reply to the second question is that the 
trouble only developed a short time ago, then the service man 
is more sure of the fact that the trouble is not inherent in the 
particular design of the receiver. If the owner experienced the 
same trouble before, then try to determine who repaired the 
receiver, if at all, and if the set worked satisfactorily after it 
was repaired. This is a very important point to settle definitely. 
The fact that the receiver stopped operating suddenly is an 
indication that the trouble is something definite, and not one 
of those elusive symptoms that never seem to occur when the 
service man is present I 

The remaining qustions will enable the service man to get 
the owner's opinion regarding the trouble. It often happens 
that the trouble, if it is of an intermittent nature, may not 
develop as soon as the set is turned on. Questioning the owner 
will establish this fact, and the service man should not leave 
until the trouble has appeared. If the owner is not ques
tioned, the service man may leave without noticing any trouble 
at all, pronounce the set 0. K., and have his reputation as a 
service man suffer when the set exhibits the same troubles again 
at some later time. 

The few questions suggested here will undoubtedly lead to 
others, and an idea of where to begin trouble shooting may often 
be obtained from them. Under no circumstances should the 
owner be asked the question, "What is the trouble?" for, if this 
were known, the probability is that a service man would not 
have been called in the first place I The asking of too many 
questions should also be avoided, for the customer may feel that 
he is hiring and paying you to find the trouble, not to cross
examine him. The manner and willingness with which the 
owner volunteers information regarding the set should be the 
service man's guide regarding the number of questions to ask. 

18-3. Receiver Symptoms which are Common.-The re
ceiver switch should now be placed in the "on" position and, 
after allowing sufficient time for the tubes to heat up, tuned to 
the signal of a broadcasting station. The next step depends upon 
what happens when this is done. It is very likely that a clue 
to the trouble will be obtainerl quickly by carefully noting the 
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symptoms exhibited by the receiver, and making a few prelim
inary tests which take only a few minutes to perform. Some of 
these symptoms are as follows: 

1. The receiver may not operate at all. 
S. The output may be weak. 
S. Reception may be noisy or intermittent. 
4. The tone quality may be poor. 
5. The loud speaker may blast or rattle on certain 

notes. 
6. One or more tubes may not light up. 
7. The set may oscillate, or hum. 
8. The set may be noisy only while tuning. 

18-4. Preliminary Tests to be Made.-After the trouble 
symptom is noted, the service man should reason carefully, and 
attempt to think of the various troubles which might lead to 
such a symptom. Preliminary tests to check on these assump
tions should then be made. Of course an experienced service 
man will often be assisted greatly at this point by any previous 
experiences with troubles of a similar nature in similar receivers. 
We will now consider some of the simple preliminary tests which 
should be part of every service man's routine, since they will 
disclose troubles that the usual receiver analysis with a set 
analyzer will not reveal. In many cases, they can be made with
out removing the chassis from the cabinet. The sequence in 
which these preliminary tests are made really depends upon the 
trouble symptom noted, experience and personal preference. No 
importance should be attached to the order in which they are 
presented here. The time required to make these tests is ac
tually very short, even though it requires several pages to 
explain them here. 

18-5. Checking the Entire Antenna Circuit.-When the 
volume is low, or no signals at all are heard when the receiver 
is set in operation with the volume control adjusted to its "max
imum-volume" position, the B battery voltages should be 
checked at once, if it is a battery-operated receiver. If it is an 
a-c operated set, the voltages applied to the tubes (and the tubes 
themselves) should not be tested first. It is preferable to check 
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over the antenna* system first in either of the two ways which 
will now be explained. 

A rough, comparative test of the signal pick-up of which 
the aerial is capable may be made by tuning the receiver to a 
broadcast signal, with the volume control at "maximum", and 
then disconnecting the lead-in wire from the receiver. The signal 
strength should fall off very noticeably when this is done, re
gardless of what its original strength was. In a well-shielded 
set, very little or no signal at all should be heard when the 
lead-in wire is removed from its binding post. If a broadcast 
signal is not available, the lead-in wire should be disconnected 
and tapped repeatedly on the "Ant" binding post of the receiver. 
A series of loud clicks should be heard when this is done. The 
absence of these reactions usually indicates an inefficient an
tenna circuit, assuming that there are no tube or internal re
ceiver troubles. 

A high-resistance ground also is of ten the cause of weak 
signals. The efficiency of the ground circuit may be checked in 
a manner similar to that employed for the aerial circuit. How
ever, there may be little or no drop in volume when the ground 
lead of an a-c operated receiver, which employs "grounding con
densers" for minimizing hum effects, is removed. These conden
sers offer a low-impedance path for the r-f signals from the 
power-supply-circuit ground to chassis. Also, the capacity be
tween the primary and secondary of the power transformer may 
effectively ground the receiver. Transformers with electrostatic 
shields are usually no exception to this. 

A more detailed test of the antenna system is to inspect 
<:arefully as much of the aerial and ground wires as are con
veniently accessible. The lead-in and aerial portions of the 
antenna should not touch any grounded metal objects at any 
point. All aerial, lead-in, and ground joints should be properly 
soldered or carefully spliced and taped to prevent corroded con
nections. The insulation on the lead-in strip should also be ex
amined. The common practice of nailing this strip to the win-

*NOTE: The horizontal, or elevated wire is the aerial; the 
wire from the aerial to the set is the lead-in, and the aerial, lead-in 
and 1?round wires tog-ether constitute the complete antenna circuit. 
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dow sill should be avoided, especially where the sill is of metal, 
and, if possible, other means should be employed to hold this de
vice in place. The ground clamp should be clean and fastened 
tightly to a clean portion of the object used for grounding 
(usually a cold water pipe). The locations of possible and 
common defects in an outdoor antenna system are pointed out 
in Fig. 18-1. 

A quick test to determine if the aerial or lead-in is ground
ed at any point may be made by connecting an ohmmeter be-

AERIAL OR LEAD-IN WIRES 
GROUNDED AT SOME POINT 

LEAKY INSULATOR 

SHORT-CIRCUITED 
LIGHTNING ARRESTER 

GROUNDED WINOOW-STRIP , . \1 

. , ' . ' . 
~_.,,.._ POOR GROUND CONNECTION$ 

FIG. 18-1.-Places in a typical outdoor antenna system where 
trouble is likely to occur. 

tween the lead-in and ground leads ( when they are disconnected 
from the receiver) , and measuring the insulation resistance be
tween them as shown at (A) of Fig 18-2. Any other method 
of measuring resistance (see Chapter III) may be employed 
if an ohmmeter is not available. High-resistance type grounds, 
however, will not be disclosed readily with these simple set-ups. 
The lightning arrester also should be tested with an ohmmeter 
for leakage and short-circuits, as shown in (B) of Fig. 18-2. All 
wires should be disconnected from one terminal of the arrester 
when this test is made; the wires should be replaced properly af
ter the test. A complete open circuit ("infinite resistance" 
reading on the ohmmeter) indicates a good arrester. 

The condition of the receiver ground may be checked by first 
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measuring the line voltage directly with a low resistance a-c 
or d-c voltmeter, depending upon the type of line supply. This 
is shown at (A) of Fig. 18-3. The voltage should now be meas
ured by connecting one side of the voltmeter to the ground con
nection to be tested, and inserting the other voltmeter lead into 

RADIO 
RECEIVER 

<8 l 

FIG. 18-2.-( A) : Testing the aerial and lead-in circuit for 
grounds or high-resistance leaks, using an ohmmeter. 

(B): Checking the lightning arrester for leakage and short 
circuit, using an ohmmeter. 

each terminal of the line outlet in turn until a reading is ob
tained on the voltmeter as shown at (B). The circuit is being 
completed through the "ground" circuit of the electric light line, 

(Al 

I "'e' 
: WALL 
!OUTLET 
I 

( 8 l 

GROUND 
LEAD 

GROUND 
, CLAMP ,------ --- -- --,--

"'\ GROUND CIRCUIT OF ./V 
ELECTRIC LIGHT LINE 

FIG. 18-3.-Measuring the resistance of the "ground" employed 
on a radio receiver. 

as shown by the dotted-line circuit in (B). The second reading 
should be substantially the same as the first reading. If they 
differ noticeably, it shows that there is some resistance in the 
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ground circuit. Its value may be determined by considering the 
difference in voltage between the two readings and the ohms-per
volt value of the meter employed in making the measurements. 

Thus, suppose the first reading gives a true line voltage of 
112.5 volts, and the second reading of the meter, through the 
ground to be tested, is 98.5 volts. The voltage drop across the 
resistance of the ground circuit is then 112.5 - 98.5 = 14 volts, 
as shown by the sketch of Fig. 18-3, (A) and (B). It is clear 
from (B) that the current fl.owing through the ground resistance 
in the second test is the same as that through the meter. If the 
sensitivity of the meter is 1,000-ohms-per-volt, and if the full
scale deflection of the meter is 150 volts, its resistance is 150,000 
ohms. The voltage across the meter in the second test is the 
reading of the meter, that is 98.5 volts. The meter current is, 
therefore, 98.5/150,000 = 0.00065 ampere; this is also the cur
rent flowing through the ground resistance. The resistance of 
the ground is found by dividing the voltage across it by the cur
rent through it, or 14/0.00065 = 21,500 ohms (nearly). 

18-6. Noisy Reception.-If the complaint is noisy recep
tion, it is possible that it may be caused by a defective tube, 
a loose connection, some broken wires, one or more arcing com
ponents within the receiver, or by a faulty antenna system. It 
is also possible that it may be due to unfiltered or faulty elec
trical appliances or machinery operated in the vicinity of the 
radio receiver or antenna ( these causes are discussed in detail 
in Chapter XXX). 

While the noise is being received strongly, disconnect both 
the lead-in and ground wires from the receiver terminals. (Of 
course, the broadcast program may not be heard when this is 
done.) Usually, it is also best to short-circuit the "Ant" and 
"Gnd" terminals of the set by a very short piece of wire. If the 
noise does not disappear or decrease in strength when this is 
done, the trouble is most likely in the radio apparatus itself. 
On the other band, if the noise does disappear or diminishes in 
strength, it may safely be assumed that the source of the noise 
is located outside the receiver. In this case the problem is more 
difficult, for the disturbance may be set up by an electrical 
device which may be located in some inaccessible place, per-
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haps hundreds of feet away from the receiver or the aerial. 
The complaint of noisy reception is such a common one with 

modem receivers of high sensitivity, especially with the use of 
many electrical appliances in the modem home, that the differ
ent tests and apparatus required to track down and eliminate 
sources of noise will be considered in detail in Chapter XXX. 
This phase of radio servicing is a special field in itself, and often 
taxes both the skill and patience of those engaged in it. 

18-7. The Main Units of the Receiver.-If the foregoing 
tests do not disclose the cause of the trouble, ur if the receiver 
does not operate at all, attention must be directed to the re
ceiver itself. There are several preliminary tests which should 
be made for they will often enable the service man to quickly 
localize the trouble in the receiver without removing the chassis 
from the cabinet or using any meter equipment. Before sug
gesting any preliminary tests, let us review the general types of 
receivers that may be encountered in service work. 

There are two main types of broadcast receivers in common 
use in the United States at the present time: the tuned radio
frequency type of receiver and the superheterodyne, the latter 
having attained great popularity during the past few years. Of 
course, receivers of different manufacturers and of different 
dates of manufacture differ greatly as to individual circuit and 
tube arrangements, parts design and layouts, etc., but they all 
may be resolved into these two main types. Every radio re
ceiver consists of several separate electrical units, each of which 
performs a distinct function. These units are all assembled 
and wired together on a single chassis, but, for purposes of re
ceiver analysis, it is more convenient to consider them separately. 

The usual tuned-radio-frequency type of broadcast receiver 
consists of the tuner and radio-frequency amplifier for ampli
fication of the carrier; the detector, to remove the audio com
ponent; the audio-frequency amplifier for the amplification of 
this audio; the loud speaker, and the power supply. A simple 
block diagram showing these units in their proper sequence, from 
left to right, as the radio signal progresses through them is shown 
in Fig. 18-4. The block diagram showing the units of the super
heterodyne receiver is presented in Fig. 18-5. A study of this 
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diagram shows that the signal impulses progress from the an
tenna to the r-f amplifier, which amplifies the signal; thence to 
the first detector or "mixer'' tube (the local oscillator also feeds 
into this tube) where the carrier frequency of the signal is re
duced to that of the i-f amplifier; through the intermediate
frequency amplifier for further amplification; through the 
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CND. 

TUNER 
& 

R.f. A MPL lflER 

AUDIO 
AMPLIFIER 

lDUD SPEAKER 

FIG. 18-4.-The main units of a t-r-f receiver shown in proper 
sequence, from left to right, as the radio signal passes through them. 

second detector for the removal of the audio component; through 
the audio amplifier for the amplification of the audio component; 
and finally into the loud speaker. The power supply unit fur
nishes the necessary voltages to operate the tubes in each of 
these systems. In many superheterodynes, particularly of the 

FIG. 18-5.-The main units of a typical superhet.erodyne receiver 
shown in their proper sequence, from left to right, as the radio signal 
passes through them. 

midget type, the r-f amplifier ahead of the first detector is 
not employed, the signal being fed directly to the first-detector 
or "mixer" tube. Also, in many receivers the functions of "os
cillator" and "mixer" are performed simultaneously by a single 
pentagrid converter tube. 

18-8. Preliminary Tests on the Receiver Proper.-There 
are several simple tests which usually enable the service man to 
tell in just which of the main portions of a receiver trouble may 
exist. These tests are as follows: 

If the detector tube is tapped sharply with the finger and a 
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ringing sound, or "bong", is heard, it indicates that the audio
frequency amplifier, the reproducer, and the power-supply unit 
are at least operating.* If this is the case, pass on to the next 
test. If no ringing sound is produced, attention should be direct
ed to individual analysis and tests of each of these parts. These 
tests will be considered in Chapters X..X, X..XI and XXII. An
other detector test consists of placing either a finger or the 
aerial lead-in on the grid terminal of the detector tube while 
it is in its socket. A loud hum should be heard if the 
detector, audio amplifier, reproducer and power-supply sys
tems are functioning. If the detector is a screen-grid tube, the 
tube test should be applied to the control-grid cap of the tube-
with the connecting clip removed. If this test fails to indicate 
trouble, then the radio- or intermediate-frequency sections of 
the receiver are at fault or the detector is of the "diode" type, 
in which case the "hum-response" test cannot be used. At any 
rate, the detector, audio amplifier, reproducer and power supply 
have been eliminated from our consideration for the time being 
if the "finger response" test give a "positive" result. 

Suppose the receiver is of the t-r-f type and these tests show 
the detector and parts following it to be operating; then the 
next step is to locate the portion of the radio-frequency ampli
fier in which the trouble lies. Localization in the r-f amplifier 
can be effected by first removing the last r-f amplifier tube from 
its socket and inserting the end of the lead-in wire into the 
plate hole of the .socket of this tube, so that it makes contact 
with the plate-prong contact spring. The receiver should then 
be tuned to a local station ( one which is normally received very 
loudly) to see whether any reception can be obtained (weak, of 
course). If this stage proves satisfactory, the tube should be 
replaced; the tube from the stage immediately preceding should 
be withdrawn and the lead-in wire placed on the "plate" con
tact spring of that tube socket. This procedure should be con
tinued until the inoperative stage is found. 

This method cannot be used in superheterodyne receivers 
because the tube usually preceding the second detector is an 

•NOTE: In receivers employing all-metal tubes, tube-tapping, 
etc., may not produce any such sounds, since in these tubes the ele
ments are supported more ri2'idly. 
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intermediate-frequency amplifier, which is tuned, in most in
stances, to a frequency lower than that of the broadcast band. 
When this is the case, a quick test can be performed by tapping 
or touching the control grids of the i-f amplifier or amplifiers, 
fir15t detector, oscillator and r-f tubes, in turn, with the end of 
the lead-in wire. A loud "click" should be heard when this test 
is applied, and the strength of the click should increase as the 
amplification of each stage is added to the circuit. This test, 
however, will not disclose inoperation due to mis-alignment of 
the tuned circuits. 

Still another method which many service men use to isolate 
receiver failures quickly, is to quickly remove and re-insert each 
tube in its socket, noting the intensity of the clicks produced in the 
loud speaker. This test should start with the last audio tube. If 
no click is heard upon removing a tube, it is almost certain that 
the faulty stage or circuit has been located, and that particular 
part of the receiver should be tested thoroughly, at once. This 
method however, should be employed as little as possible, especial
ly in the audio amplifier portion of the receiver, since the surge 
caused by the rapid removal and insertion of an audio tube may 
cause the primary or secondary winding of an audio transformer 
to break down. Removal of power tubes while the set is operating 
may also damage or puncture electrolytic filter condensers be
cause of the increased voltage stress placed upon them due to 
the surge caused by the almost instantaneous reduction in the 
load current. 

As each tube is being tapped to determine the condition of 
the audio amplifier, it is well to listen for a peculiar type of 
musical "bong" that indicates loose elements. When a tube is 
good and when the stage to which it connects is in working 
condition, the musical note heard upon tapping the detector or 
first-audio tube is clear and sharp. But if the tube has one or 
more loose elements, the note will be raspy, erratic, and some
times will increase and decrease in strength several times before 
dying out. Such a tube should be replaced and the test con
tinued. 

18-9. Value of the Preliminary Tests.-The reader may 
well inquire at this point why, if the radio set analyzers studied 
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in Chapters XI to XIV are so helpful and important in radio 
service work have they not been mentioned thus far in the tests 
described for locating trouble in the receiver? The answer to 
this logical question is that, while the service man could start 
trouble shooting by immediately bringing his analyzer into use 
and checking all readings at the various tube sockets in the re
ceiver in order to locate trouble, it has been found by experience 
that many radio receiver troubles are of such nature that they 
may be determined more quickly if the preliminary tests men
tioned thus far in this chapter are made first, provided that the 
trouble symptoms are common ones. After these tests are un
derstood and practiced for a short time, they take but a few 
minutes to perform, and are carried out almost automatically by 
experienced service men. If they show the trouble to exist in the 
antenna system, no time need be wasted in testing the entire 
receiver. Localization of the cause of inoperation (or poor op
eration) of the antenna system should then be attended to. Like
wise, if these tests show definitely that the trouble exists in the 
detector circuit, or in the i-f or r-f amplifier, the set analyzer 
may then be used to test the circuits of the tube in the particular 
stage suspected-without spending the time necessary to test the 
circuits of all the other tubes. 

If the receiver will not operate at all and these primary tests 
do not provide any clue to the possible source of the trouble, the 
set analyzer must be resorted to, and the circuits of each tube 
must be analyzed completely with it. At most, only a few min
utes will have been lost by having made the preliminary tests first. 

18-10. Limitations of the Preliminary Tests.-These pre
liminary tests are of value only when some sort of sound can 
be heard from the loud speaker. If the speaker, for example, is 
inoperative, no finger or tapping tests can reveal the trouble
the set will act in exactly the same manner as if the tubes had 
no plate voltage. Even after tapping the detector tube and 
hearing the desired "bong", it is by no means certain that all 
tubes and circuits following the detector are in good condition. 
The only thing that is certain is that any signal that does 
reach the detector will be amplified to some extent by the audio 
system-possibly not enough. If the complaint of the customer 
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is that the receiver has normal volume but distortion, no amount 
of finger-tap testing will reveal the trouble. The main vir
tue of these tests is, then, that they enable the service man to 
get a general idea of the operation of the receiver in a very 
short time, and may indicate where the trouble lies-quickly. 

REVIEW QUESTIONS 

1. Formulate a set of questions which the service man should 
ask the set owner upon arrival at his home. Explain just how 
the answer to each question will assist the service man to diag
nose the trouble quickly in many instances. 

2. Explain briefly the procedure followed in checking the effi
ciency of an antenna system. 

3. If a loud "click" is heard when the ground wire is touched to the 
"ground" terminal of the receiver, what does this indicate? 

4. Explain how to make a rapid test of a receiver to determine 
whether or not a complaint of noisy 1·eception is caused by the 
receiver itself. 

5. Why is the practice of removing the aerial and ground wires 
from a receiver to determine the cause for noisy reception in
sufficient in most cases.? 

6. Will a ringing sound be produced in the loud speaker if the 
detector or audio tubes in a receiver are tapped sharply with 
the finger? What does this indicate? Why cannot this same 
test be applied to the tubes in the radio-frequency amplifier? 

'I. How may the r-f amplifier stages be tested quickly if a receiver 
is inoperative and the test mentioned in the previous question 
shows the detector, audio amplifier, and reproducer to be oper
ating properly? 

8. Explain why it is usually best to make preliminary routine 
tests on a receiver before using the set analyzer. 

9. Why is the practice of removing a power tube to determine the 
condition of that stage by listening for a "click" inadvisable? 

10. Make a list of the different preliminary tests which should be 
made on an inoperative electric receiver before employing the 
set analyzer. 

11. Explain how each of the tests in Question 10 are made. 
12. Explain the value of each of these tests. 
13. Select any two of the foregoing tests and explain in detail just 

what troubles might be revealed by their use. 
14. (a.) If an ohmmeter were used to check the insulation between 

the aerial circuit and the ground, what would it read if the 
insulation were very good? 
( b) What would the meter read if the ohmmeter test were 
made on a "shorted" lightning arrester? 

15. Describe briefly the manner in which the service man may iso
late the cause for the inoperation of a superheterodyne receiver 
by means of preliminary tests before using the set analyzer. 



CHAPTER XIX 

PECULIARITIES OF A VC AND QA VC CIRCUITS 
(Tuning Indicators) 

19-1. Automatic Control of Volume.-Many troubles as
sociated with modern radio receivers are caused by some failure 
in the automatic-volume-control (abbreviated ave) system. In 
most instances, these failures cannot be checked and located 
by ordinary voltage-current analyzers, since very high resistances 
are employed in ave circuits, and the connection of an ordinary 
voltmeter to these circuits will often alter the existing voltages 
considerably (see Art. 2-19) even if high-resistance type volt
meters are employed. Of course, the use of a vacuum tube volt
meter overcomes this difficulty, but V.T. voltmeters can hardly 
be classed as common instruments possessed by most service 
men. In any event, the presence of extremely high resistances 
in ave circuits may prevent accurate voltage measurements with 
the instruments which most service men possess. For this reason, 
the determination of receiver failures caused by trouble in the 
ave circuit requires an intimate knowledge of the "whys and 
wherefores" of automatic-volume-control systems. Of course, it 
is true that these troubles may be located through the use of 
point-to-point tests, but, by knowing the purpose of the various 
common circuit arrangements and methods for securing ave 
action, a much better understanding of the problems which may 
be encountered will be had. 

Automatic-volume-control systems have been designed in 
order to reduce the necessity for repeated manipulation of the 
volume-control knob of radio receivers, and to prevent over
loading of the amplifier tubes on strong signals. In the average 
receiver of a few years ago, when the signal of a powerful 
broadcast station was tuned in (with the volume control setting 

441 
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unchanged) after the tuning controls had previously been set 
for a weaker station, the strong signal from the powerful station 
would roar in very loudly and uncomfortably. The volume con
trol would have to be manipulated to reduce the sound to a com
fortable level. Similarly, it was necessary to remember to in
crease the setting of the volume control when the receiver was 
tuned from a powerful station to a weaker station. The use of 
automatic volume control has remedied this condition by provid
ing a means whereby setting the volume control for a weak sta
tion will not produce sudden, loud blasting when passing the 
carrier wave of a strong signal. In other words, 

the automatic volume control continuously and auto
matically adjusts the sensitivity of the receiver, so that 
the signal input to the audio amplifier remains fairly 
constant, within certain limits, over a wide range of 
received signal strengths. 

The loudness level desired is set by the manual volume-con
trol setting. If the signal from a distant station is much weaker 
than that from a local station, when the weak signal is being 
received the ave increases the amplification of the receiver by 
a sufficient amount so that the weak signal is amplified to the 
point where it will be heard at the desired volume level. When 
a very strong signal is being received, the reverse action takes 
place. In other words, the ave system may be considered as an 
automatic electric valve that raises the sensitivity of a receiver 
when weak signals are being received, and automatically lowers 
it when strong signals are received. 

The signal from a loud local station requires but a fraction 
of the amplifying possibilities of the receiver in order to be 
heard at comfortable volume; the signal from a very weak or 
distant station may require more than the amplifying ability 
of a certain receiver in order to be heard with the same 
volume as the stronger signal. This means that a very weak 
signal, in spite of the ave system, may not be amplified suffi
ciently to produce the desired volume. The ave system is not a 
cure-all for insensitive sets; it is merely a device to adjust what
ever amplifying ability a set has, to suit particular signal 
strengths. When a receiver with a good ave system is tuned from 
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one end of the scale to the other, most of the stations will be heard 
with the same volume. The only stations that will be heard 
very weakly are those which require more amplification than 
the receiver is able to produce. 

The possibility of distortion is also less with receivers 
equipped with good ave systems. Since the ave system keeps 
the input to the audio system at a nearly constant level for a 
fixed setting of the manual volume control, it is clear that de
signers of radio sets may adjust this level so that the audio 
tubes are never overloaded under normal operating conditions. 
This is probably the most important feature of the ave system 
from the standpoint of the service man. 

From the discussion thus far, it is clear that for the tuning
dial settings between stations, the signal strength is zero and 
therefore the sensitivity of the set is maximum. This means 
that any bit of background noise is amplified with the receiver 
operating at its maximum amplification condition, so the noise 
is heard loudly. But when a station is tuned in, the sensitivity 
of the receiver drops, and the amplification of the noise drops. 
In fact, when a fairly loud signal is tuned in, the background 
noise may drop out completely, only the desired signal being 
heard. This fact may be used to good advantage by the ser
vice man to determine if a receiver is provided with ave, 
without tracing the circuit or examining the circuit diagram. 
But this check is not always valid either. If the noise level is 
greater than a weak signal, then it will be the noise that will drop 
the sensitivity of the set, and the weak signal will disappear al
together. The rule is, then, that the noise will drop out only if it 
is weaker-much weaker-than the signal being tuned in. 

Another advantage of the ave system is its ability to main
tain the level of fading signals constant. The manner in which 
this is done is simple. As a station fades out, either slowly or 
rather rapidly, the sensitivity of the set is automatically in
creased, and the signal is amplified more; the reverse is true 
when the signal strength builds up to more than its average 
value. This ability is not so important in receivers designed for 
home use as it is for those sets intended as automobile receivers. 
As will be discussed in Chapter XXVII, the field strength of a 
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signal varies greatly as the automobile in which the set is placed 
passes under or over bridges, through tunnels, close to steel 
buildings, etc., and it is the purpose of the ave system to main
tain the output level fairly constant with widely fluctuating sig
nal strengths. It is evident that auto-radio receivers must be 
extremely sensitive in order to amplify the very weak signals en
countered at certain times, and must be provided with very ef
fective ave systems. 

There are many other peculiarities of ave systems that can 
be appreciated only after a study of the systems themselves 
has been made. They will be discussed at various places in 
the following part of this chapter. 

19-2. Action of Several Typical AVC Circuits.-The fun
damental purpose of the ave system is to vary the amplifica
tion produced by the r-f and/or i-f amplifier of a radio receiver 
in inverse proportion to the strength of signals received-loud 
signals are amplified proportionately less than weak signals. 
There are several ways in which this may be accomplished. 
In one, the signal is fed to a tube and the plate resistance 
of this tube is shunted across the primary of an r-f or i-f 
coupling transformer. A loud signal will lower the plate re
sistance of the tube and thereby increase the shunting effect on 
the transformer-decreasing the amplification of the stage con
nected to the amplifier. This method was used in some re
ceivers, but was later discarded because sufficient control could 
not be obtained with it, and because the decrease in amplifica
tion was not proportional to the loudness of the signal. 

Another method is to feed the signal to a tube, and by 
means of certain circuit arrangements automatically vary the 
screen-grid voltage of one or more amplifier tubes in the receiver 
in proportion to the strength of the incoming signals. On loud 
signals the screen-grid voltage is lowered; on weak signals it is 
raised. In this manner the amplification of any particular tube 
can be automatically controlled. This idea is shown in the 
circuit diagram of Fig. 19-1. Part of the signal from the last 
i-f stage of a superheterodyne (the form of home and auto re
ceiver now in general use) is applied to the control-grid of a triode 
(the ave tube) biased so it acts as a linear, or grid-bias detector 
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-via the coupling condenser Cc. With no signal, the ave tube 
is biased so that its plate current is very nearly zero. This 
means that the voltage drop across R 1 is nearly zero; hence, 
practically the full B+ screen voltage is applied to the r-f 
and i-f tubes under ave control. But when a signal is applied, 
plate current starts to flow in the plate circuit of the ave tube. 
This increases the flow of current through resistor R 1 and 
therefore increases the voltage drop across it. Consequently, 

R-r iUBE 1-F' TUBE 

e-
B+ 

SCREEN 
VOL TAC.£ 

FIG. 19-1.-The circuit arrangement of a simple ave system in 
which the ave tube controls the screen voltage of the r-f and i-f tubes 
in the receiver so as to vary the amplification they produce. 

the potential of point A decreases, which means that the screens 
of the amplifier tubes now have less voltage applied to them. 
This reduces the amplification produced by these tubes. Since 
the ave tube is operated as a grid-bias, or linear, detector, the 
d-c plate current is proportional to the signal strength, and 
hence the drop in screen voltage is proportional to the signal. 
By using this circuit arrangement, good ave was secured in many 
receivers. 

The disadvantage of this system is that the amplifier tubes 
operate as detectors when the screen voltage is too low. Conse
quently any interfering signal is rectified in the first tube under 
ave control and passed on to the audio stage. Interference will 
be obtained no matter how many tuned circuits follow this 
first controlled tube. This unfortunate state of affairs means 
that designers cannot control the first few tubes· in a receiver 
when this system is used, because the selectivity is needed. 
If only a few tubes are under ave control, there will not be 
enough ave action for constant output. 

It was with exactly these difficulties in mind that the remote 
cut-off (variously called extended cut-off, exponential, or van-
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able-mu. tubes) such as the type '58 were designed. The control 
grids of these tubes are so constructed that, regardless of the bias 
applied, rectification of the signal cannot take place. These tubes, 
then, are ideally suited for use in ave circuits. By merely varying 
the control-grid bias, the amplification factor of the tube may be 
varied, and it can never detect sufficiently to give an inter
fering action. 

Just about the time when this type of tube (the '58, '78, te
trode section of the 2A7 and 6A7, etc.) was developed, there 
arose a demand for a diode rectifier, similar to the type '80 but 
smaller, which could be built into the same glass envelope with 
a triode or pentode. The diode (two element) is essential be
cause it is one of the few simple tube structures which produces 
a d-c current proportional to the carrier wave of a signal. This 
tube is now widely used as a detector (rectifier) in conjunction 
with variable-mu amplifier tubes. An extra tube is sometimes 
used to provide ave, but most receivers employ a single duo
diode triode tube for performing the function of diode detector 
and ave tube. 

1-r TRANSr. 
K 1 

l] D 
AVC TO 
LEAD AUDIO 

. 
CA) (8) 

FIG. 19-2.-Two diode detector and ave circuits. In that at (A) 
the detection and ave action occur in the same circuit. At (B), the 
detection and ave action take place in two separate circuits. 

Fig. 19-2 (A) shows the typical circuit arrangement em
ployed with one form of such a combination tube. The two 
diode plates Di and D. are connected together and to one side 
of the last i-f transformer secondary. The signal voltage is 
rectified (because no current can flow when the diode plates are 
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negative) and flows through resistor R 1 • This resistor will be 
"positive" (as far as the signal is concerned) at its grounded 
end. A wire from the negative end then connects to the con
trol-grid return leads of the tubes under ave control, as will 
be shown later. Since rectification takes place in this diode 

AMPLIF: AMPLIF: AVC 

FIG. 19-3.-Controlling the grid bias of amplifier tubes by ave 
action obtained from the triode section of a duo-diode triode tube in 
the receiver. This circuit is shown in simplified form in Fig. 19-4. 

circuit, the audio portion of the signal also appears across it, 
so the arm of this potentiometer connects to the audio circuit. 

Some engineers prefer to keep the rectification (same as 
detection) separate and distinct from the ave action. This may 
be accomplished very simply by connecting D, to D 1 through a 
small condenser Cc as shown in (B) of Fig. 19-2. Cc serves the 
same purpose here as Cc in Fig. 19-1. The rectified current due 
to D 1 goes to the audio amplifier, and that due to D, to the 
ave lead. Each diode plate has its own resistor across which 
the rectified voltage appears, as shown. 

Figure 19-3 shows the circuit of a typical ave system. Diode 
D, rectifies the signal, a small portion of which is taken from 
D 1 through condenser Cc• This rectified current produces a 
voltage across resistor R,.. Now the voltage across R,. is of a 
pulsating nature, and it therefore contains an average d-c value 
and an alternating value; the alternating value is composed of 
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the r-f carrier and the audio. The audio is there for exactly the 
same reason that it appears across R 1 , or in the plate circuit of 
any detector tube. For purposes of ave, all of the alternating 
components must be eliminated; only the d-c is wanted. It is 

--- -. ; -. 
FIG. 19-4.-The main parts of the circuit of Fig. 19-3 are 

arranged here in simplified form for purposes of study. 

the purpose of condensers C1, C,, C, and resistors R1, R, and R, 
to filter out this alternating component and leave only the d-c. 

C, and R, are made large enough so that once C, charges 
to the value determined by the strength of the signal, any varia
tions due to audio or r-f are so fast that this condenser cannot 
take on more charge or give off some of its existing charge in 
synchronism with the signal; hence, the voltage across C, is 
constant, and equal to the d-c value of the voltage across R 4• 

A further examination of this circuit, re-drawn in more sim
plified manner in Fig. 19-4, shows that it is the voltage across 
C I that varies the bias on the controlled tubes. This 1s ex
plained in the following manner. 

The voltage across R 4 is applied to C, through R,. These 
latter two have such large values that, with a given strength 
of carrier, the voltage across C, is constant, regardless of the 
audio variations ( of course, if the audio variations are too fast, 
the r-f variations will certainly be too fast). Now the grid 
bias of any tube is the bias from grid to cathode. This means 
that the biases of the amplifier tubes shown are the sum of the 
voltage across R,,, determined by the plate current of the par-
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ticular amplifier tube, and that across R 4• The resistors R,, 
R, and R, do not drop this voltage because the grids of the 
tubes never draw current, and there can be no voltage drop in a 
resistor unless there is current through it. 

If a stronger signal is tuned in, the d-c value of the voltage 
across R4, and hence across C,, rises, increasing the total bias 
applied to the tubes, which reduces the amplification of the tube; 
the reverse take2 place when the signal strength decreases. If 
the signal should suddenly change in intensity for any reason, 
the voltage across C, changes, and the bias on the tubes shifts 
to accommodate the new signal level. It is interesting to note 
at this time that if the signal strength changes fast enough, due 
to very rapid fading for example, the voltage across C, may 
not be able to follow it, and automatic compensation will not 
occur. The design of the receiver should be such that the volt
age across CI can respond to changes that occur not faster than 
about one every 0.05 second. 

19-3. AVC System Using a Triode as a Diode.-One 
ave system employs a three-element tube as a diode detector, as 
shown in Fig. 19-5. The incoming signal is converted, or rec-

FIG. 19-6.-An ave 
system in which a 3-
element tube is used 
as a diode detector. 
The ave voltage con
trols the grid bias of 
the r-f and i-f tubes. 

TO G,-10 
RETURNSOr 
R-F 1-F 

tified, by the diode detector into a d-c and a-f signal. The rec
tified signals appear across R and R 1, and are proportional to 
the strength of the carrier voltage. Since the d-c component 
flows through R and R i, increases or changes in carrier signal 
strength vary the voltage drop across resistors R and R1• The 
d-c voltages thus developed are applied to the control grids of 
the i-f (or r-f) tubes, varying the amplification produced by 
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these tubes. The greater the signal strength, the greater the 
voltage impressed on the grids, and, consequently, the lower 
the amplification. 

19-4. Purpose of Condensers in AVC Circuits.-The con
densers utilized in ave circuits serve definite purposes. In Fig. 
19-5, condenser C 1 is used to by-pass the high-frequency signal 
around R and Ri so as to obtain maximum signal voltage at 
the tube. Its capacity is usually some value between 0.0001 
mfd. and 0.0005 mf d. Condenser C ,, on the other hand, charges 
up like a tank condenser, so that the voltage developed for ave 
purposes does not vary with signal modulation. The capacity 
of this condenser is usually from 0.01 mfd. to 0.1 mfd., although 
a condenser of the same value as C 1 has been used in many 
instances. It is interesting to note here that the voltage avail
able for audio and ave purposes is not the total voltage across 
R and R 1, but only that across R1. The fraction of the total 
voltage is thus R1!R+R1. 

19-5. Additional AVC Systems.-In one ave system, a 
single triode is employed as both detector and ave tube. The 
ave action is similar to that in the diode-detector ave circuit. 
In the circuit shown at Fig. 19-6, an ave potential is built up 

TO GRID RE.TURNS OF 
11-F 1-F 

R-F' CHOKES USED 
INSTE.A'}OF' RESIST., ---

... 
-• 

f-+TO 
GRID 

OF' A-r 

FIG. 19-6.-An ave system in which a single triode is used as 
both a detector and ave tube. The ave voltage developed across 
resistor R 1 controls the grid bias on the r-f and i-f tubes. 

across R 1 in the following manner. As the signal strength in
creases, more grid current flows through the grid circuit of the 
detector ave tube. The greater this current, the greater its d-c 
component, and, since R 1 is really part of the grid circuit, the 
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d-c component of the voltage across it increases. The audio 
voltage is that across resistor R,. 

The voltage drop thus developed is impressed on the control 
grids of the r-f or i-f tubes under ave control. It is interesting 
to note that in this circuit the grid is not biased in the usual 
fashion. The grid current produces the ave voltage across Ri, 

FIG. 19-7 .-An ave 
system in which a 
screen grid tetrode is 
used as a detector and 
ave tube. The ave 
control voltage is ob
tained across grid cir
cuit resistor R 1 • 

TO GRID 
RETURNS OF 
R·F 2ND R·F 

e+ 

the polarity being as shown. This negative bias, generated by 
the signal itself, is what gives the tube its bias to rectify the 
plate current to produce the audio. Hence, rectification takes 
place in the grid as well as in the plate circuit at the same time. 
The grid circuit rectifies because no grid current can flow while 
the grid is negative, and rectification takes place in the plate 
circuit because of the steady bias applied to the grid with a 
steady carrier voltage. 

A type '24 screen grid tetrode tube has been used in a manner 
similar to the type '27 triode, as shown in Fig. 19-7. Here again, 
the ave voltage is obtained across R1. When a signal of sufficient 
intensity or strength is received, grid current will flow in the 
grid circuit as shown by the arrows. This current produces a 
voltage drop across R1, which is fed to the control grids of the 
r-f (or i-f tubes) thus decreasing their amplification and main
taining the volume to the level to which the manual volume 
control has been set. R, merely supplies a small, steady bias to 
the tube. 

Some very popular commercial receivers use a type '27 triode 
tube as a "double diode", combining the functions of detector 
and ave in one tube. The cathode and grid form one two-
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element rectifier, and the cathode and plate form the other, as 
shown in Fig. 19-8. From the diagram, it can be seen that the 
cathode-grid diode is used to rectify the signal voltage to secure 
the audio component; the cathode-plate diode is used to provide 
direct current in its output circuit to generate the voltage for 
the ave circuit. The ave voltage is built up across resistor R,, 
connected from the plate of the tube to ground. Since the volt-

B+ 

E 
~CONTROL 

TO 
GRID OF 
A-r 

FIG. 19-8.-An ave system in which a triode tube is used as a 
double diode, combining the functions of detection and ave in one 
tube. The ave control voltage is built up across resistor R 1' (Used 
in Stromberg Carlson 22 receiver.) 

age-drop across R, varies as the strength of the input signal 
varies, a suitable variable voltage is secured which is fed to the 
control-grids of the controlled tubes. 

19-6. AVC with Combination Diode-Type Tubes.-No 
amplification is derived from any sort of diode detector. For 
this reason, dual-purpose tubes were developed in which two 
diodes and a triode, or two diodes and a pentode, are combined 
in a single glass envelope. Since the diodes and the triode ( or 
pentode) are independent of each other, such a tube can be made 
to perform as detector, ave tube, and audio amplifier. The 
types '55, '75, '85, 2A6, 2B7 and 6B7 are typical examples of 
such tubes. The triode or pentode portion of the tube is gen
erally employed as a triode or pentode audio amplifier, although 
in some cases the tube has been worked "backwards"-the tri-
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ode or pentode portion being made to serve as an i-f amplifier. 
In most instances, however, the two diodes of the tube are tied 
together and connected as shown in Fig. 19-9; they then act as 
a half-wave rectifier. The ave voltage is secured by the voltage 
drop across resistor R 1 , in the same manner as with the ordin
ary two-element diode detector. A lead from the ungrounded 
side of R,. connects to the control grid through a coupling con
denser C0 • Hence, the audio component of the voltage across 
R1 is fed to the grid for amplification in the usual manner. R, 
is sufficiently large to supply the necessary bias for the triode 
to act as an amplifier. 

It is clear that if R, places a negative bias on the grid of the 
tube, the diodes cannot begin to function until the peak value 

of the signal is greater than this negative bias. In other words, 
the ave action will not commence until a certain signal voltage 
is applied to the diodes of the tube. This point will be discussed 
further in Art. 19-9. 

19-7. Additional Interesting AVC Systems. - Another 
greatly used form of ave system is that shown in Fig. 19-10. 
The ave functions in the usual manner in that the signal voltage 
is supplied to the grid of the '27 tube through condenser Ci, 
and the voltage-drop across resistor R1 in the plate circuit 
is the grid voltage applied to the r-f or i-f stages. Since the 
value of the plate current is proportional to the signal voltage 
applied to the grid, increasing signal voltages cause greater volt
age drop across R,. This results in a higher bias on the r-f 
and i-f stages, which means less sensitivity. 

In some receivers, instead of coupling the grid of the ave 
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tube to the detector or i-f amplifier through a condenser, the 
output of the i-f amplifier is coupled directly to the grid of the 
ave tube through the secondary winding of the second i -f 
transformer (two i-f stages are used), as shown in Fig. 19-11. 
The action of this ave tube is identical to that described for 
Fig. 19-10. Another secondary, S,, on this same transformer 
couples the signal to the second i-f tube. The main advantage 
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FIG. 19-10.-Another ave circuit arrangement. The ave voltage 
is taken from across the plate circuit resistor R i- The grid of the 
ave tube is coupled to the i-f plate circuit by a condenser. (Used in 
RCA Victor 11 receiver.) 

of this system is that noise or other signals cannot exceed the 
level for which the volume control has been set. 

Another frequently used ave system is that shown in Fig. 
19-12. Here, a type '24 screen-grid tube is employed. This tube 
has its control grid coupled to the grid of the second detector 
through a 0.0001 mfd. fixed condenser. When a signal is im
pressed upon the grid of the ave tube, an increase in plate cur
rent results. This change in plate current, in turn, varies the 
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voltage drop across plate resistor R 1, which changes the control
grid voltage of the controlled tubes. Any increase in signal 
strength raises the grid bias automatically, thereby reducing 
volume on a loud signal to a value previously set by the manual 
control. The resistor R, develops a small voltage equal to that 
across R1 with no signal. In this manner, the no-signal R1 

voltage is bucked by the R, voltage, and the ave potential on 
the controlled tubes is zero. The application of a signal raises 
the R 1 voltage and lowers the voltage across R,, thus increasing 
the ave potential. The voltage across R, decreases because in-

FIG. 19-11.-In this 
ave circuit the output 
of the i-f amplifier is 
coupled directly to the 
grid of the ave tube 
through the secondary 
winding of the last i-f 
transformer. Another 
secondary, S1 , couples 
the signal on to the 
second i-f tube, shown 
at the right. (Used 
in RCA Victor 50 re
ceiver.) 
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creased plate current means increased voltage drop in R, and 
R4• Since the sum of the voltages across R,, R, and R 4 must 
equal the total B-supply voltage (which is maintained constant), 
that across R, must decrease when a signal is applied. 

An ave system similar to that shown in Fig. 19-12 is illl.11-
trated in Fig. 19-13. A type '56 tube is employed as a diode. 
The signal voltage is fed to the grid of the control tube through 
a 0.00025 mf d. fixed condenser connected to the plate of the i-f 
tube. This signal dev-elops a voltage across the plate resistor 
R1. Because variations in the carrier signal will vary the volt
age drop across this load resistor, a means is provided for ob-
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taining a variable voltage to be applied to the control grids of 
the controlled tubes through suitably designed filters to suppress 
any a-c component that may be present. 

19-8. Necessity for Delayed AVC Systems.-One marked 
disadvantage of the ave systems thus far described is that they 
start to act as soon as the signal reaches the ave tube. Weak 

FIG. 19-12.-A fre
quently used ave sys
tem which employs a 
screen grid ave tube 
whose control grid is 
coupled to the grid of 
the second detector. 
The variations in 
plate current of the 
ave tube vary the ave 
voltage-drop across 
R 1• This is the ave 
control voltage. (Used 
in Zenith 91, 92, type 
1.) 
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signals, therefore, cannot receive the full amplification which 
the receiver is capable of supplying. This is so because the ave 
system prevents the receiver from exerting its full amplifying 
properties due to the fact that an~ input signal impressed upon 
the receiver immediately causes its sensitivity to decrease. 

B+ 

0.00025 MF: TO GRID RETURNS 
or r-r R-F" ,~• DET. FIG. 19-13. - Here, 

___ ....,,..,,..___ a triode, connected as 

TO GRID OF" 
2 ND DETECTOR 

a diode, acts as the 
ave tube. Signal volt
age from the i-f plate 
circuit feeds the ave 
diode. The variations 
in diode plate current 
vary the ave voltage
drop across R 1• (Used 
in Atwater Kent 310 
receiver.) 

To overcome this serious limitation, a method of automatic 
volume control has been devised whereby the automatic volume 
control action does not begin unless the incoming signal is at, 
or exceeds, a certain strength. This is termed delayed ave, be
cause the ave action i8 delayed, i.e., it does not come into play 
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unless a signal exceeding a certain strength is tuned in. In this 
way, much greater power output for weak signals can be ob
tained, since no ave is hampering their amplification to the full
est extent. 

19-9. Delayed AVC Systems.-One method of securing 
delayed action is shown in Fig. 19-14. A type '55 tube is em
ployed, although a type '75, '85, 2A6, or 2B7 can be used. The 
diode detector action is separate from the ave, and the secondary 
of the i-f ( or r-f) transformer is in two sections, one for the diode 
circuit and the other for the ave circuit. The triode portion of 
the tube secures its fixed bias by means of R,, and the return 

Fm. 19-14.-A de
layed ave circuit in 
which delayed action 
is secured by arrang
ing the circuit so that 
no ave voltage is pro
duced across R 1 until 
the signal is strong 
enough to overbalance 
the bias voltage across 
R, and make ave di
ode plate D1 "posi
tive" with respect to 
the cathode so that 
current c a n flow 
through R 1• 

TO GRID RETURNS 
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TUBES • 

TO 
,---~+-A·F' 

AMPLIF: 

of the second diode plate is grounded through R 1 • Hence D, 
is at a negative potential with respect to the cathode of the tube, 
by an amount equal to the voltage across the bias resistor R,. 
Because of the fact that the two secondary windings are equally 
coupled to the primary of the transformer, the signal voltages 
induced in each half will be equal. The input signal induced 
in L 1 is rectified by diode D 1 , and the audio component is ap
plied to the triode grid. The negative second diode plate pre
vents the voltage across the lower section of the secondary 
winding, L,, from being rectified until its peak value is greater 
than the bias voltage across R2 because of the fact that a tube 
cannot function while its plate is negative. Therefore, the sec
ond diode plate will produce no ave action until signals of suffi-
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cient strength are received to make it positive, so as to enable 
it to draw current. 

Another version of this method of obtaining delayed ave is 
shown in Fig. 19-15. Coupling to the diode plates by condensers 
obviates the necessity for having two secondary windings. It 
will be seen that the cathode of the '55 tube has a fixed bias of 
10 volts above ground potential. This is secured from the voltage 
divider system and the plate current of the tube. The ave diode, 
D 1, is connected to ground through resistor R1, making this diode 
"negative" with respect to cathode. Since the detector diode, D,,. 

t 
B+ 

FIG. 19-15. - An
other version of the 
delayed ave circuit of 
Fig. 19-14. Here the 
diode p 1 a t e s are 
coupled to the i-f 
transformer by con
densers. ( This circuit 
is employed in the At
water Kent 711 re
ceiver.) 

is not biased (it is connected, through resistors, to the cathode), 
delayed ave action is obtained. The detector diode rectifies the 
signal voltage for any signal applied ( even if the signal is weak). 
However, the ave diode, because it is negative with respect to the 
cathode (and the detector diode) on weak signals, does not func
tion for weak signals. It only begins to operate when the signal 
is sufficiently strong to cause a voltage drop in R 1 at least equal 
to the steady IO-volt potential applied between the cathode and 
ground. When these two voltages are equal, the potential of the 
ave diode is equal to that of the cathode. It then begins to 
function, rectifying the signal, and ave action starts. For 
stronger signals, the potential of the ave diode rises higher than 
that of the detector diode, and stronger ave control is exerted. 
Thus, delayed ave action is secured because the ave diode does 
not operate unless the incoming signals exceed a certain strength. 

There are numerous other types of ave and delayed ave 
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systems, and those described here are but representative of the 
methods used in the numerous types of commercial receivers. It 
is immaterial whether the ave action is obtained by means of a 
separate tube or by means of a single tube serving a dual pur
pose-the principle is the same. 

19-10. Troubles in Diode-Detector A VC Systems.-Per
haps the most suitable course to pursue in discussing the troubles 
associated with and due to ave systems is to analyze each system 
described. This can be done more easily by "breaking down" 
each ave circuit and determining the symptom associated with 
the failure of any constituent part. 

The troubles usually encountered with any of the diode
detector ave systems are few compared to those found in separ
ate ave tube systems, because of the independence of the com
bination detector-ave action on the receiver power supply. Let 
us suppose, however, that no ave action is being obtained from 
a system similar to that shown in Fig. 19-5. It may be thought 
from this symptom that the diode-connected detector tube is at 
fa ult, with its plate short-circuited to the grid. Were this the case, 
however, no reception would be obtained at all, since the grid 
would be connected to the plate which is tied directly to the cath
ode. If condenser C • were short-circuited, there would be no ave 
voltage and no audio signal, since resistor R 1 would be short-cir
cuited, grounding the ave and audio leads. Because of the fact 
that R1 is usually a high resistance unit (approximately 100,000 
ohms or more) leakage in C • due to defective insulation will 
result in diminished ave and audio output, as any voltage varia
tions across the resistor R 1 would be smaller because of the 
smaller value of R 1• No ave action could be obtained if R 1 

were open-circuited, and the receiver would operate weakly, if 
at all. This resistor is almost invariably a carbon type unit, 
and, although it will seldom, if ever, be found open-circuited be
cause of the small current through it, it is more or less subjected 
to the common failures of carbon resistors, so far as the method 
of fastening the pigtails to the carbon element is concerned. A 
poor contact here will result in a high resistance, and, should 
the value of R 1 be much larger than it should be, the voltage 
across R 1 compared to R + R I will be much larger than nee es-
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sary I resulting in overloading of the audio stage and too much 
ave action. 

Should one of the by-pass condensers, C,, become leaky, the 
ave voltage developed across R 1 will not be applied to the con
trol-grid of the tube in whose stage the leaky condenser C, is 
connected, since this voltage is short-circuited. The resistors 
R, and R, and their associated by-pass condenser C, are em
ployed to prevent interstage coupling; therefore, instability and 
oscillation will result if the ave voltage is fed directly to the 
control-grid circuits of these stages because of short-circuited 
resistors R, and R,. 

Another complaint frequently encountered with diode-detec
tor ave systems is that of too strong an ave action. It may be that 
the receiver does not possess sufficient sensitivity for the weak 
signals received. But if it is found that the control-grid bias on 
the controlled tubes is too high when the receiver is tuned to a 
station, in all probability the resistor R 1 has too high a value, 
producing too much ave voltage for the signal strength of the sta
tion. It should be noted that if R 1 is just a little higher than it 
should be, the audio output increases and the ave voltage in
creases. However I upon increasing R 1, a point is soon reached 
where the ave voltage becomes so great that the sensitivity of the 
receiver drops to a fraction of what is required for normal audio 
output; then, of course, the volume will be low. There is no 
fixed rule as to what value R1 should have in order for the audio 
volume to drop appreciably. If the correct value of R1 is un
known, the best procedure is to remove it and substitute others, 
one at a time, until best results are obtained. If, on the other 
hand, the ave action is insufficient to successfully reduce the 
sensitivity of the receiver on powerful signals, it will be neces
sary to substitute a higher value of R 1 in order to obtain a greater 
voltage drop. 

In the event that condensers C ,, by-passing the isolating 
resistors R, and R,, should become short-circuited or leaky, a 
severe motorboating may be experienced as the receiver is tuned 
from one station to another, and it will be difficult to properly 
set the station selector at the resonant point. This condition 
is due largely to the fact that as the ave voltage is diminished, 
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the circuits of the tube or tubes in which condensers C, are 
connected will operate at full sensitivity because of the lack of 
this control voltage, and too much sensitivity will always result 
in motor-boating unless special precautions are taken to prevent 
it. Open-circuited condensers, however, will result in oscilla
tion, low sensitivity, fading and intermittent reception because 
of interstage coupling due to insufficient filtering. Usually, the 
resistance of a leaky condenser varies, and for that reason the 
ave control voltage fed to that stage will vary, thus causing 
fading and intermittent reception. 

In the circuit shown in Fig. 19-7, in which a type 24 tube is 
used in the same manner as the type 27-as both detector and 
ave tube-the same symptoms described here will also apply. 

19-11. Troubles in Double-Diode A VC Systems. - In 
the "double diode" detector and ave system shown in Fig. 19-8 
a cause for complaint may be traced to resistor R 1• When this 
unit is open-circuited, the ave system will be inoperative and 
the total grid bias will be "zero". Also, there will be no ave action 
if 1llly or all of the by-pass condensers C, should short-circuit 
or become leaky. In this case, however, the defect will be mani
fested by the fact that the receiver will operate "wide open"
at full sensitivity-since the control bias on these stages will 
be short-circuited, leaving only the fixed bias in the individual 
stages. If R 1 is open, however, the grid bias on each controlled 
tube will be zero, since the ave voltage is in series with the fixed 
tube bias (see Fig. 19-4). 

In the ave system shown in Fig. 19-9, which employs a type 
'55 tube, the diode portion of the tube is, in most instances, used 
for both detection and ave. For this reason it is subject to the 
same failures common to any other diode-detector ave system. 
The triode or pentode portion of the tube usually serves as 
either an audio, r-f, or i-f amplifier. Should either, or both, of 
the diodes short-circuit to the common cathode sleeve of the 
tube, the receiver will become inoperative. There may be in
stances, however, where some reception will be obtained when 
the short circuit does not have zero resistance. Since the two 
diode plates in most systems are tied together ( usually not in 
delayed ave systems), and are connected to the high side of the 
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secondary winding, the short-circuiting of one of the diodes to 
the cathode due to loose elements or other causes will result 
in total inoperation. As with the diode ave-detector, insuffi
cient ave action may be overcome by substituting a higher value 
of resistance for Ri. 

An unusual condition characterised by the tuning-in of sig
nals with a "plop", and difficulty in setting the station selector 
at resonance, may be experienced. This condition may be 
remedied by reducing the value of the ·resistor employed as the 
voltage-dropping resistor, R 1 • 

19-12. Troubles in "Separate AVC Tube" Systems.-The 
most common trouble encountered with separate ave tube sys
tems is "weak" or "no" reception, generally caused by a poor 
ave tube. This tube is invariably biased near its plate-current 
cut-off point, that is, biased until no plate current flows when no 
signal is impressed. The first step to be taken in diagnosing a 
complaint of this kind is to check the tube used in the ave 
stage. A gassy or a too high-emission tube will pass plate cur
rent before a signal is applied, thus generating an ave voltage, 
and reducing the amplification of the r-f or i-f tubes. A method 
of testing for this trouble is to tune the receiver to some weak 
station and then withdraw the ave tube from its socket. If the 
volume increases considerably, the tube should be replaced. In 
some cases it may be necessary to try several tubes before a 
satisfactory one is found. If it is established that the trouble 
could not possibly be a poor tube, the grid voltage impressed on 
the ave tube should be checked. If this voltage is too low, the 
tube will pass plate current with no signals, and so reduce the 
sensitivity of the receiver because of the excessive voltage ap
plied to the control grids of the r-f or i-f tubes. 

Very often, totally inoperative receivers are found that can
not be made to deliver signals until the ave tube is withdrawn 
from its socket. A socket analysis of the receiver almost al
ways discloses an abnormally high control-grid voltage on the 
ave controlled tubes with the ave tube in its socket. This high 
bias definitely points to the fact that excessive ave voltage is 
being developed by the control tube. As a general rule, the 
carbon resistors which are almost universally used in ave cir-
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cuits do not change in value unless the unit open-circuits en
tirely. If the voltage-dropping resistor in the plate circuit of 
the ave tube were open-circuited, no ave action could be ob
tained, and a complaint of this kind could not be produced. The 
only remaining possibility is that of insufficient (or lack of) biae 
voltage on the ave tube. This may be due to the open-circuiting 
of some resistor in the grid circuit or to the presence of leaky by
pass condensers. 

If it is found that normally powerful signals are received 
weakly and normally weak signals not at all, and a socket an
alysis of the receiver discloses an excessive control-grid voltage 
on the tubes in the ave circuit, the trouble can be traced to leaky 
by-pass condensers CI and Cs, Fig. 19-11, for instance. This 
failure may also be disclosed by the fact that the level of the 
received signals can be increased considerably by removing the 
ave tube from its socket. Since the resistors in the grid circuit 
of a separate ave tube are of high values, usually of the order 
of one megohm or more, leakage of a few thousand ohms in these 
by-pass condensers will be sufficient to neutralize part of the 
grid bias of the ave tube and cause it to pass excessive plate 
current. For this reason, it is necessary to employ a high-range 
ohmmeter or a good condenser leakage tester to successfully 
locate the leaky condenser. Of course, it is simple enough to 
disconnect these condensers while the receiver is in operation 
and note the effect of the removal. When operation is normal 
for a minute or two after the receiver is first switched on, and 
the volume level gradually decreases until reception of even pow
erful broadcast stations is weak, the ave grid by-pass conden
sers should be checked immediately for leakage. 

On many occasions, the complaint of gradual fading after 
the receiver has been operating for some time, perhaps for an 
hour or two, may be received. Leaky ave grid by-pass con
densers have been found to cause this condition in receivers em
ploying separate ave tubes. 

Quite often, separate ave-tube receivers tune-in stations with 
a "plop", and it is difficult to set the station selector accurately 
at the resonant point. These symptoms are usually caused by 
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excessive ave action. In this case, the ave grid voltage is not 
at fault. Excessive ave action may be traced to too much 
heater voltage on the ave tube, and may be corrected by in
serting a small ½-ohm strip resistor in series with one of the 
ave heater legs. On some few occasions, reduction of the ave 
heater voltage is necessary in order to eliminate this condition, 
despite the fact that the heater voltage is within the rated value. 
Another cause for excessive ave action is the use of a plate re
sistor whose value is too high. All that is necessary in this case 
is to reduce its value so that a lower voltage drop will be ob
tained across it. 

In many receivers, a separate ave tube is coupled either to 
the plate of the last r-f, i-f or the detector stage by means of 
a small fixed condenser having a value of approximately 0.0001 
mf d. If this condenser open-circuits, no ave action will be ob
tained. 

A frequent cause for distortion caused by overloading of 
the r-f or i-f stages, poor ave control, and in some instances 
oscillation and motor-boating, is "leaky" or "short-circuited" r-f, 
first detector, or i-f grid-return by-pass condensers in the ave 
circuit. If the leakage in these condensers varies, fading will 
result. Open-circuited condensers, however, will cause weak 
and unstable operation, often accompanied by station hiss, os
cillation and motor-boating. If the open-circuit is of an inter
mittent nature, intermittent reception will be obtained. 

19-13. General AVC Troubles.-A complaint not infre
quently encountered in receivers employing ave is no control of 
volume. By this is meant the inability to reduce the volume 
level by adjustment of the manual volume control. This condi
tion will not be experienced where the manual volume control is 
located in the audio portion of the receiver, but only when it 
is in some part of the ave circuit. A very weak ave tube will 
produce this symptom in receivers using separate ave tubes. 
In almost every instance, the plate circuit of a separate ave 
tube is at least 100,000 ohms above ground. Leakage or short
circuiting, therefore, of any portion of the ave circuit to ground 
will diminish the automatic volume control voltage, and 
the receiver will operate at maximum sensitivity. If 
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this occurs, the full volume of the receiver will be obtained. 
In some receivers, this condition has been traced to leaky 

by-pass condensers in the control-grid return circuits of the ave 
controlled tubes; and in others, to a resistor or choke-coil term
inal lug short-circuiting to the chassis at some point. In one 
particwar model, the condition was found to be due to leakage 
of the "fish-paper" insulation used between the can of an elec
trolytic condenser (which was below chassis potential) and the 
chassis. A point-to-point resistance test with a high range ohm
meter is generally sufficient to isolate this form of leakage. Each 
part of the circuit may be disconnected and checked, and by the 
process of elimination, the offending member found. On some 
occasions, however, the leaky condition will clear up as soon as 
the receiver is switched off for the purpose of making a resist
ance test. Under these conditions, it will be necessary to dis
connect by-pass condensers while the receiver is operating, or 
actually move leads and resistors in their relation to the chassis. 

Some manufacturers have produced a few models of re
ceivers in which the ave system has an appreciable time lag. 
In other words, the ave tube takes a large fraction of a second to 
operate, introducing a time lag. This design was incorporated 
for the purpose of reducing interstation noise. In most ave re
ceivers not employing silent tuning or noise suppressor circuits, 
the sensitivity of the receiver increases to maximum when the set 
is tuned between stations, because the ave system increases the 
sensitivity until the receiver is tuned to a station. The time lag, 
however, is supposed to be great enough to keep the sensitivity 
low until the dial, turned at a normal speed, reaches the ne:ll.1. 
station. This is supposed to keep inter-station noise at a low 
level. Because of the time lag, it is difficult to tune a station 
accurately to the point of resonance, and stations will be received 
with a "plop." The time lag may be reduced by reducing the 
rate of charge and discharge of the ave system; the value of the 
various by-pass condensers may be lowered, or the value of the 
isolating or voltage-dropping resistors may be decreased. 

19-14. Amplified AVC.-The designs of certain receivers 
are such that it is necessary to have the voltage actuating the ave 
tube larger than could be obtained with the systems described 
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thus far. Such design necessitates amplifying that portion 
of the signal that would ordinarily go to the ave section of the 
set; hence the name for such systems is amplified ave systems. 

There is nothing fundamentally different about an amplified 
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FIG. 19-16.-An amplified ave circuit arrangement employing two 
i-f amplifiers. The top one amplifies the signal and feeds it to the 
second detector. The lower one obtains part of the signal through 
coupling condenser C1 • (This arrangement has been used in many 
RCA Victor receivers). 

ave system. In all cases, part of the signal is removed from 
the i-f amplifier, is amplified, and then fed to the ave tube in 
the normal manner. That part of the signal which is not re
moved for ave action may be still further amplified, rectified 
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by the second detector, and passed on to the audio amplifier in 
the normal manner. The term amplified ave applies only to 
that function of the receiver which amplifies part of the signal 
specifically for ave purposes, so that a higher controlling voltage 
is produced. 

The amplifying part of the a vc section may not necessarily 
be a separate tube; in fact, recent receivers make use of the com
bination tubes for this purpose. One modern receiver incor
porates two i-f amplifiers: in one, a '58 type tube amplifies the 
signal and feeds it to the second detector, as shown in the upper 
part of Fig. 19-16; the other amplifier obtains part of the signal 
through a 0.0001 mfd. condenser and feeds it to the control grid 
of a 2B7, a combination tube consisting of a pentode and a 
double diode. An i-f transformer in the plate circuit of the 
diode is tuned to the i-f, and the amplified signal appears 
across the secondary S of this transformer, as shown in the 
lower half of Fig. 19-16. 

The top of S connects to one diode plate, the other diode 
plate is connected to cathode because it is not required. The 
lower part of S connects to the cathode through a resistance 
network. The amplified voltage is rectified by the single diode 
and appears across resistors R 1 and R 1 • The 600-ohm resistor 
in the cathode leg supplies bias for the control-grid of the pent
ode section, and both the 3,000- and 600-ohm resistors place the 
active diode at a negative potential for delayed ave, as previ
ously explained. R 1 and R, are divided into two separate units 
so that only part of the rectified ave voltage may be removed 
for the signal channel i-f stage. The full rectified output is ob
tained for the r-f amplifier and first detector. Of course, part 
of the ave voltage is built up across the 3,600 ohms in the cath
ode leg, but 3,600 ohms is very small compared with the 750,000 
ohms of R1 and R,, and may be neglected. The d-c voltage 
across resistors R 1 and R, is applied to the controlled tubes 
through the two filter resistors .R, and R4, as shown. 

Substantially the same idea is used in another popular, mod
em receiver. Two i-f stages are employed: one for the signal 
channel feeding the second detector, and the other for the ave 
tube. In this case, however, the amplifier feeding the ave tube 
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is a type '58 tube, and the ave tube is a '56; thus the functions 
of ave amplification and ave control is vested in two tubes in
stead of one. The circuit of this arrangement is shown in Fig. 
19-17. 

The plate circuit of V 1 feeds the second detector for signal 
rectification and amplification for the audio amplifier. At the 
same time, a portion of the signal from the grid of this tube is 
taken through a 0.0003 mf d. condenser and fed to the grid of 
a type '58 tube. The signal is amplified and passed to the '56, 
which operates as a half-wave rectifier. The d-c ave voltage 
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FIG. 19-17.-Amplified ave circuit arrangement in which energy 
taken from the i-f stage is amplified by the '58 tube and impressed 
upon the separate '56 ave tube connected as a diode. The ave control 
voltages appear across resistors R 1, R 1 , and R, connected in the 
diode circuit. 

is obtained in the usual manner across the resistors Ri, R, and 
R1 • Portions of this voltage are removed to control different 
circuits, as shown in the diagram. 

Another interesting example of amplified ave is shown in 
Fig. 19-18. This circuit is diff~ent than the others inasmuch 
as a single 2B7 tube is made to function as second detector, ave 
amplifier, and ave tube. As seen, the two diodes are connected 
together to form a half-wave detector circuit, and the a-f and 
d-c components appear across R, in exactly the same manner 
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as described previously. The total voltage across R, is fed to 
the audio amplifier through the coupling condenser C ,, which 
only passes the audio part of the voltage. The by-pass conden
sers C, and C, serve to keep the r-f out of the audio amplifier, 
thus preventing "fringe howls." The d-c component of the volt
age across R, is applied to the control grid of the pentode por
tion through resistor R,, which acts, at the same time, to pre
vent any of the audio from actuating the grid of the tube. Since 
the cathode is above ground potential by an amount equal to 
the voltage drop in the cathode resistor R,, any changes in the 

FIG. 19-18.-Ampli
fied ave circuit in 
which a single 2B7 
tube is made to func
tion as the second de
tector, ave amplifier 
and ave tube. 

d-c grid potential of the control grid will vary the current 
through R, and thus change the voltage drop across it. In
creasing signal carrier strengths will increase the voltage drop 
across R,, which, in turn, will apply a greater negative d-c 
voltage to the control grid, thus lowering the plate current 
through R,. Hence, the voltage across R, will decrease. This 
voltage is applied to the grid-return leads of the tubes under ave 
control in the usual manner. This is an amplified ave system 
because the d-c voltage across R, is amplified by the mutual 
conductance of the 2B 7 tube. 

19-15. Silent Tuning Systems.--Since the normal action 
of an ave system is to decrease the sensitivity of the receiver on 
strong signals, and since the sensitivity of such a receiver is 
maximum when the station selector is tuned off resonance, re
ception is usually very noisy when the receiver is tuned off 
resonance, due to the fact that any natural and man-made elec-
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trical disturbances which are picked up by the antenna system 
at this time are amplified by the full amplifying power of the 
receiver. If a very sensitive set equipped with ave is operated in 
a "noisy" location, the background noise will be troublesome when 
passing from one station to another unless specific precautions 
are taken in the design. This does not mean that a set equipped 
with ave gives more noise than one not so equipped, but that 
when tuning it exactly the same effect is obtained as is obtained 
with an ordinary set having its volume-control fully advanced. 

A number of methods have been devised to reduce this inter
channel-noise, since it is very disturbing to have no noise come 
in when a station is tuned in, and to suddenly have irritating 
noises come in at full volume when shifting the station selector 
to receive another station. One early device used to make this 
inter-station noise inaudible, was a "mute" switch which was 
connected across the secondary of the output transformer. The 
switch was manually operated, and short-circuited this sec
ondary while the receiver was being tuned; hence the noise 
could not be heard. The point of station resonance was indicated 
by some form of resonance indicator, such as a tuning meter, 
shadowgraph or tone beam arrangement ( these resonance tun
ing indicators will be discussed in later sections of this chap
ter), so that the operator could tell just when the station was 
tuned in exactly, before opening the "mute" switch. 

Another means employed to eliminate inter-station noise was 
to remove the volume control from the grid or cathode circuit 
of the ave tube and place it in some other portion of the re
ceiver, as shown in Fig. 19-11. In this circuit, the primary and 
secondary of the second i-f transformer are widely separated 
so as to prevent the transfer of signal energy except by means 
of the small pick-up coil, S,. The volume control is a potentio
meter shunted across this coil. This determines the amount of 
signal energy which will be passed to the secondary. Setting 
this control at zero reduces the i-f input to the second detector 
to zero, and the noise cannot be heard. However, a tuning in
dicator connected in the plate circuit of a previous i-f amplifier 
tube will show when a station carrier has been tuned in. 
When this is known, the volume control can be raised. 



CH. XIX PECULIARITIES OF A VC & QA VC CIRCUITS 471 

A variation of this method of reducing inter-station noise is 
shown in Fig. 19-19. Here, the volume control is in the grid cir
cuit of the second detector. The primary and secondary of the 
second i-f transformer are isolated from each other by a small 
copper shield, so that there can be no transfer of energy except 
via the small pick-up coil inductively coupled to the primary. 
The volume control is connected across this coil. In this man-

FIG. 19-19.-A cir
cuit arrangement for 
reducing the noise 
heard between the 
points at which sta
tions may be tuned in 
on the dial. (Used in 
RCA Victor 11 re- ? 
ceiver.) f '------+"'-'--' 

2ND DET. 

ner, the signal voltage applied to the second detector is man
ually controlled, and under no conditions can the noise level 
exceed that set by the volume control. 

Many receivers employ a variable resistor in the cathode 
circuit of the i-f stage for the control of volume. ·when this 
variable resistance is set at maximum, the i-f tube under control 
receives a high negative bias, which lowers the plate current 
and hence reduces the amplification of that stage. Although 
this type of control tends to reduce inter-stage noise to some 
extent, it decreases the sensitivity of the receiver so that only 
strong signals can be heard. This variable resistance is generally 
termed the sensitivity or noise suppressor control. 

19-16. Silent Tuning (QA VC) Circuits.-The early re
ceivers which appeared with an automatic silent tuning control 
employed a separate tube to silence inter-station noise. A typical 
arrangement of this kind is shown in Fig. 19-20. The plate of this 
tube is connected in series with the plate circuit of the first a-f 
tube. The plate current of the a-f tube flows through R 1 , as does 
the plate current of the noise silencing tube. Hence the plate volt-
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age of the audio tube is the "B" voltage minus the voltage drop 
in R1, The action of the silencing tube is as follows: Since its 
control-grid is connected to the ave circuit, its grid bias is equal 
to that generated by the ave tube. When the receiver is tuned 
off resonance, or between two stations, the ave voltage is low, 
which means that the grid voltage of the silent-tuning tube is 
also low. A small bias means a high plate current, which re
sults in a large voltage drop across the resistor R 1 • This voltage 

! 
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FIG. 19-20.-A typi
cal circuit arrange
ment employed to 
silence inter-station 
noise in some of the 
early receivers. A 
s e p a r a t e silencing 
tube is connected in 
series with the plate 
circuit of the first a-f 
tube. The plate cur
rent of this silencing 
tube (which is con
trolled by the ave 
tube) controls the 
plate voltage applied 
to the first audio tube 
and hence controls its 
amplification, reduc
ing it when the re
ceiver is tuned off re
sonance. (Used in 
Atwater Kent 812 re
ceiver.) 

drop reduces the plate voltage on the first a-f tube (which is a 
type '55 functioning as second detector, ave, and first audio 
tube in this particular circuit). The reducP.d plate current 
"silences" any noise that might be heard between stations. 
When a signal is tuned in, the ave voltage is increased, and the 
control-grid bias on the silencing tube is increased. This high 
bias decreases the plate current, and the voltage drop across R1 
is thereby less. The full "B'' voltage on the first a-f tube is 
restored, and the audio sensitivity rises. Since the amount of 
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inter-station noise varies with the location, a variable adjust
ment is provided for obtaining almost any desired amount of 
silencing between stations by having potentiometer R, regulate 
the screen voltage of the silencing tube. This type of silent 
tuning control, although satisfactory in the majority of in
stances, is limited in its action, especially in extremely noisy 
locations. 

Another type of inter-channel noise suppressor arrangement 
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FIG. 19-21.-A circuit arrangement in which the ave tube V, 
also functions as the silent tuning (gave) control. (Used in RCA 
Victor 78A receiver.) 

(variously called silent tuning and quiet automatic volume con
trol, abbreviated qavc) is shown in Fig. 19-21. In this cir
cuit, the ave tube V., also functions as the silent tuning control. 
Two independent last i-f stages are employed. One supplies sig
nal voltage to the second detector. The other feeds signal voltage 
to the ave and noise-suppressor circuit. \Vhen the receiver is tuned 
between stations, no signal voltage is present across the secon
dary, which feeds diode D1 of V.,. No current, therefore, 
is rectified by the diode, and the control grid of the '55 operates 
at zero bias. The plate current of the '55 tube will then be 
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maximum because of the zero grid bias and the voltage drop 
across the 4,500-ohm cathode resistor, which is common to the 
cathodes of V1 and V,. Hence, the i-f tube is biased to cut-off, 
which prevents any noise voltage from reaching the second de
tector. When the receiver is tuned to a signal, it is amplified 
in the i-f-avc amplifier V, (since it is removed from the con
trol grid of V1 ) and appears across the secondary coil. The 
signal is rectified by diode D, of V., and a negative potential is 
impressed on the grid of V .,. The plate current is then reduced 
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FIG. 19-22.-A qavc circuit arrangement in which the suppressor 
voltage of the '57 tube used in the first audio stage is controlled by 
the (gave) noise suppressor tube so that its plate current is reduced 
to the cut-off point (preventing reception) when the receiver is tuned 
off resonance. (Used in Majestic 300 receiver.) 

to approximately zero. This removes the high bias from the 
grid of V 1, and signal voltage will then be impressed on the 
second detector via transformer T. A small portion of the sig
nal is obtained from the plate of V I and rectified by diode D 1 

for ave in the usual manner. 
The tuned circuit for D1 is designed to tune sharply so that the 

noise suppressor acts as near the center of the carrier as possible. 
A variable resistance is placed in the cathode circuit of the r-f 
and first detector stages to reduce the sensitivity of the receiver 
by increasing the normal bias on these tubes. A switch, S4, is 
provided on this sensitivity control so that the noise-suppressor 
circuit may be cut out of the circuit if it is desired. In this case, 
the manual control is used instead. 
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Another qavc circuit is shown in Fig. 19-22. A type '57 
tube, V ,, is used in the first-audio stage of the receiver because 
of its sharp grid-voltage cut-off characteristic. (The plate 
current cuts off sharply at a certain value of suppressor-grid 
voltage.) When a high negative bias is impressed on the sup
pressor-grid of V ,, the tube is biased at the cut-off point and the 
plate current is zero. Another '57 tube, V 1, is employed for qavc 
action. This tube receives its plate voltage through a resistor, 
R1, which is also in the suppressor grid circuit of V 1 . Since the 
control-grid bias of V 1 is determined by the ave voltage, it will 
have zero bias when the receiver is tuned between stations, as 
the ave voltage is then zero. The relatively heavy plate cur
rent will then flow through R1 • This plate current produces a 
voltage drop across R 1 which biases the suppressor grid of V, 
so highly negative that its plate current is reduced to the cut-off 
point, preventing reception. \,Vhen the receiver is tuned to a 
station, ave voltage is developed, and since it controls the con
trol-grid bias of V 1 , a high negative bias is impressed on it. 
This bias causes V 1 to draw little or no plate current, thus re
ducing the voltage drop across R 1• When this voltage drop is 
removed, the high negative bias on the suppressor grid of V, 
is also removed, and the receiver will operate. In order to com
pensate for noise conditions in different localities, a variable 
resistance is provided which regulates the screen voltage of V 11 

and governs the point at which the tube "takes hold." 

Another version or tile qavc system Just described is shown 
in Fig. 19-23. Instead of operating on the suppressor grid of 
the first audio tube, inter-station noise suppression in this cir
cuit is accomplished by controlling the screen voltage of first 
audio amplifier tube-V3• When the receiver is tuned between 
stations, the plate current of V, is high, since the control-grid 
voltage is governed by the d-c voltage developed in the detector 
load resistance. The plate current drawn by this tube causes 
a voltage drop across the I-megohm resistor, R 11 in its plate 
circuit. This voltage drop reduces the screen voltage of V, to 
such low value that the tube is operating almost at cut-off, 
hence no noise will be received. When the receiver is tuned 
to a station, the control-grid of V, becomes more negative, its 
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plate current is reduced, and consequently the voltage drop 
across R, is reduced. Therefore, the screen voltage on the 
first audio tube is increased and the receiver f unctiona 
normally. As with the previously described qavc circuit, a vari
able resistance is provided to control the screen voltage on V, 
so that its action may be adjusted for existing local noise con-
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FIG. 19-23.-A qavc circuit arrangement somewhat similar to 
that of Fig. 19-22 excepting that the screen voltage of the first audio 
tube is reduced to the cut-off point by the silencing control tube when 
the receiver is tuned off resonance. (Used in Philco 16 and 17 
receivers.) 

ditions. By means of a switch in the cathode circuit, the noise 
suppressor circuit may be cut in and out at will. 

19-17. "Noise Gate" QAVC Systems.-There are many 
variations of the qavc systems just described, especially in the 
more recent commercial receivers in which noise suppression is 
effected in the audio circuit. One particular receiver which in
corporates silent tuning employs a four-element neon tube as 
both a resonance tuning indicator ( which indicates when the set 
is tuned to resonance) and noise suppressor, being more popu
larly known as a noise gate. No vacuum tube is required for 
obtaining the silent tuning feature with this system. 

The circuit is shown in Fig. 19-24. Three of the four ele
ments in the neon tube are used to indicate station resonance. 
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The voltage required for the operation of the tuning indicator is 
obtained from the drop across a resistor located in the plate cir
cuit of the r-f and i-f tubes. Since an ave system is used in 
the receiver, the voltage drop across this plate resistor ( which 
depends upon the plate current of the controlled tubes) will vary 
as the receiver is tuned to, or off, resonance. ,vhen the receiver 
is tuned to resonance, the voltage drop across the plate re
sistor will decrease because of the decrease m the r-f and i-f 

FIG. 19-24.-A cir
cuit arrangement in 
which a special four
element neon tube 
acts as both a reson
ance indicator and a 
noise suppressor or 
noise gate. Its noise 
gate action depends 
upon the fact that it 
causes a high bias to 
be placed on the first 
audio tube (making it 
inoperative) when the 
receiver is tuned off 
resonance. 
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plate current, caused by the increase in control-grid bias. As 
the voltage drop across the plate resistor decreases, the voltage 
between two of the neon elements increases, increasing the neon 
glow, which travels up the long electrode. (A detailed descrip
tion of the action of this tube as a tuning indicator is given in 
Art. 19-23.) Electrode No. 4 has only the top portion of its 
length exposed to the discharge, the lower section being insulated 
by a glass sleeve. When the gaseous discharge rises up the long 
electrode, No. S, and reaches the level of the exposed portion 
of the fourth electrode, a discharge takes place between the 
long electrode and the fourth electrode. This discharge develops 
a voltage across resistor R 1• Since the first audio tube is biased 
to the cut-off point by the drop across R,, the voltage developed 
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across Ri reduces the high bias on the a-f tube and permits plate 
current to flow. Reception will then be normal. If the receiver is 
tuned off resonance, the light column developed in the long elec
trode of the neon bulb will fall below the exposed portion of the 
fourth element, and the voltage developed across resistor Ri 
will be removed. This will return the first audio tube to the 
high-bias condition and the tube will not amplify. A switch is 
provided so that the "noise gate" action may be cut out if desired. 

19-18. Servicing Silent Tuning Systems.-In the silent 
tuning control circuit shown in Fig. 19-20, no inter-station noise 
suppression will be obtained if trouble develops in the screen 
circuit of the silencing tube. If the movable contact arm of the 
silencing adjustment potentiometer, R,, which is insulated from 
the chassis, should short-circuit to the chassis, the silencing tube 
will be inoperative because the plate current will be very nearly 
zero. Likewise, an open-circuited screen resistor in the silencing 
tube circuit will produce the same condition. These causes of 
inoperation, however, will be easily disclosed by the usual voltage 
or resistance analysis to be described in Chapters XX and XX.I. 
Should the reproduction be distorted and choked, the adjust
ment of the variable silencing control may be at fault. This 
same symptom also may be caused by a grounded silencing tube 
control-grid lead or by a short-circuited or leaky by-pass con
denser in the ave circuit to which the control-grid lead is con
nected. These defects will remove the negative bias from the 
silencing-tube grid, and increased plate current will flow. This 
plate current will produce a large voltage drop across the plate 
resistor in the first-audio plate circuit and consequently reduce 
the plate voltage to a small value. In most instances, however, 
it is best to check the condition of the silencing tube first. 

Should the 0.1 mfd. condenser by-passing the cathode of V, 
in Fig. 19-21 become short-circuited or leaky, the high initial 
cut-off bias of the control grid will be reduced or removed, and 
no silent tuning will be obtained. The same condition might re
sult if leakage should develop between the cathode and heater 
of the tube itself. Of course in this case the leakage will mani
fest itself by a hum when the receiver is tuned to resonance. 
No ave action will take place under this condition. 
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The service problems must likely to develop in a receiver 
employing the qavc system of Fig. 19-22 would be those result
ing from lack of plate voltage on V 1 and lack of suppressor
grid voltage on V ,. If the plate by-pass condenser C, should be
come short-circuited, the short-circuit current would flow through 
R,, changing the voltage distribution sufficiently so that the plate 
of V, does not receive its proper voltage. This would make 
noise-suppressor tube V 1 inoperative. If C 1 should "short", 
neither the plate of V 1 , the suppressor grid of V ,, nor the cath
ode of V, would receive any voltage, and the receiver would be
come inoperative. If the 500,000-ohm resistor R 1 should open
circuit, there would be no suppressor-grid voltage and inopera
tion would result. 

In a similar manner, if the I-megohm resistor, R 1 , in the 
plate circuit of V, of Fig. 19-23 should open-circuit, the receiver 
would be inoperative due to lack of plate voltage. Should 
this resistor increase in value, the receiver would operate only 
with very strong signals with the noise suppressor in the cir
cuit. Should the 4-megohm resistance in the grid circuit of V, 
open-circuit, unstable operation of the receiver would result, 
since condenser C would charge and discharge periodically. Of 
course, a weak (low emission) tube in the noise-suppressor stage 
will reduce the effectiveness of the silent tuning to an extent de
pending upon the weakness of the tube. 

In the silent-tuning control circuit employing a four-electrode 
neon tube, shown at Fig. 19-24, any trouble which might de
velop to prevent the neon glow from extending up the long elec
trode above the exposed portion of the fourth electrode would 
result in an inoperative receiver when the switch is placed in 
the silencing position. This may be caused by a faulty neon 
tube ( one in which the gas content has decreased), or by any fail
ure in the ave circuit, since this affects the neon tube action. 

19-19. Tuning lndicators.-Many receivers employing ave 
use some form of indicating device to show when the receiver is 
tuned to the exact frequency of broadcast signals. Exact tuning 
is necessary for proper reproduction with all radio receivers, and 
it is the purpose of the tuning indicator to indicate when exact 
tuning is established. Incidentally, since many of these devices 
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operate independently of the manual volume control, it is pos
sible to obtain silent tuning manually by first turning the man
ual volume control to its minimum position so that no recep
tion is heard. The desired station may then be tuned in the 
usual way, the tuning being guided visually by watching the 
tuning indicator. 

Any device that indicates when a station has been tuned in 
properly is called a resonance indicator or tuning indicator. 
Different manufacturers use rather ingenious devices to indicate 
resonance, and they give these devices trade names that iden
tify the device itself rather than its principle of operation or 
function. For instance, the neon tube resonance indicator is 
usually called a Flashograph; a device which operates on the 
same principle as a d-c meter is called a Shadowgraph or Shadow
meter; one employing cathode rays is called a Magic Eye, etc. 
The several distinct types of tuning indicators which are em
ployed may be classified as follows: 

1. Visual-A small milliammeter with a special scale and 
inverted needle position. The receiver is exactly in 
tune when the maximum deflection of the meter needle 
is reached. 

S. Visual-A shadow appearing in an illuminated space 
above the tuning dial. The receiver is exactly in tune 
when the minimum width of shadow is obtained. 

S. Visual-A column of red light in a special neon tube. 
The height of the light column is maximum when exact 
tuning is accomplished. 

4. Visual-A change in brilliancy of the dial-light itself. 
Minimum brilliancy occurs at exact tuning. 

5. Visual-A wedge-shaped shadow appears in a circular 
illuminated space. Minimum shadow results when the 
receiver is exactly in tune. 

6. Audible-A means of providing silence except when the 
stations are actually tuned in. This function is a re
finement of the interstation tuning silencer (see Art. 
19-17) which permits hearing the station over only an 
extremely small dial motion with a marked increase in 
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volume or clarity as the approximate center of this 
range is reached. This method must require that not 
over about 1 kc of dial motion either way from the 
exact tuning point can take place before there is a 
noticeable reduction in volume or change in tone quality. 

Before explaining how these commonly-used forms of tuning in
dicators operate, it will be well to show how they are connected 
in the circuit and why they indicate the resonance condition at all. 

From the theory of ave action explained in this chapter, it 
is seen that on strong signals the grid bias of certain of the r-f 
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FIG. 19-25.-How a "meter" type tuning indicator is connected 
in the plate circuits of the ave-controlled tubes in a receiver. 

and i-f amplifier tubes is increased by the ave action in proportion 
to the bias, and the amplification factor of the tubes decreases 
as a consequence. Now, when the grid bias of any tube is made 
more negative, the plate current of that tube decreases, and the 
decrease in plate current is nearly proportional to the increase 
in negative bias. Let us illustrate this with a numerical example. 

Suppose the plate current of a certain tube controlled by 
ave is 10 ma. with no signal received. Under these conditions, 
the grid bias is a minimum and is, say, 3 volts negative. When 
a sufficiently strong signal is tuned in, the grid bias increases au
tomatically because of the ave to, say, 25 volts negative. Then 
the plate current drops to some lower value, 2.5 ma., for example, 
and the r-f or i-f signal on the grid of this tube varies the plate 
current above and below this 2.5 ma. value, in accordance with 
the usual amplifier theory. 
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This means that if an ordinary moving-coil meter movement 
is connected in the plate circuit of one or more tubes under ave 
control, the current through the coil of this movement will be 
small on loud signals and large on weak signals; and if the meter 
is placed on the panel of the set with the pointer face down 
instead of up, it will swing to the extreme left on the loudest 
signals and to the extreme right when no signal is received. The 
connection for such a meter is shown in Fig. 19-25. It is not 
necessary that a d'Arsonval movement be used as long as the 
meter is of a type that will respond to changes in d-c, it is suit
able for use as a tuning indicator. The meter scale is usually 
divided into arbitrary divisions for ease in determining max-
. . 
1mum swmg. 

19-20. The Shadowgraph.-The shadowgraph is a unique 
tuning indicator device used to facilitate the precise tuning-in 
of a station. Resonance is indicated by a shadow on a lum
inous screen. When a station is properly tuned-in, the shadow is 
narrowest; when the receiver is tuned between stations, the 
shadow is widest. Sketches showing the details of construction 
are presented in Fig. 19-26. 

The unit is housed in a small wedge-shaped metal box. Its 
small end consists essentially of a screen upon which light 
from a pilot lamp falls. The bottom of the box, as shown in 
the sketch, holds a coil of wire E, a deflecting vane B, and a 
thin circular permanent magnet, D. The vane, B, is rigidly 
attached to a small soft-iron disc, C, which is pivoted inside 
the coil and whose horizontal position is in the same plane as 
the magnet D, as shown in the detail sketch at the left. Notice 
the two small projections on its periphery I ,vith no current 
through the coil, the disc assumes a horizontal position because 
of the magnetic field of the permanent magnet. The vane ( there 
is really one vane below and another above the disc) is not 
affected by this field, because it is of non-magnetic material. 

It is well known that a magnetic ring has no external mag
netic field, and hence it may seem paradoxical that its field can 
keep the disc in a horizontal position. But this magnet has a 
small air-gap in it. The magnetic field crossing this air gap 
spreads out to some extent and threads through the plane iron 
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disc (C), tending to hold it in place in a horizontal position. 
If the pilot lamp is now lit, light will pass through a hole 

in the bottom of the box, through the center of the coil form, 
up through the rectangular slit on either side of the vane in the 
disc, and come to rest on the screen on the opposite side of the 
box. Hence, the entire screen will be illuminated except for a 
thin shadow of the vane, as shown by A in the sketch. If the 
vane--and, of course, the disc-is tilted slightly to the right or 
left by any force, the light from the pilot lamp will be cut off 

VIEW OF PERMANENT MAGNET 
AND DEFLECTING VANE 

FIG. 19-26. - Construction of the 
Shadowgraph tuning indicator. A 
detailed view of the permanent mag
net D, iron· disc C and deflecting 
"shadow"-vane B, is shown at the left. 
The entire unit assembled in its box, 
is shown at the right. The pilot lamp 
is at the bottom. 

to the right and left of the small initial shadow by the upper 
and lower vanes, and the width of the shadow of the vane on 
the screen will therefore be increased. The more the vane is 
tilted, the wider is the shadow, and the vanes are cut to such 
shapes that the shadow to the right is equal to that to the left 
of the initial position, regardless of the angle of the disc. 

If current now is sent through the coil E, another magnetic 
field will be produced. This is at right angles to that created 
by the permanent magnet D in the gap. The soft-iron disc C 
will tend to line itself up in the direction of the resultant of 
these two fields, i.e., it will move on its pivots and assume a 
tilted position, the angle of tilt depending upon the relative 
strengths of the two fields. With no coil current, that due to 
D alone remains, and the disc is horizontal; with a field due 
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to E as strong as that due to D, the disc assumes an angle of 
45°, etc. Therefore, as the coil current is increased or decreased, 
the disc tilts more or less, and the width of the shadow of the 
vanes on the screen increases or decreases, respectively. 

The coil of the shadowgraph is connected in series with the 
plate circuit of the tubes under ave control. When a station is 
being tuned-in, the ave voltage increases as resonance is ap-

8+ 

FIG. 19-27.-(A) How a variable resistor may be connected across 
a Shadowgraph coil, or a tuning meter, to correct the condition of 
insufficient variation of the shadow or meter indication. The re
sistor may also be used to permit emergency operation of the receiver 
if the Shadowgraph or tuning meter coils should open-circuit. (B) 
How the condition of insufficient indication may often be remedied by 
connecting the tuning indicator into the plate circuit of one tube only. 

proached because the signal strength increases. At resonance, 
the ave voltage is greatest, and the plate current of each con
trolled tube is least. This low plate current, flowing through the 
coil, reduces the coil field, and makes the field due to D rela
tively greater. Hence the disc assumes a more horizontal position. 
The result is that the shadow on the screen is narrowest. If a 
stronger signal is tuned-in, the minimum shadow will be still 
narrower at resonance, i.e., for any signal strength there 1s a 
minimum shadow length which indicates exact resonance. 

19-21. Possible Troubles in the shadowgraph.-If the 
shadowgraph coil should open-circuit, the receiver will become 
inoperative unless the shadowgraph coil has been shunted by a 
resistor. In many cases, insufficient variation of the shadow 
makes tuning difficult, and must be remedied. Repair may be 
effected by shunting the indicating device with an adjustable 
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wire-wound resistor, as shown in Fig. 19-27 at (A). The value 
of the resistor may be varied to obtain the desired meter swing 
or shadow width. Either a 500-ohm or a 2,000-ohm adjustable 
wire-wound resistor is sufficient for this purpose. On some occa
sions, the condition is best corrected by removing the indicating 
instrument from the plate circuit of one of the controlled tubes. 
For example, should the shadowgraph be connected in the com
bined plate circuit of an r-f and an i-f stage as shown at (A), 
it should be re-connected so that it is in the plate circuit of the 
r-f tube alone, as shown at (B) of the Figure. 

Another complaint not infrequently encountered with shad
owgraphs is that the width of the shadow may not be the same 
for the same station at different times, or that the shadow is 
too wide and operates intermittently. These troubles are often 
due to an incorrectly balanced vane within the shadowgraph, 
excessive vibration, or the binding of the pivot supports, which 
prevent the vane from operating freely. Although the shadow
graph may be disassembled and a repair effected, extreme care 
should be exercised when doing it, as the mechanism is delicate. 
Any mis-step may damage the pivots and supports beyond repair. 

Of course, the pilot lamp which furnishes the necessary light 
for the shadowgraph has a definite useful life and must be re
placed when it burns out. 

19-22. Dial-Light Resonance lndicator.--Some receivers 
(among which are several models of the Majestic receivers) 
utilize the ordinary dial light of the receiver (or another tuning 
light) in a rather novel fashion for indicating when the receiver 
has been tuned exactly to resonance with the incoming station. 
A saturable-core reactor having three legs and three windings 
(one on each leg) as shown in Fig. 19-28, is employed to make 
this possible. The basic idea employed is to make the changes 
in the d-c plate current of the ave-controlled tubes in the receiver 
control the flow of a-c current through the dial light through the 
action of this saturable-core reactor. 

As shown in Fig. 19-28, two a-c coils, A-A, having an equal 
number of turns are mounted on the outer legs of the reactor 
core. They are connected in series with the dial light which ob
tains its operating voltage from a sEieondary winding on the 
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power transformer. These two coils are properly connected to
gether so they produce a-c magnetic flux around the outside legs 
of the core, in the assisting directions shown in the illustration. 
The center winding, D, is connected in series with the plate 
circuits of all the tubes which are controlled by the ave, so it 
carries the total d-c plate current of these tubes. 

When the receiver is not tuned to resonance with the signal 

·To R-F,"1ST DET. 
AND 1-F PLATES 

FIG. 19-28.-Connection of the saturable-core reactor and tuning 
dial light circuit in a receiver which employs the dial-light form of 
tuning indicator. Only a portion of the power supply circuit of the 
receiver is shown here. 

of any station, a relatively high d-c plate current flows through 
winding D, since the ave-controlled tubes draw maximum plate 
current when no signal is being received. This current flowing 
through coil D sets up a magnetic flux in one direction, in the two 
paths which are indicated by the d-c flux lines in the illustra
tion. The reactor is so designed that this d-c flux magnetizes 
the iron core past its saturation point. Hence, the a-c dial-light 
current flowing through coils A and C does not produce any 
appreciable change in magnetization of the iron (since it is being 
worked past its saturation point). Consequently, the reactance 



CH. XIX PECULIARITIES OF A VC & QA VC CIRCUITS 487 

and a-c impedance of these coils is low and full current flows 
through the circuit, lighting the dial light up to full brilliance. 

When the receiver is tuned to a station, the negative bias 
placed on the ave-controlled tubes by virtue of the ave action 
reduces the plate currents of these tubes. The more nearly the 
receiver is tuned to the incoming signal, the lower the plate cur
rent of these tubes gets. Since this current flows through the 
center coil D, it means that the d-c magnetic flux in the core 
diminishes greatly in strength when the station is tuned to reson
ance. This allows the core to operate below its magnetic sat
uration point, and now the a-c dial current flowing through coils 
A-A is able to produce cyclic variations in the magnetism in 
the core. This greatly increases the reactance and impedance 
of these coils, thereby limiting the dial-light current flowing 
through them, causing the light to grow dim. The closer the re
ceiver is tuned to resonance with the incoming signal the dimmer 
the dial light gets. Therefore, the dial light serves as a visual 
resonance indicator. 

It is evident that any stray a-c flux from the dial light coils 
A-A that may thread through the center coil, D, will induce an 
a..:c voltage in it. Since this center winding is in series with the 
plate circuits of the r-f and i-f tubes in the receiver, any 60-cycle 
voltage induced into this circuit will cause hum. An electrolytic 
condenser, C, having a capacity of 1 mfd. or more may be con
nected across this center winding to by-pass any small a-c volt
age that may be generated in it. Or, a single short-circuited turn 
of thick copper wire placed around ( or inside of) this coil will 
absorb the energy of this stray a-c flux, thus preventing it from 
inducing any a-c voltage in coil D. 

Troubles may develop in this type of dial-light resonance 
indicator system. It should be remembered that since the center 
coil is in series with the plate circuits of the ave-controlled tubes, 
if an open-circuit occurs in it, these tubes will not operate, and 
the receiver will go dead. Should it be found that the receiver 
is inoperative and the dial light operates but does not dim when 
the receiver is tuned slowly over the range of its dial, check the 
continuity of the center winding of the reactor. 

Since this resonance indicator depends upon the ave action 
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for its operation, it will be aff ect.ed by anything which goes 
wrong with the ave. If the receiver does operate normally, but 
the dial light does not grow dim as the receiver is tuned to a 
station, check for a "short" between one side of the dial light 

11' ,~ 
I
\ I ,~ 
• I I= 
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FIG. 19-29.-Connection of the 3-element Flashograph to the r-f 
or i-f amplifier tube circuits. 

and ground, and between the outer windings and ground (re
member that one side of these outer windings connects to ground) ; 
for a "short" across one of the outer windings, or a ground in 
one of them; for a "short" in the middle winding; and for a 
"short" in the electrolytic condenser connected across it. This 
condenser has a low working voltage, and sometimes short-cir
cuits, especially if the center winding should become open-cir
cuited. An open-circuit in this condenser will cause excessive 
hum in the receiver. 

If the dial-light does not light up at all, check the continuity 
of the entire dial-light circuit, check also for a short-circuit or a 
ground in the power transformer winding which feeds this circuit. 

19-23. The Flashograph.-An interesting application of 
the neon tube as an indicator of proper tuning is the Flasho
graph, or Tune-A-Lite. This device makes use of the fact that 
the greater the voltage applied to the terminals of such a tube, 
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the higher is the column of light in that tube. In other words, 
the action is analogous to the action of a thermometer: the more 
heat applied to the bulb of a thermometer, the higher the column 
of mercury or alcohol in it rises. 

As shown in Fig. 19-29, the Flashograph consists of three (the 
older models had two) electrodes, one longer than the others, mounted 
in a thin cylindrical glass tube filled with neon gas. The neon gas is 
first ionized by the small potential between electrodes 1 and 2, the 
exact value of this bias being made variable between about 90 and 
186 volts by means of the potentiometer R 6• Resistor R 1 is connected 
in series with this electrode to insure stable operation. The third 
electrode is used to maintain the tube in a state of ionization when 
the signal strength fluctuates over wide limits. 

With no signal tuned in, the plate currents of V 1, V I and V 1, 

(which may be r-f or i-f amplifier tubes under ave control) are high, 
and the voltage drop across R 1 is high. This voltage "bucks" the 
voltage across R 1 , R 6 and R:11 so that the net voltage across electrodes 
1 and 2 is small. The height of the ionized column in the tube is 
small as a consequence. But when the signal strength is above the 
ave threshold, the plate currents of the tubes decrease, the bucking 
voltage across R 1 decreases, and the net voltage applied to electrodes 
1 and 2 increases. Note that electrode 1 is taller than electrode !; 
this means that the height of the ionized portion of the gas in the 
tube increases, depending upon the amount of voltage applied to elec
trodes 1 and £. The tuning knob of the receiver should therefore be 
adjusted until the height of the neon glow is greatest. 

If a receiver should be serviced in which the variation in 
height of the glow is small ( or zero) as the set is tuned from 
station to station, resistors R, and Rs should be checked for 
open circuit. An open circuit in either one will not affect the 
operation of the receiver to any marked extent, although the 
tuning indicating device will not work. Of course, the neon tube 
may have to be replaced at times. 

19-24. "Magic Eye" Resonance Indicator.-This resonance 
indicator employs the 6E5 cathode-ray tuning tube, which is 
really two tubes in one. 

It has a common hot-cathode K (see (A) of Fig. 19-30), the 
lower part of which supplies a stream of electrons for the triode sec
tion of the tube (composed of one cathode section, triode-grid TG, 
and the triode-plate TP), the upper part of the cathode supplies 
electrons which bombard the fluorescent screen coating on a cone
shaped target, T, (located in the dome of the bulb), in order to il
luminate it with a greenish light. A small ray-control electrode, CE, 
(connected to the plate inside the tube) placed in this electron stream 
exercises a control over this area of target which is struck and illum
inated by these electrons-a fan-shaped shadow appearing where 
electrons do not strike it. 

The detected signal voltage is applied to the triode control-grid, 
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as shown. As a station is being tuned in (by turning the receiver 
tuning knob slowly) this grid becomes more negative with respect 
to the cathode. Since this decreases the plate current, there is a 
smaller voltage drop through the 1-meg plate-resistor R, and the 
positive voltage applied to both the triode-plate and the ray-control 
electrode increases. The effect of this increased positive potential of 
the ray-control electrode on the displacement of the negative elec
tron stream is to cause the shadow on the target to narrow down to 
a thin line (as shown at (B) ) when the station is tuned in exactly. 
As one tunes off resonance, the shadow widens as shown at ( C). In 
the 6E5, the impression of a human "eye" is created, the pupil being 
simulated by a small circular light-shield cap placed over the tip of 
the cathode. This indicator greatly enhances "silent tuning", inas
much as the volume-control knob can remain "down" until the station 
is precisely tuned by visibility alone. 

DUO-DIOOE 
DETECT0P-.GH6 

"MAGIC E'fE
0

TUNING 
INDICATOP-. GES 

e.+ 
z.sov. 

~ 
~ 

(C) OFF TUNE 

FIG. 19-30.-Con
nection of the 6E5-
"Magic Eye" cath
ode-ray type tuning 
indicator to a 6H6-
duo-diode detector 
in a modern receiv
er. The narrowing 
of the shadow, S, 
when the receiver 
is brought in tune 
is shown at the 
right, in (B) and 
(C). 

19-25. Conclusion.-It is obviously beyond the scope of this 
book to analyze all the ave and qavc circuits in use. However, 
an attempt has been made to analyze the principle of operation 
of the more fundamental and important types so that the reader 
will develop a system of analysis that can be used for other sys
tems that may be developed in the future. It is one thing to know 
the principle of operation of a system and another to memorize 
the troubles as they are solved by yourself and others. The 
memorization method is hopelessly inadequate in the case of 
ave and qavc systems as they exist today, for there are too 
many of them. Moreover, the development of additional new 
systems presents such a fertile field for the creative instincts of 
the circuit designer that it is safe to say that many more of them 
will be brought out from year to year-with added complexities. 
A fundamental knowledge of the operation of the general circuits 
and methods used in these systems is obviously more useful to 
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the service man than attempts to memorize the exact connections 
or troubles. In the final analysis, most troubles in ave and qavc 
systems simmer down to troubles in the tubes, resistors or con
densers associated with them, or in the indicating device em
ployed. 

REVIEW QUESTIONS 

1. Explain the advantage gained by incorporating automatic vol
ume control in a receiver. State briefly, exactly the manner 
in which this feature is obtained. 

2. Draw a diagram of a simple automatic volume control system 
employing a 3-element tube as a diode detector and ave. How 
is the ave action secured in this particular circuit? 

3. Draw a diagram of an ave system employing a separate tube, 
showing the manner in which the tube is connected and only 
those portions of the receiver which it controls. 

4. What is meant by delayed ave? In what respect has this 
system an advantage over the conventional ave system? 

5. Draw a diagram of a type 55 tube employed in a delayed ave 
circuit and explain how the delayed action is obtained. 

6. How would you remedy a condition where the ave action in a 
receiver is excessive? 

7. What will happen if the resistor in the plate circuit of a sep
arate ave tube open-circuits? Why? 

8. What is the purpose of the resistance and by-pass condensers 
in the secondary return circuits of the tubes controlled by the 
ave tube? 

9. State briefly the symptoms to be expected when one or more 
of these by-pass condensers open-circuit. If they short-circuit? -

10. What might cause broadcast stations to come in "abruptly" 
when a receiver is tuned ? 

11. You are servicing a receiver with the complaint of "no control 
of volume." You find that the volume control is in the grid 
circuit of the ave tube and is perfect. What would you say 
could cause this condition? 

12. What is meant by silent tuning? Describe briefly, three com
mon methods employed in commercial receivers to obtain silent 
tuning. 

13. What is a tuning meter? What would you do if you were called 
upon to service a receiver in which the tuning meter did not 
operate? The meter itself is in good condition. 

14. A receiver using a three-element Flashograph as a tuning in
dicator works normally but the Flashograph does not function. 
What would cause this trouble? 

15. Draw the circuit diaJ?ram for, and explain the operation of, the 
"Magic Eye" tuning indicator. 



CHAPTER XX 

RECEIVER ANALYSIS BY VOLTAGE-CURRENT 
TESTS 

20-1. Importance of Correct Interpretation of Set Analy
zer Readings.-All commercial set analyzers are supplied with 
instruction books which explain, in detail, the proper use of the 
various push-buttons, selector switches, adapters, meters, etc., 
for performing the various tests. Since the arrangements of 
these switching devices are different in each analyzer, it is im
possible to discuss the exact button to press, or switch to turn, 
in order to make a certain test, unless a specific analyzer is con
sidered. We are not interested in this detail here anyway, since 
the manufacturer's instruction book supplies this information 
adequately. We are interested here in the general procedure to 
follow in analyzing a receiver, and in the correct interpretation 
of the meter readings obtained during this analysis. It is not 
sufficient merely to manipulate a set analyzer according to the 
accompanying instruction book. The readings obtained must 
be interpreted intelligently in order to determine the location 
and nature of the trouble. 

The interpretation of the readings of a set analyzer depends 
a good deal upon the design of the receiver, and it is often 
essential that the circuit of the receiver under test be known in 
order to determine the trouble quickly. This is especially true of 
modern receivers of complicated design, many of which incor
porate push-pull resistance coupled circuits, automatic volume 
control, silent tuning circuits, etc. This important point will be 
brought out at several places in this chapter-especially in Art. 
20-15. Circuit diagrams of most of the radio receivers manu
factured in the United States can be obtained from radio service 
manuals compiled for this purpose, or from the service depart
ments of the receiver manufacturers themselves. 

492 
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20-2. Sources of Correct Receiver Data.-Of course, no 
service man can tell whether the voltage and current readings 
he obtains with a set analyzer are correct or not unless he knows 
just what these readings should be for that particular model 

RADIOTRON SOCKET VOLTAGES 
115-Volt /\. C. Line-No Sl9n1I-Volume Con1rol'Mu11nua~ 

CATHooa'ro S::::aaNG• soTO Pun,.. p..,..,. Hu,.. 
R.AntonoN" NuMnu. G'°""", Gaou~. GaoUNO, c.,...,...., v ... .., 

Vm.TIII, D. C. Vor.u,D.C. V<X:rs, D. C. M.A. A. C. 

RCA-606-R. F. 6.0 10S 26S 9.0 6.3 

°"· 6.0 10S 26S 3.S 
RCA-6A7 6.3 

o.:. - - 220 i5 

RCA-606-1. F. 6.0 105 265 9.0 6.3 

RCA-6B7-Z.d Dmaor 3.0 so 90• 0.7 6.3 

RCA...-tl-Powcr 16.S 265 2..S 30.0 6.3 

RCA-SO-Rccti6c, - - 690 70.0 s.o (ltMS) 

•Votu.ae-c:a.ladatcd from 265 V + B~ 

FIG. 20-1.-A typical voltage-current socket analysis chart pro
vided by the manufacturer for the RCA Victor Model 128-E receiver. 
This specifies the normal voltages and currents which should exist 
at certain socket terminals of each tube when the receiver is operated 
from a 115-volt line with volume control set at "maximum" and no 
signal tuned in. 

receiver he is testing. This information can be obtained from 
the following sources: 

1. From tests on new receivers. The service man should 
make it a practice to test all new models of receivers 
whenever the opportunities present themselves. The read
ings obtained should be recorded systematically, see Fig. 
20-2, and filed away for future reference. The line volt
age existing during the test should also be recorded. 

2. From reliable service manuals. 
3. From the service bulletins of receiver manufacturers. 

Almost all receiver manufacturers supply the necessary 
voltage and current data (and often the resistance data 
also) in their service bulletins. A typical voltage-current 
socket analysis chart taken from a service bulletin is 
shown in Fig. 20-1. 
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Notice that on the chart of Fig 20-1 the normal voltage and 
current readings at the various important prongs of each 
tube are specified for some particular value of line voltage-115 
volts in this case. If the various tube voltages and currents are 
checked when the receiver is operating from a line having a 
voltage other than that specified, suitable allowanoe must be 
made when comparing the readings obtained by the analysis 
with those specified in the chart. Allowances must also be made 
for manufacturing tolerances in the receiver itself. In general, 
allowances up to + 15 % may be made. However, since some 
voltage, current or resistance values which vary as much as 
15 % from normal may indicate trouble in the receiver, caution 
should be observed in this respect. This has been found to be 
true especially where control-grid voltages are concerned. 

20-3. Purpose of the Set Analyzer.-The general arrange
ments of the circuits, meters and the ideas involved in the 
design of modern set analyzers have been presented in Chapters 
XI to XIV, and the reader is urged to familiarize himself with 
the contents of these chapters if he has not already done so. 
It should be remembered that the main purpose of the set an
alyzer is to extend the various circuits terminating at any tube 
socket in the receiver to a point outside the receiver for con
venience in testing. 

20-4. Preliminary Tests for Trouble.-Before starting the 
receiver analysis, the preliminary tests outlined in Chapter 
XVIII should be made, since they may reveal that the cause 
of the trouble lies outside of the receiver proper, or at least may 
reveal the trouble at once, and so save the time which would be 
spent on an unnecessary and futile receiver analysis. If these 
tests do not give a clue to the trouble, the receiver should be 
analyzed by either a voltage-current test, a resistance test, or 
a combination of the two. The voltage-current method will be 
discussed now-the resistance method will be presented in Chap
ter XXI. 

20-5. Starting the Analysis with the Set Analyzer.-The 
first step in analyzing a receiver by voltage-current tests is to 
see that the source of operating power is connected to it proper
ly. If it is battery operated, all batteries should be connected 
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properly. If it is power operated from the light socket, connect 
it to this circuit. Then turn on the receiver and make such 
adjustments as are normally required to tune it for proper re
ception of broadcast signals. In general, all tests should be 
made with the volume control set at the "maximum volume" 
position, since maximum voltages are generally supplied to the 
various circuits at this setting. A second set of readings with 
the volume control in the "minimum volume" position is also 
helpful in locating trouble in some particular receivers. During 
the tests, all tubes should be left in their respective sockets in 
the receiver, with the exception of the tube from the socket 
under test. The analyzer plug is placed in this socket and the 
tube is placed in the proper socket in the analyzer, as explained 
in Chapter XI. 

20-6. Checking the Power Supply U nit.-The first check 
should usually be made on the power supply unit to determine 
whether or not it is supplying normal voltages to the various cir
cuits of the set. If the receiver is battery-operated, the 
voltages of the various batteries should be checked by making 
use of the analyzer voltmeter terminals provided for "external 
tests". If the battery voltages are low, the batteries should be 
re-charged or replaced (a 45-volt B battery unit should be dis
carded when its voltage drops to about 30-35 volts. This volt
age should be checked when the battery is connected to the re
ceiver, and the receiver is turned "on". 

If the receiver is powered by the light-line circuit, the recti
fier tube or tubes (if it is a-c operated) and circuits should be 
checked by placing each tube in the analyzer, in turn ( if two are 
used), and placing the analyzer plug into the vacant tube socket. 
The a-c filament voltage, and the current flowing through each 
plate of the tube, should be checked by manipulating the proper 
switches. The total plate current in a full-wave rectifier tube 
(type '80, 5Z3, '82, etc.) is equal to the sum of the currents through 
the two plate circuits. (An analysis of the conditions indicated 
by these and all following readings will be considered in detail 
later.) The d-c voltage output of the rectifier tube should then 
be measured. In the average set analyzer the meter-reversing 
switch must be pressed when this reading is taken, since each 
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plate of the rectifier is negative with respect to the filament, so 
far as the d-c voltage is concerned. 

There may be some who question the advisability of checking 
the power unit first. It is desirable for the reason that a very 
frequent cause for an inoperative, or a poorly operating receiver, 
is some breakdown in the power unit, as, for instance, a rup
tured filter condenser. If this is the case, it is unnecessary to 
proceed further; the chassis may be removed at once to effect 
the repair or replacement. On the other hand, if the amplifier 
stages are checked first, lack of voltage in one or more circuits 
may be due to two causes: either a particular part of that circuit 
is at fa ult, or the power unit is not delivering proper voltages. 
In any event, the power supply must be checked anyway before 
further analysis is made in the amplifier circuit. From this ex
planation, it can be seen that the first logical step in making a 
receiver analysis is that of first checking the power supply unit 
in the manner described. 

20-7. Checking the Currents and Voltages at the Tube 
Sockets.-Af ter the source of power to the radio set has been 
checked the next step is to check the voltage existing at each 
tube circuit and the current in some of the circuits. The usual 
practice is to check the tubes in the order in which the signal 
passes through them, that is, starting with the antenna stage 
and ending with the power amplifier, or "output" stage. 

Each tube should be removed from its socket, in turn, in the 
above-mentioned order, placed into the socket of the analyzer, 
and the plug of the analyzer placed into that receiver tube socket 
from which the tube was removed. By pressing the proper 
buttons and manipulating the proper switches, all the important 
voltages and currents existing at each tube socket may be 
checked. The number of readings taken depends upon the 
type of tube used. For a complete analysis of the circuits for a 
three element tube, it is necessary to measure the following: (1) 
plate voltage, (2) plate current, (3) grid voltage, ( 4) grid cur
rent, ( 5) filament voltage. When indirect-heater type screen 
grid, or pentode tube circuits are being analyzed, the following 
additional measurements should be made: (6) cathode voltage, 
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(7) screen-grid voltage, (8) screen-grid current, (9) suppressor
grid voltage. It may also be necessary to measure the voltage 
impressed on diode plates, anode grids, etc. 

The insertion of the plug of the analyzer into the tube socket 
of the radio-frequency or detector stages of a receiver will de
tune that stage during the test because of the added capacity, 
inductance and resistance of the analyzer circuits, so that what
ever signals are heard before plugging into the socket may be 
weakened or eliminated during the test. Instead of broadcast 
signals, hum, oscillation or other circuit noises may be heard 
while the set analyzer is plugged into one of the tube sockets. 
This lack of signals does not, however, affect the continuity of 
the circuit nor indicate any defect in either the receiver or the 
set analyzer. Some of the recent set analyzers incorporate by
pass condensers so that the disturbing effect which the capacity, 
inductance, and resistance of the analyzer cable adds to the cir
cuits of the tube may be lessened. 

20-8. Testing the Tubes With the Set Analyzer. - In 
many instances, weak, short-circuited or burned-out tubes are 
causes. for an inoperative receiver. Therefore, every tube in the 
receiver should be tested and a good one of the same type sub
stituted for each one found to be bad. Radio receiver servicing, 
to be profitable, necessitates the speediest form of work con
sistent with accuracy and good results. Tube checkers suitable 
for this work have been described in Chapters VIII, IX and X. 
However, for the convenience of service men who do not care 
to carry a tube checker along on their service calls in addition 
to the set analyzer and other equipment, most voltage-current 
type analyzers are provided with facilities for checking the tubes 
of the set-although, as was explained in Chapter VIII, testing 
tubes with the set analyzer is not as dependable a method as 
testing them with a good tube checker is, because of the non
uniformity of the test voltages and conditions under which the 
tubes must necessarily be tested when this method is employed. 

For the testing of three-electrode tubes, the set analyzer is 
usually provided with a switch or push-button which connects 
a 4.5-volt flashlight battery into the grid circuit of the tube, 
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thereby changing the grid potential by 4.5 volts. The change 
in plate current that this bias shift produces is read on the plate 
milliammeter and recorded. The value of this plate current 
change is a measure of the mutual conductance (worth) of the 
tube for use as an amplifier (see Arts. 8-15 to 8-18). 

For the testing of tetrode and pentode tubes, the 4.5-volt 
flashlight battery is connected in the control grid circuit when 
the proper button or switch is operated. In some analyzers, the 
dry-cell battery is connected so as to make the grid voltage 
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FIG. 20-2.-A typical radio set analysis chart form on which the 
readings obtained on a particular receiver with the set analyzer have 
been recorded by the service man. Charts of this kind enable him 
to keep a permanent record of the current and voltage readings which 
he obtains at each tube socket of a receiver. 

more negative, thus causing the plate current to decrease. 
There are a few analyzers, however, in which the battery is 
connected so as to make the grid voltage more positive, caus
ing the plate current to increase. It is evident, therefore, that 
a chart giving the expected plate-current changes for various 
types of. tubes c·an be valid only for a particular type of analy
zer, and therefore a chart for one model analyzer cannot be used 
to determine the worth of a tube tested in some other analyzer. 

By making this grid-shift test at the time that the circuits 
of a tube are being analyzed, the condition of the tube itself 
may be ascertained. Definite allowable variations from the 
"plate-current-bias-change" values shown in these charts can
not be specified, since a relatively large change in mutual con-
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ductance causes only a small change in tube performance as 
judged by a listening test under receiving conditions. It may 
be stated generally that an amplifier tube which shows no 
change in plate current when manipulating the proper "bias 
change" switch will not amplify signals at all well, and that 
readings that are within 25 7o of the values stated on these 
charts indicate that the tube will operate satisfactorily. When 
the plate-current changes are less than one-half than those speci
fied on the chart, however, the tubes should generally be replaced. 

20-9. Recording the Set Analyzer Readings.-It may be 
noticed that quite a few instrument readings are obtained during 
the complete analysis of the tube circuits of a receiver. It is 
difficult to attempt to remember all these readings for compari
son and study after they are taken, particularly in the case of 
receivers employing many tubes. For this reason, it is advis
able to record all readings on a suitably prepared analysis chart 
when they are taken. Such charts may be prepared by the 
service man himself, or may be purchased from the manufac
turer of the analyzer. A typical chart of this kind, in which the 
readings taken with a set analyzer have been recorded, is shown 
in Fig. 20-2. 

20-10. Interpreting the Analyzer Readings.-After each 
reading has been obtained with the analyzer, it must be com
pared with the reading which should be obtained under normal 
operating conditions. As explained in Art. 20-2, and shown in 
Fig. 20-1, charts specifying the normal voltages and currents 
which should exist at the various tube terminals are available 
for many popular receivers. In some instances, these charts 
are supplied by the receiver manufacturer, but they are usually 
obtained from service manuals. Of course, if a tube tests satis
factorily and the proper voltages and currents exist at its term
inals, both the tube and its circuits may be dismissed from sus
picion for the time being. If the tests indicate that one or more 
of the currents or voltages are not normal, the service man 
must interpret the readings actually obtained, in terms of "what 
possible trouble existing in the circuits connected to that partic
ular tube could cause the voltages or currents to be as they are". 

In order fully to comprehend the meaning of readings ob-
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tained from the analysis of a receiver, it is important to con
sider the characteristics of certain parts of complete receiver 
systems. Each receiver has its own circuit peculiarities, and 
therefore the interpretion which must be given to an analyzer 
reading that reveals the existence of some abnormal voltage or 
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Fm. 20-3.-In most 
battery-operated re
ceivers, the C bias 
voltages for the am
plifier tubes are sup
plied by one or more 
dry-cell C batteries 
connected in the grid
return circuit as 
shown here. 

current condition depends upon the receiver circuit design to a 
great extent. We will now consider, therefore, the most com
mon fundamental circuit arrangements employed in radio re
ceivers, from the point of view of how they affect the correct 

FIG. 20-4.-One of the two circuit arrangements used for ob
taining the required C bias voltages in many old electric receivers 
which employed direct-heater type tubes. Resistor R, which forms 
part of the voltage-divider resistor, is the grid-bias resistor. The 
arrows show the complete path of the plate current of the amplifier 
tube. 

interpretation of abnormal tube socket voltage and current 
readings taken on them by set analyzers. 

20-11. Circuit Arrangements for Securing Grid Bias in 
Receivers.-In most small battery-operated receivers, only the 
audio amplifiers have any grid bias, and this usually is supplied 
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by a small C battery connected in series with the grid-return 
circuit of that stage, as shown in Fig. 20-3. 

In all modem socket-power operated radio receivers (with 
the exception, perhaps, of a few d-c models), the grid bias volt
ages applied to the tubes are obtained from the voltage drops 
produced across resistors by the flow of the cathode current 
through them. 

When direct-heater type tubes, such as the '26, '71A, '45 
and 2A3, are employed in an a-c receiver, two general methods 

] 
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FIG. 20-5.-(A) A circuit arrangement used for obtaining C 
bias voltage in many old electric receivers. The plate current of 
the tube is made to flow through a C bias resistor R. The voltage 
drop produced in this resistor is utilized as the negative C bias voltage. 

(B) A C bias voltage arrangement similar to that of (A) ex
cepting that the filament winding of the power transformer P is 
center-tapped instead of using a center-tapped resistor, T, across 
the filament circuit. 

of securing proper grid bias are commonly employed. The first 
method is shown in Fig. 20-4 which shows the complete circuit 
of the power-supply unit in the receiver properly connected to 
one of the amplifier stages, so that the complete paths of the 
plate current for the stage can be traced. The path of the plate 
current of the tube is shown by the arrows: the plate current 
flows through resistor R ( which is a portion of the voltage
divider resistor) and produces a voltage drop across it so that 
point E is negative with respect to point D. The grid-return 
circuit of the tube is connected to point E through the common 
return circuit through the chassis, thereby placing it at a nega-
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tive potential with respect to points D, A, and the filament of 
the tube. Several manufacturers have used this method of 
biasing all the tubes in the receiver. The Kolster models 6J and 
K20, and the Stromberg Carlson model 635 are examples of 
this. 

The second, and more popular, C bias arrangement used with 
direct-heater type tubes is shown at (A) of Fig. 20-5. The B
power supply unit is not shown in this diagram. Here center 
point A of a center-tapped resistor T is connected to the bias 
resistor R in the plate-return circuit of the tube. The plate 
current of the tube flowing through resistor R, produces a voltage 
drop across it. This makes the B-minus end, E, negative with 
respect to end D and center-tap A. Since the grid-return lead 
is connected directly to B-minus, the grid becomes negative with 
respect to center-tap A and the filament, by an amount equal 
to the voltage drop across R. The value of R in all such cases 
may be calculated by dividing the bias voltage . desired, by the 
plate current (in amperes) of the tube. Thus, if 50 volts bias 

i 
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FIG. 20-6. - The 
most common method 
for obtaining the neg
ative grid bias for an 
indirect-heater type 
tube by making its 
plate current flow 
through resistor R. 
This makes point E 
(and the control grid) 
negative with respect 
to point D ( and the 
cathode). 

is desired, and the plate current will be 30 ma (0.03 ampere) 
E 50 

when the bias is applied, then R = - = --= 1,667 ohms. 
I 0.03 

If the tube has other grids passing current, then those grid cur
rents must be added to the plate current in determining R. 
If, in this example the tube had a screen grid passing 20 ~a 

50 50 
(0.02 ampere), then R = ----- = -- = 1,000 ohms 

0.03 + 0.02 0.05 
would be the proper resistance value to use for the bias resistor. 
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In some cases, the center-tapped resistor is omitted, and the 
filament-supply winding of the power transformer, P, is center
tapped instead, as shown at (B). The bias resistor, R, is again 
connected in the plate-return lead, as shown. The operation of 
the grid-bias circuit is the same in either case. 

When indirect-heater type tubes, such as the '27, '56, and '24, 
are e~ployed, grid bias is secured in the manner shown in Fig. 

Vt 

~ 
lpt 9+ 

lpz+lp3 lp3 

CHAS$1S f. a-____ _ 

FIG. 20-7.-A common method of using a single grid-bias reaiator 
R for obtaining the proper negative grid bias voltage for several 
similar indirect-heater type tubes in an amplifier. 

20-6. The resistor R is connected in the plate-return circuit of 
the tube. The plate current flows from plate to cathode inside 
the tube, and through resistor R to B-minus outside the tube. 
The resulting voltage drop across R is applied to the control-grid 
of the tube. For the sake of economy, many radio receivers em
ploying several tubes of the same type operating at the same 
voltages utilize a single resistance to obtain the proper grid 
bias for all these tubes. This arrangement, shown in Fig. 20-7, 
has the disadvantage that it tends to increase the possibility of 
interstage coupling caused by the common bias resistor. The 
value of R in this case is equal to the required bias voltage 
divided by the sum of the plate and screen currents of all the 
tubes served by resistor R. Thus, if a 5-volt bias is required, 
and the sum of all the plate and screen currents of the three 
tubes to be served by R is 20 ma. (0.020 amperes), then 

E 5 
R =-=--=250 ohms. 

I 0.02 
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In some receivers, the bias resistor may consist of both a 
fixed and a variable section, as shown in Fig. 20-8. Here, the 
variable resistor R, is usually employed as the volume control. 
When the resistance setting of R, is decreased, the grid bias 
decreases. This increases the plate current and the amplifica-

[ 
+ 

FIG. 20-8. - Grid 
bias voltage is ob
tained here by the 
combination of a fixed 
and a variable resis
tor in the cathode cir
cuit. The variable 
resistor is used for 
the purpose of vary
ing the bias voltage 
in order to control 
the volume. 

tion of the tube. ,vhen the resistance setting of R, is increased, 
the bias is increased and the amplification is decreased. Thus 
R, controls the amplification of the tube (or tubes) and the 
output volume of the receiver. The purpose of R1 is to prevent 

TO"GRID RETURN" 
or OUTPUT STAGE 

UBIAS VOLTAGE Eb 
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1'?--f---•-~~"'~· -~~lij+~-.,~•++'f~rROM CATHODE 
IC OR CENTER-TAP 

SPEAKER f"I ELD or FIL. 
CHASSIS 

FIG. 20-9.-A circuit arrangement employed for obtaining the 
grid bias for the power amplifier tube in the receiver by utilizing 
the voltage drop in a portion of the speaker field winding which is 
connected in the plate-return circuit. 

the bias from reaching zero when R, is set at its zero-resistance 
position for "maximum" volume. 

Grid bias for power amplifier tubes is sometimes obtained 
by means of a tap on the dynamic speaker field (or filter choke) 
which has been connected in the high-voltage secondary return 
line to act as a choke in the filter system, as shown in Fig. 20-9. 



CH. XX VOLTAGE-CURRENT RECEIVER ANALYSIS 606 

Usually, the total voltage drop across the speaker field (or filter 
choke) is 100 to 120 volts. Therefore, the tap is taken from the 
winding at a point A which will deliver the required grid bias. 

Still another method of securing the power-amplifier tube grid 
bias from the dynamic speaker field ( or filter choke), is to shunt 
two series resistors across the dynamic speaker field ( or filter 
choke) which is in the negative side of the filter circuit, as shown 
in Fig. 20-10. The values of these resistances depend upon the 
grid bias required, the voltage drop across the field, and the 

1"0 GRID RETURN 
OF OUTPUT STAGE 

FROM CATHODE 
..,._..-il,-OR CENTER-TAP 

SPEAKER FIELD OF rtL. 

CHASSIS 

FIG. 20-10.-This output stage grid-bias arrangement is the 
same as that shown in Fig. 20-9, with the exception that resistoni 
R1-R, serve to proportion the voltage drop across the speaker field 
winding so that the output tubes get the proper C bias voltage. No 
tap is required on the speaker field. 

resistance of the field. The required resistance values of R1 
and R, may be calculated by means of the formulas 

E-E.,, E.,, 
R 1 = I and R, = I 

where, E = the voltage drop across the speaker field (or choke), 
as measured by the set analyzer voltmeter. 

E• = the required bias voltage. 
I the current flowing through the bias resistors (in 

amperes). 
E:s:ample: Suppose, for example, that the speaker field has a 

resistance of 1,000 ohms, the total "plate + screen" 
current drain, I,, of the set is 100 ma. (0.1 ampere), 
and the speaker field current must be 90 ma. ( 0.09 
amp.). The voltage drop across the speaker will be 
E = R X I = 1,000 X 0.09 = 90 volts. ( This can 
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be checked by the analyzer voltmeter). 10 ma. (0.01 
amp.) will flow through resistors R1 and R1• Suppose 
now, that the bias voltage required for the proper oper
ation of the power amplifier tubes is SO volts. Cal
culate the values of the bias resistors R1 and R1 re
quired. 

E - E. 90 - SO 60 
R, • ---- • -------• 6,000 ohms, Am. 

I 0.01 0.01 
E, 80 

R1 = --- • --- = 3,000 ohms, Am. 
I 0.01 

Note that R1 + R1 is equal to 9,000 ohms, which is 9 times 
the resistance of the speaker field ( or the filter choke) used. 

If resistor R, should open-circuit, an excessive grid bias equal 
to the total voltage drop across the choke would be obtained, 
and the plate current would be abnormally low. The ordinary 
trouble symptoms of the receiver in this case would be "weak 
and highly distorted reproduction," because of the excessive grid 
bias on the power amplifier tubes. 

If resistor R1 should open-circuit, no current would flow 
through either R1 or R,, hence there would be no voltage drop 
in them. Since the grid-return circuit would really connect to 
"chassis" in this case, the grid-bias voltage would be zero. The 
plate current would be abnormally high (likely to damage the 
power tubes). The receiver reproduction would be loud, but 
badly distorted. 

In order to check these bias resistors properly with the ohm
meter, it is usually necessary to disconnect them first from the 
speaker field coil ( or filter choke) which shunts them. 

Grid-bias resistors are usually shunted by a by-pass conden
ser. The size of the by-pass condenser is determined by the 
circuit in which it is used. It has become common practice to 
employ by-pass condensers of 0.1 to 0.5 mfd. capacity for shunt
ing the grid-bias resistors of r-f amplifier tubes; in audio-fre
quency circuits, by-pass condensers of from 0.5 to 50 mf d. are 
used, depending upon the lowest frequency response desired and 
the value of the resistors across which they are connected. In 
general, the reactance of the by-pass condenser (measured at 
the lowest frequency it will be subjected to) should be about 
1/10 the resistance of the unit across which it is connected, in 
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order to act as an effective by-pass. When audio amplifier tubes 
are connected in a push-pull arrangement, a common bias re
sistor is employed. The by-pass condenser is unnecessary and is 
commonly omitted, since the push-pull arrangement balances 
out all fluctuating currents in this resistor circuit. 

20-12. Interpreting Grid-Bias Readings Obtained with the 
Set Analyzer.-As an illustration of the importance of under
standing the circuit arrangement of the receiver when interpret
ing set analyzer readings taken on it, let us assume that a par
ticular receiver is to be diagnosed. The analyzer plug is inserted 
into, say, the last audio tube socket, and the tube placed into 

B+ 
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FIG. 20-11.-How the voltmeter of the set analyzer may be con
nected across the grid and filament terminals of the power tube 
socket in the receiver in order to check the grid voltage of the tube. 
In this case, the output stage is resistance-capacity coupled to the 
preceding stage. 

a socket of the analyzer. According to the manufacturer's 
specifications for this receiver, we should obtain a plate voltage 
of say 250 volts, a plate current of 32 ma., and a negative grid 
bias of 50 volts for the power tube. Suppose we find the plate volt
age and current normal, but when the grid bias is checked by the 
voltmeter in the analyzer (see Fig. 20-11), it is found to be only 
8 volts. This would naturally lead to the conclusion that there 
is trouble in the grid circuit. However, upon examination of 
the circuit diagram, we find that this stage is resistance-capacity 
coupled to the preceding tube, as shown in Fig. 20-11. Since 
the grid leak resistor R 1 has a value of 500,000 ohms, allow
ance must be made for the drop in voltage caused by the flow 
of the voltmeter current through it whenever the grid voltage is 
to be checked with the voltmeter of the set analyzer. 
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If the 100-volt scale of a 1,000-ohms-per-volt meter is used, 
the total resistance around the grid circuit is 600,000 ohms, neg
lecting R,. The voltmeter has but 100,000 of the 600,000 ohms 
so it reads 1/6 of the true voltage. Now 1/6 X 50 = 8.33 volts, 
which is approximately our reading. (Note: 600,000 ohms equals 
the 500,000 ohms of R, plus the 100,000 ohms of the voltmeter.) 
This accounts for the grid-voltage reading of only about 8 volts 
when the grid-bias potential of 50 volts actually exists. 

The true voltage in this circuit could only be measured with 
an indicating instrument that required little or no current for 
its operation, such as a vacuum tube voltmeter {see Arts. 7-9 
to 7-13) or a voltmeter of 20,000 ohms or more per volt. If the 
tube were transformer-coupled to the preceding stage, the resist
ance of the audio transformer secondary would be too low to 
have any appreciable affect on the bias voltage indicated on 
the meter, and the true value would be read. 

As another example, let us assume that the plate voltage and 
plate current readings are excessive and no grid-buu voltage 
reading is obtained. It is evident from Fig. 20-11, that this 
condition may be caused by either an open-circuited transformer 
secondary winding or an open-circuited grid leak resistor B, 
{depending upon the type of inter-stage coupling employed), a 
short-circuited bias resistor R, or short-circuited by-pass con
denser C ,. It may then be necessary to test some of these com
ponents independently by the most suitable method (see Chap
ter XXII) in order to determine just which unit is at fault. 

However, if we remember that both plate voltage and plate 
current exist and are higher than normal, then a little reasoning 
will enable us to eliminate several of the components from sus
picion. If the grid-bias resistor R, were open-circuited, no plate 
voltage or current indications could be obtained, since this re
sistor completes the plate circuit. The only possible defects that 
remain, then, are an open-circuited grid leak, R,, or a short
circuited by-pass condenser C 1• In both cases, the symptoms 
of choked and choppy reproduction . will be present. An open 
grid leak may result in a lower than normal plate current because 
of the accumulation of electrons on the grid. This, however, is 
not a general rule, as it depends upon the amount of gas in the 
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tube, the voltages applied, etc. If the set analyzer incorporates 
a grid-to-plate test, an open-circuited grid leak R, will be dis
closed by the fact that no voltage reading is obtained. If a read
ing is obtained, then the by-pass condenser C,. is short-circuited. 

At times, the by-pass condenser C in Figs. 20-6, 20-7 and 
20-8 and C,. in Fig. 20-11, will open-circuit. If the condenser 
is in an r-f stage, the attendant symptoms are, usually, oscilla
tion and general instability of the receiver. When the by-pass 
condenser is employed in an audio stage, an open-circuited unit 
will result in oscillation, distortion and poor low-frequency re
sponse. The same symptoms will be manifested in the case of 
indirect-heater type tubes. 

When indirect-heater type tubes, such as the '27, '56, '36 or 
'24, are employed in a grid-leak and condenser detector circuit, 
such as is shown in Fig. 20-12, no grid bias will be obtained, since 

FIG. 20-12.-Circuit 
diagram of a typical 
grid-leak and conden
ser detector circuit 
employing an indi
rect-heater type tube. 

] 
l!I+ 

the cathode is connected directly to the grid return. If the tube 
is used as a power or grid-bias detector, the arrangement of Fig. 
20-6 is used, and the grid bias can be measured. Should no grid 
bias-or less than normal grid bias-be indicated, it is possible 
that the cathode by-pass condenser C is short-circuited or leaky. 
If the secondary winding of the r-f or i-f transformer is open
circuited, no grid bias reading could be noted, but cathode 
voltage would be obtained. In this instance, an open-circuited 
secondary winding would result, most likely, in an inoperative 
receiver. 

It is interesting to note here that "cathode voltage" is not 
always the same as "grid voltage." Cathode voltage is the volt
age from cathode to chassis. Grid voltage is the voltage from 
grid to cathode. In most cases, they are the same numerically, 
but a circuit design may be such that a difference of potential of 
as much as 50 volts may exist between cathode and chassis, but 
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a potential difference of only 10 volts may exist between the 
cathode and the grid because of a tap on the cathode-to-chassis 
resistor to which the grid return connects. 

In many superheterodyne receivers, the oscillator tube is 
connected as shown at Fig. 20-13. A low grid-bias reading 
should be expected when the grJd bias is checked in this type of 
circuit, because the grid-return path is completed through R1, 

FIG. 20-13.-A typ
ical oscillator circuit 
arrangement employ
ed in superheterodyne 
receivers. R 1 is the 
grid-bias resistor. 

a 40,000-ohm resistor, since the path through the grid coil is 
blocked by the grid condenser C 1 • Allowance must be made, 
therefore, for the drop in voltage caused by the flow of meter 
current through R,, which accounts for the low grid-bias read
ing obtained with the voltmeter. 

A positive grid-bias voltage reading is an infrequent, though 
by no means impossible, occurrence. This may occur when 
the coupling condenser in a resistance-coupled r-f or a-f stage 
short-circuits or becomes leaky, or when the primary winding 
of a transformer-coupled stage short-circuits to the secondary, 
impressing a positive voltage on the grid. This trouble will be 
accompanied by an abnormally high plate current in the tube 
in that stage. 

20-13. Interpreting Plate Voltage Readings Obtained with 
the Set Analyzer.-In cases where an abnormally low r-f plate 
voltage is revealed by the set analyzer, the exact manner in 
which the tube is being used should be determined before any 
diagnosis is made. In the older receivers using three-electrode 
tubes in the a-f amplifier stages, manufacturers often employed 
a variable resistance in the cathode circuit to control volume or 
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oscillation. When it is found that the receiver employs a vari
able resistor as in Fig. 20-8 to vary the cathode voltage of the 
tube, this control should be turned to its "minimum" resistance 
position before any plate voltage tests are made, since it is in the 
plate circuit as well as in the grid circuit. 

If the analyzer indicates that some one tube is not receiving 
grid bias voltage, the trouble may be caused by either a faulty 
volume control, a faulty series plate resistance, or an open-cir
cuited plate-coupling device (such as the choke in parallel-feed 
circuits, the primary of an a-f transformer, or the plate resistor 
in a resistance-coupled stage). Very often, it will be found that 
instead of having a resistance in the plate circuit of an r-f tube to 
cut down oscillation, this resistance is connected in series with 
the grid. It is then called a grid suppressor, and is connected as 
shown in Fig. 20-14. An open-circuit in this resistor, of course, 
will prevent grid bias from being present at the grid of the tube. 

Suppose no plate voltage reading is obtained at the sockets 
of any of the r-f or i-f amplifier tubes employed in a receiver. 
This may be caused either by failure of the bias resistor (should 
this be common to all these stages as in Fig. 20-7) or to an open 

FIG. 20-14. - The 
grid-suppressor resis- ] 
tor arrangement used 
in the grid circuits of 
the 3-electrode r-f am-
plifier tubes of many 

[ 
early t-r-f receivers. 

8+ 

section of the voltage divider in the power pack, assuming that 
all circuit connections and joints are well made and in perfect 
condition. If it is noted that the plate voltage on the output 
tube (which usually receives the highest voltage of any tube in 
the receiver) is lower than normal, and all other corresponding 
voltages are also lower, there is a strong likelihood that an r-f 
by-pass condenser has become leaky or partially short-circuited. 
This failure may be disclosed by an ohmmeter test of each con
denser. In some instances, however, an r-f by-pass condenser 
may break down only under load, and it cannot be located by 
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means of the ohmmeter. Because of this fact, it may be neces
sary to unsolder or disconnect each r-f by-pass condenser, in 
turn, with the receiver switch "on". An increase in plate volt
age when any one of the condensers is disconnected will indicate 
the faulty unit. 

Any high-voltage by-pass (filter) condenser can cause the same 
symptoms as those described in the previous paragraph. Usual
ly, however, power-unit condensers are of the types designed to 
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FIG. 20-15.-Typical plate, screen and grid bias circuits of two 
screen-grid amplifier stages employing a bleeder resistance system. 
Correct interpretation of analyzer readings taken on a receiver 
employing circuits of this kind are discussed in the text. 

withstand high voltage safely, and do not break down as easily 
as the much smaller units used in r-f circuits. 

In some receivers a low plate voltage reading is caused by a 
defective voltage divider system which employs moulded carbon 
resistors. Excessive current causes these units to lower in re
sistance value. This defect will result in the variation of other 
voltages from normal, as well as in oscillation and distortion. 
Methods of testing carbon resistors are presented in Chapter 
XXII. 

20-14. Interpreting Analyzer Readings on Bleeder-Type 
Screen Circuits.- The screen-grid tube circuits of modern 
receivers require, perhaps, the most analysis. The screen volt
age measurements are made during the routine checking of the 
socket terminal voltages and currents. If they are normal the 
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analysis may be continued; if not, the interpretation of the 
trouble depends entirely upon the type of screen-grid circuit 
employed in the particular receiver under test. For this reason, 
the following paragraphs will be devoted to a discussion of the 
most common screen-grid tube circuits used in modern receivers. 

Figure 20-15 is a common type of circuit. The screen-grid 
voltage for tube V 1 is obtained through resistor R 1 , which is 
really a tap on a bleeder resistor composed of R 1, R, and R,. 
Note, also, that R, is the grid bias resistor for V1 • The direction 
of the current is shown by the arrows. That through L is the 
plate current (Ip); that through R 1 is the screen and bleeder 
current (I. + lb); that through R, is the bleeder current alone 
(I b) ; and that through R, is the sum of the plate, screen and 
bleeder currents. 

If L should open-circuit, the current through R, would de
crease, which would reduce the bias applied to the control grid 
of the tube. This low bias would increase the screen current 
( which acts now as the plate of a triode), which means that 
the current through R 1 also increases. Increased current through 
R1 causes an increased voltage drop across R1, which means 
lower screen voltage. Hence, if when a particular stage is an
alyzed it is found to have abnormally low bias, no plate voltage, 
no plate current, abnormally high screen current, and normal or 
less than normal screen voltage, then the plate load, L in this 
case, is open-provided the circuit network is similar to that 
shown in Fig. 20-15. 

If R 1 were open circuited, the tube would become totally in
operative on account of the great increase in its plate resistance. 
Therefore, the screen voltage and current would be zero, and 
although the plate voltage would be normal, no plate current 
can flow on account of the high plate resistance. As a result, 
the grid bias will also be zero since no current is flowing through 
R, to cause a voltage drop through it. 

If R 1 were short-circuited, the screen and plate voltages 
would be equal, the screen current would be higher than the 
plate current, the grid bias would be abnormally high (because 
of the high screen current), and the plate current would be low 
because of the high bias. 
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If R, were open-circuited, the screen voltage would be high 
because of the decreased drop across R1, the plate voltage would 
be about normal, the screen a;nd plate currents would be high 
and the grid bias low. 

If R, were short-circuited, the plate voltage and plate cur
rent would be slightly lower than normal ( depending upon how 
good the voltage-regulation of the power unit is), the screen 
voltage would be equal to the grid-bias voltage, the screen cur
rent would be low, and the grid bias would probably be low. 

If R, were open-circuited, the screen and plate voltages would 
be zero, the screen and plate currents zero, and the grid bias 
would be zero. 

If either R, or the by-pass condenser C across it were short
circuited, the plate voltage would be about normal, the plate 
current would be high because of the zero bias, the screen cur
rent would be about normal (it should also be high, but the high 
screen current flows through R1 , which tends to drop the screen 
voltage, lowering the screen current), and the screen voltage 
would be low. 

It is of greatest importance here to note that the analyzer 
voltmeter will read zero, indicating zero grid-bias voltage, if 
R, is either open- or short-circuited. This serves as a good illus
tration of the fact that when a voltmeter reads zero it is not 
always an indication of an open circuit; it merely means that 
there is no difference of potential between the two points be
tween which the meter is connected. If R, in Fig. 20-15 is 
either open- or short-circuited, there is no difference of potential 
between the grid terminal and cathode, and the voltmeter will 
indicate zero grid bias. Hence, in a case of this kind, it is 
necessary to determine which condition exists. This may be 
done by checking the plate and screen voltages and currents, 
for they are affected differently by an "open" or a "shorted" 
grid-bias resistor R,. 

The screen circuits for two or more tubes are exactly the 
same as that for V1• For instance, the screen circuits for tube 
V, in Fig. 20-15 may be analyzed by checking the circuits of 
R,, R, and R, which correspond to R1, R,· and R, respectively. 
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20-15. Interpreting Analyzer Readings on Series-Con
nected Screen Circuits.-Figure 20-16 illustrates a simple series 
type screen circuit. The B plus connects to a resistor R,, which 
feeds the screen grids of all the tubes. This is perhaps the 
most common screen voltage-reducing system in use. If R, 
open-circuits, the screen voltage and current will be zero in both 
tubes, and since no plate current will flow on account of the 
great increase in plate resistance, the grid bias will therefore be 
zero. The plate voltage, as in the case described previously 
will be about normal. The only current through R, is the screen 

-:-CHASSIS 
& B-

-
L [ 

t t t 
'----+-_,._ __ _..,_-_. _c.=t_;~=-~-s_,s__. Is f 1p 

B+ 

FIG. 20-16.-Typical amplifier stages having a common series
connected voltage-dropping resistor R 1 in the common screen circuit. 
The total screen current I, flows through this resistor, producing a 
voltage drop in it. 

currents of all the tubes. Compare these symptoms with those 
indicated for Fig. 20-15 with R1 open-circuited. They will be 
found to be the same. 

If R, short-circuits, the screen voltage will be equal to the 
plate voltage, the screen current will be slightly greater than the 
plate current, the grid bias will be larger than normal, and the 
plate current will be below normal because of the high bias. 
Note that in this case the analyzer readings would be exactly the 
same as if R1 of Fig. 20-15 were short-circuited. The necessity 
for having a schematic circuit diagram of the receiver on hand 
when the analysis of the set is being made, so that the type of cir-
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cuit employed for each tube in the receiver can be learned, is very 
forcefully brought out by the analysis considerations in both 
this and the preceding paragraphs. It is easy to see that an 
incorrect interpretation of the analyzer readings can be made 
easily if the circuit arrangement in the receiver is not known. 

If bias resistor R 8 (in Fig. 20-16) should open-circuit, the 
grid-bias voltage and plate and screen currents of VI will be 
zero, the plate voltage of V 1 will be about normal, the screen 
voltage and current of V 1 will be high because of the low voltage
drop in R,, the grid bias will be high, and plate current low. It 
is possible that the screen current will be about normal because 
of the high bias. Whether it is high, low, or normal depends 
upon the values of the individual resistors used. 

It is important to note that the symptoms described here 
for an open-circuited grid-bias resistor in the cathode circuit of 
V, will be the same, though for the opposite tubes, as if R 1 

were open-circuited. The plate and screen currents would be 
zero, the plate voltage of V, about normal, etc. It is also im-

L [ L [ 
Rl 
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R4 

t1, s - ~ -
-1,.+1$ .... 
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FIG. 20-17.-Typical amplifier stages of the type having individ
ual series-connected voltage-dropping resistors in the screen circuits. 

portant to note that any variation in R1 affects the voltages and 
currents in both tubes, because it is common to both tubes. If 
R, supplied the screen grids in three or more tubes, then any 
variation in it would affect the voltages and currents in these 
three or more tubes. Knowledge of this fact enables the alert 
service man to tell quickly if the defective component is com-
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mon to two or more tubes, by simply noting if abnormal volt
ages or currents exist at only one tube or if the same abnorm
alities exist at several tubes. The circuit of Fig. 20-15 is such 
that each tube has an individual circuit, and variations in the 
resistors of one tube circuit will not affect the voltages and cur
rents in another tube circuit to any marked extent. 

A second type of series screen circuit is shown in Fig. 20-17. 
This is substantially the same as that of Fig. 20-16, except that 
each tube has a separate screen voltage-dropping resistor, so 
that variations in the screen circuit of one tube will not affect 
the screen voltage of any other tube. It is a relatively simple 

FIG. 20-18.-A com
mon circuit arrange
ment in which the 
bleeder resistor R, is 
part of the voltage
divider resistor in the 
power supply unit. 
The bleeder current 
l & flows through it. 
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matter to interpret analyzer readings taken on a circuit of this 
type, if the directions of the currents shown in this diagram are 
studied and understood. 

20-16. Interpreting Analyzer Readings on Shunt-Con
nected Screen Circuits.-The shunt system of feeding screen 
grids and plates is shown in Fig. 20-18. It is to be noted that 
this connection is similar to that described for Fig. 20-15, except 
for the fact that the bleeder current I 11 does not flow through 
the grid bias resistor of any tube. It is shunted directly back 
to the rectifier tube circuit in the power supply unit, as shown. 
The bleeder resistors in this type of circuit are usually con
sidered as part of the power supply unit, and will be treated 
under that heading. Various troubles may be predicted from 
their symptoms by the analysis method given for Fig. 20-15, 
(Art. 20-14). 

20-17. Interpreting Analyzer Readings on Double-Series 
Screen and Plate Circuits.- Some receivers are designed so 
that the full B plus voltage is applied to the plate circuit of the 
power output tube or tubes, some lower voltage is applied to 
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the plates of the amplifier and detector tubes, and a still lower 
voltage is applied to the screen grids of the amplifier tubes. The 
arrangement commonly employed for such a circuit is shown in 
Fig. 20-19. Resistor R1 drops the full B voltage to that re
quired for the plates of amplifiers and detectors, and resistors 
Rs, R4, etc., drop the voltage from that point to the value re
quired for the screen grids. If two or more screen grids are to 
be fed from a single resistor, as in the circuit of Fig. 20-16, then 
only resistor Rs is required. On the other hand, if a separate 
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FIG. 20-19.-A circuit arrangement in which double-series resis
tors are employed for dropping the voltage for the plate and screen 
circuits. R 1 is the bleeder resistor connected directly across the out
put terminals of the power supply unit. 

resistor is to be used for each screen, as shown in Fig. 20-17, 
then R4, R,, etc. are required. It is also possible to drop the 
full B voltage directly to that required for the screens, inde
pendently of the dropping of this voltage for the plates. In 
such instances resistor R1 is used for the plate-voltage line and 
resistor R, is utilized for dropping the screen voltage when all 
the screens are to be fed from a single resistor. Of course, sep
arate resistors may be used--one for the screen of each tube. 

The analysis of such a circuit, and the correct interpreta
tion of the analyzer readings, are no more complicated than has 
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been described for the other circuit arrangements, except for the 
effect of the additional resistor R1 • It is evident, however, that 
when R, open-circuits, the voltage on the plates of all the tubes 
fed by R, becomes zero, while the plate voltage on the output 
tube or tubes (shown at the right) remains substantially con
stant. If the screen voltages are also supplied by R,, then they 
too will be zero. If they are fed by separate resistors from the 
original B plus line, like R 6, then the screen voltages will be 
normal. The bias voltage will change according to whether 
R, is open or shorted, and the effect of too much or too little 
bias can be predicted in a manner similar to that previously 
explained. 

For those service men with little experience, it is recom
mended that the currents through each voltage divider circuit 
illustrated here be traced, and the analyzer readings for various 
trouble symptoms predicted. The symptoms as indicated by the 
analyzer should be memorized for each type of circuit, so that 
little time will be wasted in attempting to determine their 
significance. Then, too, the symptoms as revealed by analyzer 
readings are characteristic of the type of voltage divider circuit 
employed, and with a little practice, it is possible to make a 
good guess regarding the type of circuit in use by merely inter
preting the readings of the analyzer. 

Regardless of the voltage divider sytem in use, however, 
most power supply units are shunted by a "bleeder" resistor, R,, 
shown in Fig. 20-19, to maintain the voltage applied to the filter 
condensers fairly constant as the load current changes. Also, if 
all the tubes were to be removed from their sockets and R, 
were open-cirquited ( or were not present) , the decreased volt
age-drop in both the rectifier tube and the filter choke would 
allow the voltage across the filter condensers to increase to such 
a high value that it might rupture the dielectric in these con
densers. 

20-18. The Power-Supply Unit of the Receiver.-If no 
plate voltages, or abnormally low plate voltages are found at the 
sockets of all the tubes in the receiver, it is possible that the 
trouble lies in the power supply unit. The power supply unit 
{see Fig. 20-20) is composed essentially of a power transformer, 
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a rectifier-filter system, comprising one or more filter chokes and 
several filter condensers, and a voltage-divider system composed 
of a suitable resistance bank. The power transformer consists of a 
primary winding, P, and several secondaries, wound over a lam
inated steel core. One secondary winding, 81, the "high-voltage 
secondary," contains more turns than the primary. Other low
voltage windings, S,, 83 and 84, supply current for the filament 
of the rectifier tube, and for the filaments or heaters of the other 
tubes used in the receiver. 

The alternating current that is rectified by the rectifier tube 
Ra becomes a pulsating direct current. This is delivered to the 
filter system composed of the iron-core chokes Li and L, and 
the filter condensers C 1, C ,, C 3, which smooth out the pulsating 
component and deliver a smooth d-c voltage to the voltage 
divider. 

The circuit shown in Fig. 20-20 is that of a typical power sup
ply unit. Of course, variations in this circuit arrangement will 
be found (two are shown in Figs. 20-10 and 20-11). The speaker 
field may be employed as a filter choke or voltage divider, or the 

FIG. 20-20.-The fundamental circuit arrangeinent employed 
in most typical power supply units in a-c electric receivers. In many, 
only a single filter section is used instead of the two sections shown 
here. 

entire filter arrangement may consist of only one filter choke and 
two filter condensers, etc. 

20-19. Action of the Filter Circuits in Power Supply 
U nits.-Of the enormous variety of filter circuits that may be 
used to smooth out the pulsating d-c variations from rectifiers, 
but two types are employed in radio receivers. These two are 
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known respectively as "choke-", and "condenser-input" type fil
ters. A choke-input type filter is shown in (A) of Fig. 20-21, and 
the condenser-input type filter is shown in (B) of the same il
lustration. 

The input voltage to a filter of the choke-input type is shown 
in Fig. 20-22. Because L 1 is a large iron-core inductance, the 
current variations through it cannot be very rapid, since the in
ductance tends to prevent any change ( either an increase or a 
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FIG. 20-21.-Typical filter systems employed in the power supply 
units of radio receivers. 

(A) This is the choke-input type filter. 
(B) This filter is of the condenser-input type. 

decrease) in current through it. The voltage output of the 
first inductance, L 11 is applied to the first condenser C 1 , which 
charges up to the "average" value of the fluctuations. When the 
voltage input to this charged condenser tends to decrease, 
it discharges into L,, and when its voltage input tends to 
increase, it charges up again. Therefore, the current entering 
the second inductance, L1 , is fairly constant with but slight 
variations. This second inductance tends to prevent what small 
variations are left from taking place, so that the voltage across 
CI is the average of whatever variations remain. This action is 
illustrated in the series of diagrams of Fig. 20-22. 

The analysis of the second section, L, C, of this filter may 
be made in exactly the same manner, considering the volt
age across C 1 as the input voltage of the system. 

The condenser-input type filter of (B) in Fig. 20-21 has a 
somewhat different action. As soon as the rectifier starts to 
function, the input condenser C 1 starts to charge to the peak 
value of the input. And, as the input voltage drops, the con
denser discharges into the first inductance L,, which tends to 
maintain the current constant. The shape of the voltage across 
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Ci is shown by the heavy curve of Fig. 20-23. Now, the larger 
the value of C 1, the more charge it can take, and the more it 
must discharge in order to have its voltage drop to a certain 
point. If C 1 is very large, it discharges slowly and steadily into 
L1, and its voltage drops but little before the input voltage starts 
to charge it again. Hence, in a condenser-input filter, the voltage 
output rises as the size of the input condenser is made larger. 
In fact, it acts exactly like a tank with a hole in its side. As the 
water is forced out of the hole steadily, the level of the water in 
the tank falls. However, just as the water reaches the level of the 
hole, the tank is filled again, and the process continues. If the 
tank is made larger in diameter, then more water can leak out 
before the level decreases to that of the hole. 

The action in the foregoing analogy corresponds to that of the 
filter. The load draws current from the filter continuously. 
When the rectifier voltage falls below the voltage to which C 1 

is initially charged, then C 1 begins to discharge into the load 
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FIG. 20-22.-Grapbs 
showing the wave
forms of the currents 
and voltages in a 
choke-input type filter 
(see (A) of Fig. 
20-21). 

to supply it with current until its voltage falls below the value 
of the applied voltage, when it again begins to charge up. The 
larger C 1 is made, the more current can be drained from it with
out having its voltage fall below a certain level. 

From a practical standpoint, the difference between these two 
filter systems is that the condenser-input system delivers more 
voltage output because of the fact that the tank condenser, Ci, 
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charges up to the peak value of the input voltage; in the choke-in
put system the first condenser charges up to only the average of 
the input voltage minus the voltage drop in the first choke. A 
filter system designed for choke input can have its output volt
age raised by installing an input tank condenser, and a condenser
input type filter can have its voltage lowered by removing the 
tank condenser. 

Care should be taken when installing tank condensers, or ap
preciably increasing the size of tank condensers. If the rise in 
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FIG. 20-23.-The wave-form of the voltage across the tank con
denser CJ in a condenser-input type filter such as is shown at (B) 
of Fig. 20-21. 

output voltage is great enough, it may rupture the existing filter 
condensers which were installed for a lower voltage system. 

20-20. Analyzing Troubles in the Filter Circuit.--Should 
any one of the chokes in the filter of Fig. 20-20 open-circuit, 
no voltage will exist at the tubes in the receiver. This is not true 
in those receivers in which the plate voltage supply for the power 
output stage is taken out after the first filter choke. In these 
receivers, an open-circuited second filter choke will affect the 
plate voltage of the power output tube, or tubes, only insofar as 
increased voltage is concerned. If any one of the condensers, 
CJ, C ,, or C, becomes short-circuited, no voltage at all, or a 
very low voltage (if leaky filter condensers or high-resistance 
chokes are present) will exist at the plates of the tubes in the 
receiver. 

The most common trouble occurring in power units is that of 
shorted filter condensers. When the plates of a rectifier tube be
come red, it is usually a good indication of a short-circuited filter 
tank condenser, CJ. Should C, short-circuit, the choke L1 will 
heat up considerably, and sometimes the rectifier tube plates will 
become red. Shorted filter condensers of the tinfoil-paper type 
must be replaced by new units of similar capacity and voltage 
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rating. Faulty electrolytic condensers must be replaced if they 
do not renew their insulating film when removed from the source 
of voltage. (See Chapter XXII on the testing of electrolytic 
condensers.) The dry type of electrolytic condenser does not 
possess the self-healing characteristic to the same degree as the 
wet type, and generally must be replaced when found short
circuited. Open-circuited filter condensers almost always mani
fest themselves by increased hum and decreased voltage output. 

Testing the voltage-divider resistor does not present any 
special difficulties if the resistance of each section may be meas
ured. Should section R1, Fig. 20-20, open-circuit, no voltage will 
be obtained on any of the tubes except the power output tubes; 
if R, is open-circuited, the detector plate will receive no voltage 
and the r-f and i-f tubes will have more than normal voltage. 
Regardless of whether resistance R, is open-circuited or not, 
voltage readings will be obtained at each section of the voltage 
divider. The effect of an open-circuited resistor R, will be to 
slightly increase the voltage at the other taps and cause un
stable operation, perhaps oscillation. If a dynamic-speaker field 
coil is employed as the second filter choke (see Figs. 20-9 and 
20-10), the voltage drop across the field will be substantially 
reduced if Rs open-circuits, and low volume and poor tone may 
result because of insufficient energizing current for the speaker 
field. 

If R 1 (Fig. 20-20) short circuits, the r-f and a-f tubes will 
have the same plate voltage as the power tube; the overall volt
age will be less because the increased current causes an increased 
voltage drop across the two filter chokes. The decrease in volt
age, however, will be small in most cases. 

If R, short-circuits, the r-f, a-f and detector tubes will re
ceive the same plate voltage, though less then normal because 
the additional current will increase the voltage drop through R 1 

and the filter chokes. 
If Rs should short circuit, the detector tube will have no plate 

voltage, and the other tubes will have slightly less than normal 
plate voltage because of the increased voltage drop across the 
two chokes and the resistor R 1., 

A partially short-circuited high-voltage secondary of the 
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power transformer will result in overheating of the transformer 
and decreased voltage output on all plates, since a short-circuited 
secondary reduces the primary inductance, causing an increase 
in the flow of primary current. This increased current increases 
the voltage drop in the resistance of the primary, and decreases 
the secondary voltage. Short-circuited filament windings will 
also increase the primary current and lower the secondary volt
ages. If the primary current should increase above a certain 
value for any reason whatsoever, the line fuse may burn out, or 
the primary winding itself may become so hot that the insula
tion on the wire will soon become heated and break down. This 
causes a general "shorted" condition in the primary, which even
tually results in the burning out of the primary winding. As far 
as the rectifier tube or its output circuits are concerned a shorted 
power transformer primary or secondary will not affect them in 
any way. 

When making an analysis of a receiver for a new customer, 
always determine how long the receiver has been in use in the 
existing location. Many people move from one town to another 
and plug the radio set into the nearest outlet indiscriminately, 
without inquiring as to whether the frequency of the power line 
is 25 or 60 cycles. (Of course, a d-c set will hum terrifically 
if it is operated on a-c, and an a-c set will blow a fuse if it is 
connected to a d-c line.) The usual a-c receiver will operate 
on lines of from 50 to 60 cycles, and is called a 60-cycle re
ceiver. If the electric light line has a frequency lower than 50 
cycles, it should not be connected to an ordinary 60-cycle re
ceiver. A receiver designed especially to operate from a power 
line of the lower frequency should be employed instead. For 
instance, a 25-cycle receiver is one in which a power transformer 
and filter designed especially to operate satisfactorily at this 
low frequency, is used. 

A B6-cycle set will operate on 60 cycles without any notice
able change in voltage, but a 60-cycle receiver cannot operate 
from a B6-cycle line successfully. 

If an attempt is made to operate a 60-cycle receiver from a 
25-cycle line, the power transformer will overheat, and the out
put voltages will be low because of the excessive primary cur-
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rent. In most cases, the primary winding of the transformer 
will eventually bum out if the line fuse does not blow first. 

REVIEW QUESTIONS 
1. Make a list of the different tests which should be made on an 

inoperative a-c electric receiver with the set analyzer if the 
"preliminary tests" fail to reveal the trouble. State the order 
of these tests. 

2. Explain how each of the tests in the preceding question are made. 
3. Explain the value of each of these tests. Select any two of 

them and explain in detail just what troubles might be revealed 
by their use. 

4. What does the failure to obtain voltage readings at the following 
points of the tube socket of an i-f amplifier indicate in each case: 
(a) filament; (b) plate; (c) control grid? 

5. Why is it more practical to first check the power unit when an 
inoperative receiver is serviced? If the plates of a rectifier tube 
become red hot, what does this indicate? How may it be 
remedied? 

6. What indications would be obtained on a set analyzer in each 
case if the following troubles occurred in an i-f stage of a 
receiver in which an indirect-heater screen-grid type tube is 
employed with the circuit arrangement of Fig. 20-17? (a) an 
"open" grid-bias resistor; ( b) a "shorted" grid-bias by-pass 
condenser; ( c) an "open" secondary winding in the stage tuning 
coil; (d) an open-circuit in the primary of the following tuning 
coil; ( e) a short-circuited tuning condenser in the stage. 

7. What reason would you give for obtaining a low grid-voltage 
reading on a triode power tube which is resistance-coupled to 
the preceding stage. Assume values and calculate a typical 
case. 

8. What effect would a leaky plate-grid audio coupling condenser 
in a resistance-capacity coupled a-f amplifier have upon the grid 
voltage of the tube to which it is connected? What effect would 
this have on the operation of the entire receiver? 

9. Draw a simple sketch of a typical r-f stage employing a screen
grid tube, and point out the possible causes for the lack of screen 
voltage on the tube in that stage. 

10. How many different ways are there of obtaining screen voltage? 
Name them! 

11. Draw a diagram of each type, and predict what the analyzer 
readings would be if the various resistors were: (a) "shorted" 
in turn; ( b) "open" in turn. 

12. What two types of filter systems are used in power supply units! 
Draw a circuit diagram of each type. 

13. What is the advantage of the condenser-input type? Why? 
14. What is the effect of a shorted filter condenser in the center 

position of a three-condenser-two-choke filter system? Explain I 
15. Can a 26-cycle receiver operate from a 60-cycle line successfully 

without changes? State reason! 
16. Can a 60-cycle receiver operate from a 26-cycle line successfully 

without changes? State reason! 



CHAPTER XXI 

RECEIVER ANALYSIS BY RESISTANCE TESTS 

21-1. Introduction.-In Chapter XII we discussed the ad
vantages and disadvantages of receiver analysis by means of 
resistance tests and concluded that a voltage-current test is as 
essential as a resistance analysis for accurate localization of 
trouble. We also pointed out the fundamental principle upon 
which a resistance analysis is based, and showed how the in
dividual resistors may have their values checked-usually with
out removing the set from the cabinet. It is not the purpose of 
this chapter to discuss these questions again, but rather to show 
by means of an actual analysis just how a point-to-point tester 
should be used on a modern receiver. 

We will consider, for our purpose, the typical all-wave re
ceiver whose schematic circuit diagram is shown in Fig. 21-12, 
and analyze every circuit in it. An important consideration 
must be emphasized here: a resistance test is usually a "cold" 
test. A resistor may be normal when "cold" and have a much 
different value of resistance, or even be "open" or "shorted", 
when "warm". For this reason, it is well to heat the chassis 
artificially during a resistance test whenever possible and when
ever a defective unit is difficult to locate. This is especially 
important when the symptom of trouble is "intermittent recep
tion". Artificial heating may be effected by means of a small 
electric heater, directed on the chassis as shown in Fig. 23-16. 

In order to correctly interpret the readings taken during the 
complete resistance analysis of modern radio receivers, most of 
which employ rather complicated resistance networks, it is es
ential that a thorough knowledge of series, parallel and series
parallel circuits be had. Although it is assumed in this book 

527 
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that the reader is sufficiently well versed in fundamental elec
trical and radio theory to know the laws of series and parallel 
circuits, the following few sections will be devoted to a brief 
resume of these laws for the benefit of those who require "brush
ing up" at this point, and to show the reader just how these cir
cuits enter into modern radio receivers. (For a more detailed 
and complete discussion of the theory of series and parallel cir
cuits, the reader is referred to the Radio Physics Course, by 
Ghirardi.) 

21-2. Series Circuits.-For current to flow in any conduc
tor or circuit, a difference of potential must exist between the 
terminals of that conductor or circuit. Current flows from the 
positive terminal to the negative terminal ( using the conven-

: E = 6V. 

r, 100 w 

-4 80 ..i r1 

20 

FIG. 21-1.-Three resistances 
connected in series with each 
other across a source of volt
age, E. All of the current 
flows through each resistor. 
Each resistor has a different 
voltage drop across it. 

RESISTOR 

FIG. 21-2.-A choke, a coil 
and a resistor are shown here 
connected in series with each 
other. The respective remt
ances of these devices might 
be represented as shown in 
Fig. 21-1. 

tional notation). When electrical devices are connected one af
ter the other in such a way that all of the current flows through 
each of them they are said to be in series. In other words, a 
series circuit is one in which the current has but one path. Thus, 
in Fig. 21-1, three resistances of unequal value are connected in 
series with each other across the voltage source E ( all the current 
flows through each resistor). The total resistance, R, of the 
circuit is equal to the sum of the individual resistances, that is: 

R = r, + r, + r, + ... etc. 
If the values of the individual resistances are as marked, the 

total resistance of the circuit is: 

R = 100 + 20 + 480 = 600 ohms. 
While all of the units indicated in the circuit of Fig. 21-1 

are shown as resistors, it is not necessary that they actually be 
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simple resistors. Since we are simply considering resistance here, 
it might be the resistance of a commercial resistor, the resistance 
of a transformer winding, the resistance of a choke coil, etc. 
Whatever the form of the resistance is, does not matter, as long 
as it is electrical resistance that we are considering. For in
stance, the resistances of Fig. 21-1 might represent the respective 
resistances of a filter choke winding, the primary winding of an 
r-f transformer, and a commercial resistor, all connected in series 
as shown in Fig. 21-2. Figure 21-2 shows the circuit with the 
symbols for the units themselves. Each of these units offers some 
definite resistance to the flow of current through it. Fig. 21-1 
shows the circuit with merely the resistances of these units in
dicated. 

There is a voltage drop across each resistance in a series cir
cuit, due to the passage of the current through it. It is perhaps 
clearer to look on "voltage drop," or "fall of potential," simply 
as the amount of voltage which is required to force the current 
through the resistance, against its opposing action. Naturally, 
the voltage drop is equal to E = I X R, in accordance with 
Ohm's Law. It is seen that the amount of this drop depends 
upon both the resistance and the current, and increases as either 
of these units is increased. 

If a voltmeter were connected across resistor r1 in Fig. 21-1, 
it would indicate the "voltage drop" or "fall of potential" acrose 
this resistance, i.e., it would indicate how many "volts" of elec
trical pressure are required to send the current (that is flowing) 
through this resistance, against its opposing action. In the case 
of r1, connected in the circuit shown, this is 1 volt. Similarly, 
the voltmeter would read 0.2 volt when connected across r,. If 
it were connected across resistance rs, it would indicate 4.8 volts. 
The sum of all these voltage drops around the circuit is equal to 
1 + 0.2 + 4.8 = 6 volts, which is equal to the voltage E of the 
source. This illustrates another fundamental law of the series 
circuit: 

The sum of all the voltage drops across the individual resist
ances which are connected to form a series circuit i8 equal to 
the total voltage applied to the complete circuit. 
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If any unit in a series circuit becomes short-circu,ited, the 
current will increase, because the total resistance of the circuit 
is thereby decreased. However, if the resistance of the unit which 
"shorts" is only a small proportion of the total resistance of the 
circuit, the increase in the current may be so small as to be hard
ly noticeable. This should be kept in mind. 

For instance, consider the primary winding, of an r-f or i-f 
transformer, which forms a series circuit with the plate-cathode re
sistance of the vacuum tube, possibly a voltage-dropping resistor, one 
or two choke coils in the B-filter, the plate-filament resistance of the 
rectifier tube, and half the high-voltage secondary winding of the 
power transformer (trace out the complete plate current circuit for 
tube No. 4 in Fig. 21-12). In a circuit of this kind, the re
sistance of the primary winding of the r-f or i-f transformer is only 
a very small proportion of the total resistance of the circuit, hence 
the current flowing in the circuit would hardly be disturbed if this 
coil were to short-circuit. Therefore, such a trouble could not be 
detected by measuring the plate current of the tube. However, if 
its resistance were, say, ½ that of the entire circuit, shorting it 
would cause an appreciable increase in the current (50% ). 

If any unit in a series circuit becomes open-circu,ited, the 
current path is broken, and no current will flow through the cir
cuit. 

21-3. Parallel Circuits.-When parts of a circuit are con
nected in such a way that they present separate paths through 
which the current can divide, they are said to be connected in 
parallel, multiple, or shunt. The total voltage is applied to each 
part of the circuit, but only a portion of the total current flow
ing from the source of e.m.f. flows through each path. 

A parallel circuit consisting of three resistances connected in 
parallel to a source of voltage, E, is shown in Fig. 21-3. Only a 
portion of the total current, I, flowing through the battery passes 
through each of the three parallel paths, but the sum of the 
three parallel-path currents is equal to the total current supplied 
by the battery. Each current has a value determined by Ohm's 
law, I = E/R, and the total current equals the sum of the in
dividual currents. 

Electrical devices connected in parallel need not necessarily 
be resistors. The parallel circuit may be composed of any elec
trical devices, such as resistors, coils, chokes, etc., as shown in 
Fig. 21-4. 

The electrical devices connected in parallel may all have the 
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same resistance or they may all have unequal resistances. In 
special cases where all the resistances are equal, the total cur
rent divides equally among the various units, and the combined 
resistance of all the paths considered together is equal to the 
value of one of the resistances divided by the number of re
sistances. Thus, if the three units in Fig. 21-4 have a resistance 
of 300 ohms each, the total resistance of the circuit is 300/3 = 
100 ohms, since three equal paths or branches are being pre
sented to the flow of current instead of only one. 

When the resistances of electrical devices connected in par
allel are not equal, the combined resistance must be found by 

1:11+11+1, lz+l3 1, 

l'i r, -
Zr 111 l3~ 

-
FIG. 21-3. - Three resist

ances connected in parallel 
with each other and across a 
source of voltage, E. The 
total current, I, divides, part 
of it flowing through the path 
presented by each resistor. 

a: 

- g 
l&I 

!!l ..J X: ===E f/l 0 2 l&I V 
a: u -

FIG. 21-4.-A choke, a coil 
and a resistor are sh2wn here 
connected in parallel The 
respective resistances of these 
devices might be represented 
as shown in Fig. 21-3. 

considering the conductances of the various paths. Conductance 
is the opposite of resistance. The resistance of a circuit is the 
opposition it offers to the flow of current; conductance is a meas
ure of the ability of a circuit to conduct current, and is therefore 
the reciprocal of resistance. Conductance is measured in the 
unit called the mho, which is ohm spelled backward. The total 
conductance of a parallel circuit is the sum of the conductance, 
of its individual branches. Thus, if R is the combined resistance 
of the parallel circuit, and r1, r,, r,, etc., are the individual re
sistance of the parts of the parallel circuit, then, since the con
ductance of a circuit is equal to 

1 -, we have: 

1 1 1 1 --=-- + -- + -- + .•.• etc. 
B r1 r1 r, 
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from which the combined resistance R may be calculated if the 
resistance of the individual branches are known. Accordingly, 
if the resistor, coil and filter choke shown in Fig. 21-4 have 
values of 480, 20 and 100 ohms, respectively (same as considered 
in Figs. 21-1 and 21-2), then the combined resistance of these 
units in parallel is, 
1 1 1 1 

- = -- T -- + -- - 0.002 + 0.05 + 0.01 = 0.062 mhoa. 
R 480 20 100 

1 
and R = 0_062 = 16.1 ohma. 

Notice that in Art. 21-2 we found the total resistance of 
these same three units to be equal to 600 ohms when they were 
connected in series with each other. Here we find their com
bined resistance to be 16.1 ohms, when they are connected in 
parallel. 

When there are only two branches in a parallel circuit, the 
combined resistance may be obtained by dividing the product 
of the two branches by their sum. This is expressed as 

R = r1 X r, 
T1 + T1 

It can be seen that the combined resistance in a parallel 
circuit is less than the resistance of any of the paths. In a 
parallel circuit, the voltage across each branch is the same as 
that across every other branch, and is equal to that supplied by 
the source of e.m.f. The current which flows in each branch is 
simply equal to this voltage divided by the resistance of the 
branch (Ohm's law). If any one of the branches in a parallel 
circuit is "open," current will continue to flow through the others. 
However, the total current from the source will be less, since 
the combined resistance of the parallel circuit has increased 
because one path less is now presented for the conduction of 
the current. 

21-4. Series-Parallel Circuits. - Electrical circuits may 
consist of several devices so connected that some are in parallel 
with each other, and others are in series with each other and 
are in turn connected in series with the parallel combination. 
Circuits of this kind are called series-parallel circuits, since they 
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are a combination of both series and parallel circuits. Series-par
allel circuits may be simple or they may be exceedingly complex, 
since many combinations and arrangements are possible. A 
simple circuit of this kind is shown in Fig. 21-5. Here, a total 
of seven resistors are connected in series-parallel across the source 
of voltage E. Resistors r1, r, and ri, are in parallel with each 
other. This group is in series with resistors r4 and r,, which are 
in parallel with each other. Resistor r, is in series with both 

FIG. 21-5.-A series
parallel combination 
of resistors connected 
across a source of 
voltage, E. 
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60..> r, 
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groups, and resistor r1 is in parallel with the combination of all 
the aforementioned resistors. 

The "total resistance" of the entire circuit can be found by 
solving each section separately and gradually reducing the cir
cuit into an equivalent series, and then parallel, circuit. For ex
ample, resistors r1, r, and r, are in parallel with each other. Since 
the value of each resistor is 60 ohms, their combined resistance is 
60/3 = 20 ohms. Resistors r4 and r, are each 20 ohms, so that 
their combined resistance is 20/2 = 10 ohms. These two parallel 
combinations are in series with resistor r6, whose value is 40 
ohms. Thus, if the combined value of the first combination is 
20 ohms and that of the second is 10 ohms, the effective resist
ance of the circuit A-B-C-D is 20 + 10 + 40 = 70 ohms. The 
total circuit resistance across the voltage source E, however, 
will be 70/2 = 35 ohms, since resistor r7, whose value is 70 ohms, 
is connected across (in parallel with) this entire circuit. 

21-5. Combining Resistances.-Resistances are often pur
posely connected in series, parallel, or series-parallel in order to 
obtain odd resistance values or current-carrying capacities that 
are not easily obtainable in standard single commercial units. 
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For instance, suppose a resistor of 125,000 ohms rated at 2 watts 
is required for the voltage-divider system of a radio receiver. If 
such units are not readily available, two 250,000-ohm units of 
1-watt rating may be connected in parallel-the 250,000-ohm 
units are standard items. Since each unit carries only half the 
total current here, it dissipates only half the total power dis
sipated by the resistors, so 1-watt units are satisfactory. 

As another illustration of the connection of standard size re
sistors to obtain some desired odd value, let us suppose that we 
require a resistance of 1,620 ohms for some special purpose. 
Standard resistors of this value are not easily available, but 
standard resistors of 1,000, 600 and 20 ohms are readily avail
able. By connecting one of each of these in series, a total re
sistance of 1,620 ohms can be obtained. 

21-6. Checking Resistance Networks in Radio Receivers. 
-The relation between series and parallel circuits, and those in 
a radio receiver can be more clearly understood by examining and 
breaking down several circuits of a receiver so that each one 
may be isolated and studied without the complexities caused 

A 

10,000 
14.l 

500 ..., 

B 

15,000 
14.l 

(0) 
-;:-G 

A 

FIG. 21-6.-(A) Circuit of a typical i-f amplifier stage. 
(B) The actual series circuit formed by the plate circuit coil 

and the three resistors in the path between points A and G of cir
cuit (A). 

by the presence of the others. This study will also reveal some 
of the precautions which must be observed when checking re
sistors which are part of resistor networks. Let (A) of Fig. 
21-6, represent the i-f stage of a superheterodyne receiver under 
test. If no power supply unit were connected to this stage, and 
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an ohmmeter were connected from the plate of the tube, (point 
A), to the chassis, (point G), a reading of 25,600 ohms would be 
obtained, since the plate coil winding (100 ohms), the screen 
voltage-drop resistor (15,000 ohms), the screen bleeder resistor 

110 
VOLTS 

A·C 

C 

FILTER 
CHOKE 

F"ILTER B-+ 
CHOKE 

CHASSIS-:-

FIG. 21-7.-Schematic circuit diagram of a typical simple power 
supply unit having the 7,500-ohm speaker field connected directly 
across the circuit, as shown. 

connected between the screen and cathode (10,000 ohms), and 
the cathode bias resistor (500 ohms), are all connected in series. 
This entire series circuit may be drawn in simplified form as 
shown at (B). A resistance check between points B and G by 

FIG. 21-8.-The ac
tual series - parallel 
circuit resistance net
work which would ex
ist across points A 
and G of Fig. 21-6 if 
points C and G were 
connected across the 
power supply unit of 
Fig. 21-7. 

SPEAKER 
FIELD 

7300 w 

means of an ohmmeter should give a reading of 10,500 ohms, 
since only the screen bleeder resistor and the cathode bias re
sistor are in series between these two points. 

Suppose, however, that this tube circuit is connected across 
a power supply unit similar to that illustrated in Fig. 21-7. It 
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will be noted that the power supply consists of the usual power 
transformer, rectifier tube and filter system. Instead of using 
the speaker field as one of the filter chokes, the field is shunted 
across the junction between the two chokes and ground (B-). 
If the same check is now made with the ohmmeter by connecting 
it again from A to G, the reading will not be 25,600 ohms again, 
because now another circuit, consisting of the second filter choke 
in the power unit and the speaker field in series, is in parallel 
with the series circuit from point C to point G of (B) in Fig. 
21-6. The series-parallel circuit which now exists is shown in 

FIG. 21-9.-A typi
cal push-pull output 
stage of a receiver. 
The resistance of each 
half of the input 
transformer second
ary is considered to 
be 1,000 ohms. 

Fig. 21-8. The ohmmeter will now indicate approximately 6,190 
ohms if it is connected between points A and G. 

One point must be kept in mind when making resistance 
measurements of this nature-the accuracy of the resistors and 
the probable error in the ohmmeter. If the resistors in the volt
age-divider circuit shown in Fig. 21-5 are of the carbon variety, 
a possible plus or minus 10 % deviation from their rated resist
ance value must be expected. In other words, any ohmmeter 
reading between 5,571 and 6,809 ohms could be obtained from 
point A to point G in the circuit of Fig 21-8, without there 
necessarily being any trouble in the circuit. By-pass con
densers have been omitted purposely from the diagram, since 
we are considering only the relation of parallel and series cir
cuits to radio receivers insofar as their d-c electrical resistance 
is concerned. How much the variation in the value of a re-
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sistor affects the operation of the radio receiver depends of 
course upon its function in the circuit. 

As another illustration of the caution to be observed when 
checking resistances, consider that the circuit diagram of the 
push-pull output stage of a receiver under test is as shown in 
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FIG. 21-10.-(A) A push-pull output stage connected to the 
power supply unit. The grid bias for this stage is obtained from 
the voltage drop across the 6,000-ohm resistor connected across the 
speaker field. 

(B) The actual circuit network which exists between points 
A and G in circuit (A) is shown here in simplified form. 

Fig. 21-9. The grid bias for the tubes is obtained in the con
ventional way by a resistor in the cathode circuit of the tubes. 
If it is desired to check the resistance of the grid circuit connected 
to each tube, an ohmmeter connected between points A and G 
(which is the chassis) should read 6,000 ohms. Making this test 
in this particular receiver is simple and straightforward, since 
the grid circuit is isolated. 

Let us suppose, now, that the receiver circuit is such that the 
grid bias for the push-pull tubes is not obtained from the con-
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ventional cathode resistor, but from resistors connected across 
the field coil of the dynamic speaker which is in the B-return 
circuit (see Art. 20-11), as shown at (A) of Fig. 21-10. Now, 
when the ohmmeter is connected between point A and ground, 
G, the reading will be about 5,000 ohms. There is a series-parallel 
combination involved in this circuit. The actual arrangement 
of the circuit network across which the ohmmeter is now being 
connected is shown at (B). The combined resistance of the 
6,000-ohm bias resistor, shunted by another resistor of 10,000 

VOL.UM£ 
CONTROL ~CHASSIS 
10,ooow <Al CB> 

FIG. 21-11.-(A) A grid-bias resistor which is shunted by a. 
variable volume-control resistor. 

(B) An a-f transformer secondary shunted by a variable vol
ume-control resistor. 

ohms in series with the 2,000-ohm field coil, is about 4,000 ohms. 
This resistance value, added to that of the input transformer 
secondary winding, results in a total resistance of about 5,000 
ohms between A and G. 

As another example of the precautions which must be ob
served when checking resistance values between various points 
in a receiver, consider the fixed grid-bias resistor and variable 
volume-control resistor arrangement shown at (A) of Fig. 21-11. 
Suppose trouble is suspected in this part of the receiver and it 
is desired to check the resistance from the cathode, C, to chassis. 
The reading of an ohmmeter connected between these two points 
will depend upon the setting of the variable volume-control re
sistor. If the control happens to be set at the "minimum re
sistance" position, a "zero" ohm reading will be obtained. If the 
control is set at the half-way position (assuming the resistance 
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element is not tapered), a 2,500-ohm reading will be obtained, 
etc. Evidently, the resistance reading obtained depends on the 
setting of the volume control. The same condition exists for 
the circuit shown at (B). The audio transformer secondary 
should be checked with the volume control resistor in the max
imum-resistance position, so that the value of this high resist
ance will have but little effect upon the reading. 

21-7. Point-to-Point Resistance Analysis of a Complete 
All-Wave Receiver.-Now that we have studied the principles 
of point-to-point testing, the testing instruments employed in 
making the tests (Chapter XII), the principles of series, parallel 
and series-parallel circuits and the precautions to be observed 
when checking resistance values in these circuits, we are pre
pared to consider the method of making a complete point-to
point resistance analysis of a typical modern all-wave receiver 
This will be presented step-by-step for clarity. 

When checking receivers by the point-to-point resistance 
method, the receiver must first be disconnected from the power 
supply line and all tubes removed from their sockets. The tubes 
should be checked separately, and the line voltage measured to 
ascertain its value. Then, the receiver is ready to be given a 
"cold" resistance analysis. It is essential that the ohmmeter 
used in the point-to-point tester be capable of indicating resist
ance values from at least ½ ohm to 5 megohms in several ranges, 
(preferably from about½ to 15 or 20 megohms) so the total re
sistance of any series circuit that may be encountered may be read. 

The receiver selected for our purpose is the RCA Victor Model 
140, since it is a typical all-wave modem receiver having wave
band switches, ave circuits, etc. Its schematic circuit diagram 
is shown in Fig. 21-12. An examination of this diagram will 
show that the receiver is a representative type. In this analysis 
attention is to be devoted to the resistance values between any 
two points, the causes for incorrect readings, and their effect 
upon the operation of the receiver. 

21-8. Analysis of the Second R-F Plate Circuit.-The first 
group of readings is taken at the second r-f stage, since the first 
is utilized only for reception of short-wave signals from 8,000 to 
18,000 kc. The test plug of the point-to-point tester is inserted 
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FIG. 21-12.-The schematic circuit diagram of a typical modern all-wave receiver. Complete resistance data and other electrical constants are 
marked directly on the various parts. The way in which a complete point-to-point resistance analysis would be made on it is described in the accom
panying text in connection with several break-down diagrams showing specific porlions of this circuit in detail. (RCA Victor Model 140). 



CH. XXI RECEIVER ANALYSIS BY RESISTANCE TESTS 641 

in the second r-f socket and the 6-section wave-band switch of 
the receiver is placed in the "A" position for standard broadcast 
reception (switches S,-S,-SrS.-S,-87 are shown in this position in 
the diagram). With the point-to-point tester connected between 
"plate" and "ground" a reading of approximately 5,500 ohms 
should be obtained. In this circuit, the primary of the r-f coil, 
Lu, which has a d-c resistance of 100 ohms, resistors R,, R, and 
R7, of 8,500, 6,500 and 3,500 ohms, respectively, are connected in 
series. However, there 
is a parallel circuit al- 2No R-F TUBE 

so to consider. It con
sists of the iron-core 
choke L17, of 770 ohms, 
and L,a, the speaker 
field, of 6,950 ohms, 
connected across the 
B + output of the re
ceiver and shunting R,, 
R, and R1. The equiv
alent circuit is shown in 
Fig. 21-13. Because of 
the speaker field con
nection, it is somewhat 
difficult to analyze the 
results of this measure-
ment, or of subsequent 
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FIG. 21-13.-Equivalent simplified cir
cuit diagram of the plate-to-ground and 
the screen-grid-to-ground circuits in the 
second r-f stage of the all-wave receiver 
whose circuit diagram is shown in Fig. 
21-12. 

tubes in the receiver, unless full consideration is given to this 
series-parallel path. For this particular receiver, it would be 
best to disconnect one side of the speaker field to simplify the 
interpretation of the measurements. Thus, with the speaker 
field disconnected, a plate circuit resistance analysis of this sec
ond r-f stage should give a reading of about 18,600 ohms, the 
combined resistance of the series circuit composed of R,, R,, 
R 7 and the primary coil Lu. 

Let us suppose that a reading of, say, 100 ohms is obtained 
instead. The most logical cause for this low reading is either a 
short-circuited filter condenser C.,, or a short-circuited by-pass 
condenser C 18• To check this conclusion, the test plug is re-
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moved from the r-f stage and inserted into the rectifier tube 
socket. A reading of 770 ohms ( choke L,7) from the rectifier
tube filament to chassis will bear out the conclusion. However, 
it is necessary to remove the chassis from the cabinet to deter
mine which one of the two condensers is at fa ult. Should a 
reading of 846 ohms be obtained from r-f plate to ground, then 
filter condenser C80 is shorted. 

The test plug is now placed in the second r-f tube socket 
again. Should a reading of 8,600 ohms be obtained from plate 
to chassis, then either-or both-by-pass condensers C 11 or C 11 

are short-circuited. This can be definitely ascertained by con
necting the ohmmeter from screen-grid to ground, as can be seen 
from Fig. 21-14. A zero-ohm reading will be obtained at this 
point if either C 11 or C 11 is short-circuited. Suppose that a plate
ground reading of approximately 1,250 ohms is indicated. This 
would be the result if condenser C., were short-circuited. In 
this case, a resistance path of 1,400 ohms, that of R11 and Ru in 
series, is connected across the resistance of R1, R, and R 7• 

There is one additional likely cause of trouble to consider 
insofar as the plate circuit of this stage is concerned. The possible 
incorrect readings noted thus far, involve only short-circuited 
filter or by-pass condensers (although it is possible that one or 
more of these condensers may be "leaky"). If resistors R,, R, 
and R1 are of carbon, as is the case in many modern commercial 
receivers, it may be that R6, R, or R1 has carbonized and low
ered in resistance value. The condition of these resistors may be 
checked by measuring the resistance between the screen-grid 
terminal and chassis (see Fig. 21-13). This measurement will 
give the value of R, + R7, which should be 10,000 ohms. The 
value of R, (which should be 6,500 ohms), can be determined 
by subtracting from this R, + R1 (10,000 ohms) value, the re
sistance value obtained by measuring between the screen grid of 
the second detector tube and chassis (see Fig. 21-12), since this 
latter measurement gives the resistance of resistor R7 ( which 
should be 3,500 ohms). 

21-9. Analysis of the Second R-F Screen-Grid Circuit.
Resistance measurements of the screen-grid circuit are made in 
a manner similar to that employed in the plate circuit. With the 
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ohmmeter connected from screen grid to chassis, a reading of 
10,000 ohms should be obtained, as shown in Fig. 21-14, since 
the speaker field is disconnected. A "zero"-ohm reading will 
be caused by the short-circuiting of either condenser, Cu or C 111-

Should a reading of approximately 4,600 ohms be obtained, then 
filter condenser C 59 or by-pass condenser C 5B is short-circuited, 
placing the screen drop-resistor R 5 directly in parallel with R, 

FIG. 21-14.-Equiv
alent simplified dia
gram of the screen
grid circuit of the sec
ond r-f tube in the 
a 11-wave receiver 
whose circuit diagram 
is shown in Fig. 21-12. 

2 NO R-F' TUBE 
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'VVl/\r-• "-. - GRI 0 

and R1. If these condensers were short-circuited, however, the 
fact would already have been ascertained by the analysis of the 
plate circuit. 

21-10. Analysis of the Second R-F Suppressor-Grid-Cath
ode Circuit.-Because the suppressor grid is tied to the cathode 
and only one resistor and one by-pass condenser is in the cath
ode circuit of this receiver, a check of the suppressor grid and 
cathode circuits is comparatively simple. With the ohmmeter 
connected from cathode to ground, a reading of 400 ohms, the 
resistance of R 4, should be obtained. A zero-ohm reading will 
invariably be caused by a short-circuited by-pass condenser C 11• 

(Note: If the tester is equipped with a socket and is able to 
make point-to-point voltage tests, the tube should be inserted in 
the tester socket. A "zero"-ohm reading obtained from cathode 
to chassis could be caused by an internal cathode-heater short
circuit in the tube.) 

21-11. Analysis of the Second R-F Control-Grid Circuit. 
-The only remaining circuit to be analyzed in this stage is the 
control-grid circuit. The normal resistance which should be in
dicated when the point-to-point tester is connected from control-
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grid to chassis (or ground) is approximately 1,350,806 ohms. 
In this circuit (see Fig. 21-15) we have 6-ohm secondary wind
ing L7, R, (100,000 ohms), Ru (1 megohm), the volume control 
R 11 (250,000 ohms), and the second-detector cathode bias-resistor 
R 1 , (800 ohms). If a zero-ohm reading should be obtained, it 
would indicate a short-circuited tuning condenser section, C ,,, 
for this stage. This is not likely, however, and may be checked 

2ND R-F TUBE 

60.000 uJ 

FIG. 21-15.-Equiv
alent simplified cir
cuit diagram of the 
control grid-to chas
sis path of the second 
r-f stage of the all
wave receiver whose 
circuit dia~ram is 
shown in Fig. 21-12. 

by turning the condenser gang so that the plates are un-meshed. 
It is also possible that a "zero" ohm reading may be due to the 
"high" side of the secondary coil shorting to the chassis or shield. 
Turning the wave-band switch to band "B" will settle this point. 
A reading of only 6 ohms indicates a short-circuited secondary 
return by-pass condenser C ,. The effect of a short-circuit at 
this point on the operation of the receiver will be poor ave action, 
distortion, oscillation and motor-boating. If condenser C, is 
leaky, it will result in almost the same symptoms, and will be 
disclosed by a reading of between 6 ohms and several hundred 
thousand ohms, depending upon the degree of leakage. If a 
reading of 100,000 ohms is obtained, the by-pass condenser C11 
may be short-circuited. A reading of approximately 1,160,000 
ohms may result if condenser C ,, is short-circuited. This fact may 
be checked immediately by inserting the test plug into the socket 
of the second detector stage and measuring the resistance be-



CH. XXI RECEIVER ANALYSIS BY RESISTANCE TESTS 545 

tween either one of the diode plates to chassis. If a reading of 
800 ohms is obtained, the condenser C 4, is short-circuited; if a 
reading of 60,800 ohms is obtained, condenser C 41 is short-cir
cuited; and if a reading of 310,000 ohms is obtained, condenser 
C 4, is short circuited, etc. The analysis of the second r-f stage 
may now be considered complete for our purposes, and attention 
must now be turned to the first-detector-oscillator stage. 

21-12. Analysis of the First-Detector-Oscillator Stage. 
-A resistance measurement between the plate of the combina
tion first-detector-oscillator tube and chassis should result in 
a reading of approximately 18,500 ohms, since the speaker field 
is disconnected. (The 7½ ohms of coil Lu could not be read on 
the high-range ohmmeter scale.) This circuit contains Lu, the 
primary of the first i-f transformer, and resistors R4, R, and R, 
in series. A 7½-ohm reading will indicate short-circuited filter 
condensers C18 or C69 • Should a reading of approximately 1,300 
ohms be obtained, however, condenser C., should be checked for 
short-circuit. This low value may be due to the series circuit of 
R11 and R,o, 1,000 and 400 ohms respectively, in parallel with re
sistors Rs, R, and R 7• The resistance of the primary winding 
Lu may be checked by connecting the point-to-point tester from 
the plate of this stage to the plate of the second r-f stage with 
the wave-band switch in the "D" position. A reading of approx
imately 11.5 ohms should be obtained. A value of 4 ohms would 
signify that Lu is short-circuited. This may be due to a short
circuited trimmer condenser C 41 , or to grounded pig-tails or 
connecting lugs of this winding. 

21-13. Analysis of the First-Detector-Oscillator Screen
Grid Circuit.-The screen circuit of the first-detector-oscillator 
tube (third and fifth grids), should have the same resistance to 
chassis as the second r-f stage screen circuit, since these two cir
cuits are connected together. Failure to obtain the correct nor
mal resistance will be caused by the same conditions discussed 
for the second r-f screen-grid circuit. 

21-14. General Notes on Resistance-Check Receiver An
alysis.-The above data present the idea and methods involved 
in the analysis of receivers by point-to-point resistance meas
urements. It is not necessary to discuss here the analysis of the 
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rest of the receiver, since the procedure is the same for the circuits 
leading to all tubes. There is no doubt that the resistance-check 
method of receiver analysis enables many problems encountered 
in the servicing of modem radio receivers to be solved, but what
ever advantages may be gained are entirely dependent upon the 
intelligent interpretati.on of the meter indications obtained. 

It should be remembered that many parts of a receiver can
not be checked by a point-to-point resistance measurement at 
the sockets of the receiver. In many instances, a coil winding 
cannot be checked because it is isolated by a condenser; this is 
especially true of the oscillator circuits in many superheterodyne 
receivers. In other cases only a portion of a coil winding is 
connected in the circuit under test, the remainder being isolated 
by a series, tracking, or neutralizing condenser. In cases of this 
kind, it is necessary to remove the chassis of the receiver from 
the cabinet in order to get at the proper points in the wiring to 
complete the analysis. This is not objectionable, however, be
cause the chassis must usually be removed from the cabinet in 
order to make the final repairs anyway. 

21-15. Making Point-to-Point Resistance Analysis When 
Receiver Diagram is not Available. -On many occasions, the 
circuit diagram of the receiver under test is not avail
able. Unless the service man is familiar with that particular 
receiver, it is difficult to make accurate tests, since the careful 
study and examination of the receiver circuit diagram is essen
tial in interpreting the results of a point-to-point resistance an
alysis. However, if certain general features concerning basic 
circuit arrangements of most radio receivers are understood, 
useful point-to-point testing may be carried out in such cases. 
The more important of these will now be considered. 

Ordinarily, a "zero" resistance reading will never be ob
tained between the plate and control-grid of a tube unless the 
tube is a rectifier with the grid tied directly to the plate. In 
like manner, a "zero" resistance reading will not be obtained 
between the plate and cathode of the same tube, unless the tube 
is a rectifier or diode detector. Zero resistance will seldom be 
found between the control grid to chassis, or B-, of a receiver. 
In very few instances, except in certain oscillator circuits, will 
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there be "zero" resistance between the screen grid and the cath
ode of the same tube. Likewise, "zero" resistance will seldom 
exist between the plate and screen grid of the same tube, unless 
that tube is a power amplifier having its screen connected 
directly to the plate. Many power tubes are operated this way. 

A lower resistance will be obtained from the screen grid of a 
power amplifier tube to ground than from the plate of the same 
tube to ground, although a higher voltage may be obtained at 
the screen than at the plate. This statement is also true of the 
dynatron oscillator, in which the screen operates at a higher 
voltage than the plate; therefore, an ohmmeter test will disclose a 
lower resistance between the screen of the tube and chassis than 
from plate to chassis. 

Zero resistance should never be obtained between the plate 
of one tube and the control grid of a subsequent tube in a re
ceiver-the direct-coupled amplifier is one exception to this 
statement. Zero resistance should never exist from the filament 
to the plates of a filament-type rectifying tube. In like man
ner, there should never be zero resistance between the cathode 
(or filament terminals) of a rectifier tube and its plate terminals. 

As mentioned, these statements are general and are true in 
most instances, but exceptions will be found. They are meant to 
serve only as a guide in interpreting the results of a point-to-point 
resistance analysis on receivers for which no schematic circuit 
diagrams are available. 

21-16. Effect of Electrolytic Condensers on Resistance 
Measurements.-Many radio receivers employ electrolytic con
densers for filter and by-passing purposes. These units possess 
a certain amount of leakage, that is, the insulation-resistance 
between the terminals is not of infinite value. The effect of this 
leakage, which depends upon the condition of the condenser, is 
to cause the condenser to act just as though a continuous high
resistance path exists between its terminals. When testing any 
circuits in which an electrolytic condenser is used, make certain 
that the polarity of the ohmmeter corresponds to the polarity of 
the electrolytic condenser, otherwise a very low and misleading 
resistance reading will be obtained. 

Generally, electrolytic condensers are employed as filter con-
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densers in the power-supply unit of a receiver, or as by-pass con
densers in grid-bias and bleeder circuits. In the first case, the 
negative side of the condenser is connected to the "low" side of 
the filter supply. This may be the ch888is, or it may be some 
other point which is negative with respect to the chassis. If the 
electrolytic condenser is a by-p888 unit connected across the 
cathode bias resistor of a tube, the posi,tive terminal of the con
denser will be connected to the cathode, since the cathode is in
variably positive with respect to B-minus or the chassis. When 
an electrolytic condenser is used to by-pass a bias resistor con
neeted from the center-tap of a tube's filament supply to B
minus or ground, the positive side will be connected to the fila
ment side of the bias resistor, since this point is positive with 
respect to ground. Thus, when making resistance measurements 
with the ground as the reference point, always connect the posi
tive side of the ohmmeter to the cathode or filament circuit. 

It is not entirely necessary to remember this, for if an incorrect 
resistance indication is obtained in any circuit using electroly
tic condensers, all that need be done is to reverse the ohmmeter 
test leads. If the circuit is really faulty, an incorrect indica
tion will again be obtained, which may not be the same as the 
first incorrect reading. 

When the correct polarity of the ohmmeter is maintained in 
making resist'arice measurements, the presence of an electrolytic 
condenser in shunt with any resistor of ordinary resistance value 
will have a negligible effect on the resistance reading, provided, 
of course, that the condenser is good. It is only when these con
densers are connected in parallel with very high resistances that 
a variation of any consequence may be noted. Tests show that 
an 8-mf d. high-voltage electrolytic condenser connected in the 
average filter system, or across the voltage-divider system of a 
radio receiver, changes the effective resistance of the circuit by 
less than 5 % . The effect of a low-voltage, high-capacity elec
trolytic condenser when making point-to-point tests is not more 
than one or two per cent, at most. Since most.resistors employed 
in modern radio receivers are only kept within a tolerance of 
about 10 % , the negligible shunting effect of electrolytic con
densers across such resistors may be disregarded during point-to-
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point resistance measurements when the polarity of the ohm
meter is correct. 

21-17. Using Manufacturers Resistance Data.-The point
to-point resistance analysis method outlined in this chapter de
pends upon the fact that a circuit diagram (or chart) having the 
resistances of all coils and resistors in the receiver marked on it, 
is available. When a measurement is made, the resistance read
ing is compared to that specified on the circuit diagram, and any 
deviation is interpreted in terms of "what trouble in the receiver 
might have caused it." The method is analytical in the sense 
that many equivalent circuits must be pictured (mentally) for 
intelligent interpretation of the ohmmeter readings. 

MODEL 45 SOCKET VOLTAGES 
llal:nolrqe.-with IOOOohmpenohmeter. Voltapelffll In lahle-aalJcomp!f
atm due to nriuco ln-batl.rJ YOltap. Pim or mlaa ~ OD .U .. llap II aceepl&bl&· -18 9-:r ~ 8-;r ~ ~ ~ 

77 
18 
37 
75 
75 
41 
41 
M 

6.3 250 W U U •u 
6.3 250 W U U "IA 

0 «>--lSOOlC 
•u 6.3 W 0 

6.3 I~ U 
6.3 135 - U 
6.3 245 250 18 
6.3 245 250 18 
6.3 275 (AC) - 2SS 

i.,',a 

+-•·······················lal. -Baler ..•.•••••••••••••••••••••.• 

~~~~;·~·;·;·;·;·;·;~·;·;·~~ 
~-·················-
+u... ........................ lal. 
-8-cr .....•.••..•......•....... o 
:;:::;.~~:::::::::::::::::::= 
~::::::::::::::::::::::~ 
c-.lGdd. ••••••.•••••••••••• .-

• Mcuund wilb ncuam ,.._ --...>,. 
MODEL 4S POINT-TO-POINT RESISTANCE CBEClt 

All reodinp to gTOund uni... olhenrioespociJiod. R...!inp 111:m wllh .U 
blhoaRIOOftd from Id uiil R. F. cha.is clr-miectod from po-podt llllil. 
'n wu 
:!:11:::::::::::::::::::::::::::~ :!:11::::::::::::::::::::::::::~ 
ii~~~;·;·;·;·;·;·;~·;·;·;·;·;·;·~ E~~;·;·;·;·~;·;·;·;·;·;·;·;·~~ 
c-.lCdd •••••••••••••••••••••••• 6 c..a.tCtld ••••••••••••••••• 1-

•41 '75 

:!:11:::::::::::::::::::::::::::~ :!:11::::::::::::::::::::::::::~ 
5<t.!~:~.:.:.:.:.:.:.:.:.:.:.:.:.:~ 5t::;:::::::::::::::::::5 
c.t1ioc11i ........................... a CadKNII •••••••••••••••••••••••• .JSOO 

c-.lGdd:-

::f !i:::::::::::::::::::= 

•u 
•18 
•18 

'IT 

:...11:?.:::::::::::::::::::::;;2 
C-.Cdol ••••••••••••••••••. -Cadiot..--··-· .. ···· .... ··-·-····· 

141 +u... ........................ lal. 

--············--·--·········· =~~:~·E::::::::::~ 
-··························411) 

COIL JIESISTANCIS 

Y~~U!i!!i[!rn!!11 ~~J.~~}J!!!JI 
Court,.,, NobHtt•Bpar1" Irwlvdrw• Inc. 

FIG. 21-16.-Voltage-current-resistance analysis data chart for 
a typical automobile radio receiver. 

Manufacturers realize that resistance analysis is helpful but 
requires, at times, considerable calculation to determine if the readbigs 
obtained are correct or not. They have compiled service data sheets 
which are intended to make these calculations unnecessary for point
to-point resistance measurement reference. These data sheets not 
only have the resistances of all components marked on them but also 
have in tabulated form the .correct ohmmeter readings for every test 
on each socket of the particular receiver. 

Figure 21-16 shows a typical tabulation of voltage-current
resistance data furnished by the manufacturer of an automo
bile radio receiver, for reference purposes when making point-to-
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point analyses on it. Chassis to socket-prong resistance meas
urements are made and referred to the chart for comparison. 
It is thus not absolutely ne-Cessary to have the schematic circuit 
diagram available for reference if the manufacturer's chart is 
on hand. Of course, when a reading is different from that speci
fied by the chart, it is desirable to have the schematic circuit dia
gram available to determine the exact component at fault. Charts 
such as that of Fig. 21-16 are available from many manufac
turers or from service manuals. Many service men are also in 
the habit of compiling their own data from the routine tests they 
make on receivers for which no charts are available. 

REVIEW QUESTIONS AND PROBLEMS 
1. Two resistors are connected in series. The total resistance is 

475 ohms. One of them has a value of 312 ohms. What is the 
resistance of the other? 

2. Three resistors are connected in parallel. Each has a value of 
10 ohms. What is the total resistance? 

3. The resistance of a parallel circuit is measured and found to be 
700 ohms. The parallel circuit has four resistors of the same 
value. What is the value of each? 

4. Three resistors of 200, 500 and 1,000 ohms, respectively, are con
nected in parallel. What is the total resistance as read by an 
ohmmeter? Draw the circuit diagram. 

6. A source of e.m.f. has a 1,000-ohm resistor connected across its 
terminals. Connected to one terminal is a 500-ohrn resistor, the 
other end of which connects to two 1,000-ohm resistors in par
allel. The other end of this parallel branch connects to the 
second terminal of the source of e.m.f. What current flows out 
of the battery if the e.m.f. source supplies a potential of 750 
volts? Draw the complete circuit diagram. 

6. In the circuit of Fig. 21-12, what resistance should normally be 
read from the plate of the second r-f stage to ground, with the 
speaker field connected? With it disconnected? 

7. Draw an equivalent circuit showing all by-pass condensers con
nected properly, for the networks involved in Question 6. 

8. The oscillator tube in the circuit of Fig. 21-12 refuses to func
tion. What resistance measurements should be made to deter
mine which component is faulty? 

9. The power unit of the circuit of Fig. 21-12 delivers insuf
ficient voltage. What resistance measurements would you make 
to locate the trouble, and what shotild the readings be? 

10. The receiver of Fig. 21-12 is very noisy on the "C" band. The 
slightest touch of the wave-changing switch alters the volume. 
What measurements would you make and what readings should 
you obtain? (Hint: The low-resistance range of the ohmmeter 
should be used.) 

11. What precautions must be exercised when making a resistance
analysis of a set using electrolytic condensers? Explain fully I 



CHAPTER XXII 

TESTING INDIVIDUAL RADIO COMPONENTS 

22-1. Need for Testing Individual Components. - The 
voltage-current and resistance methods of analysis described in 
Chapters XX and XXI serve to localize trouble to a particular 
circuit or to a particular portion of a circuit. However, the 
jobs of the service man and the set analyzer do not end after 
localization of the trouble. The service man must use other 
functions of the analyzer to locate the exact troublesome 
component; he must determine what is wrong with that com
ponent, and, he usually must also try to ascertain the reason for 
the failure, before repairing or replacing the component. 

These determinations necessitate the testing of individual 
components after the voltage-current and resistance analyses 
have been completed. While it is true that in many instances, a 
resistance analysis enables the service man to complete the 
trouble localization directly to the faulty component, such is not 
always the case; and even when such complete localization is pos
sible, it is always, without exception, desirable to test that com
ponent individually to substantiate previous tests. Let us illus
trate this by means of a typical example. 

Suppose a receiver analysis localizes r-f circuit trouble to some 
component in the plate circuit of the r-f tube. Further, suppose 
that this plate circuit consists of several resistors in series with 
the primary of the following r-f transformer. If the plate cir
cuit is open, then either the r-f transformer primary or one of 
the plate circuit resistors must be open. By checking the plate 
current and screen voltage, it may be possible to conclude that 
the primary of the r-f transformer is open-circuited. But the 

551 



552 MODERN RADIO SERVICING CH.XXII 

point is that we cannot actually be sure of this fact until the coil 
itself is tested alone, after being disconnected from the circuit. 
It may be that a wire to the coil is broken or has never been 
properly soldered to the lug connection to the coil. It may be 
that the lug itself is broken. There may be a "rosin joint" be
tween the wire and the lug on the coil. No method of circuit 
analysis can point to the actual location of the open circuit in 
the component itself in every case. 

The procedure, then, is to remove the set from the chassis and 
disconnect the wires from the coil under consideration. The 
coil must then be tested individually, regardless of how it is 
connected in the circuit; for it is only after such an individual 
test that the service man can be sure of the nature of the failure. 
And when the nature of the failure has been ascertained, the 
cause should be determined and rectified if possible. 

All the components employed in radio receivers can be re
duced to three fundamental types: resistances, inductances, and 
capacitances. All radio circuits contain all of these parts, though 
they are sometimes found in somewhat disguised forms. It is 
the purpose of this chapter to describe in detail the general 
characteristics of, and the methods of testing, resistors, induc
tors and capacitors used in radio receivers. In Chapter XXVI 
the methods of repairing these components (when repair is ad
visable) will be explained in detail. 

22-2. Required Tests of Components.-After the analysis 
of a circuit is completed and one or possibly more components 
are definitely suspected of causing the trouble, the chassis 
must be removed from the cabinet and each of the suspected 
components tested in turn. For a complete test of a component, 
there should be facilities for determining the following: 

1. Open-circuits. 
2. Short-circuits. 
3. Partial short-circuits. 
4. Grounds. 
5. High-resistance grounds. 

Any one or more of these five possible defects may exist ih 
a resistor, condenser, or coil, and the condition may be either 
permanent or intermittent. Moreover, it may be necessary to 
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conduct tests when the suspected unit or units are hot and also 
when they are cold, for often the abnormal condition exists only 
when the unit is hot. Further details on this point will be de
f erred until the actual tests are described. 

22-3. Instruments Used for Testing Components.-The 
instruments required for testing individual components should 
be part of the regular service man's equipment, and should con
sist, in general, of the following: 

1. Ohmmeter. 3. Capacity tester. 
2. Capacity meter. 

All of these instruments have been described in previous 
chapters of this book, and the reader is ref erred to them for 
complete details of their theory of operation and manner of 
use. In this chapter it will be assumed that the reader is thor
oughly familiar with them. The ohmmeter and capacity tester 
are integral parts of most set analyzers nowadays. 

We will first discuss the necessary tests using the proper in
struments, and then discuss the same or similar tests using sim
plified equipment in the event that the proper instruments are 
not available at the time the tests are to be made, or are tem
porarily out of order. It .is important in this respect to note 
that the limitations of any test depend to a large extent upon 
the nature and accuracy of the instruments used, and that thor
oughly reliable results cannot be obtained unless the test in
struments themselves are in good working order and are suit
able for the test to be made. This important point will become 
more and more evident as we proceed. 

The tests will be divided into three general groups; those for 
testing resistors, those for testing coils, and those for testing 
condensers. Under each group the possible troubles will be dis
cussed and the proper method of testing described. 

22-4. Construction of Resistors.-Resistors find extensive 
and extremely important applications in radio receivers. One 
glance at the underside of a radio receiver chassis will convince 
anyone of this fact. They are employed as current limiters, for 
obtaining bias voltages, for "bleeding" currents, for securing de
sired potentials, for voltage-dropping, for volume control, etc. 
They are made in resistance values which cover a very 
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wide range from a few ohms to several million ohms. 
There are two main types of resistors used in radio circuits: 

fixed and variable, the latter being commonly known as rheo
stats or potentiometers, depending upon their mode of connec
tion. Fixed resistors may be of wire-wound, of either carbon or 
metal-coated film, or carbon-composition moulded construction. 
Variable resistors of low resistance values are usually wire wound, 
and those of high values usually consist of some high-resistance 
material to which a movable contact arm makes contact either 
directly or indirectly. 

Wire-wound resistors are empleyed in fixed-resistance types 
when a fair degree of precision is required or when the power 
dissipated is more than about 1 or 2 watts. In variable-resist
ance form, they offer numerous important constructional ad
vantages over other types. Wire-wound resistors of the fixed
resistance type are made by winding predetermined lengths of 
resistance wire on suitable porcelain or other ceramic insulating 
forms. Usually in the large sizes, the entire assembly, with the ex
ception of the extreme ends of the tab terminals or pig-tails (see 
(A) and (B) of Fig. 22-1) is coated with a vitreous enamel or re
fractory cement which serves to protect the fine wire from mech
anical injury, and keeps out moisture. The resistors of lower 
wattage rating are wound with enamel-covered or oxidized re
sistance wire. These resistors are usually wound with wire of 
nickel-chromium alloys (such as "nichrome"), but nickel-iron 
and nickel-copper alloys are also used. Since the values of wire
wound resistors can be controlled accurately during production, 
they consequently are suitable when accurate resistance values 
are required. 

In some applications, where inexpensive wire-wound resistors 
which are not required to dissipate much power are required, the 
bare resistance wire is wound on flat fibre strips, and terminal 
connections are made by fastening terminal lugs to the strip 
and resistance wire with eyelets. A unit of this kind, provided 
with a center-tap, is illustrated at ( C) of Fig. 22-1. Such units 
will be found employed as filament center-tap resistors and fila
ment current-reducing resistors in many of the older receivers. 
Most variable wire-wound resistors also have the resistance wire 
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wound on a flat strip of fibre bent into a circular shape. 
The second class of fixed resistors, the carbon- or metal

coated type, are made by depositing a thin film of carbon or 
tungsten on a thin glass or porcelain rod which is in turn sealed 
in another enclosing glass or ceramic tube for protection. Metal 
caps forced on the ends of the outer glass tube make contact with 
the resistance material. A unit of this type is illustrated at (D) 

~ 
(C) 

(D) 

(A) (B) (E) 
Oourteq Aerovoz Oor'JI. 

FIG. 22-1.-A few of the typical forms of fixed resistors employed 
in radio equipment. 

(A) A vitreous-enamel covered wire-wound resistor having pig
tail-lead terminals. 

(B) The same type of resistor with metal-tab terminals. Sev
eral taps are provided on this resistor. 

( C) A center-tapped wire-wound resistor. The resistance wire 
is wound on a fibre strip and metal clamp terminals connect to it. 
The wire is left exposed. 

(D) A metal-coated film type of high resistance. This resistor 
has a very small current-carrying capacity. 

(E) Solid moulded-carbon resistor with wire pigtail terminals. 
This makes a non-inductive resistor of medium resistance value and 
current-carrying capacity. 

of Fig. 22-1. Such resistors are made in high resistance values 
(from about 10,000 ohms to 10 megohms) and cannot carry 
much current without overheating, and resultant damage to the 
resistance coating. Their use is restricted principally to appli
cations where a high resistance is desired in very compact form, 
and where very little current is to be carried. 

The third class of fixed resistors, the moulded-carbon stick 
or composition type, are used most extensively in radio receivers 
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today because of their low cost. They consist of a mixture of a 
very small percentage of conducting material (carbon or graph
ite) and a binder of insulating material (in the proper proportion 
to produce resistors of the desired resistance value) moulded 
into shape under pressure. Clay, rubber, and various chemical 
plastics are used for the binder. A more recent form consists 
of carbon and another material which itself is a material of 
higher resistance (not an insulating material). This is mixed in 
the proper proportions to make the desired resistance value, is 
then subjected to intense temperature and pressure, and is finally 
extruded at yellow heat into the form of rods. 

Electrical connection is usually made to the resistance rod by 
means of metal end-caps forced-fitted to it, or by pigtail leads 
wound around (and soldered to) the ends. Uniform, positive 
area of contact is often obtained by first coating the ends of the 
rod with a metallic coating. A typical moulded carbon resistor 
is illustrated at (E) of Fig. 22-1. 

Moulded carbon or graphite resistors are subject to change in 
resistance value due to moisture absorption, deterioration of the 
binder due to operation at elevated temperature, etc., when in 
use. Due to their changing nature, they are seldom manufactured 
in large quantities with actual values that are close to their rated 
value. The difference between the actual and rated values, ex
pressed in per cent, is called the tolerance, and is a direct indica
tion of the deviation of the actual values from the rated values. 
These resistors are usually manufactured with a tolerance of 
plus or minus 10 % . The subject of tolerance in resistor values 
will be considered in detail in Art. 22-12. 

22-5. Open-Circuited Resistors.-Resistors may open-cir
cuit, that is, it is possible for the resistance between the resistor 
terminals to become infinite, for various reasons. In moulded 
carbon resistors, the metal caps or pigtail leads may come loose 
(or break) and make poor contact with the resistance element, 
or the resistance element itself may change in chemical 
composition or disappear altogether because of excessive heat. 
Not all fixed carbon resistors are composed of a solid rod of 
carbon. In some instances there is only a thin deposit of car
bon on a glass or ceramic form, and it is perfectly possible for 
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excessive heat to deteriorate this thin carbon deposit to such an 
extent that the resistance becomes open-circuited. The same 
thing is true of metallized resistors-excessive heat may vapor
ize the metallic resistance deposit to such an extent that the 
unit open-circuits. 

A wire-wound resistor, on the other hand, may become open
circuited because of a break developing in the resistance wire, 
an imperfect contact may develop between the resistance wire 
and one of the end terminals, or it may burn out (the "burning 
out" of a resistor is really the melting of the resistance material 
at some point, thereby breaking the continuity). Imperfect con
tacts at the terminals are common, for pressure contacts are em
ployed by many manufacturers. 

Variable resistors are subject to the same troubles as the 
fixed units, in addition to special ones such as dirty arm con
tact, insufficient arm pressure, etc., which develop as a result 
of the mechanical systems involved. For this reason, the follow
ing discussion of resistors will pertain to fixed resistors in par
ticular, and it is to be understood that the same defects can 
occur in variable units. 

22-6. Power Rating of Resistors.-The power rating of a 
resistor in watts depends mainly on the area of the resistance 
element exposed to ventilation, the heat radiating qualities of 
the surface of the resistance element, the heat conducting prop
erties of the insulating form on which the resistance wire is 
wound, and the temperature difference between the resistor and 
its surroundings. When a resistor has a certain power rating, 
it means that that electrical power (in watts) can be dissipated 
in it by being converted into heat. This heat is subsequently radi
ated and conducted from the resistor when it is in open space 
at room temperature. If that same resistor were placed 
in a refrigerator which is held at a low temperature, then 
that self-same resistor could be made to dissipate much more 
electrical power and heat than its rating indicates, without any
thing happening to it. In other words, the power rating of a 
resistor is the amount of electrical power ( in watts) that it can 
dittsipate in the form of heat without producing more than a cer
tain specified temperature me, when it is located in surrounding, 
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of a certain specified temperature. If there were some external, 
artificial means present to cool the resistor (a refrigerator, a 
fan, etc.), then it could handle more power and radiate much more 
heat without reaching a high temperature. At a certain high 
temperature, a chemical change takes place in the resistor ele
ment, and it usually burns out as a result. If the temperature at 
which this would occur is always much higher than the normal 
operating temperature of the resistor, then it can operate at the 
normal value (without deterioration) for relatively long periods 
of time. 

The importance of this point must not be underestimated. The 
final temperature which a resistor assumes depends not only upon 
the heat generated in it, but, also, upon the temperature of the sur
roundings. A certain resistor may be generating about 0.1 watt of 
heat, and it may be tucked in some corner of a radio set chassis 
which is at a temperature much higher than that of the resistor 
alone. The result is that heat enters the resistor from the sur
roundings instead of the resistor radiating heat to the sur
roundings. When equilibrium is established, the temperature of 
the resistor is much higher than normal and is probably equal 
to that of the surroundings. And if this temperature is high 
enough, the resistor may bum out, even though the current 
through it is well within the value recommended by the manu
facturer. This condition is very apt to occur in those extremely 
compact midget receivers in which sufficient ventilation is not 
provided. It is interesting to note here that the standard RMA 
definition of the maximum wattage rating of wire-wound resis
tors of the vitreous enamel type is: 

"the input in watts required to produce a temperature 
rise of 250 degrees Centigrade ( 482 degrees Fahrenheit) 
at the hottest point of the resistor, when the resistor 
is surrounded by at least one foot of free air, the sur
rounding air being at a temperature not exceeding 40 
degrees Cent. (104 degrees Fah.) ." 

This is the basis upon which manufacturers of wire-wound re
sistors for radio work rate their resistors. Any radio service man 
knows that when these resistors are mounted in the usual posi-
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tions inside of radio sets, where ventilation is extremely re
stricted, and where heat from adjacent parts such as power 
transformers, other resistors, tubes, etc., makes the surrounding 
temperature much higher than 40° C., the condition existing is 
very far from the 40° C. open-air condition for which the 
power rating of the resistor is really specified. Because of these 
conditions, wire-wound resistors should be operated at no more 
than a fraction (usually ½) of their nominal power rating when 
mounted inside of a radio receiver chassis. 

Since the resistance of moulded-carbon type resistors de
pends so much upon the temperature and applied voltage, they 
may change their resistance so much because of these two f ac
tors that their resistance value may be incorrect for the purpose 
intended. Therefore, greater difficulties are encountered when 
attempting to rate resistors of this type. In fact, no standard 
rating has yet been worked out, but in practice, as a maximum, 
one square inch of radiating surf ace of these resistors is con
sidered capable of dissipating safely the heat generated by one 
watt of electrical energy. 

When selecting resistors for replacement purposes, great care 
should be taken to obtain units which are large enough for the ap
plications for which they are to be used, and also to get high-qual
ity units which will stand not only the heat generated but also the 
alternate heating and cooling to which the unit may be subjected 
in service. This will obviate future difficulties. The difference 
in cost between satisfactory resistors and inferior ( or insuffi
ciently large) ones is usually so small that it does not pay to run 
the risk of repeated trouble by using the latter. 

22-7. Short-Circuited Resistors.-A resistor rarely short
circuits within itself. Short-circuits practically never occur in 
solid and metallized types of resistors, although they may occur 
in the wire-wound type. Short-circuits may occur between turns 
of wire or between layers of multi-layer resistance windings, and 
thereby decrease the value of the resistance between the main 
terminals. It is possible, though, for any type of resistor to have 
its terminals short-circuited by some other piece of metal, such as 
the chassis; but this condition does not constitute a short-circuit 
within the resistor itself. Moreover, in this case the resistor 
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will test normal when removed from the circuit in which it is 
connected. 

The possibility of a resistor becoming partially short-circuited 
internally is even less than its becoming completely short-cir
cuited. When a resistor becomes partially short-circuited, one 
part of the resistance element must touch some other part, and 
this can occur only in wire-wound units. 

22-8. Grounded Resistors.--Vibration may cause a resistor 
to become grounded to some other component or circuit through 
physical contact, resulting in the altering of its position. How
ever as a general rule a resistor does not ground within itself. 
There is an exception to this, though, in the case of resistors 
which are insulated and encased in a metal shield, as shown in 
Fig. 22-3. Since the unit is mounted upon the chassis, break
down of this insulation at some point may cause the unit to 
ground. Also, in some cases, the heat may cause the form, on 
which a wire-wound resistor is wound, to warp so that the wire 
touches some part of the chassis. 

22-9. Noisy Resistors.-N oisy resistors are one of the 
most frequent causes of noisy reception. A resistor is said to 
be "noisy" when it changes in value from instant to instant. 
If the rate of change is fast enough, the varying current caused 
by the varying resistance generates a varying voltage in the r-f 
or a-f circuits which is amplified and reproduced in the usual man
ner as continuous "scratchy" noise. If the rate of change is slow 
the noise may appear simply as a series of intermittent clicks. 

A fixed resistor may become noisy if it is operated with much 
more current flowing through it than it is designed to carry, or 
when its operating temperature is higher than it would be if 
normal, rated current flowed through it in surroundings of nor
mal temperature. However, fixed wire-wound resistors are not 
usually noisy. Moulded-carbon resistors are the most frequent 
off enders in this respect. When they are raised to a high tem
perature during operation, the particles of the carbon in the 
mass become so hot that tiny arcs occur between them. Further
more, the carbon particles fuse together, and their resistivity con
sequently changes. The net current flowing through the unit will 
then have minute variations, which may be called the noiae 
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current. The only manner in which this noise current may be 
reduced, is by reducing the operating temperature of the resist
ance element either by reducing the temperature of the surround
ing air or decreasing the current through it. Of course, substitu
ting a resistor of the same resistance value but adequate power
rating is the more practical remedy. 

Variable resistors are especially apt to become noisy. Poor 
contact between the arm and the resistance element, poor tension 
in the spring that keeps the arm on the resistance element, wear
ing away of the element due to pressure of the arm, bumpy 
spots in the element, oxidation of the surf ace of the element and 
the wiping surf ace of the arm, and oxidation of the contact sur
face between the rotating arm and the terminal, all result in 
noisy reception. The only manner in which these units can be 
repaired is by taking them apart and cleaning the oxidized ele
ments whenever it is practical to do so. For details concerning 
the repair of components used in radio receivers, the reader is 
ref erred to Chapter XX.VI. 

22-10. Temperature Coefficient of Resistance.-lt is gen
erally well known that temperature has an effect on resistance. 
In instances when the resistor is of the wire-wound type, the re
sistance will increase with an increase in temperature, and, when 
the unit is of the composition type, such as carbon or graphite, 
the resistance will decrease with an increase in temperature. 
(The change in resistance per ohm per degree C change in tem-
perature is called the temperature coefficient of resistance.) 
Since many of the resistors in radio receivers are connected in 
circuits in which appreciable current is flowing, a certain amount 
of heat is generated in them. This heat will change their re
sistance. Therefore, the unit will possess "cold" and "hot" re
sistance values, which may differ considerably. 

For most resistance measurements, it is necessary to make a 
"cold" resistance test, in order to obtain uniform indications; 
that is, the resistor must be permitted to cool before making the 
test. On the other hand, there are some instances when a "hot" 
resistance test is valuable. This is true in the case of carbon re
sistors employed as part of the voltage-dividing systems of radio 
receivers. Excessive current passing through such units will mater-
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ially change their value, of ten affecting the normal operation of 
the receiver. This condition may not be disclosed if the test is 
made after the resistor has been given an opportunity to cool. 
(See Resistance Data for Common Elements and Alloys, in the 
author's Radio Trouble-Shooter's Handbook for further technical 
details concerning the effect of temperature on the electrical 
resistance of common elements and alloys.) 

22-11. Voltage Coefficient of Resistance.-Closely allied 
with temperature coefficient is voltage coef/ici.ent. This is de
fined as the difference between the resistance value obtained 
when the measurement is made with a high voltage, and that 
obtained when a low voltage is used. In other words, a resistor 
may have one resistance value when measured with a high volt
age applied across it for the measurement, and quite 
another value when measured by this same method when 
the applied test voltage is small. The reason for the change in 
resistance with changes in applied voltage is the same as for 
changes in temperature, for the increased applied voltage causes 
an increased current to flow through the resistor, and increased 
current generates increased heat, which increases the operating 
temperature and changes the resistance. 

Both voltage and temperature coefficients really mean the 
same thing, but resistance manufacturers use the term voltage 
coefficient because its interpretation is in terms of more prac
tical units. The measurement of temperature coefficient of re
sistance requires rather an elaborate laboratory set-up, which 
is not required for voltage coefficient measurements. Of course, 
composition carbon type resistors are the worst off enders in this 
respect. Increases in applied voltages to circuits in which they 
are connected cause their resistance to decrease. This drop, 
in poor resistors, may be as high as 25 per cent of the total re
sistance-enough to cause serious electrical unbalance of the 
circuits they are connected in. \Vire-wound resistors are af
fected very much less by this condition. Their resistance tends 
to increase slightly with increase in applied voltage. 

22-12. Tolerance of Resistors.-When checking the resist
ance values of resistors, or when purchasing new ones, the man-
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ufacturing tolerances should be considered. The average toler
ance of resistors employed in radio receivers is usually about 
plus or minus 10 per cent. As an example of just what this 
means, if such a resistor is marked 1,000 ohms, its actual re
sistance may be anywhere between 900 and 1,100 ohms. This 
tolerance will vary in different cases, the function of the unit in 
the circuit being the determining factor. If the resistor carries 
current, thereby producing a voltage drop, the average tolerance 
is from 5 to 10 per cent. Wire-wound resistors are commonly 
held to tolerances of plus or minus 5 % . In the case of high re
sistances, such as are used for grid leaks in resistance-coupled 
amplifiers and in ave circuits, a tolerance as high as 20 per 
cent is permitted, since these units carry very little, if any, cur
rent, and their resistance value is not critical. Closer tolerances 
are employed, and should be expected, when measuring the value 
of resistors employed in filament circuits. Usually the tolerance 
here is approximately 5 per cent. 

22-13. Testing Resistors for Open-Circuits with the Ohm
meter.-Testing a resistor is usually synonomous with meas
uring its value, and the ohmmeter is without doubt the most 
convenient and most accurate device at the disposal of the ser
vice man for making this test. Readers who wish to refresh 
their knowledge of ohmmeters should review Chapters III to V. 

If a resistor is suspected of being open-circuited, it should first 
be disconnected from the circuit in which it is connected, and 
then tested. If it is not disconnected, there is a possibility of 
some other unit connected to it acting as a shunt path, causing a 
false resistance reading to be obtained on the ohmmeter. For 
example, a leaky condenser may be in parallel with the resistor 
under test, as shown at (A) of Fig. 3-16 (Chapter III). If the 
ohmmeter is placed across the terminals of the resistor, and if 
the resistor itself is open-circuited, the ohmmeter will read the 
resistance of the leakage path in the condenser. On the other 
hand, if the resistor is normal, the ohmmeter will read the com
bined leakage and resistor resistances. To avoid any such 
discrepancies, one end of the unit under test should always be 
disconnected from all other components in the circuit, as shown 
at (B) of Fig. 3-16 (in Chapter III). 
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Set the ohmmeter range so that the normal value of the re
sistor is read on a convenient part of the scale, and place the 
test prods across the terminals of the resistor ( observing the pre
cautions illustrated in Fig. 3-16). If it is open-circuited, the 
ohmmeter will read infinite ohms. It must be recalled that 
zero ohms on an ohmmeter may be indicated by either full
scale or zero deflection, depending upon the type of ohmmeter. 
It will be remembered from our study of ohmmeters in Chapter 
III that zero deflection of the pointer is zero ohms on shunt
type ohmmeters, and full-scale deflection is zero ohms on series 
type ohmmeters. Throughout this chapter the diagrams will 
illustrate the readings of series type ohmmeters; the text will 
ref er to the reading of the ohmmeter in ohms, not in deflection 
of the pointer, unless otherwise stated. 

If the ohmmeter indicates a very high value of resistance, it 
may not mean that the resistor is closed, since a shunt path 
that is not apparent may exist. For example, if the fingers 
touch the metal parts of the test prods while making a reading, a 
very appreciable error will result (see Fig. 3-15), especially if 
the fingers are moist and the high-resistance ranges of the in
strument are employed. The table or bench on which the re
sistor is rested should be a fair insulator, and should not be 
painted with paint having an excessive amount of lamp black, 
(which contains carbon), otherwise the ohmmeter will indicate 
the resistance of the paint in parallel with that of the resistor. 

In connection with the ohmmeter test, the important thing to 
realize is that the ohmmeter will read the actual value of re
sistan~e between the test-prod terminals, not only open- and 
closed-circuits. 

22-14. Emergency Open-Circuit Tests for Resistors.
Although the ohmmeter is undoubtedly the most convenient de
vice for continuity testing, there are times when it is not avail
able or it has been damaged accidentally. In such cases, the 
service man should know other emergency methods for perform
ing the simple fundamental tests already outlined-even if only 
temporarily. 

Perhaps the best known and most widely used emergency 
continuity testing device when no electrical measuring instru-
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ments are available, is that of a battery and pair of earphones 
connected as shown at (A) of Fig. 22-2. Two adaptations of 
this method which are also very handy are the combination of 
an incandescent lamp bulb in series with the light line circuit, as 
shown at (B), and a 4½-volt C battery and flashlight bulb, pic
tured at (C). 

When the test arrangement of (A) is used and the test prods 
are connected across the resistor, a click will be heard in the 
phones; likewise when the test prods are removed. Obviously, 
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FIG. 22-2.-Tbree simple continuity testers which may be used 
when an ohmmeter is not available. 

(A) Tester consisting of a B battery and a pair of earphones. 
(B) Tester consisting of a 110-volt incandescent lamp and 

voltage supply. A neon bulb used here instead of the incandescent 
lamp is more reliable, as it requires much less current to operate it. 

(C) Tester employing a small 4½-volt C battery, or flashlight 
batteries, and a 6-volt flashlight bulb. 

this test depends upon the change in current occasioned by the 
opening and closing of the circuit actuating the phones. It is 
also clear that this test only indicates whether or not the circuit 
is open or closed, and does not give any quantitative indication 
of the value of the resistance. 

The systems shown in (B) and (C) are suitable only when 
the resistance under test is of the same order of magnitude as 
the resistance of the lamps. If the value of the resistor under 
test is very small compared to the resistance of the lamp, then 
the lamp will light brightly-under these conditions, the resistor 
is definitely shown to have a closed (continuous) circuit. On 
the other hand, if the value of the resistor is very high com
pared to the resistance of the lamp, then, even if the resistor cir-
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cuit is continuous, the current flowing through the lamp will be 
so small that it will be insufficient to light it at all. Consequent
ly, when this is the case the lamp test is not a reliable indicator 
of whether the circuit of the resistor under test is continuous or 
open. 

It is not always desirable to increase the battery voltage 
used in the test circuit in order to try to light the lamp, since the 
current flowing through the resistor may be made so high that 
it will burn out; hence, this type of test has definite limitations. 
It is suitable for determining open-circuits only when the resist
ance under test is not greater than about five times the resist
ance of the lamp. The system at (A), however, is suitable 
for testing resistances hundreds of times greater than the d-c 
resistance of the windings of the phones, since a good pair of ear
phones will "click" on very minute currents. 

The system shown at (B) can be improved considerably so 
that it will give a reliable continuity indication, if a small 110-
volt 2-watt neon lamp (an ordinary neon "nite-lite" will do) is 
used instead of the incandescent lamp. On d-c circuits, one elec
trode will glow if the circuit is continuous; on a-c circuits, both 
electrodes will glow. Neon lamps require such small currents to 
make them glow, that they give satisfactory continuity indica
tions even if the circuit contains a high resistance. For this 
same reason, when the circuit of any resistor is tested for con
tinuity with a neon tube tester, first make sure that the resistor 
is not shunted by any condenser, no matter how small, for the 
condenser itself will cause the neon tube to light, especially if 
the condenser is leaky (see Arts. 22-27 and 22-30). 

A voltmeter alone (see Art. 3-7), or a voltmeter and milliam
meter (see Art. 3-4), may also be used for emergency checking 
of the continuity of resistors, if they are available. Of course, 
a suitable source of voltage must also be at hand if these instru
ments are used. 

22-15. Testing Resistors for Short-Circuits. - The 
method of testing resistors for short-circuits is similar to the 
open-circuit test described in the preceding section. The term
inals of the ohmmeter are placed across the terminals of the 
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resistor under test and the reading noted. If the ohmmeter reads 
zero ohms (full-scale on a series ohmmeter, or zero on a shunt 
instrument), then the resistance is short-circuited. 

One precaution must be taken in this test: the ohmmeter 
must be capable of reading low values of resistance-values con
siderably lower than the rated value of the resistor. Thus, if 
the rated value of a resistor is 100,000 ohms, and the ohmmeter 
reads about zero on the 0-2,000-ohm scale, the resistor is definite
ly short-circuited. On the other hand, if the rated value of the 
resistor is but 5 ohms and the ohmmeter reads about zero ohms, 
the accuracy of the ohmmeter at very low resistance values on 
this range should be considered before definitely judging the resis
tor to be either perfect or faulty. It would be more satisfactory 
to use a lower range, say 0-10 ohms to measure this resistance. 

Emergency test circuits using earphones, a lamp and a bat
tery, or a voltmeter and milliammeter, are valuable for testing 
for short-circuits. If no click is heard in the phones when the 
test prods are connected across the terminals of the resistor, it 
is open-circuited; if a click is heard, and the intensity of the 
click is less than that heard with the test prods touched directly 
together, the resistor is not short-circuited, although it is diffi
cult to tell if it is partially short-circuited. However, partially 
short-circuited resistors are so rare that if the click is less in
tense than that heard with the test prods touched together; the 
resistor may be assumed to be good. 

The earphone test has one serious limitation: it is necessary 
that the resistance of the unit to be tested be appreciable com
pared to the d-c resistance of the windings if a click of lowered 
intensity is to be heard. In other words, if the resistor has a value 
that is small compared to the resistance of the windings of the 
phones (2,000 ohms or more), the intensity of the click may be 
just as loud as when the test prods are touched directly to
gether; under these conditions, one cannot tell the difference 
between a short-circuited resistor and a normal one. 

The incandescent lamp test in Fig. 22-2 can be used for short
circuit tests only when the resistor to be tested has a value that 
is appreciable compared to the resistance of the lamp. If it is 
smaB compared to the lamp resistance, the lamp will appear 
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fully lit, and the short-circuited condition, if it exists, cannot be 
identified with certainty. 

22-16. Testing Resistors for Partial Short-Circuits.
Although partially short-circuited resistors are rare, tests may 
be made for this condition. The ohmmeter is the most reliable 
instrument that can be used; the emergency tests described in 
Arts. 22-14 and 22-15 (with the exception of the milliammeter
voltmeters test) are entirely unreliable for this test. The limi
tations imposed by the emergency tests have been discussed in 
the two preceding sections, and the reader is ref erred to them 
for a discussion as to why partially short-circuited resistors can
not usually be distinguished from short-circuited resistors by 
means of these tests with any degree of success. 

22-17. Testing Resistors for Grounds.-The metal caps at 
the ends of the resistor, or the lead wires at the terminals of a 
resistor may touch the metal chassis of the receiver and so be
come grounded. This condition can usually be ascertained by 
visual inspection of the resistor while it is in the receiver. There 
are certain other resistors which may become grounded within 

FIG. 22-3.-How a metal-clad re
sistor should be tested for possible 
grounds between the resistor ele
ment and the metal shield. The 
test is made between the shield 
mounting lug and one terminal of 
the resistor. 

themselves. These units are usually encased in a metal shield 
which is grounded to the chassis. Any short-circuit between the 
.resistance element and the shield will, of course, ground the re
sistor. 

This condition may be determined by removing the unit from 
the chassis and testing between shield and each terminal, in 
turn, with an ohmmeter. A continuity indication on the ohm
meter indicates a grounded resistor. If it reads "zero ohms" 
when the test prods are connected between the shield and 
one terminal, then that terminal or the resistance wire near that 
terminal is touching the shield ; if the ohmmeter reads some 
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definite resistance, then the resistance element is touching the 
shield somewhere along its length. The ohmmeter connections 
and reading for this condition should be as shown in Fig. 22-3. 
An "infinite resistance" reading (open-circuit) indicates that 
no ground exists between the resistance element and the metal 
shield. 

For emergency purposes, either the earphone, lamp test, or 
voltmeter test may be used for determining whether a ground 

FIG. 22-4.-A calibrated 
"resistor indicator" which 
may be used for determin
ing resistance values, and 
for miscellaneous other 
uses. 

Oourtt1'11 lnt~mational BeaiataM• Oo. 

exists in a resistor, as described in Art. 22-15 for short-circuits and 
in Art. 22-16 for partial short circuits. These sections should 
be read carefully, so that the limitations of tests made with these 
emergency set-ups will be understood clearly. 

22-18. Resistor Indicator.-A rather novel little device 
which finds many uses in the daily work of the radio service 
man is illustrated in Fig. 22-4. Essentially, it consists of a 
wire-wound resistor. A slider moving over the resistance element 
enables any part of the total resistance to be selected. In other 
words, it is a large potentiometer-and it is calibrated directly 
in ohms by the manufacturer. The "ohms" scale may be seen in 
the illustration, along the top of the enclosing case. Two ranges 
of resistance are available, 100 to 10,000 ohms and 10,000 to 
100,000 ohms. The resistance element is protected from acci
dental overloads and consequent burn-outs by a small fuse which 
may be seen mounted at the right end. 

Although this "resistor indicator" has many useful applica
tions where a calibrated adjustable resistor is necessary, there is 
one that is particularly important. The service man is called 
upon to service many receivers in which the resistors are not 
color coded at all, or are color coded according to some individ
ual manufacturer's system instead of to the standard-RMA 
code (see RM A Color Codes in the author's Radio Trouble-
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Shooter's Handbook). Furthermore, a circuit diagram of such a 
receiver, with all resistor values marked on it, may not be avail
able. If a resistor in such a receiver becomes open, or shorted, 
etc., the service man has no simple way of finding out what size 
replacement resistor should be substituted for the faulty one, for 
he is unable to measure its correct resistance. The correct value 
of replacement resistor can be determined quickly, however, by 
disconnecting the faulty resistor from the circuit and inserting 
this "resistor indicator" in its place. The receiver is then turned 
on, and the value of the resistor indicator is varied until the volt
age drop across the indicator is the same as that which should 
exist across a good resistor of proper value normally connected 
in the circuit. From the position of the arm, the value of re
sistance that should be used may be read directly. If a replace
ment resistor of the correct value is not at hand, this resistor 
indicator may even be used to permit temporary use of the re
ceiver until the proper resistor can be obtained. 

22-19. Common Troubles in Air-Core Coils.-Two main 
types of coils are used in radio receivers: those wound on iron 
cores (such as the windings of power and audio transformers, 
filter and audio chokes, dynamic speaker fields, iron-core i-f trans
formers, etc.), and those coils which have an air core (such as 
r-f and most i-f coils, and r-f chokes). It is possible for the 
windings of any of these units to become open-circuited, short
circuited, partially shorted, or grounded. 

Any of the continuity-testing devices already described may 
be used to test coils, as the fa ult ( if any) is most often caused 
by either short-circuited or open-circuited windings. However, 
in the case of partial shorts, it is necessary to use a good ohm
meter or other test instrument capable of measuring resistance 
values accurately to at least ½ ohm. 

The reader may wonder how it is possible to tell whether a 
coil is partially shorted unless the full, normal resistance is 
known. In most receivers there is usually another coil which is 
similar to the one suspected, and the d-c resistance of one of 
these may be compared with the resistance of the suspected one. 
For example, a receiver may have two to four r-f stages, neces-
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sitating, in most cases, the use of from three to five r-f coils. In 
superheterodynes, there are usually one to three i-f stages, neces
sitating the use of from two to four i-f transformers. Gener
ally, these coils are wound alike and therefore have equivalent 
characteristics, so their d-c resistance values are comparable. 

A partial short-circuit is most of ten encountered in coils which 
have more than one layer of turns. The partial short-circuit 
occurs when one or more turns of one layer short-circuit to one 

OICE~COI~ 
YER-WOUND> 

SHORT-CIRCUtTEO COIL LEAD 
TURNS IN OUTER SNAPPEDAT 

LAYER LUG 

<A> CB) 

FIG. 22-5.-A few common troubles 
which may occur in air-core coils and 
transformers. 

1-F' TRANSF'ORMER 
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or more turns of an adjoining layer due to breakdown of the in
sulation between them. In the case of a dynamic speaker voice 
coil, the constant, rapid movement of the cone often loosens the 
coil winding. If the loosened wire rubs against the pole pieces, 
the enamel or cotton insulation on the top layer of wire will be 
worn away. This results in the short-circuiting of almost the 
entire layer, as shown at (A) of Fig. 22-5. 

The short-circuiting of a single layer is usually of major con
sequence in dynamic speaker voice coils, since the entire winding 
consists only of two, three, or possibly four, layers. The short
circuiting of a single layer is usually of little consequence in a 
multi-layer coil winding (such as one winding of an a-f trans
former), since the one layer is only a small part of the entire 
coil. This is also partly true of r-f and some i-f transformers, 
for when the coils are tuned the partial short-circuit may usually 
be compensated for, by an adjustment of the tuning condenser, 
unless, of course, the tuning condenser associated with the par
tially shorted coil is part of a "gang" unit. In this case, "in-
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dividual" compensation is secured by adjusting the trimmers. 
Any of several conditions may cause open-circuits in air-core 

coils. In r-f coils and chokes, an open-circuit is most frequently 
caused by a break in a connecting lead directly at the term
inal lug, as shown at (B) of Fig. 22-5. Since the coils are wound 
tightly and are of thin wire, vibration or contraction of the wire 
due to temperature changes may snap one of the leads. 

The most common cause for an open-circuited i-f coil wind
ing can be traced to the pigtail connections used. Here, the fine 
wire comprising the winding is usually brought out to the lug 
terminal by means of flexible lengths of insulated stranded wire 
(pigtails) . The break usually occurs at the point of connection, 
as shown at (C), due to a poorly soldered or corroded joint or 
excessive trimmer condenser vibration caused by the speaker. 

Grounding of the terminals of an air-core coil or transformer 
is also possible when the coil or transformer is enclosed in a 
shield. In this instance, however, the ground is generally due 
to one or more of the terminal lugs or leads shifting its position 
because of vibration, as shown at (A) of Fig. 22-6, resulting in 
a short-circuit to the metal shield which is usually at ground 

R-r COIL 
IN -..._rr--._,. 

SHIELD 

LUG GROUt,fDING SHARP toGE or CAN 
TO SHIELD CUTTING INTO 

IN5ULATION 
CA) ( e) or LEAD 

FIG. 22-6.-Two possible ways in which the terminals of a coil 
or transformer may ground to the metal shield which encloses it. At 
(A) the coil bas metal terminal lugs; at (B) the coil has flexible
lead terminals. 
potential. In other cases, the defect may be caused by a sharp 
edge on the shield piercing the insulation of one of the connecting 
wires to the coil where the wire passes through the shield, as 
shown at (B). The presence of such a grounded circuit will us
ually result in an inoperative receiver, unless the grounded cir-
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cuit was also previously at ground potential or slightly above it. 
Short-circuits in the coils of radio receivers are not infre

quent. This trouble in the case of air-core coils is usually due 

"-r COIL 

l"RIMA"Y OR SECONOA"Y COIL 
LUGS SHO"T-CIRCUITING 

1-,- TRANSrOII.M ER 

'°'" MARY LEAD 5HORTI NG TO 
SECONOA"Y LEAD 

FIG. 22-7.-How short-circuits may occur between the terminals 
of the same winding, or between separate windings, of air-core coils. 

to two or more terminal lugs or leads short-circuiting to one 
another as shown at (A) of Fig. 22-7, or to a lead of one coil 
winding short-circuiting te another lead from the same coil, 
or to one from another coil, as shown at (B). This latter 
trouble is found most often in i-f transformers. If it is the prim
ary winding of the coil that is short-circuited to itself, it is possible 
that the receiver will operate weakly, or not at all, but a short-cir
cuited secondary winding will generally result in an inoperative 
receiver. Should a lead from the primary winding short-circuit 
to one from the secondary winding, as pictured at (B), the re
ceiver will be inoperative; and if the secondary return is above 
ground potential, an abnormally high "positive" voltage (the 
plate voltage of the preceding tube) will be applied to the grid 
of the tube. 

Leakage between coil terminals ( caused by absorption of 
moisture by the coil form) necessitates the baking out and 
subsequent moisture-proofing of the entire coil. 

22-20. Common Troubles in Iron-Core Coils and Trans
formers.-Coils having iron cores are subject to the same gen
eral troubles as are air-core coils: they can open-circuit, short
circuit, become partially short-circuited, and grounded. 
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The troubles occurring in filter chokes and dynamic speaker 
field coils may be considered together, since they are quite simi
lar. The most common troubles in these units are open-circuits 
and grounds. When a ground occurs, it is usually possible to 
locate the point where the winding is touching the core by in
specting the unit closely-removing the coil from the core if 
necessary. Additional insulation should be introduced at this 
point. If this is not possible or to do this is impractical, a new 
choke or field coil should be used. 

In the case of open-circuits, the location of the open point 
should first be determined by test and inspection. If the open
circuit is due to a broken coil lead, or a faulty terminal joint, the 
remedy is apparent. If the break lies inside the coil winding, it is 
usually best to replace the unit. If the coil has actually burned 
out ( as evidenced by a charred condition of the winding) the 
entire receiver circuit should be checked carefully for a 
"grounded" or "shorted" positive potential circuit, for a trouble 
of this kind causes excessive current to flow through the filter 
choke windings, causing excessive heating, progressive deterior
ation of the insulation on the windings, and eventual layer-to
layer shorts with consequent breakdown. Naturally, any such 
trouble must be remedied before a new choke or speaker field 
winding is installed, for otherwise the new unit will shortly meet 
with the same fate as the previous one. 

In the case of filter chokes, loose laminations often cause ex
cessive hum. This may be remedied by tightening the screws in 
the core-clamping frame or by first loosening these screws, in
serting thin fibre wedges between the loose laminations, and 
then tightening the screws. It is well to place lock washers under 
the nuts of these screws to prevent them from being loosened by 
vibration. It is often necessary to drive ( very ca.ref ully so as 
not to damage the windings) small wooden wedges between the 
coil and the core in order to prevent a winding which is loose, 
from vibrating on the core. In extreme cases of hum due to 
vibration, it may be necessary to enclose the complete unit in a 
metal can and fill up the entire space around the unit with hot 
pitch or some other impregnating compound. 

Audio transformers (including input, intermediate and out-
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put types) are usually wound with thin enamel-covered wire (No. 
40 or smaller) . Heavier flexible pigtail leads are soldered to this 
small wire at the ends of the windings, and connect them to the 
transformer terminals. The use of this thin wire and these sol
dered joints makes these units subject to the following trouble: 
(a) mechanical fracture of the wire due to expansion and con
traction caused by excessive temperature changes; (b) chemical 
corrosion due to unsuitable enamel coating on the wires, acid 
soldering flux, human acid from the hands of workers, chem
icals exuded from the transformer bobbin or the interleaving 
paper, acid in the impregnating compound; ; (c) burned-out prim
ary due to the flow of excessive plate current because of some 
other trouble in the receiver; (d) breakdown of internal insula
tion due to surge voltages. Let us now analyze these troubles 
in detail. 

·when the temperature of the wire of a coil is raised by the 
flow of current through it (and possibly by heat from other com
ponents near it) the coil expands. If the wire is wound tightly 
and the expansion is too great, the wire will experience increased 
tension and it will snap. In reality, it is the combination of the 
expansion and another contributing factor which causes it to go. 
When the tension on a wire increases, it becomes thinner; and 
when the diameter of a wire decreases, the safe current-carrying 
capacity decreases. The result is therefore cumulative, so that 
a poorly ventilated coil may burn out when carrying much less 
than rated current because of the cumulative action of the high
temperature, expansion, and decreased current-carrying cap
acity. 

The troubles due to chemical corrosion in the windings are 
of course entirely at the control of the manufacturers. Improved 
manufacturing methods have reduced these troubles in the more 
recent receivers, but they are still common in the older sets. 
Corroded internal joints are prevalent especially where receivers 
are located along sea coasts or other places of high humidity. In 
many cases, intermittent contact occurs at the joints before final 
failure results, making the receiver extremely noisy. Of course, the 
transformer should be replaced if any of these troubles occur. 

In the case of a burned-out primary winding in an audio 
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transformer, a thorough check should be made of the circuits 
of the tube preceding the transformer before a new one is in
stalled, for some trouble in these circuits may result in the flow 
of excessive current through the primary winding of the a-f trans
former, leading to its eventual burn-out. Among such possi
bilities may be mentioned, shorting of the plate to some other 
element in the tube preceding the transformer, grounding of the 
"plate end" of the plate circuit, shorting of the grid-bias resistor 
by-pass condenser, an open circuit in the control-grid circuit, etc. 
All of these troubles will result in excessive current flow through 
the primary winding of the a-f transformer which follows, and 
possibly cause it to burn out eventually. 

Breakdown of the internal insulation in an a-f transformer 
can occur in several ways. An a-f transformer coil with many 
turns of fine wire usually has a high resistance, and, when the 
current through the coil is comparatively high, a high difference 
of potential exists between the terminals of the coil, between 
layers, and between layers and the core ( which is usually 
grounded). This means that if the insulation between layers of 
a coil is poor at one spot, the potential difference between that 
point and a corresponding point on an adjacent layer may be
come high enough to cause a spark or are to jump between 
layers. This raises the temperature of the points between which 
the sparking or arcing takes place, and the intensity of the 
spark or arc increases. This, in turn, raises the temperature 
still further, until eventually the temperature becomes so high 
that the thin wire burns out. 

The insulating paper used between layers must be perfectly 
dry throughout, and the insulation on the wire m.ust be uniform 
throughout. One weak spot is usually sufficient to cause the 
cumulative action just described to take place. 

Sudden surges of current may also cause a-f transformer and 
other iron-cored coils to burn out. When the current flowing 
through a coil varies in any way, a voltage is generated in that 
coil (by self-induction) ; and, if the current changes are rapid, 
the voltage generated becomes high. Thus, if a tube which has 
the primary of an audio transformer connected in its plate cir
cuit is pulled out and pushed into its socket frequently, the sudden 
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interruptions of the plate current may generate an excessively 
high voltage in the primary winding and so cause a break
down of the insulation between layers. The primary, of course, 
then open-circuits. This is especially important in the case of 
power tubes which draw rather large plate currents. They should 
never be removed from their sockets unless the receiver is turned 
off. 

The breaking down of the insulation between the winding 

AUD O TRANSf"ORMER 

PRIMARY 
GROUNDING 
TO CORE 

FIG. 22-8.-How breakdown may 
occur between the inner winding 
and the core of an a-f transformer. 
The fine wire usually burns away 
at the point of breakdown, result
ing in an open-circuit in the wind
ing. 

and the core of an audio transformer is illustrated in Fig. 22-8, 
but it should be remembered that the breakdown may occur 
through several layers to the core, not necessarily between the 
core and the layer adjacent to it. 

Parts of a-f transformer windings may short-circuit together. 

FIG. 22-9.-How the B-voltage 
sends an excessive current through 
part of the primary and secondary 
coils of an a-f transformer whose 
primary has grounded to the sec
ondary. 

The short-circuit is almost invariably caused by excessive cur
rent or operating temperature, for the reasons discussed in the 
preceding few paragraphs. 

Short-circuits between the primary and secondary of audio 
transformers are rarely detected by tests, inasmuch as such short
circuits usually place the B voltage across part of the primary 
and secondary in series, as shown in Fig. 22-9. This high voltage 
is usually great enough to send sufficient current through the 
wires to burn them out at the point of contact before the actual 
primary-secondary short-circuit is detected. 
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Power transformers are subject to three main troubles: open, 
shorted, and grounded windings. t These transformers usually 
contain a primary winding which may or may not have taps, a 
high-voltage secondary winding with a center tap, and a number 
of low-voltage filament windings. Due to the multiplicity of 
windings these transformers should be tested preferably when 
entirely disconnected from the receiver-if this is feasable. The 
primary winding often grounds to the core or the static shield* 
(if one is used). The usual power transformer is constructed 
with the primary wound directly over the core, the static shield 
(if one is employed) surrounds the primary winding, the 
high-voltage secondary is wound over the static shield, and 
the low-voltage filament windings are wound over the high-volt
age winding. The various windings are insulated from each 
other and from the core and static shield. However, some fa ult 
may develop, and cause a "ground" between the primary and 
either the core or static shield, between the high-voltage secon
dary and the static shield, or the filament winding next to it, etc. 

One point to remember here is that in some power trans
formers the center-tap of the high-voltage winding is connected 
to the core or the static shield, so that the midpoint of this 
winding is always at ground potential. Naturally, in this case, 
an ohmmeter test between each end ( or the center-tap) of this 
winding and the static shield (or core) will reveal a closed cir
cuit. In such cases it is best to make a check by measuring 
the a-c voltage existing across each half of the winding when the 
transformer is loaded normally. If normal voltage readings are 
obtained across both halves, it indicates that the center tap is 
purposely grounded to the core or to the static shield. 

22-21. Testing Coils and Transformers for Open-Circuits. 
-Any continuity-testing instrument or arrangement may be 
used for testing coils for open-circuits (see Art. 22-14) regard-

•Note: See pages 1100 and 1101 and Fig. 30-22. 
tNote: A disturbing hum caused by excessive vibration of the lam

inations of power transformers may be eliminated by the same remedies 
explained for filter chokes (Art. 22-20). 

When a power transformer has failed, the filter condensers should be 
checked. Wet electrolytic condensers will often test O.K. when cold, but 
when voltage Is applied, the defective one will heat up and place an ab
normal load on the transformer. Observe a set carefully for the first 15 
minutes after lnstalllng a new power transformer, to see whether or not 
the fllter condensers are heating. This precaution will prevent a possible 
second transformer failure. 
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less of whether the coil is of the air- or iron-core type, provided 
that the instrument is such that it would indicate properly if the 
coil were not open. For instance, either of the incandescent lamp 
arrangements of (B) or (C) of Fig. 22-2 would not be satisfac
tory for testing the windings of audio transformers for open
circuits, for, even if the windings were in perfect condition, the 
lamp would not light because the resistance of the windings is 
so high that the current flowing through the circuit would not 

POWER OR AUDIO 
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FIG. 22-10.-How an ohmmeter is used to test coil windings for 
continuity. 

(A) The ohmmeter is here shown connected to the two term
inals of one winding of an r-f transformer to test its continuity. 

(B) Here the ohmmeter is connected to the two terminals of 
a winding on a power or audio transformer to test its continuity. 

be sufficient to light up the lamp. If a neon tube is used instead 
of an incandescent lamp, this trouble does not occur, since the 
neon tube will light up and indicate continuity even though only 
a small current flows through it. A voltmeter can also be used 
satisfactorily for this test. However, the ohmmeter is undoubted
ly the best instrument for this test for the service man. The pro
cedure is simply to disconnect both ends of the transformer coil 
from the receiver circuit, and connect the test prods of the ohm
meter to these coil terminals. If the ohmmeter reads infinite 
resistance, the coil is open-circuited; if the ohmmeter reads some 
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other value, then that value must be compared to the normal 
resistance which that winding should have. Figure 22-10 shows 
how the test prods of the ohmmeter should be applied to the 
lug terminals of one coil of an r-f or a-f transformer to check the 
continuity of the winding. 

An emergency check of the continuity by means of a pair 
of earphones and a battery (see (A) of Fig. 22-2), requires 
special consideration when it is applied to iron-cored coils. If 
the winding of such a coil happens to be broken near its center, 
there may be considerable capacity between the two parts of the 
winding, and the earphones will reproduce a click every time 
the circuit is made and broken, as the capacity between the two 
sections charges and discharges. For this reason, the earphone 
emergency test is not to be relied upon for making open-circuit 
tests of large coils. On the other hand, it is thoroughly reliable 
foi, r-f or i-f transformers because the coils are relatively small 
and the capacity existing in the circuit is negligible. 

22-22. Testing Coils and Transformers for Complete and 
Partial Short-Circuits.-The test for complete short-circuits 
involves disconnection of the coil or transformer from the re
ceiver circuit and the application of the ohmmeter test prods to 
the terminals of the winding to be tested. If the ohmmeter 
reads zero resistance, then the coil is short-circuited; if it reads 
some other value, then the reading must be compared to the 
normal resistance value of the winding. The procedure here, it 
is seen, is the same .as that for testing resistors for complete 
short circuits, and the reader is referred to Art. 22-15 for fur
ther details. 

If the coil is not completely short-circuited, then the ohm
meter will indicate some definite coil resistance. It is essen
tial that this resistance be compared with the known resistance 
of the winding measured. Receiver service notes which have 
been published recently (within the past several years) have 
marked on them the resistance of every winding of every coil in 
the receiver (see Fig. 21-12). Such a diagram must be on hand 
if the service man is to determine whether or not the ohmmeter 
reading is correct for the coil under test. 

If the reading is normal, then the coil may be assumed to be 
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normal; if the ohmmeter reading is lower than normal, then the 
coil is partially short-circuited, and should be investigated fur
ther; if the reading is much higher than normal, then there is a 
poor connection somewhere in the coil circuit. An examination 
of the terminal lugs and the wires connected to the lugs should 
then be made. 

It should be noted here that the low-voltage filament wind
ings of power transformers contain comparatively few turns of 
wire of fairly large cross-section, so their resistance is very low 
compared to the resistance of the primary winding or the high
voltage secondary. 

R-f coils are wound, at the present time, to within an accur
acy of a fraction of 1 per cent, so that the ohmmeter reading 
in ohms should check very closely with the rated resistance of 
the coil if the ohmmeter calibration is correct. The resistance 
of the windings of audio transformers, filter chokes and power 
transformers, on the other hand, may vary within 10 and some
times 20 % , so that a maximum deviation of 20 % from the 
rated value should be expected in low-cost products. If the 
measured resistance deviates from the rated value by more than 
20 % , then the coil should be examined carefully for defects. 

A check may be made in instances where there is more than 
one choke or transformer of a given type in the receiver. For 
example, there may be two r-f coil secondaries and primaries 
alike, two or three i-f transformers alike, and two filter chokes 
alike. The resistance of one may be compared to the other ( or 
others) and again compared to that of the coil under suspicion. 

A very important point concerning audio transformer wind
ings should be mentioned here. Even the readings of an ohm
meter cannot be relied upon when making tests for partial short
circuits in these units. This is true because these windings con
tain thousands of turns of wire, so that as many as 10 to 25 or 
more turns can short together without noticeably changing the 
resistance of the winding, i.e., the change would really be less 
than is allowable for manufacturing tolerance. The best pro
cedure to follow where a partial short is suspected in an a-f 
transformer winding is to substitute a similar new transformer 
for it and then to compare "the results obtained with it. 
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The emergency tests described in Art. 22-14 cannot be relied 
upon for the determination of partial short-circuits; they are 
only suitable for determining whether or not a circuit is com
pletely open or closed, and then the measurements are limited, 
as already explained. 

22-23. Testing Coils and Transformers for Grounds.
The test for grounds is similar to the tests for open- and short
circuits described previously. The only change in the procedure 
is that one test prod must be placed on the shield or case of the 
coil or transformer, and the other test prod on one terminal of 
the winding under suspicion ; it is wise to test from ground to 
the other terminal as well. 

If the ohmmeter reads zero ohms when the test is made, 
then the winding is grounded to the core; if the ohmmeter in
dicates infinite resistance, then the winding is not grounded to 
the core; if it reads some definite value between zero and in
finity, then the winding is grounded to the core somewhere be
tween the terminals of the coil, or there is a high-resistance leak
age path between the winding and the core. In connection with 
the testing of power transformer windings to the core or the static 
shield the reader should ref er to the last portion of Art. 22-20. 

The emergency tests described in Art. 22-14 may be used 
for the determination of grounded windings, but they are subject 
to the same limitations as explained in Arts. 22-14 and 22-15. 

In all of these tests it must be remembered that it is because 
of the resistance of the windings that the tests are possible. In 
this connection the coil or circuit between coil and ground, or 
the leakage circuit between one winding and another may be 
considered as a simple resistance, with the ohmmeter, earphones 
or lamp indicating either visually or aurally the resistance of the 
path. To fully appreciate the limitations of the tests discussed 
in this chapter and the precautions to be observed when making 
them, the reader should understand thoroughly the material in 
Chapters II and III, that describes in detail the various methods 
of measuring resistance. 

22-24. Miscellaneous Coil and Transformer Troubles.
Aside from open-circuits, short-circuits and grounds, coils are 
subject to other troubles. The forms on which r-f coill!I 



CH. XXII TESTING INDIVIDUAL RADIO COMPONENTS 583 

are wound may absorb moisture, causing leakage and de
creased inductance, even though the d-c resistance of the coil 
remains about the same.* The turns of wire may slip along the 
form, causing a change in inductance while the d-c resistance 
remains the same. Short-wave tuning coils are composed of 
relatively few turns, as low as three in some cases, and these 
turns are spaced a distance of two or three wire diameters. A 
slight change in the location of one ( or part of) one turn may 
change the inductance appreciably. 

The short-wave tuning coils in an all-wave receiver cannot 
be checked for partial short-circuits because their d-c resistance 
is so low that few I if any I ohmmeters generally used by service 
men can check their resistance with any degree of accuracy. It 
is necessary I therefore, to make a careful visual examination for 
possible partial short-circuits in such coils, rather than rely upon 
an ohmmeter or similar test. 

Iron-core coils are often enclosed in metal containers with the 
space between the coil ( or transformer) and the container filled 
with some tar-like substance for protection. It is important 
that this compound be free of moisture if the coil is to be free 
from grounds and short-circuits. This means that if the com
pound is removed for any reason, it should be kept in a dry 
place until it is returned to the unit. 

22-25. Types of Condensers in Radio Receivers.-There 
are two main types of filter and by-pass condensers generally 
employed in radio receivers; the solid dielectric paper or mica 
type and the electrolytic type. Both types are subject to the 
same failures; they may become open-circuited, short-circuited 
or leaky. In general, any method which will indicate an open
circuit or a short-circuit may be used in testing either type con
denser if the proper precautions are observed, but, because of 
the differences in dielectric, the same test for leakage cannot be 
employed. 

In Chapter VI the different instruments which may be em
ployed for testing and measuring the capacities and leakage of 
condensers were discussed in detail. In this section of the 

*NOTE: The coil form must be dried out by baking, and then mois
ture-proofed. 
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present chapter some practical aspects of the various tests 
which can be made with these instruments will be discussed. 

Before the capacity of a condenser is measured by any device, 
it is advisable to test it to determine if it is leaky, short-circuited, 
or open-circuited. A leaky condenser is equivalent to a perfect 
one having a resistance shunted across it, a short-circuited con
denser is equivalent to a condenser of infinite capacity as far as 
a-c currents are concerned, and is valueless as far as blocking d-c 
currents is concerned, and an open-circuited condenser is equiv
alent to having no condenser in the circuit at all. Before dis
cussing the details of condenser testing, we will discuss the com
mon troubles in condensers. 

22-26. Common Troubles in Solid-Dielectric Condensers. 
-Solid dielectric condensers may be either normal, open-cir
cuited, short-circuited, or grounded to the case which encloses 
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FIG. 22-11.-Various ways in which open-circuits may occur in 
filter and by-pass condensers of three different types of construction. 

them. When such a condenser is open-circuited, it is usually 
caused by one or both of the leads from the condenser plates 
not touching, or being insecurely connected to, the terminal lug, 
as shown in Fig. 22-11 at (A). 

Heat applied to a terminal lug may melt the solder holding 
the lead to the condenser, as at (A), and thus cause an open
circuit. For this reason, never keep a soldering iron on a con
denser terminal for too long a time. Have the soldering iron 
sufficiently hot to make it possible to make the joint quickly. 
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Some condensers have their connecting leads riveted or sol
dered to lug terminals which loosen or corrode in time, thereby 
resulting in an open-circuit, as illustrated at (A). In many 
condensers poor contact is caused by the connecting tabs which 
depend solely upon pressure for their contact. Some have metal 
tabs inserted into the condensers, as shown at (B), while others, 
usually (those of the tubular non-inductive type) have metal caps 
pressed against the tin-foil ends of the condensers, as shown at 
(C). The vibration and temperature normally encountered in 
a radio receiver may shift the metal contacts or cause the im
pregnating compound or wax from the paper dielectric to be 
forced between the metal contacts and the condenser plates, thus 
producing an open-circuit. 

When a condenser short-circuits, it is because the dielectric 
breaks down or the plates or electrodes actually make contact 
with one another. A sudden surge of current or the application 
of an excessive voltage beyond that for which the condenser is 
rated, may puncture the dielectric at some point, causing the 
plates to short-circuit. 

High temperature may also cause the dielectric of a condenser 
to puncture. For every material used as a dielectric there is a 
certain temperature at which the dielectric breaks down and be
comes conductive. When the dielectric becomes conductive, the 
condenser becomes leaky or short-circuited, depending upon the 
conductance of the dielectric. Breakdown may be caused by the 
application of excessive voltage to the plates. Every insulating 
material has a puncture voltage, a voltage at which the material 
breaks down and conducts; this puncture voltage is not constant, 
but depends to an appreciable extent upon the temperature, be
coming less as the temperature increases. 

Suppose, for example, a paper dielectric condenser is rated 
at 200 volts, and 400 volts is applied. At the temperature of 
the dielectric, it may puncture i.e., a hole may be burned through 
it and a small spark may jump between the plates. This spark 
raises the temperature of the dielectric at the point of punctUl'e. 
with the result that the puncture voltage becomes less, so that 
the 400 volts, which is still applied, causes a hotter spark to 
jump through the dielectric, which raises the local temperature 
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still further. This action is cumulative, and continues until the 
condenser is fully short-circuited. 

The insulating properties of solid dielectrics depend upon the 
nature of the substance and the care with which it is treated. 
Mica is perhaps the best insulator for all-around condenser 
work, while suitably paraffined paper is next best, at appreciably 
lower cost. The paper in paper dielectric condensers must be 
free of all moisture if the condenser is to withstand rated voltage 
for a long time, as the presence of moisture or air alters the type 
of dielectric in use. A bit of moisture may break down before 
the paper dielectric does; this raises the temperature at that 
point, causing the main dielectric to puncture. 

Air-dielectric condensers are self-healing, for once the air 
has ionized and broken down, its insulating properties may be 
restored by merely allowing the plates to cool off. 

22-27. Testing Solid-Dielectric Condensers.-Solid dielec
tric condensers should be checked by means of condenser testers 
of the types described in Chapter VI, if they are available. If 
such instruments are not at hand, an ohmmeter may be used, 
but ohmmeter tests on condensers are not always reliable, es
pecially when testing condensers of small capacity, or those hav
ing high-resistance leakage. 

A condenser may be defined technically as a device that is 
capable of storing energy in the form of an electrostatic field; 
more popularly, a condenser may be defined as a device that can 
hold an electric charge. This means that, when a d-c voltage 
is applied to a condenser, the condenser charges, and, when the 
voltage is removed, the charge remains in the condenser if the 
leakage is zero. If a charged condenser be short-circuited, its 
voltage will send a "discharge current,, through the external cir
cuit, until the potential of both sets of plates reaches a common 
level. 

This fundamental property of a condenser may be used to 
test it for open-circuit, short-circuit or leakage by means of an 
ohmmeter. If the terminals of an ohmmeter are placed across 
those of an uncharged condenser ( which is disconnected from 
all receiver circuits), a charging current will flow into the con
dens£>r from the battery in the ohmmeter. This charging cur-
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rent (or a part of it) will flow through the coil of the meter used 
in the ohmmeter, and, if the charging current is large enough, 
the meter pointer will deflect until the condenser is fully 
charged, at which time the voltage across the condenser will 
equal that of the battery in the ohmmeter and the charging 
current will become zero. At this time, the meter pointer will 
return to its initial position. 

If the ohmmeter pointer kicks over the scale and then down 
to zero again when the test prods are connected across the ter
minals of a condenser, the condenser is good, and. will maintain 
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FIG. 22-12.-Sketches showing the four possible pointer indica
tions of an ohmmeter when it is used for testing a condenser having 
a capacity larger than about 0.05 mfd. 

its charge for an appreciable period of time; if the meter pointer 
kicks over and remains somewhere on the scale, even though the 
reading of the ohmmeter is less than the full reading of the 
initial kick, the condenser is leaky, and the reading is the leak
age resistance of the condenser; if the pointer does not kick at 
all, and the charging current is large enough, then the condenser 
is open-circuited (see Fig. 22-12). 

The value of the charging current that will make the pointer 
of the average ohmmeter "kick" appreciably depends upon the 
voltage of the ohmmeter battery, the resistance of the ohmmeter 
to some extent, the mechanical inertia of the meter pointer and 
the size of the condenser. Under ordinary conditions, though, 
the condenser must have a value of at least 0.05 mfd. in order 
to be tested by this method. Assuming that the condenser is of 
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this size or larger, the indications on a series type ohmmeter for a 
good, short-circuited, open-circuited, and leaky condenser are 
shown in the series of sketches of Fig. 22-12. 

The ohmmeter may be used to make an interesting test on 
large solid-dielectric condensers. When the terminals of the ohm-

FIG. 22-13.-Earphone test 
which may be used to test a 
condenser for open-circuits or 
short-circuits when no better 
method is available. 

meter are applied to the conden
ser terminals in the usual manner, 
the pointer of the ohmmeter will 
kick and return to its initial posi
tion if the condenser is good. 
Now, if the ohmmeter test prods 
are again applied to the conden
ser, the ohmmeter pointer will 
not kick because the condenser 
is fully charged; but, if the test 
prods are reversed and applied to 
the charged condenser terminals, 
the pointer of the ohmmeter will 
kick twice as far as it did on the 

initial test. This double kick is caused by the fact that the volt
age across the condenser and that across the ohmmeter battery 
are now connected in series, and the total voltage causing cur
rent to flow through the ohmmeter is twice as great as before. 

22-28. Emergency Tests on Solid Dielectric Condensers. 
-The earphone test may be used to test solid-dielectric conden
sers for open-circuits and short-circuits, although it is not a very 
good test for leakage. A pair of phones and a battery of 4.5 volts 
or more are connected in series with each other, and across the 
terminals of the condenser to be tested, as shown in Fig. 22-13. 

The first time the condenser terminals are touched, a click 
should be heard in the phones if the condenser is not open
circuited; if it is open-circuited, then no click, or a very weak 
one, will be heard. If the condenser is either normal, or open
circuited, no click will be heard if the wires are touched to the 
condenser terminals a few times after this. If the condenser is 
short-circuited, a loud click will be heard every time, especially 
if a battery having a voltage of 45 volts or over is employed. In 
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this test, the clicks are due to the charge and discharge currents 
flowing in and out of the condenser under test. 

22-29. A Limitation of the Ohmmeter and Earphone Tests 
for Condensers.-It was mentioned in Art. 22-26 that the ap
plied voltage determines whether or not a condenser will punc
ture. A corollary of this statement is that a condenser should 
be tested at rated voltage to determine its breakdown possibil
ities. When the 4.5 volts or so from an ohmmeter or earphone 
test is applied to a punctured condenser, it may test normal; 
but, when rated voltage is applied, the condenser may puncture. 
The ohmmeter test, therefore, must be considered as valid only for 
the voltage of the ohmmeter battery, not for any higher voltage. 

When the size of the condenser is about 0.1 mf d. or greater, 
and rated voltage is available, then a conclusive test of the con
denser may be made. One or more B-batteries or a B power 
unit may be connected to the condenser to be tested, as shown in 
Fig. 22-14 (A) and (B). The voltage should be applied for a 
few moments and then removed. The terminals of the conden-

CONDENSER 

CAI <Bl ICI 

FIG. 22-14.-Testing a large solid-dielectric condenser by means 
of the charge and discharge method. If the condenser is normal, a 
spark will be produced on discharge. 

ser should then be short-circuited with some handy metallic ob
ject, such as a screw driver with an insulated handle, as shown 
at ( C), and the intensity of the spark noted. A good condenser 
will produce a fat spark when being short-circuited; a poor con
denser will produce no spark at all. 

The length of time between charge and discharge is a meas
ure of the leakage in the condenser. The longer the time be-
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tween charge and discharge, the more time there is available 
for the leakage resistance to absorb the energy in the condenser. 
A condenser with high leakage (low leakage resistance) will not 
be able to hold its charge more than a few moments, while a 
condenser with good dielectric will be able to hold the charge 
for 10 minutes and up, depending upon the leakage resistance. 

A condenser with a very good dielectric may not discharge en
tirely after the first short-circuit. It may be necessary to short
circuit a condenser two or three times before all the energy 
stored up has been dissipated in the form of heat in the dis
charge. 

22-30. Testing Solid-Dielectric Condensers With a Neon 
Lamp.-It is possible to determine if a solid-dielectric condenser 
is normal, short-circuited, or leaky by connecting it in series 
with a 2-watt neon lamp and a 110-volt d-c power source, as 
shown in Fig. 22-15 (or two 45-volt B batteries connected in 
series) . Condenser testing with a neon lamp was discussed at 
length in Art. 6-4, but the simple tester of Fig. 22-15 is effective. 
The condenser to be tested should first be entirely disconnected 
from its circuit, for if any resistance or other condenser shunts 
it, the neon tube will glow even if the condenser under test hap
pens to be open-circuited. If the condenser is not open-circuited, 
there should be an instantaneous flash in the neon tube at the 
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FIG. 22-15.-A simple method 
for testing solid-dielectric con
densers for open-circuits, short
circuits, or leakage, by means of 
a neon lamp and a 110-volt a-c 
or d-c voltage source. 

instant the wires of the test circuit are touched to the terminals 
of the condenser. For condensers of low capacity, this flash will 
be fairly feeble and short. No flash indicates an open condenser. 

For condensers having paper or mica dielectric, there should 
be no glow in the neon lamp after the initial flash. If the neon 
tube glows steadily or flutters, it indicates that the condenser is 
leaky and should be replaced. The value of the neon lamp test 
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lies in its simplicity and sensitivity. A small 2-watt neon lamp 
of the type sold as "night lites" will glow visibly when a current 
as small as a fraction of a milliampere flows through it. If it is 
connected to a d-c circuit, only one of its electrodes glows; when 
connected to an a-c circuit, both electrodes glow. Hence it also 
serves as a handy tester to find out whether the current supply 
in a house is d-c or a-c. 

22-31. Checking the Capacity of Solid-Dielectric Conden
sers.-Chapter VI explained the theory of capacity testers in 
detail. It will be recalled that the method consisted of applying 

FIG. 22-16.-A simple circuit 
arrangement for checking the cap
acity of condensers having a mica 
or paper dielectric. 
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a known voltage of known frequency to the condenser to be 
tested and measuring the amount of current flow by means of an 
a-c current-indicating device, as shown in Fig. 22-16. 

The current as read by this meter depends upon the value 
of the applied voltage and the reactance of the condenser at the 
frequency of the applied voltage. Usually, the resistance of the 
meter is small compared to the reactance of the condenser and 
may be neglected in the computation. 

The meter current also depends on the amount of leakage cur
rent which flows through the condenser. The leakage path is re
presented by the dotted resistance in Fig. 22-16. This means that 
the capacity tester will indicate the correct capacity only if the 
leakage current is small compared to the displacement current 
through the condenser. The meter readings may then be cali
brated in terms of mfds. as explained in Arts. 6-6 to 6-8. 

It should be noted that if the condenser is short-circuited, the 
meter will, in all probability, burn out, so that it is essential 
that the condenser be tested for short-circuit and leakage before 
connecting it to the capacity tester. 

22-32. Testing Solid-Dielectric Condensers for Grounds. 
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-Many of the fixed condensers employed in radio receivers 
are enclosed in metal containers which are usually mounted on the 
chassis. In the event that one of the condenser plates or con
necting leads short-circuits to the can internally, a "grounded" 
condenser results. In order to check for this condition with an 
ohmmeter, the ohmmeter should be connected from either one of 
the condenser terminals to the can, as shown at (A) of Fig. 22-17. 
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PATH Of GND CIRCUIT 
E:ITHE:R IN CONNE:CTING 

LE:ADS 
OR 

PLATE:S 

CONDE:NSE:R SHOWING ONE 
SIDE Of UNIT CONNE:CTED TO 
CAN INTE ALLY & OTHER SIDE 
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FIG. 22-17 .-Testing condensers of the solid-dielectric type for 
possible grounds to the metal container. Two common causes of in
ternal grounds are illustrated at (A). A condenser designed with 
one terminal already grounded to the metal container as shown at (B). 

In some instances, a condenser may have one terminal already 
connected to the can internally, as pictured at (B). Here, if the 
insulated lead of the condenser should short-circuit to the can, 
or should the condenser plate connected to this lead short-circuit 
to the can, not only would a second "ground" exist, but the con
denser would be short-circuited as well. 

22-33. The Electrolytic Condenser.-The electrolytic con
denser is a form of condenser designed for obtaining a high cap
acity in a small amount of space. The so-called "dry" type, 
which is now used extensively, consists essentially of two metal 
electrodes separated by gauze that has been saturated with an 
electrolyte. Upon connecting such a combination to a source 
of direct voltage, one plate becomes positive and the other nega
tive. An oxide film only about one atom deep forms on the posi
tive plate, and it is this thin film that forms the dielectric. 
Since the plates are of aluminum, the oxide is aluminum oxide. 

It is because the oxide film is so thin that the capacity of 
this type of condenser is large per unit area, and any desired 
capacity may be obtained by rolling up a suitable length of alum-
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inum foil into a compact form, as shown in Fig. 22-18. The 
electrolyte is really the negative side of the condenser; the 
negative aluminum foil is used merely to make contact with the 
electrolyte. 

This construction has the property of allowing current to 
pass from the electrolyte (negative plate) through the oxide film 
to the positive plate, but not from the positive plate through the 
oxide film to the electrolyte. This means that if the condenser 
is connected across a d-c source of voltage in the wrong direc
tion, the current flow will be heavy; but when connected cor
rectly, the current flow through the dielectric will be small. 
The application of an alternating voltage will cause heavy cur
rent to flow during one-half of each cycle and no current during 
the other half cycles. However, the heavy passage of current 
during the wrong polarity half cycles will ruin the condenser 
quickly, due to the heat developed, etc. For a more compre
hensive discussion of the theory and construction of electrolytic 
condensers, see the Radio Physics Course, by Ghirardi. 

These characteristics of electrolytic condensers make it neces
sary to test them in special ways. While the testing of these con
densers by means of condenser testers was explained in Chapter 

FIG. 22-18. - Cross-section 
view showing the internal con
struction of a "dry" electro
lytic condenser. Two sheets 
of aluminum foil are rolled 
up with a strip of electrolyte
saturated ~auze in between. 
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VI, the use of the ohmmeter for testing them will be explained 
here. The correct interpretation of leakage tests made on them 
will also be considered. 

22-34. Checking Electrolytic Condensers with the Ohm
meter .-Unlike solid dielectric condensers, electrolytic conden
sers have a certain amount of direct-current leakage, and for 
this reason will produce some indication upon an ohmmeter, 
even if the condenser is good. Since electrolytic condensers are 
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polarized, it is possible to secure an erroneous result when test
ing for a leaky condition with the ohmmeter, unless the polarity 
of the ohmmeter is correct. The polarity of the ohmmeter is 
determined by the polarity of the battery in its circuit. In 
other words, that side of the ohmmeter circuit which is connected 
to the negative terminal of the battery is negative, and that side 
which is connected to the positive side of the battery is positive. 
If the terminals of both the ohmmeter and the electrolytic con
denser are poled incorrectly, a very low resistance indication will 
be obtained which is not the normal d-c resistance of the unit, 
but the resistance of the electrolyte only. To be certain of hav
ing the correct polarity, always reverse the ohmmeter leads 
when testing an electrolytic condenser, and use that reading of 
the ohmmeter which indicates the highest resistance. 

22-35. Leakage Tests on Electrolytic Condensers.-The 
usual method of specifying the "goodness" of an electrolytic 
condenser is to state the leakage current per microfarad of cap
acity which flows through the condenser when d-c voltage of 
approximately the rated value is applied. These leakage cur
rents should not be taken too seriously, as the actual allowable 
leakage current for a normal condenser depends upon a number 
of factors, including the age of the condenser, the manufacturer, 
the rectifier tube used, the design of the power unit, the design 
of the filter and the load on the power unit. An electrolytic 
condenser that may have leakage which is considered excessive 
for one receiver may be perfectly good for a receiver of another 
design. However, in general, an 8 mfd. electrolytic filter con
denser rated at 450 volts should have a maximum leakage cur
rent of about 3 to 5 ma. If the leakage current is greater than 
this value, the filtering usually will be incomplete. 

Commqn manufacturers' acceptance tests for electrolytic con
densers will be mentioned here to present some idea of the toler
ances involved. A standard 8 mfd., 450-volt working voltage 
electrolytic condenser is connected in series with a source of 
d-c voltage equal to the voltage rating of the condenser, a milli
ammeter of suitable range, and a resistance R of 2,500 to 5,000 
ohms shunted by a switch, as shown in Fig. 22-19. The con
denser is allowed to charge steadily for five minutes and then 
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switch S is closed. The milliammeter is then read. An 8 mf d. 
condenser should have a leakage current of about 1.8 ma. when 
new. As the condenser ages, the leakage current increases. The 
figure of 3 to 5 ma. mentioned previously should be considered 
the maximum allowable value for this leakage. 

Leakage tests of small electrolytic by-pass condensers having 
capacities of less than 1 mf d. are unimportant. Capacity tests are 
more informative for revealing the effectiveness of these con
densers for their job of by-passing. For the service man, any of 
the capacity testers described in Chapter VI may be used for 

FIG. 22-19.-Circuit employ
ed for measuring the leakage 
current of an electrolytic con
denser at normal voltage. 
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this purpose. It will be recalled that these capacity testers also 
considered the effect of leakage in the condenser, so that the 
single test is complete in itself. 

Small electrolytic by-pass condensers are usually rated at 25 
or 50 volts working voltage. The manufacturer's acceptance test 
of these condensers requires a set-up similar to that shown in Fig. 
22-19, except that the resistance R has a value of about 300 to 
400 ohms. The rated voltage ( or slightly higher) is applied to the 
condenser through R for five minutes, then switch S is closed, 
and the milliammeter is read. For a new condenser to be ac
ceptable, the leakage current flowing through the condenser must 
be no greater than approximately 0.1 ma. per mf d. 

Of course, it is possible to check the condition of an electro
lytic condenser quickly without employing the foregoing method. 
Merely substitute another similar condenser known to be good for 
the doubtful one, and note the two milliammeter readings. If 
the current is appreciably higher when the doubtful one is in the 
circuit, discard it. Another good condenser may also be connected 
across the one under test, and the increased current reading noted. 
If both condensers are identical and good, the reading should 
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about double. Because of the fact that, in most instances, electro
lytic condensers are used to filter the hum from a rectified cir
cuit, a 2 or 4 mfd. paper condenser can be substituted for the 
electrolytic condenser to deiermine its condition and efficiency 
by noting its filtering qualities as evidenced by the amount of 
hum produced by the loud speaker. 

22-36. Causes of Breakdown of Electrolytic Condensers. 
-Since the dielectric in an electrolytic condenser is very thin
about an atom deep in some cases-more than rated voltage 
cannot be applied without endangering the life of the condenser. 
Electrolytic condensers undergo a process known as forming, 
during which the condenser is connected to a source of direct 
voltage for a period of time: the longer the time of forming, the 
lower the capacity per unit area and the higher the voltage rat
ing. Thus, for every size and rating of condenser there is an 
optimum forming time. 

If the voltage applied to the condenser in service exceeds its 
safe working voltage rating, the dielectric breaks down, the film 
of aluminum oxide disappears, and the condenser conducts cur
rent in both directions with equal facility. This means a high 
leakage current-so high in fact that the condenser is valueless. 
It is possible in some instances to re-form the condenser, start
ing with a low voltage, until the film is replaced, although this 
expedient cannot be relied upon for satisfactory service. It is 
for this reason that the leakage test previously described is used; 
leakage affects the ability of the condenser to hold a charge, and 
high leakage currents mean low charge-holding ability. 

These characteristics of electrolytic condensers indicate the 
reasons why the simple charge and discharge method cannot be 
used for testing them. The leakage in even a normal electrolytic 
condenser is so great that the condenser is unable to hold a charge 
long enough for the test to be completed. Moreover, it is not 
possible to apply high a-c voltages to this type of condenser, 
as the reverse current is sure to de-form the anode plate (con
nected to the positive terminal) and increase the leakage con
siderably. Any test of an electrolytic condenser must involve the 
use of unidirectional ( d-c) voltage of the rated value for the 
condenser. 
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Deterioration, or "drying up," of the electrolyte is another 
cause for failure of electrolytic condensers. If the unit is sub
jected continuously to too high a temperature, the leakage in
creases, thereby causing the leakage current to increase greatly. 
This increased flow of current through the internal resistance 
of the condenser produces still more heat, etc. If the unit is 
operated in this condition very long, this cumulative action causes 
it to deteriorate and dry out. For this reason, electrolytic con
densers should be located at the coolest place on the chassis. 
,vet electrolytic condensers will very often check 0.K. when 
cold, but when voltage is applied, defective ones will heat up, 
and place a heavy load on the power transformer. 

22-37. Testing Variable Condensers With the Ohmmeter. 
-A variable air condenser used for tuning radio circuits may 
be tested for short-circuits by connecting an ohmmeter to its 

FIG. 22-20.-Use of an 
ohmmeter for testing a 
variable condenser for 
short-circuits at any posi
tion of the rotor plates. 
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terminals, as shown in Fig. 22-20 (after all tuning coils, etc., have 
been disconnected from it). If the ohmmeter reads zero re
sistance at any time while the condenser is rotated from zero 
to maximum, then it is short-circuited at that point; if the ohm
meter indicates infinite resistance throughout the rotation of the 
rotor of the condenser, then it is good. The "leakage" of an 
air-dielectric condenser is usually so small that it cannot be 
measured with the ohmmeter or any of the other tests that have 
been described here; delicate laboratory apparatus is required. 

Short-circuits in variable air condensers are usually due to 
bent or warped plates or to the accumulation of foreign matter 
between the plates and to the peeling of their surf aces. The 
remedy for this condition will be discussed in Art. 26-13. In 
many instances, small burs which appear on the plates close 
to the shaft of the condenser cause peeling of the surf ace of 
the plates near them if the temperature varies appreciably. 
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22-38. Testing Grid Bias Cells.-Bias cells are electro
chemical units used only for supplying bias potential of approximate
ly 1 volt. Since their current-supplying capacity is less than one 
micro-ampere, their voltage and condition should be checked with a 
V.T. voltmeter which draws no current-never with an ordinary volt
meter! Another simple method is to connect a milliammeter in the 
plate circuit of tubes biased by these cells ('6A7 or '6D6, J ceU.; 
'75, 1 cell; etc.). Measure the plate current with the cells in the 
circuit; then carefully remove the cells and substitute in their place, 
a voltage equivalent to the total rated cell voltage. If the reading ob
tained with the bias cells is more than about 40% different from that 
with the other bias voltage source, the bias cells should be replaced. 

The commonly used form of "C" bias cell is filled with a thick 
liquid. When the receiver is in its normal position, the bias cell 
will be mounted on its side (which is the correct position), so that 
the liquid comes in contact with the carbon block and the inside of 
the metal container. However, a receiver is sometimes stood up 
on its end when a service man is working on it on the service bench. 
In this position, the bias cell may be in an upright position and the 
liquid may not touch the carbon block. If this happens, it will cause 
severe distortion if the receiver is being operated. If the foregoing test 
is being conducted on the cell with the receiver in this position, mis
leading readings will be obtained of course. Accordingly, the neces
sary precaution should be observed when working on "C"-bias cell 
receivers on the service bench. 

REVIEW QUESTIONS 

1. Describe the construction of typical wire-wound resistors used 
in radio receivers. State their advantages I Disadvantages! 

2. At what points in wire-wound resistors are open-circuits likely 
to occur? Explain the reasons for your answer. 

3. In what way may a wire-wound resistor become grounded within 
itself? Draw a sketch to illustrate your answer. 

4. Describe the construction of typical moulded-carbon type re
sistors. What are their advantages? Disadvantages? 

6. At what points in moulded-carbon type resistors are troubles 
likely to occur, and what are the causes of these troubles? 

6. What type of resistor should you employ in a particular case if 
it is to dissipate a power of 3 watts? Why? 

7. How would you test a resistor for: (a,) continuity; (b) short
circuits; (c) grounds, if you had a multi-range ohmmeter at 
hand? 

8. Describe how you would make the tests in Question 7, if your 
ohmmeter was out of order and you had no other instruments of 
any kind available. 

9. The value of a moulded-carbon type resistor in the voltage
dividing system of a radio receiver is specified as 15,000 ohms. 
An ohmmeter test shows it to be actually 13,500 ohms when the 
set is operating. Is the unit defective and should it be replaced! 
Explain! 

10. What is meant by measuring the "cold" resistance of a resistor! 
11. When should "cold" or "hot" resistance measurements be made! 
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12. What is meant by "temperature coefficient of resistance"? Ex
plain! Of what importance is it to the radio service man? 

18. What is meant by "voltage coefficient of resistance"? Explain! 
Of what importance is it to the radio service man? What is its 
relation to temperature coefficient of resistance? 

14. How would you test a 2,000-ohm resistor for continuity, by means 
of a 150-volt d-c voltmeter and a 110-volt source of d-c voltage? 

15. How would you test a resistor for continuity by means of a neon 
lamp? Explain! 

16. What, in your opinion, is a satisfactory way of testing a re
sistance which you suspect of having an intermittent contact 
which causes intermittent reception in the receiver? 

17. How would you test a 5-megohm resistor for a possible defect? 
What defect would this most likely be? 

18. A resistor is marked 2,000 ohms. If the tolerance is plus or 
minus 10 per cent, what might be the actual resistance of this 
unit if it is normal ? 

19. The resistor of Question 18 is of moulded-carbon construction. 
How would increase of temperature affect its resistance? 

20. Upon checking a certain resistor in a receiver, you find it to be 
"open". No resistance value is marked on it, and you have no 
circuit diagram or service data sheet for the receiver. How 
would you determine the resistance value and power rating of 
the replacement resistor which you would use to replace this 
faulty unit? 

21. Draw simple sketches showing the two most frequent causes for 
open-circuited r-f coils. How would you test for this condition? 

22. Would it be satisfactory to test the primary winding of an audio
frequency transformer for continuity by means of an incan
descent lamp in series with the electric light circuit! Give 
reasons for your answer. 

23. A radio receiver exhibits all the symptoms usually caused by a 
partially shorted transformer primary. There is another similar 
transformer in the receiver. Explain how you would determine 
whether the first transformer primary is partially shorted. 

24. Describe the type of instrument you would use to test a trans
former for: (a) opens; (b) shorts; (c) grounds. State your 
reasons for the choice in each case. 

25. If you examined an inoperative receiver and found the top 
windings on the power transformer charred, explain the steps 
you would take to ascertain the trouble. 

26. How would you eliminate vibration of the laminations of a 
power transformer? 

27. Explain why it is bad practice to remove the power tubes in a 
radio receiver while it is operating, in order to find out if this 
produces a "click" in the loudspeaker. 

28. A power transformer winding checks O.K. between the two coil 
leads, but when the ohmmeter is connected across the soldering 
lugs which connect to them, it indicates that the circuit is open. 
What would you suspect as the most likely cause of this trouble! 
How would you verify your suspicion! How would you elimin
ate the trouble T 

29. A 4-mfd. 450-volt paper type condenser is suspected of breaking 
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down under load. Describe a simple method for testing this con
denser by the "spark discharge" method. An ohmmeter or cap
acity tester is available. Suppose a spark is obtained when the 
condenser is discharged immediately after charging, but no spark 
is obtained if the condenser is discharged 3 minutes after charg
ing. What would you conclude? 

30. Can an electrolytic condenser be tested by the spark discharge 
method? Explain! 

31. A 2-section 450-volt electrolytic filter condenser having a cap
acity of 8 mfd. per section and having a common negative term
inal is to be tested for leakage. Explain how you would pro
ceed to do this. What total leakage per section would you con
sider allowable? 

32. What precautions must be observed when testing an electrolytic 
condenser for leakage with an ohmmeter? Why? 

33. How would you check the condition of an electrolytic filter con
denser if no meters or other test instruments were available? 

34. What would happen if a large alternating voltage was applied 
for testing electrolytic condensers? Explain! 

35. Is it possible to employ an ohmmeter to check the condition of a 
solid-dielectric type fixed condenser with absolute certainty? 
Give reasons for your answer. 

36. When a solid-dielectric type condenser is being tested with an 
ohmmeter and the meter needle kicks up and then down once, 
what does this indicate? Why does the needle deflect? 

37. A reading of 20,000 ohms is obtained upon an ohmmeter when 
testing a 2-mfd. paper-type filter condenser. Explain two pos
sible causes for this indication and what effect this condenser 
might have if it were used in the B-filter of a receiver. 

38. Explain how you would test a 1-mfd. paper-type filter condenser 
with a pair of earphones. How would you test a 0.001-mfd. mica 
condenser by this method? How would an open circuit be in
dicated? How would a short-circuit be indicated? How much 
battery voltage would you use? 

39. A 1-mfd. paper-type filter condenser is tested by means of a 
neon bulb connected in series with it and the 110-volt electric 
light circuit. If the condenser is perfect what indication should 
the neon tube give; (a) at the instant that the circuit is closed; 
( b) after the circuit is closed-if direct current is used. What 
indications would be obtained if a-c is used? 

40. What would be the neon tube indications for Question 39 if direct 
current was used, if: (a) the condenser is "open"; (b) the con
denser is "shorted"; (c) the condenser is slightly "leaky"; {d) 
the condenser is very leaky? 



CHAPTER XXIII 

OBSCURE RECEIVER TROUBLES NOT 
REVEALED BY SET ANALYZERS 

23-1. Obscure Troubles in Receivers.-Possibly the most 
perplexing troubles encountered in radio service work are those 
which do not manifest themselves by abnormal currents, volt
ages, or resistances and hence are not located by the usual cur
rent-voltage or resistance-analysis of the receiver. The analy
zer readings may all be normal, all the tubes may test within 
acceptable tolerances-and yet the receiver may operate poor
ly, intermittently, or not at all. Cases of this kind are most 
common in superheterodyne receivers, because many troubles and 
misadjustments may exist even though the tubes, voltages and 
parts are in normal condition. The hunting down of these ob
scure troubles often taxes the resourcefulness and ingenuity of 
the service man and calls forth from him every bit of radio 
knowledge and experience he possesses. It is the purpose of this 
chapter to point out some of the causes, and, what is even more 
important, remedies for common receiver troubles that are not 
usually revealed by the ordinary voltage, current, or resistance 
analysis of the receiver. 

In Chapter XVIII, some preliminary tests were explained, 
which may be made to localize the trouble to a particular portion 
of the receiver. These preliminary tests should be made 
in all cases. However, for the purposes of radio servicing, the 
receiver should not be considered as a complete unit, but rather 
as being composed of a number of main correlated parts. Since 
each main part of a radio receiver may develop certain individ
ual troubles that are characteristic of that part, it is logical that 
we should treat and discuss each one of these troubles separately. 

One important point should be kept clearly in mind through
out this chapter. For instance, an open-circuited primary wind-
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ing or plate impedance, such as the resistance or choke coil of an 
r-f or i-f transformer, can be revealed by lack of plate voltage 
in that stage. An open-circuited secondary coil will often mani
fest itself by zero grid bias and an increase in the plate current 
of that stage, etc. These causes of trouble will undoubtedly be 
revealed quickly by the set analyzer and a point-to-point test, 
so we are not interested in them here. However, other more 
obscure troubles, which the set analyzer would not reveal, might 
cause the same symptoms. These are the types of troubles in 
which we are interested in this chapter. This point will not be 
mentioned again, but it should be kept clearly in mind through
out the entire chapter. We shall call these "obscure" troubles, 
since their causes are not readily apparent and they are not 
easily located. 

23-2. Obscure Troubles in R-F and 1-F Amplifiers.-The 
main trouble symptoms which may result from "obscure" troubles 
in radio-frequency and intermediate-frequency amplifiers are: 

1. Lack of sensitivity. 
2. Oscillation or regeneration. 
3. Station interference. 
4. Double-spot tuning. 
5. Code interference. 
6. Hum. 
7. Fading. 
8. Intermittent reception. 
9. Distortion. 

10. Noisy reception. 
These will now be considered in detail in the above order. 

23-3. Lack of Sensitivity Caused by Coupling Coil or 
Condenser.-Lack of receiver sensitivity, resulting in weak 
signals, is often due to some failure in the coupling arrangement 
employed to transfer energy from one r-f stage to the next. To 
illustrate this point, let us consider the r-f amplifier stage circuit 
at (A) of Fig. 23-1. In this case L1 is a high-impedance plate 
choke constructed so that its resonance point occurs at some fre
quency near the low-frequency end of the broadcast band. It 
may be located some distance from tuning coil L,, as the 
transference of energy does not depend entirely upon inductive 
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coupling between L 1 and L,. The coupling between the plate 
circuit of one tube and grid circuit of the next is mainly capaci
tive, and is obtained by the capacity action between the grid coil 
L, and the "coupling winding" ( which consists of a few turns of 
wire placed near L1 ) , or by means of a low-capacity coupling 
condenser, Cc, as shown at (B) of Fig. 23-1. An open-circuit in 
the lead connecting the "coupling coil" to the plate of the tube, 
or an open-circuited coupling condenser Cc, causes the set to be 

B+ 

,A; < 0 l 

FIG. 23-1.-An open circuit in either the coupling-coil circuit 
shown in (A), or in the coupling-condenser circuit shown in (B) will 
cause lack of sensitivity in :m r-f or- i-f amplifier which employ them. 
These obscure troubles would not be revealed by the usual voltage
current analysis of the receiver. 

insensitive, and weak reception results-or the set fails to operate 
altogether. If the insulation between the coupling coil and L1 

becomes faulty, leakage (or a short-circuit) will take place be
tween them, resulting in "noise", or even complete inoperation. 
The faulty insulation should be replaced. 

An open circuit in either the coupling coil or coupling con
denser cannot be disclosed by a voltage-current test with a set 
analyzer. A point-to-point resistance check may reveal the open 
coupling coil. However, these parts may be placed under suspicion 
by the action of the receiver. A study of their function in the re
ceiver will show why they may cause lack of sensitivity. The 
primary L1 is usually a universal-wound coil placed inside and 
close to one end of the secondary, L,. Transfer of energy takes 
place from L 1 to L, inductively, mostly at the low-frequency end 
of the tuning band only. Near the high-frequency end, the current 
actually flowing through the coil is small compared to that 
through the distributed capacity of the coil (it is usually tuned 
by means of its distributed capacity to about 600 meters in a 
broadcast receiver), so that the amount of energy transfer is 
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small. The additional coupling coil is placed as shown at (A) or 
a small amount of capacity is added, as shown at (B), in order to 
bring up the high-frequency response. Therefore, if a receiver 
operates well over the low-frequency end of the scale, but the 
response falls off gradually as it is tuned to a higher and higher 
frequency, any coupling arrangements such as these should be 
suspected if they are employed. The receiver response may be 
tested by feeding a signal of constant strength to it by means of 
a test oscillator, and measuring the receiver output by means of 
an output meter while the tuning of both the test oscillator and 
receiver are varied, in step, over the entire broadcast range. 

23-4. Lack of Sensitivity Caused by Mis-alignment.
Lack of normal sensitivity in a t-r-f receiver may also be due 
to mis-alignment of its tuning circuits. Although the methods 
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FIG. 23-2. - Resonance 
curves illustrating how 
"double-hump" response, 
C, will occur due to mis
alignment of the tuning 
circuits whose individual 
resonance curves are A 
and B respectively. 

used to align tuned circuits of t-r-f receivers will be discussed in 
detail in Chapter XXIV, it is well to point out here how mis
aligned tuning circuits may be recognized by certain symptoms 
of the receiver. If the tuned circuits of a t-r-f receiver are not 
aligned properly, the receiver will be insensitive because all the 
individual tuned circuits will not be tuned to the same common 
frequency at all settings of the tuning dial. This results in 
weak signals and "double-hump" tuning. 

The form of double-hump tuning to be described here is not 
the same as that encountered with superheterodyne receivers, 
though it may occur in both types. If one tuned circuit is tuned 
to 1,000 kc and another to, say, 1,050 kc, the combination of the 
two resonant frequencies will give rise to a type of response not 
characteristic of t-r-f receivers. Thus, suppose response curve A 
of Fig. 23-2 is that of circuit No. 1, and curve B that of circuit 
No. 2. The overall response of the tuning system will be that 
shown by curve C. If the two peaks are 50 kc apart, then the 
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tuning system will respond to a range of frequencies at least 50 
kc wide. When tuning a t-r-f receiver with mis-aligned circuits, 
the response will be weak and the tuning broad; further
more, there will be two distinct points, close together, at which 
definite resonant peaks can be noted. These points correspond 
to the individual peaks shown in the figure. If the misalign
ment of the tuning circuits is caused by the gang tuning con
densers, the receiver should be realigned in accordance with the 
information presented in Chapter XXIV. 

A change in coil inductance, caused by the absorption of 
moisture or the shifting of the turns of wire of which the coils 
are composed, can also cause misalignment of the tuning circuits, 
with the resulting broad tuning and insensitiveness. Modern re
ceiver manufacturers take precautions to prevent the absorption 
of moisture or the slipping of turns, but they often occur never
theless. In some instances, when the shift in inductance is 
slight, it may be compensated for by a readjustment of the 
trimmer condenser, but, when the shift is fairly large, a new coil 
must be used. Attempts to compensate for appreciable induct
ance shift by capacity readjustment almost always results in 
misalignment at frequencies other than the dne at which the 
realignment was made. 

23-5. Use of Tuning Wand for Checking Alignment.
If a gang-tuned receiver has symptoms of broad tuning and 
abnormally low sensitivity, it is natural to suspect that one or 
more of its r-f tuning stages are mis-aligned (of course it is as
sumed that a tube check and analyzer test has revealed no other 
troubles). Before making any r-f, oscillator, or first-detector 
adjustments, the accuracy of the existing adjustments should be 
checked. This can be done quickly without disturbing the ad
justment of the trimmer condensers, by means of a simple little 
tool called a tuning wand, provided the receiver construction is 
such that it is possible to insert a tuning wand through an open
ing in the shield of the tuning coil (if shields are employed) so 
that it may be inserted into the coil-form proper. The receiver 
should be tuned either to the signal from a broadcasting station, 
or a signal should be fed to it by a test oscillator and its 
output measured by a suitable output indicator when this is done. 
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The tuning wand, Fig. 23-3, consists of a bakelite rod having 
a brass cylinder at one end and a special finely-divided iron core 
insert at the other end. Inserting the brass cylinder into the 
center of a tuning coil lowers its inductance because of the re
action of the eddy currents induced in the brass. Inserting the 
iron end increases its inductance because of the high permeabil
ity of the iron. From this it is evident that before adjusting the 
trimmer condensers on the main gang tuning condenser, the ad
justment may be checked by inserting each end of the wand into 
the coil. If insertion of the brass end increases the receiver out
put, the tuning capacity must be reduced. If insertion of the 

SPECIAL 
IRON CORE BAKELITE 

<W/4id¾A- ;» BRASS 

FIG. 23-3.-A "tuning wand" which may be used to determine 
whether a tuned stage is properly aligned with others in the same 
amplifier. 

iron end increases the output, the tuning capacity must be in
creased. From this it is evident that unless the trimmer adjust
ment for a particular coil is perfect at alignment frequencies, 
inserting one end of the wand may increase the output of a par
ticular signal. A perfect adjustment is evidenced by a lowering 
of the output when either end of the wand is inserted into the 
coil. In this way each of the tuned stages may be checked for 
alignment. If the receiver is found to be out of alignment, ad
justments should be made, as explained in Chapters XXIV and 
XXV, to make the receiver output maximum. If it is badly out 
of alignment, the coils should be examined for short-circuited 
turns, slipped turns, or discoloration due to the absorption of 
moisture. 

23-6. Lack of Sensitivity in Superheterodyne Receivers.
Insensitivity of superheterodyne receivers may be divided into 
two general types: that originating in the r-f and oscillator por
tions of the receiver, and that confined to the i-f amplifier sec
tion. Insensitivity is characterized in superheterodynes by weak 
signals and excessive tube noise, not by broad tuning. As is 
well known, the i-f amplifier in a superheterodyne is tuned to 
some fixed frequency, which is always the dift'erence between 



CH.XXIII OBSCURE RECEIVER TROUBLES 80'1 

the signal frequency and that of the oscillator. If the alignment 
of the oscillator stage becomes shifted in some way, the oscilla
tor frequency changes, which changes the "difference frequency," 
or i-f produced. This "difference frequency" will not be the 
same as the frequency to which the i-f stages are fixed-tuned. 
Therefore, the amplification produced by the i-f amplifier is 
greatly reduced. A change in coil inductance caused by the 
absorption of moisture or shifting of the turns of wire (see Page 
605) is often responsible for this mis-alignment of the oscillator 
stage.· Regardless of the degree of selectivity of the r-f ampli
fier preceding the first detector, the sharpness of tuning remains, 
although other forms of interference may be experienced. 

The alignment of the oscillator stage may be checked easily 
through the use of a calibrated r-f test oscillator producing an 
unmodulated signal. A small pickup coil (of 5 or 10 turns), which 
fits over the first-detector tube is employed to couple the test 
oscillator to the receiver. Before switching on the test oscillator, 
tune the receiver to the correct, or known, frequency of some 
broadcast station operating on about 1,100 or 1,200 kilocycles. 
If the receiver uses a separate oscillator tube, it should be re
moved. Now adjust the test oscillator to produce a signal fre
quency which is higher than the frequency to which the receiver 
is tuned by an amount equal to the frequency of the i-f ampli
fier. In other words, if the receiver is tuned to a 1,200 kc 
broadcast station, and a 260 kc i-f amplifier is employed in the 
receiver, then the test oscillator should be adjusted to 1,460 kc. 
The broadcast station should now be heard if the receiver is in 
operating condition, since the test oscillator signal will beat with 
the station carrier to produce the intermediate frequency. It 
is assumed that the dial calibration of the receiver is correct. 
Should satisfactory operation be obtained in this manner, and 
the receiver fail to operate satisfactorily when connected in the 
normal way, then the oscillator circuit in the receiver is at fault. 

Once the oscillator has been adjusted, the r-f circuits may be 
checked by means of the tuning wand described in Art. 23-5. The 
alignment of the i-f amplifier, however, cannot be ch'!Cked unless a 
test oscillator and an output indicator are available, as will be ex
plained in Art. 25-13 of Chapter XXV. 

Poor sensitivity in superheterodyne receivers may also be 
found to be caused by poor, or "flat," oscillator tubes which 
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operate at certain frequencies and not at others, although they 
test satisfactorily in a tube checker. The type '36 tube em
ployed in superheterodyne receivers as a combination first de
tector and oscillator is a frequent off ender of this type and is a 
source of much annoyance. It may oscillate only over certain 
frequencies, sometimes at both ends of the broadcast band and 
sometimes at either the low or high-frequency end. This con
dition may be remedied by reducing the value of the cathode bias 
resistor so as to increase the plate current. Usually, however, 
merely changing the oscillator tube is sufficient. 

An excellent manner by which obscure troubles in the r-f 
stages of superheterodyne receivers may be localized is as follows. 
Disconnect the oscillator voltage by removing the oscillator tube 
or short-circuiting the oscillator tuning condenser. Place a pair 
of headphones in place of the primary of the first i-f transformer 
and tune the receiver for signals.* The signals should have fair 
strength because the mixer tube is usually a good detector ( except 
in the pentagrid converter tubes, which are only fair detectors); 
the r-f circuits should now be lined up. The oscillator tube should 
then be placed in operation and the phones connected in the plate 
circuit of the second detector; the oscillator and r-f circuits may 
then be adjusted. In this manner, troubles in the r-f end of the 
receiver may be discovered and corrected, without the complica
tions usually added by the oscillator and i-f amplifier. 

23-7. Lack of Sensitivity Caused by Faulty Connections. 
-There are several causes of insensitivity common among t-r-f 
and superheterodyne receivers which are not usually revealed by 
an ordinary receiver analysis. These causes are usually most 
difficult to find, and therefore require the most time to locate. 

A high-resistance joint in the primary or- secondary of tuned 
circuits will result in low sensitivity. A high-resistance joint is 
usually caused by faulty soldering, and, though it may have 
little effect on the voltage readings, may off er considerable re
sistance to the radio signals. The best method of determining 
whether such a condition exists, is by means of an ohmmeter used 

*NOTE: If a crystal detector is connected in series with the ear
phones, the oscillator tube need not be removed. This unit may then 
be used for checking the signal at any stage of either the r-f or i-f 
amplifier. 
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as a point-to-point tester. Difficulties of this nature are also 
often associated with the fact that reception is obtained over 
only a part of the tuning range, usually the low-frequency sec
tion. To illustrate how obscure a trouble of this kind may be, 
mention may be made of a case in which a superheterodyne re
ceiver was serviced. The set received stations below 860 kc at 
low volume, but no reception was obtained at all above 860 kc. 
The usual set analysis disclosed all operating voltages to be nor
mal and beyond suspicion. However I a careful resistance check 
brought to light a high-resistance connection between the choke 
in an r-f plate circuit and the lead connected to the small, double
tum coupling coil placed at one end of the secondary. The re
sistance of this connection was about 1,000 ohms-enough to im
pair the sensitivity of the receiver. 

High resistance joints cannot always be located by mere vis
ual inspection or ohmmeter tests. The degree of contact, and 

FIG. 23-4.-How degenerative ef
fects occur when the by-pass con
denser across a grid bias resistor 
has an open-circuit "X" either ex
ternally or internally. 

resistance of the joint, may depend upon the temperature of the 
receiver-the joint may have a high resistance only when the re
ceiver is either "hot" or "cold". More will be said about this 
later, when discussing intermittent reception. Sometimes, it is 
necessary to test or resolder almost every connection in the re
ceiver in order to locate the {aulty one. 

An external or internal open-circuit in a grid-bias by-pass 
condenser can reduce the sensitivity of a receiver considerably. 
For example, consider the simple commonly-used "automatic 
bias" arrangement shown in Fig. 23-4. When a signal is applied 
to the tuning coil primary, an alternating voltage is induced in 
the secondary I L. The amplitude of this voltage is less than that 
of the grid bias. However, this alternating signal voltage causes 
the potential of the grid of the tube to become alternately more 
and less negative once every cycle. When the grid becomes lesa 



610 MODERN RADIO SERVICING CH. XXIII 

negative due to the signal, the plate current increases, and, since 
this plate current flows through the resistor R, furnishing the 
bias, the voltage drop across R would increase if C were not 
present (or if C had an internal open-circuit) thus tending to 
cause the grid bias and potential of the grid to become more 
negative. The reverse action takes place when the signal polar
ity is such as to tend to make the grid more negative. It is 
evident that the polarities of these changes in the bias voltage 
are such as to buck the signal voltage variations across L. This 
results in decreased signal voltage variations at the grid of the 
tube, with consequent loss of sensitivity. It is the purpose of 
by-pass condenser C to maintain sufficient electrical charge BO 

that the voltage across R remains constant during the individual 
cycles of signal voltage. If C becomes open-circuited, then the 
voltage across R fluctuates a half cycle out of phase with the 
signal and results in what is sometimes called degeneration. 

It is interesting to note at this time that a push-pull amplifier 
requires no by-pass condenser across its bias resistor, because the 
plate currents of both tubes are always a half cycle out of phase 
with each other-one decreases by the same amount and at the 
same time that the other increases, hence the net fluctuating cur
rent through their bias resistor is always zero. Consequently no 
by-pass condenser is necessary to steady the voltage across it
it is already steady. 

23-8. Oscillation in Receivers.-In Chapter XV we de
scribed oscillation as the transference of energy from one elec
trode to another, such as from a plate to a grid. If the transfer of 
energy is not sufficient to maintain the circulation of energy 
without external aid, then · the tube is said to be regenerating. 
A regenerating receiver is evidenced by extreme sensitivity and 
instability. High sensitivity is desirable in many cases, but, 
when it is beyond the point originally set by the designer, tube 
noises become large, the quality is impaired because of the cut
ting oft' of side bands, and the receiver becomes unstable. In
stability means that the receiver will not have uniform response 
over the entire tuning range. Signals nearest the frequency where 
regeneration is greatest will have more strength than others; the 
signal strength of stations, especially weak ones, will vary from 
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time to time; the dial setting for a given station will not be the 
same at all times; the tuning circuits will not stay aligned, because 
regeneration changes the effective inductance of the tuned cir
cuits, and the change in inductance is dependent upon the amount 
of regeneration. 

For our purpose, oscillation may be considered as an ad
vanced degree of regeneration, and the causes of both are, in 
practically all instances, the same. For this reason, we will dis
cuss the causes of oscillation and regeneration as if they were 
both one and the same thing. For further simplification, the 
discussion will be divided into two sections, one for r-f and the 
other for i-f circuits. 

23-9. Obscure Causes of Oscillation in R-F Circuits.
Oscillation in a t-r-f receiver may be recognized instantly by 
the audio-frequency beat notes set up between the signals tuned 
in and the oscillations in the receiver. Thus, if a 1,000 kc station is 
tuned-in, and the receiver is oscillating at a frequency of 1,001 
kc, a 1,000-cycle note will be heard in the loud speaker. This 
1,000-cycle note will usually overlap the modulation of the 
original signal so that intelligent interpretation of the original 
audio modulation is impossible. Oscillation of this form may 
be verified by turning the tuning dial slowly. As a station is ap
proached, the beat note will decrease in pitch to nearly zero, and 
then, as the tuning dial is turned further, the note will grad
ually rise in pitch until it is beyond audibility or the station is 
tuned out completely. 

This test is an important one, for the mere presence of an 
audible note is not always an indication of an oscillating re
ceiver. If the carrier waves of two powerful transmitters are but 
5 kc apart, and each is modulating up to 5,000 cycles, then there 
will be interference between the two modulations. It is true that 
the carrier frequencies of local stations are separated by at least 
10 kc, but a low-powered local and a high-powered distant sta
tion may be separated by only 5 kc, in which case both will be re
ceived with audible strength and interference will result. Turning 
the tuning dial will not produce a changing-pitch beat note here, 
for now the beat-note frequency is determined by the frequency 
separation of the two stations, not by the receiver adjustment. 
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Oscillation originating in a t-r-f receiver may also be detected 
by placing a finger lightly on the control-grid terminal of each of 
the r-f amplifier tubes. At one of them the beat note will stop, 
and the audio will come through clearly. This is almost always 
a certain indication of oscillation in the receiver, and in the stage 
corresponding to the tube on which the finger was placed. 

The removal of the antenna lead will often make a receiver 
oscillate. The antenna places a certain load on the first r-f 
stage of a receiver, just as a resistor across the secondary of a 
transformer places a certain load on that transformer. If the 
load is too small, the tube will break into oscillation for the fol
lowing reason: every stage in every receiver has a certain amount 
of regeneration, regardless of how small it may be. In most in
stances, the amount of regeneration is not great enough to cause 
the receiver to oscillate or become unstable. However, we know 
from our study of oscillator action (Art. 15-7) that when 
the energy fed back from the plate to the grid circuit is great 
enough to supply the losses in the grid circuit, oscillations will 
be sustained. This means that if the antenna system is removed 
from the input terminals of the receiver, the losses attributed to 
that stage are reduced, and the tube may generate self-sustained 
oscillations. 

A receiver may oscillate if the aerial to which it is connected 
is too small. The remedy here, of course, is to make it longer. 
An excellent test for oscillation due to insufficient aerial length 
is to tune in a strong local station that can still be received if the 
aerial is disconnected. This station must also be such that a 
beat note is produced when it is being received with the aerial 
connected normally. Now, short-circuit the aerial and ground 
posts of the receiver and note if the beat note is still produced. 
If it has disappeared, then the aerial length must be increased. 

Another test is to lightly tap the control-grid of the first r-f 
tube. If oscillations exist, a distinct "click" will be heard every 
time the finger is touched to and is removed from the cap. With 
the aerial-ground posts short-circuited, the clicking should dis
appear if the aerial needs lengthening. 

23-10. Oscillation Due to Inter-Stage Coupling in Plate 
Circuits.-Open-circuited by-pass condensers in the plate or 
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screen-grid circuits are one of the most frequent causes of oscilla
tion in receivers. A typical example of such plate-circuit 
by-passing is illustrated in Fig. 23-5. By-pass condensers C 1, 

C1 and C, by-pass the plate circuits; and chokes L1, L1 and L, 
are in the plate circuits. Suppose CI were to open-circuit. The 
B+ Line, carrying all the currents for the plates of the other r-f 
or i-f tubes, would be at a different r-f or i-f potential than the 
bottom of the primary P 1 . Now current flows whenever there is 
a difference of potential, so, if the choke L, is not large enough 

R-F OR 1-f" 
TUBE ~---. 

FIG. 23-5.-A typical arrangement for by-passing the plate cir
cuits of a receiver. Chokes are shown inserted in the plate circuits 
to assist the by-passing action of the by-pass condensers. 

to prevent the flow of r-f current, some of the weak r-f current 
in the B+ Line will flow through P 1 . Hence, the plate circuit 
of V2 will haver-for i-f that belongs to some other stage. This 
circulation of energy between one stage and another gives 
rise to what is called inter-stage coupling ( another name for os
cillations generated because of the transfer of energy from one 
stage to another instead of from one electrode of one tube to 
another electrode of the same tube). 

The purpose of the condenser C, is to by-pass any r-f in the 
plate circuit to ground. In other words, the reactance of C I must 
be small enough to pass all the r-f currents through the circuit 
shown by the arrow. By so by-passing, the potential of the bot
tom of P 1 is made the same as that of B+ Line; hence removing 
the difference of r-f or i-f potential, whi~h was causing the trans
fer of energy from this stage to another. 

Another way of looking at the problem is to think of C, as 
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having a small enough reactance to by-pass any r-f in the plate 
circuit of V, directly to ground before it gets to the B+ Line, 
and the purpose of the chokes is to assist the by-pass condenser 
by making the reactance of the path to this B+ Line great 
enough so that the current will flow through the easier path 
through C, to ground instead. In this manner, the B+ Li.ne 
will have little or no r-f or i-f current flowing in it. 

If any of the plate circuit chokes become open-circuited, then 
there will be no plate voltage on that tube in which the open
circuited choke is connected. On the other band, if the choke 
becomes short-circuited, there will be plate voltage, but the re
ceiver may oscillate because the reactance of the choke is not 
present to prevent high-frequency current from staying in the 
circuit in which it belongs-the reactance of the by-pass con
densers may not be low enough to by-pass all the high-fre
quency currents to ground. 

To sum the whole thing up in a general statement, it is good 
practice to employ proper by-passing and choking in order to 
keep all high-frequency current within the stage in which it be
longs. Anything that prevents this localization of current will 
tend to cause oscillation. The chokes and by-pass condensers 
are used for this purpose-they prevent inter-stage coupling, and 
hence are called de-coupling filters. The chokes may be replaced 
by resistors with no change in action, with perhaps the added ad
vantage that the impedance from P, to the B+ Line is inde
pendent of frequency; a disadvantage, however, is that the plate 
voltage is reduced by the voltage drop in the resistor. 

23-11. Oscillation Due to Inter-Stage Coupling in Screen
Grid Circuits.-The problems arising in screen-grid circuits are 
somewhat different. Consider the circuit of Fig. 23-6. The B+ 
voltage is fed to all the screen grids through the voltage-dropping 
resistor R. Each screen circuit is equipped with a separate by
pass condenser used to pass to ground any r-f or i-f in the 
screen circuit. It is generally conceded that choking is not 
needed in screen circuits. If the screen by-pass condensers are 
of insufficient size or are open-circuited, then it is possible for 
inter-stage coupling to take place because of the presence of the 
common voltage-dropping resistor R. 
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The high-frequency screen currents in the successive tubes of 
the amplifier are 180 electrical degrees (a half cycle). out of 
phase with each other, i.e., when the screen current of V1 is rising, 
that of V, is falling and that of V, is rising. This phase shift 
is due to the reversal of phase in the coupling devices between 
the tubes. Now suppose that there were no screen by-pass con
densers at all, or that they were too small or open-circuited. 

An increase in screen current due to V 1 would cause an in
crease m the voltage drop across R. This would reduce the 

FIG. 23-6.-How several screen-grid circuits which are fed through 
a common voltage-dropping resistor R must be by-passed by conden
sers to prevent oscillation due to inter-stage coupling. 

screen voltage on V 11 causing a drop in the screen current of V 1 • 

But the drop in screen current in VI is greater than the increase 
in screen current in V 1 because the signal voltage on V I is 
greater than that on V 1 by the amplification of the preceding 
stage. Without considering V ,, then, the net result is a decrecue 
in the current through R, which means increased voltage applied 
to the screen of V 1• Increased voltage on the screen of Vi means 
more screen current, and more screen current means more volt
age drop in R. More voltage drop in R means less voltage on the 
screen of V ,, etc. 

This process continues to build up, with the result that the 
fluctuating screen currents reach proportions entirely unwar
ranted by circuit conditions, and, if these fluctuating currents 
are not by-passed to ground, oscillation due to inter-stage coup
ling is sure to result. On the other hand, the phase of the screen 
current in V, is the same as that in V 1 , so that any increase 
in screen current in V 1 will lower the screen voltage on V ,. And 
since the screen current in V, is in the process of increasing, in 
phase with V 1, the net result is a smaller variation in current 
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than is warranted by circuit conditions, and inter-stage coupling 
is minimized. 

Of coutse, the same thing happens if the plate circuits are 
fed by a common resistor which drops the higher B voltage to 
the proper value required for the plates of the tubes. In this 
case, a large condenser, about 4 mfd., must be connected to the 
plate side of the common resistor. This condenser, having a 
large capacity, will maintain the voltage applied to the plates 
constant during high-frequency changes, preventing the cumu-

~-C"-' A D B D B 

B+ 
NM.H VOLTAGE 

FIG. 23-7 .-An amplifier circuit arrangement in which the con
necting together of the screen grids and plates of the alternate tubes 
prevents inter-stage screen- or plate-circuit coupling without the need 
for by-pass condensers or chokes. 

lative action described. The action of each of the by-pass con
densers shown in Fig. 23-6- serves the same purpose, so that if 
one of them becomes open-circuited, there is a possibility of 
oscillation, or at least regeneration, taking place. 

This discussion leads to the interesting fact that since the 
r-f or i-f current variations in the screen and plate circuits of 
successive amplifier tubes are a half cycle out of phase, the plate 
circuits of alternate tubes may be connected through a common 
resistor without by-passing of the resistor or use of plate circuit 
chokes ( as shown in Fig. 23-7) without danger of oscillation. The 
same is true for the screen-grid circuits, as shown. This circuit 
arrangement, which is shown here for the "plate" as well as for 
the "screen" circuits is used in many commercial receivers. 
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23-12. Miscellaneous Causes of Oscillation.-All of the 
foregoing causes for oscillation in receivers are troubles which 
may develop in receivers which were once in good operating con
dition. It was pointed out in detail that open-circuited or leaky 
by-pass condensers are a common source of this trouble. But 
there are causes of oscillation other than those originating in 
the de-coupling filter circuits. Excessive plate or screen voltages 
will cause oscillation, but they can be detected by the usual 
voltage analysis of the receiver. Some of the very old t-r-f re
ceivers use fixed resistors of about 1,000 ohms ( called suppress
ors) in series with the grid leads of the r-f tubes. A short-cir
cuited resistor of this type will cause oscillation, and cannot be 
detected by a voltage analysis. 

A very frequent cause of oscillation is the formation of high
resistance contacts in the grounding of shield cans and shielded 
leads. Inter-stage coupling is prevented in practically all mod
ern receivers by shielding each transformer, tube and some of the 
high-potential leads.* After the receiver is used for awhile, the 
pressure of the shield cans against the chassis, or some sliding con
tact ground connection may become poor, thus reducing the 
shielding effect. This causes oscillation I 

When a service man wires in a new r-f or i-f transformer to 
replace a faulty one, he may alter the positions of some 
wires sufficiently to cause coupling to take place between the wir
ing of the receiver. A good rule to remember here is to place all 
leads differing in high-frequency potential as far apart as pos
sible. Leads differing in d-c potential do not matter, so long 
as they are properly by-passed to ground. 

23-13. "Image Interference" in Superheterodynes.-Any 
of the r-f amplifier troubles outlined in Art. 23-9 may occur 
in the pre-selector circuits of superheterodynes. However, 
there are instances where station interference troubles in super
heterodynes cause them to act exactly as if they were 
oscillating. The service man must learn to differentiate between 
this "interference" condition and the condition of "oscillation". 

First of all, any signal which is able to "beat" with the re-

*NOTE: In metal-tube receivers, the metal envelopes of the tubes 
themselves act as the shields. 
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ceiver oscillator frequency to produce a resultant signal equal 
to the i-f of the set will be amplified by the i-f amplifier, de
tected, and amplified further by the a-f amplifier. Let us sup
pose that the tuning dial of a superheterodyne receiver employ
ing a 450-kc intermediate amplifier is adjusted so the receiver is 
tuned to an incoming signal having a frequency of 550 kc. Now 
it must be remembered that most modern superheterodyne re
ceivers are designed so that the oscillator frequency is always 

RECEIVER 
TUNED 

TO 5!,0 KC. 

550 KC. SIGNAL i 450 

-~l-~:.5!'!_~~-1\£:_ KC. 

OSCILL. FREQ. 
:1000 KC. 

tA) 

l·F 

IMAGE FREQUENCY 
..I 

/

1450 KC. SIGNAL 
.---------.450 
14-50 -1000• 450 l<.C, KC 

(sso ;~~-;~;;~~ 1-F· 

5~- OSCILL. FREQ. 
. :1000 KC 

( e,) 

Fm. 23-8.-The receiver is tuned to 650 kc for the reception of a 
550-kc station. At (A) the signal of this 650-kc station beats with the 
1,000-kc set-oscillator frequency to produce an i-f of 450 kc. At (B) 
is shown how an "image-frequency" signal of 1,450 kc can also beat 
with the 11000-kc oscillator frequency to produce an i-f of 460 kc 
which will mterfere with the first (desired) signal. This is a typical 
example of "image-frequency" interference. 

greater than the signal frequency by an amount equal to the i-f 
used. Therefore if the receiver is tuned to the 550-kc incoming 
signal, the oscillator must be operating at 1,000 kc (since 1,000 
- 550 = 450 kc, the i-f). This is illustrated in a simple way at 
(A) of Fig. 23-8. However, for this setting of the receiver tun
ing dial there is another signal (shown at (B) ) which will also 
produce an i-f of 450 kc, if it is powerful enough, or able, to get 
through to _the mixer tube. If a signal having a frequency of 
1,450 kc (which also lies within th& broadcast band) is received 
by the antenna and gets through to the mixer tube of the re
ceiver, it will also produce an i-f of 1,450 - 1,000 = 450 kc. 
Therefore both signals will be heard together, creating a condi
tion of interference. 

It is important to notice that the difference between the fre
quency of the desired signal ( 550 kc) and that of the oscillator 
(1,000 kc) is 450 kc, and the difference between the frequency 
of the interfering signal (1,450 kc) and that of the oscillator 
(1,000 kc) is also 450 kc, as shown pictorially at (B). Therefore 
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the interfering signal is always one whose frequency is equal 
to that of the desired signal plus twice the numerical value of 
the i-J of the receiver-for this type of interference,and for re
ceivers in which the oscillator frequency is higher than that of 
the desired station. This is a distinguishing characteristic of 
this type of interference. In receivers employing an oscillator 
frequency which is always lower than that of the desired sig
nal, the same kind of interference may occur, but in this case the 
frequency of the interfering signal is equal to the frequency of 
the desired station minus twice the numerical value of the i-f. 
Of course t-r-f receivers employing short-wave converters are 
also subject to this form of interference. 

The frequency of the interfering signal, which can be received 
when the receiver dial is set for reception of the desired signal, 
is called the image frequency of the desired signal. This type 
of interference is called image interj erence. 

Further details concerning "image interference" in connection 
with all-wave receivers will be discussed in Chapter XXVIII. 

The reader has probably wondered by this time why no men
tion has been made of the sharply-tuned circuits or r-f (pre
selector) stages which are incorporated ahead of the mixer tube 
of most superheterodynes so that the interfering image-frequency 
signals might be prevented from getting through to the mixer 
tube where they beat with the oscillator signal. Such pre-selector 
circuits are employed, but, before considering them in detail, we 
shall point out another trouble which arises in superheterodynes 
-a trouble which is also minimized by the use of a pre-selector 
stage ahead of the mixer tube. (The tests and remedies for image
frequency interference will be discussed in Arts. 23-16, 25-9 and 
25-21 to 25-23). 

23-14. "Double-Spot" Reception in Superheterodynes.
Another trouble peculiar to superheterodyne receivers, one whose 
fundamental cause lies in image interference, is that of double
,pot reception, i.e., reception in which the signal of a station can 
be tuned in at two points on the tuning dial. 

This trouble has always been a nuisance in old superheterodyne 
receivers which employ a separate oscillator control, for, in these 
receivers, several adjustments of the oscillator dial setting will pro
vide heterodyning frequencies which, when mixed with the desired 
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carrier, will produce the correct i-f beat for the receiver. Since noth
ing can be done about this condition in these receivers, they will not 
be considered here. We are interested here simply in modern 
single-control superheterodynes in which double-spot reception ap
pears. 

It is apparent from the discussion regarding image frequency 
interference (Art. 23-13) that in the particular case considered 
the 1,450 kc signal will be heard in this particular receiver for 
two settings of the tuning dial-first, at the 550 kc setting 
(where it appears as an interfering "image frequency") and again 
when the receiver is tuned to 1,450 kc ( where it appears as the 
desired signal). This is illustrated in Fig. 23-9. Consequently, 
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FIG. 23-9.-Double-spot tuning caused by image interference. 
The 1,450 kc station will be heard both when the receiver dial is set 
for 550 kc reception (A), and also when it is set for 1,450 kc recep
tion (B), since it beats with the oscillator frequency to produce an 
i-f of 450 kc in both cases. 

due to the image frequency trouble in this receiver, we also have 
double-spot reception. Of course there are two conditions in 
which the 1,450 kc signal may appear. If there happened to be 
a 550 kc station broadcasting at the time, and it was receivable 
by the receiver, it would appear together with the 1,450 kc signal 
when the receiver dial was at the 550 kc setting. The result in 
this case might be squealing, whistling, or the modulation of both 
stations appearing as "hash" at the loudspeaker. If it so hap
pened that no 550 kc signal were being received, the program of 
the 1,450 kc station would be heard clearly at both the 550 and 
1,450 kc settings of the tuning dial. 

It is important to notice here that the double-spot reception 
points on the tuning dial are always separated by twice the 
numerical value of the i-f employed in the receiver. Obviously, 
anything that will cure the image-interference condition, will 
also eliminate the double-spot reception due to this cause. Rem-
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edies will be discussed in Arts. 23-16, 25-21 and 25-23. 
Beside the foregoing cause for double-spot reception, there 

are other causes which should be kept in mind. Most oscillators 
generate harmonic frequencies (see Arts. 15-18 to 15-21), and 
the oscillators used in superheterodyne receivers are not im
mune to this condition. Thus, suppose we consider the case of 
the same superheterodyne receiver discussed in Art. 23-13. It 
employs a 450 kc i-f amplifier, the tuning dial is set for the 
reception of a 550 kc station signal, and the local oscillator is of 
course operating at 1,000 kc. In addition to the 1,000-cycle fun
damental frequency, the oscillator may be generating harmonics 
of 2,000, 3,000, etc., kc. Now it is possible for a strong broad
cast signal of the proper frequency to beat with a sufficiently 
strong harmonic of the oscillator and produce a beat equal to 
the i-f used. In our case, signals from a 550 kc and a 1,450 kc 
station might both beat with the 1,000 kc signal of the oscilla
tor, and the signals from a 2,450 kc station and a 1,550 kc station 
might both beat with the 2,000-kc second harmonic of our 1,000-
kc oscillator-all to produce a 450-kc beat. The signal circuit, 
however, is tuned to 550 kc. Therefore under this condition, 
four stations might be received simultaneously when the receiver 
dial is set for 550 kc reception, and repeat-tuning could also 
occur. It is again obvious that it is important to have efficient 
tuned (pre-selector) circuits ahead of the mixer tube to discrim
inate against such stations. Good shielding, and sharp r-f tuning 
aid in preventing the signals of these unwanted stations from 

. getting through to the mixer tube. 

In the same way, harmonics of broadcast stations may beat 
with the fundamental or harmonics of the set oscillator to pro
duce the necessary i-f beat for reception. \Vhile this is some
what uncommon in the broadcast band, it is a very common oc
currence on the short-wave bands. 

23-15. Band-Pass and Rejector Pre-Selector Circuits for 
Image Interference and Double-Spot Tuning Elimination.
It is evident that both the image interference and double-spot 
tuning troubles could be eliminated if only the incoming signal 
which it is desired to receive were allowed to get through to the 
mixer stage, and the signals of all other stations were blocked 
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out before they reached this stage. This calls for one or more 
selective tuning circuits ahead of the mixer stage-pre-selector 
circuits. Some receiver designers provide this selectivity by us
ing one or more t-r-f stages ahead of the mixer; others include 
some form of band-pass circuit, somewhat as shown in Fig. 
23-10. This type of circuit consists, of the antenna coil, L1, 

coupled to a secondary L 1, which is tuned by a condenser C 1 

through a large fixed capacity C 4• L, is then coupled to a second 
secondary Ls which is tuned by condenser Cs through a fixed 

Lz 

FIG. 23-10. - Band
pass input circuit !or 
increasing the selec
tivity of the r-f pre
selector of a super
heterodyne in order 
to reduce image-fre
quency interference 
and double-spot tun
ing. 

capacity C ,. The coupling between L1 and L, is such as to 
pass a band width of approximately 10 kc, the sides of the selec
tivity curve being very sharp so that interference from stations 
removed from the resonant frequency of the tuned circuits is 
small. The disadvantage of this system is that as much as 50 % 
(depending upon the degree of selectivity provided) of the an
tenna signal voltage is lost-sacrificed for selectivity. 

Instead of using a band-pass circuit, which, although it in
sures against severe interference of any form, results in loss of 
signal strength, many receivers employ specially tuned "rejector" 
circuits which are ganged to the main tuning control and are al
ways tuned to the second repeat point. In other words, if this ar
rangement were used in the receiver discussed in Art. 23-13, the 
1,450 kc signal could be received with the normal receiver tuning 
dial setting, but, when the receiver was tuned to 550 kc, (the 
marking on the dial at which this 1,450 kc station might be tuned 
in again) (see Fig. 23-9), the special rejector circuit would cut it 
out. Several of these circuits are discussed in Arts. 25-21, 25-22 
and 25-23. 

The action of the rejector circuit may be checked by ad
justing rejector circuit trimmer so that "minimum" response 
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is produced when the receiver is tuned to a "double-spot" point, 
the receiver being supplied with the proper double-spot fre
quency signal by a test oscillator. For example, if the i-f of 
the receiver is 450 kc, a test oscillator is first set to 
supply a 1,450 kc signal to the receiver, and the rejector circuit 
trimmer is adjusted for minimum response with the receiver 
tuned to 550 kc, the double-spot point of the 1,450 kc signal 
(see Arts. 25-22 and 25-23). 

23-16. Eliminating Image Interference and Double-Spot 
Tuning.-In all service work connected with these troubles in 
superheterodyne receivers, the following must be kept clearly in 
mind: 

Any signal which beats with the receiver oscillator output 
to produce a resultant signal whose frequency is equal to that 
of the i-f amplifier, will be amplified by the receiver, and will 
be heard if it is strong enough. 

The problem lies in keeping the interfering signals from 
reaching the mixer tube. It is the purpose of the tuned pre
selector circuits ahead of the mixer tube to reject all signals ex
cept the one corresponding to the frequency for which the receiver 
tuning control is set. The possible reasons for failure to block 
out these interfering signals in modern receivers are: 

1. Excessively strong interfering signal. 
2. Incorrect adjustment of "image frequency" band-pass 

or rejector circuit trimmers-or defective circuits. 
3. Insufficient selectivity in the pre-selector stages. 
4. Incorrect trimmer adjustments on i-f transformers. 
5. Incorrect tracking of r-f, oscillator and mixer circuit 

tuning condensers. 
6. Possible coupling between the antenna or ground lead 

and the mixer or oscillator circuits. 
7. Imperfect shielding of the r-f, mixer and oscillator cir

cuits. 
8. Excessive control-grid bias on r-f and mixer tubes. 

If the inter£ ering signal is excessively strong, it may get 
through the pre-selector stages with sufficient strength to cause 
image interference and double-spot tuning even though all ad
justments in the receiver are set correctly. In the case where 
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some one strong interfering local station is troublesome, a fixed 
or semi-adjustable trap circuit tuned to its frequency may be 
added to the receiver (see Art. 23-17). 

If the selectivity of the pre-selector stages is insufficient due 
to their design, or because their trimmers are not adjusted prop
erly, the interfering signals will not be blocked out and hence 
will reach the mixer tube. Interference will result! Likewise, if 
the i-f transformers are not all "peaked" at the same frequency, 
interference will result. If the two peaks of poorly adjusted i-f 
stages differ by, say, 20 kc, it is entirely possible to receive two 
stations at once, since each transformer responds strongly to a 
different i-f. Naturally, either of these troubles must be cor
rected by re-aligning the tuned stages (see Art. 25-18). 

Double-spot reception may also occur when the oscillator 
stage in the receiver is not tracking correctly with the r-f and 
mixer circuits. The repeat points, in this case, will usually be 
separated by not more than 50 kc or so, and all that is neces
sary is to re-align these circuits to secure proper tracking (see 
Arts. 25-13, 25-14 and 25-16). 

If any stray coupling exists between the antenna or ground 
lead and the mixer or oscillator circuit, interfering signals will 
get through. Of course, ali shielding between the various stages 
should be well grounded and in perfect condition. High-resist
ance contacts in the shielding reduces its effectiveness. If a pre
selector circuit is not incorporated in the receiver, it may be pos
sible to reduce or eliminate repeat points by completely shield
ing the receiver so that none other than the desired carrier can 
pass into the receiver, and that only through the "input" of the 
receiver. If the bottom of the chassis is not shielded, a ground
ed metal plate should be installed. Shielding the top of the 
chassis with another grounded metal plate, so as to shield the 
variable condenser sections and the control-grid caps of the 
screen grid tubes, is also of much assistance. 

At times, it is an extremely difficult matter to tell whether a 
superheterodyne receiver is being troubled by "image interf er
ence" or by oscillation. The cause of whistles or squeals should 
be determined first, before attempting a remedy, since the audible 
effects for the various causes may be very similar. Oscillation 
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in the r-f or i-f stages gives rise to "birdies," or "squeals," that 
sound exactly like the beating of two carriers. Thia results 
when "image" interference is present. The service man must 
learn to differentiate between this "interference" condition and 
the condition of "oscillation," for the causes and the remedies 
for both are different. One practical test to find out whether a 
whistling, squealing condition is caused by image interference, 
or by oscillation, is to disconnect the antenna wire from the re
ceiver while this action is observed, and listen to the program. 
If it now comes through clearly, the program heard is undoubted
ly that of the strong interfering station, and the squeal or whistle 
heard with the antenna connected to the receiver is due to "in
terference" and not to "oscillation". A further check can be 
made by setting the tuning dial quickly to the frequency setting 
of the interfering station ( whose frequency will be equal to the 
frequency of the desired station plus twice the numerical value 
of the i-f employed in the receiver}. The program heard now 
should be the same one heard before when the antenna was dis
connected from the receiver. 

Another test consists of tuning the receiver to different points 
within its tuning range and listening. If squeals are heard over 
a certain portion of the tuning range-or over all of it-the 
receiver is very likely oscillating. If squeals are heard only 
at one or two points, they may be attributed to some form of 
interference. 

Many commercial receivers employ some form of special 
double-spot suppression circuit in the pre-selector. This type 
of circuit and the correct method of adjusting it are explained 
in Arts. 25-21, 25-22 and 25-23 of Chapter XXV. 

23-17. "Code" Interference in Superheterodynes.-A com
plaint frequently encountered with superheterodyne receivers is 
that of "code" interference. This type of interference origin
ates principally from Airway and Coast Guard Beacon stations, 
which operate on frequencies between 260 and 320 kc, and com
mercial transmitters in the vicinity, all operating in the i-f band 
of certain receivers. The trouble may appear only at the low
frequency end of the broadcast scale or it may be heard over 
the entire band, regardless of the tuning-dial setting. In the first 



626 MODERN RADIO SERVICING CH. XXIII 

instance, the interference may be reduced or entirely eliminated 
through the use of a wave trap, tuned to the frequency of the 
interfering signal, as shown at (A) of Fig. 23-11 1 inserted in 
the antenna circuit. Of course, it is imperative that the lead 
from the wave trap to the receiver be shielded, and the shield 
grounded. In place of a trap circuit, some receivers already in
corporate an acceptor circuit composed of an inductance and 
a semi-fixed condenser connected in series acrosl!I the antenna 
and ground circuits, as shown at (B). The acceptor circuit pre-
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FIG. 23-11.-(A) A wave trap connected in the antenna circuit 
of a superheterodyne which is troubled by code interference at the 
low-frequency end of the broadcast scale. 

(B) An acceptor circuit which may already be incorporated in 
a receiver for by-passing the interfering signal (to which it tunes) 
to ground. 

sents a high impedance to all signals except that to which the 
circuit is tuned, thus by-passing the interference signal to ground. 
Of course a circuit of this kind may also be added to an existing 
receiver. Since trouble of this nature is more or less produced 
by high-powered commercial code stations, operating between 
ship and shore in the region of 600 meters, shortening and 
changing the direction of the antenna often aids matters con
siderably also. 

When interference is received over the entire dial, as a back
ground to any and all stations, the shielding of the receiver, 
especially the i-f amplifier, is probably inadequate. This con
clusion is based on the fact that the interference cannot be tuned. 
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in other words, it is not prominent at any one portion of the 
band, denoting that the interference is being picked up by the i-f 
amplifier. The interference may be entering the receiver direct
ly through the i-f amplifier, due to inadequate or faulty shield
ing of the i-f coils and tubes, or through the power line, some of 
the wires of which are in close proximity to the i-f amplifier wir
ing in the receiver. In other cases, the trouble may be traced 
to the lead between the antenna binding post and antenna coil, 
the wave-band switch, or the volume control, which runs ad
jacent or parallel to some i-f amplifier wiring. Altering the posi
tion of the lead, or replacing it with a length of shielded cable 
is usually sufficient to eliminate the trouble. On several occa
sions, though, thorough shielding of some of the i-f amplifier 
leads is absolutely necessary. 

Pickup by the power lines, and consequently by the i-f am
plifier leads, is remedied in like manner. Isolate the power line, 
line switch, and power transformer primary leads from the i-f 
amplifier by altering their position. The usual line-filter device 
has been found to be of no help in eliminating code interference. 

Direct pickup by the i-f amplifier presents a more difficult 
situation. It is most important that the coils and tubes as well 
as the control-grid leads be completely shielded. When it is 
found that a shielding plate for the bottom of the chassis is lack
ing, one should be supplied. In many cases, it is necessary to 
shield the entire top of the chassis with a grounded metal plate, 
cut to size and shape, to eliminate direct pickup by the i-f am
plifier. Most of the more recent superheterodyne receivers em
ploy intermediate frequencies between 450 and 485 kc. This 
range lies within the transmitting frequencies of commercial 
code stations. For this reason a wave trap is employed in the 
antenna circuit, tuned to the frequency of the i-f amplifier, 
to prevent interfering signals of this frequency from entering 
the receiver through the antenna circuit. When this provision 
does not suffice, after it has been definitely ascertained that the 
wave trap is correctly tuned, an acceptor circuit, (B) of Fig. 
23-11, should be tried across the antenna and ground, as prev
iously explained. This should be tuned to the specified i-f of the 
particular receiver, which of course must be known. 
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In order to determine just which part of the receiver is re
sponsible for code interference reception, the antenna lead may be 
disconnected from the receiver and the antenna post short-cir
mrited to chassis with a short jumper. This procedure will im
mediately rule out pickup of code signals by the antenna lead as 
a possible source of trouble. If it still persists, all shielding in 
the receiver should be checked. In general, code interference 
over the entire band is due to direct pickup by the i-f amplifier 
because of inadequate or faulty shielding. Faulty shielding may 
be caused by shield cans or housings which have become loose 
from the chassis or have become corroded at their contact sur
faces, etc. 

23-18. Causes of Modulation Hum.--Surprising as it may 
seem, hum currents can be generated in r-f or i-f circuits. The 
word "hum" as used here does not include low-frequency os
cillations or the residual hum left by inadequate power supply 
unit filters; it means only a hum which is really the low-frequen
cy modulation, at the supply-line frequency, of a received sig
nal. This form of hum is present only when a carrier wave is 
tuned in, and is known as modulated hum, modulation hum, 
or tunable hum. Modulation hum may be due to several causes: 

( 1) The a-c leads supplying filament voltage may be too close 
to amplifier grid wires. This proximity induces a voltage in the 
grid leads ( at the supply frequency). This modulates any car
rier wave that is being received. The output may be rectified in 
the tube itself in many cases and passed on to the following 
stage-but only when a station is tuned in. With no station, 
of course, the r-f or i-f transformers cannot efficiently transfer 
energy of a frequency of 60 cycles when they are designed to 
transfer high-frequency energy having a frequency of hundreds 
or thousands of kilocycles. 

(2) The varying fields surrounding the filaments or cathodes 
of tubes may sometimes cause modulation hum due to their con
trol effect on the plate current. The field inside the tube, vary
ing at a rate determined by the supply frequency, is electron
coupled to the signal, and modulates the carrier for exactly the 
same reason that a superheterodyne oscillator beats against a 
signal in a pentagrid converter tube. This form of hum must 
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be eliminated by the designer, not by the service man, but it is 
mentioned here to acquaint the service man with something that 
may exist and not be his fault at all. 

(3) Inadequate by-passing is another item that can cause 
modulation hum. If the by-pass condensers are too small, the 
potential of the terminals to which they connect may fluctuate 
at the supply-line frequency because of induction, and modulate 
the carrier of a station being received. 

( 4) Modulation hum may also be caused by open-circuited 
line-buff er condensers, leakage between the cathode and heater 
of indirect-heater type tubes, and an open-circuited power de
tector cathode by-pass condenser. 

(5) Modulation hum may frequently be caused in small Uni
versal a-c-d-c receivers by power lines which carry the signal 
voltage into the rectifier tube. Here, the signal voltage is mod
ulated with the rectified a-c hum-voltage, and then either re
radiated to the antenna or to other circuits in the receiver. This 
trouble can usually be remedied by either connecting a 0.05 to 
0.25 mfd. condenser across the power line, or connecting a 0.001 
mfd. to 0.25 mfd. condenser from one side of the line to ground. 
Another remedy is to connect a 0.001 to 0.1 mf d. mica conden
ser from each rectifier tube plate to the rectifier filament. When 
tunable hum is present in receivers which already contain line 
by-pass condensers, it may be cured by increasing the size of 
these condensers. 

Causes (1), (3), ( 4) and (5) can be minimized, or elimin
ated, by the service man. Removal of the a-c leads from the 
vicinity of the grid leads will reduce modulation hum due to 
cause (1). Often, nothing but the use of a power transformer 
having a static shield (see Fig. 30-22 in Chapter XXX) between 
the primary and secondary windings will cure modulation hum. 

In the case of cause (2), present tubes are designed to reduce 
this trouble greatly. However, in receivers where the heaters or 
filaments are operated in series, a rearrangement of the heater 
sequence may reduce the hum. The heaters of the more critical 
tubes should be nearest the side of the line to which the nega
tive plate supply is connected. Usually the second detector is 
the most critical, then the mixer ( first detector) , then the out-
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put tube. Their heaters should be arranged in that order with 
respect to the negative side of the line. The heater of the recti
fier should be next to the ballast resistor which is connected to 
the high side of the line. 

In sets employing a voltage-doubler arrangement, the heaters 
of the most critical tubes should be connected to the side of the 
line terminating between the condensers of the doubler. Also, 
if the speaker is used as a filter choke it should be placed in the 
negative side at the B supply to reduce the potential difference 
between the cathodes and heaters. 

In many instances, it is good practice to reduce the antenna 
length to the minimum size required by the receiver and its 
location. Too long an antenna system results in too much signal 
pickup, and too much signal strength in a sensitive receiver may 
cause certain tubes of the i-f amplifier to detect, resulting in 
"birdies". A small series condenser in the antenna lead, or 
shortening of the aerial wire itself, is sufficient to eliminate this 
in most cases. Modern receivers use variable-mu tubes in the r-f 
and i-f amplifiers. One of the features of these tubes is that 
they do not detect (normally). Now, if such a tube is used in 
an r-f _or i-f amplifier, any voltage applied to its grid will not 
be detected, and hence will not appear rectified in the plate cir
cuit. However, tubes of the same type number may differ as 
to characteristics, so that, if a modern receiver suffers from mod
ulation hum, it is a good idea to try several new tubes before 
attempting to look further. Even though each tube tests normal 
in a tester, because of manufa<:turing tolerances the shape of 
the characteristic may be favorable for detection. 

23-19. Common Causes and Remedies for Excessive Steady 
Hum in Receivers.--One common receiver complaint which the 
radio service man is called upon to rectify, and which is al
most always due to obscure troubles, is excessive, steady hum. 
The cause of this hum is often difficult to trace and locate. 

We are interested here only in the presence of excessive, 
steady hum which has developed in a receiver an appreciable 
time after its purchase and, which is not affected by tuning the 
receiver. Of course it is assumed that all the tubes in the re
ceiver have been tested and found satisfactory, and that all op-
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erating voltages have been checked and found to be correct. 
The common obscure causes of such hum will now be considered: 

(1) Every experienced service man knows that in the majority 
of cases, excessive hum originates in the power pack and is caused 
by an open-circuited filter condenser, by one that has lost its 
effective capacity, by a short-circuited filter choke, or by a com
bination of these troubles. 

Because of their design, filter condensers of the electrolytic 
type are more susceptible to these troubles than are those of the 
paper-dielectric type. Drying out of the electrolyte, excessive 
heat, and momentary voltage overloads caused by the removal 
of one or both of the power tubes while the receiver is oper-
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FIG. 23-12.~How a center-tapped filament resistor may become 

"open" thus upsetting the electrically-neutral condition of the center
tap and causing hum. 

ating are some of the reasons why electrolytic condensers lose 
their effective capacity and produce hum. Of course, the remedy 
for this is to locate and replace the faulty unit (see Arts. 22-33 
to 22-36, and Art. 26-12). 

(2) In other cases, a loud hum will result if one side of a 
center-tapped filament resistor, R, in the circuit (Fig. 23-12) 
becomes open-circuited. The existence of this open section will 
not be revealed by the usual voltage-current analysis of the set, 
for every circuit is still complete and every voltage and current 
reading will be correct. \Vhen such a defect is suspected, it is 
necessary to test the center-tapped resistor in question with an 
ohmmeter. The remedy, of course, is to replace the unit with 
a similar one. Since some receivers use a potentiometer instead of 
a fixed center-tapped resistor in order to obtain the exact elec
trical center of the filament secondary, the position of this po
tentiometer arm may have been disturbed, thus causing the fila
ment secondary to become unbalanced, resulting in hum. These 
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units are called hum controls, and are easily accessible for pur
poses of adjustment without disturbing the receiver chassis. Of 
course, they should be adjusted with the receiver turned on but 
with no station tuned in. 

(3) Hum is frequently caused by a faulty tube that may test 
perfectly in any type of tube checker. Generally these defective 
tubes are of the indirect-heater type, and the hum is due to poor 
insulation between the heater and the cathode of the tube, re
sulting in leakage from the heater to the cathode. The insula
tion may not be poor enough to show up definitely in the usual 
cathode-heater leakage test of the tube checker (see Art. 8-20). 
Insufficient heater-cathode insulation may also cause serious cases 
of modulation hum which does not respond to the usual remedies. 
This is more likely to occur in a-c-d-c receivers because of the 
higher potential between the heater and cathode in most of these 
receivers. When tubes with this defect are used in audio-fre
quency or detector stages, the hum will be more pronounced, for 
it is amplified by the a-f amplifier of the receiver. When a 
screen-grid tube is employed as a detector, care should be ex
ercised in choosing one, since in many receivers this stage is very 
critical regarding the generation of hum. 

( 4) A low-emission or "gassy" rectifier tube is often the cause 
of excessive hum. This may easily be detected, however, since 
all plate and grid voltages will be lower than normal. Very of
ten, a hum that develops and increases in intensity after the 
receiver is operating for ten minutes or more may be caused by 
a poor '47 type pentode tube. In some instances, the same con
dition will again develop even after several tubes of this type 
have been replaced. This condition may be remedied by reduc
ing the value of the grid resistor in the grid circuit of the pentode 
tube. 

(5) A not infrequent cause of steady hum is that due to a de
crease of inductance of the filter chokes in the power supply. 
This condition may be due to a short-circuited or partially short
circuited choke coil, or to some change in the size of the air
gap in the choke core, which is employed to maintain a high in
ductance even though d-c current flows through the choke. If 
the d-c resistance of a filter choke is measured with an ohm-
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meter and found to be correct, its filtering ability may be de
termined by short-circuiting its terminals with a short length of 
wire while the receiver is in operation but not tuned to a broad
cast station. It is likely that a closed air gap exists if very little 
increase in the hum is noted when this simple test is made. 

(6) In many cases, hum may be traced to a short-circuited 
or open-circuited "tuning" condenser, C, connected across the 
filter choke, as shown at (A) of Fig. 23-13. This condenser is 
used to resonate the choke to a certain frequency. A great many 
Philco, Bosch, Majestic, General Motors, RCA Victor, etc. re
ceivers employ this method of filtering. When the condenser 
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FIG. 23-13.-Two filter choke arrangements employed in the B 
supply portions of a-c electric receivers. That at (A) uses a con
denser C to tune the choke. That at (B) uses a tapped choke. Causes 
of hum in these circuits are discussed in the text. 

short-circuits, the choke coil is rendered entirely ineffective, 
and a loud hum will result. An open-circuited condenser, how
ever, will raise the "pitch" of the hum and make it more appar
ent. 

A few other receivers utilize a tapped filter choke, usually in 
conjunction with another choke which may be the speaker field, 
as shown at (B). The increased filtering which this provides, is 
due to the neutralizing effect of the alternating current through 
the condenser C and part L 1 of the choke, on that through L,. A 
strong hum encountered in receivers using this type of filter 
system is frequently caused by the open-circuiting or burning
out of L1 • This, in effect, not only renders the system inoper
ative, but also disconnects the filter condenser C. 

(7) Objectionable hum may also be caused by loose lamin
ations in the core of a power transformer or filter choke. Any 
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excessive vibration of these loose laminations can be detected 
by feeling the core with the hand, or touching it with a screw
driver. It may be eliminated usually by tightening the core 
clamping screws. In severe cases, the unit should be removed 
from the receiver, and allowed to stand for a sufficient time in 
a pot of impregnating compound which is molten but not too 
hot. The molten compound will run in and fill up the spaces 
between the laminations, thus preventing their vibration. Very 
of ten, the insertion of thin strips of cardboard or stiff paper 
between the loose Jaminations is sufficient to stop their vibra
tion and the hum. 

(8) Another cause of steady hum which is not common in 
commercial receivers, but which is very troublesome when it is 
encountered, due to the fact that the usual hum remedies do 
not have any effect on it, is that of magnetic coupling or inter
action between the power transformer (or a filter choke) and 
an audio transformer in the receiver-especially a first-stage 
audio transformer. The stray varying magnetic field of the 
power transformer or choke induces an alternating voltage in 
the windings of the audio transformer. This voltage is ampli
fied greatly by the audio amplifier and appears as a low-pitched 
hum in the loud speaker. 

To test for this type of hum, disconnect the leads which are 
normally connected to the primary of the audio transformer. 
Connect, temporarily, a resistance of about 10,000 ohms across 
these primary terminals. Join together the two leads originally 
connected to the primary of the transformer so that the plate 
current may still flow through the tube, and thus avoid any ap
preciable disturbance of the normal voltage and current dis
tribution throughout the set. If the hum still persists but dis
appears when the audio transformer secondary is short-circuited, 
it is quite certain that magnetic interaction is responsible for 
the hum. 

In order to cure this condition, disconnect the filter choke 
from the receiver and place it a few feet from the set tempor
arily to remove its effect; then wire it into the circuit normally 
but with long leads. With the 10,000-ohm resistance still across 
the primary and the secondary connected normally (but with 
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long flexible leads), rotate the audio transformer slowly until 
the position for minimum hum is found. Remount it perma
nently in this position. Replace the filter choke in its original 
position. If the hum appears again, rotate the choke slightly 
until the hum is minimum. 

23-20. Systematically Tracing Sources of Steady Hum.
The first step in the elimination of steady hum is naturally that 
of tracing its source. Perhaps the most direct and effective 
way of locating the source of hum in a radio receiver is through 
the process of eliminating stage by stage from suspicion by con
ducting a stage-by-stage test. It is advisable to start this 
elimination process at the output end of the set rather than at 
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FIG. 23-14. - How the 
output transformer secon
dary, or voice coil, should 
be shorted across points 
A-B to test for hum in the 
loud speaker. 

the input, as is usual when carrying out systematic tests for 
other faults. By "shorting" first the input and then the output 
of each stage successively, hum originating in any one stage can 
be isolated. Of course, before proceeding from one stage test to 
the next, all temporary short-circuits or other test alterations 
must be removed and all connections restored to normal. 

(1) If a dynamic type loud speaker is employed, its voice 
coil (or the secondary winding of its output transformer) should 
be short-circuited with a screw-driver or a short piece of wire 
as shown in Fig. 23-14, so that no signal can reach it. Any hum 
which may still be heard is due to ripple voltages in the speaker 
field, causing pulsating field magnetism. This may be caused by 
insufficient filtering of the current supplied to the field coil. If 
the speaker field is energized with filtered current from the B
supply of the receiver, the filter condensers, filter "tuning" con
denser (see Fig. 23-13) and filter chokes should be checked (see 
Art. 26-31). If the speaker field is operated direct from the a-c 
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line in conjunction with a transformer, a rectifier, and a filter 
condenser, the rectifier or filter condenser may be the source of 
the trouble (see Arts. 26-29 and 26-30). Of course, replacement 
of the faulty unit will cure this. Other causes for hum in dynamic 
speakers are discussed in Art. 26-34. On the other hand, if the 
hum is materially reduced or eliminated when the foregoing 
short-circuit test is applied, it must be due to some fault in the 
receiver circuits proper and the trouble must be looked for in the 
balance of the receiver by making a stage-by-stage check in such 
a manner that none of the operating voltages are disturbed. 

(2) The short should be removed from the speaker voice coil 
and the last audio (output) stage should no"tV" be isolated and 
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FIG. 28-15.-Testing the last audio stage of a receiver to deter
mine whether the hum is originating in the output stage or in the 
part of the receiver ahead of this stage. The method of applying 
the "short" test in: (A) a transformer-coupled, (B) a resistance
coupled, and ( C) a push-pull output stage, is shown here. 

checked by short-circuiting the secondary of its input transformer, 
see (A) of Fig. 23-15. This makes it possible to determine whether 
the hum is originating in the output stage or in the part of the 
receiver prior to the output stage, since any hum originating in 
the latter part is cut off from the last audio stage and the loud
speaker by short-circuiting the transformer winding. If the hum 
persists when this is done, the trouble is due to a faulty output 
tube, to insufficiently smooth output from the B power supply 
system (which should be checked at once), or to any one of the 
hum causes outlined in Art. 23-19. Larger filter condensers and/ 
or substitution of a better filter choke should remedy the trouble 
in the second case. If the output stage is resistance-coupled to 
the preceding stage, the grid leak resistor should be short-cir
cuited in this test, as shown at (B) of Fig. 23-15. 

If the output stage is of the push-pull type, hum may be due 
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to an incorrectly located center-tap in the secondary of the 
push-pull input transformer. The grids of both tubes should be 
shorted to the center tap of the secondary winding, as shown at 
(C) of Fig. 23-15. If this causes a noticeable reduction in hum, 
the trouble is in a preceding stage. However, if the hum is still 
present, one or more of the parts or tubes in the output stage 
are at fault. 

(3) If the hum source has not yet been located, and the re
ceiver employs another a-f stage, the "shorting" wire from the 
output stage should be removed and the grid circuit of the first 
audio tube should be short-circuited. If this "short" results in a 
marked decrease in hum, the hum is originating in one of the 
preceding stages. If not, the source of hum lies in this stage, 
and may be due to one of the causes outlined in Art. 23-19. All 
parts in it -should then be tested. There is a possibility that the 
hum is caused by magnetic interaction between the a-f transfor
mer and the power transformer or one of the filter chokes in the 
receiver. To test for, and correct this condition, proceed in ac
cordance with the instructions given in Section (8) of Art. 23-19. 

( 4) If the hum source has not yet been located, continue 
"shorting" the control-grids of all the preceding stages, in turn, 
until you come to a stage where no reduction of hum is noticed 
when the grid of the tube in that stage is shorted. The trouble 
causing the excessive hum then lies in this stage, and the hum 
causes listed in Art. 23-19 should be checked. 

If upon removing the detector grid short-circuit, when testing 
the detector stage, a relatively high-pitched hum is heard, 
it is probably due to electrostatic pickup by the parts in 
the detector stage. If a high-pitched hum is obtained, try 
changing the location of the grid leak and condenser (if used) 
so that the leads are made shorter. It may even be necessary 
to shield these components in some cases. If a low-pitched hum 
is obtained, it indicates that additional smoothing for the B 
current supply to the r-f or i-f tubes is required. This may be 
supplied by the addition of extra filter condensers across these 
circuits. 

By these tests, each stage is successively short-circuited to 
isolate the source of the hum. Once the faulty stage is deter-
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mined, each component comprising that stage should be individ
ually tested, and the sources of hum outlined in Art. 23-19 
should be suspected and checked for. By-pass condensers may be 
shunted with similar-sized capacities or disconnected so that 
other units may be tried in their place. 

After carrying out these tests and applying the proper rem
edies, a normally silent background should be obtained. 

23-21. "Fading" in Radio Receivers.-Of all the complaints 
encountered in radio servicing, one of the most difficult to solve 
is that of fading of signals. By fading is meant the gradual 
falling off of volume to a low level, with equally slow recovery 
following. This phenomenon repeats itself periodically at short 
or long intervals. While fa ding is really a form of intermittent 
reception, it will be considered separately from the type of in
termittent reception which cuts on and off rather abruptly (Art. 
23-22). It should also be understood that we are not concerned 
here with fading due to the falling off of the strength of the sig
nal from the broadcasting station. That is not the fault of the 
receiver-except in cases where the automatic volume control 
is not operating properly (see Chapter XIX). 

Usually, the repair of a receiver that has developed a con
dition of intermittent reception of any form is very difficult, for 
the trouble may be caused by an obscure defect or failure in 
practically any part of the entire receiver and the antenna sys
tem. Such repairs often tax the ingenuity of the service man 
and call forth from him every trick and resource that he has 
learned from experience. In addition they probably are the most 
time-consuming tests that he is called upon to make. However, 
experience with the failure of the same parts in certain models 
of receivers often helps to ease the task*. 

In some cases, fading may be due to a faulty condenser that 
open-circuits intermittently, to a break in a wire-wound resistor 
(the break usually not being visible to the naked eye), or to a 

*NOTE: In this connection, the compilation of the common causes 
and remedies for troubles in over 3,300 models of various makes of 
radio receivers, which forms a Section of the author's Radio Trouble
Shooter's Hand-book (Radio & Technical Pub. Co.) is extremely help
ful, for it contains the common causes, and remedies for fading and 
intermittent reception for most of the receivers listed. 
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poorly soldered connection in some circuit. Almost every case 
of fading requires its own plan of attack and solution, and that 
which may be said about one receiver may not be true about 
another. 

The best course of procedure is to place the receiver in op
erating condition. A broadcast station whose signal is known 
to be steady should then be tuned in. After this is done only 
one thing remains-wait for the fading to occur. 

Before any testing or trouble-shooting is done, every bit of 
available information that may assist matters should be "ex
tracted" from the owner of the receiver. A few of the prelimin
ary questions have already been mentioned in Art. 18-2. 
It may be found that the fading occurs when a light in the room 
is switched on or off, when someone walks across the room or 
closes a door, when a trolley car or a heavy automobile truck 
goes by, or when the receiver is turned off and on, etc. 

Reception that has faded out and that can be brought back 
by snapping the receiver switch off and on is usually caused by 
a leaky or intermittently open-circuited by-pass condenser which 
breaks down under load, vibration, or after the receiver has been 
operating for a short period of time. A faulty resistance ele
ment in a volume control may produce the same symptoms. The 
difficulty with locating trouble of this nature is that it may dis
appear as soon as the chassis is disturbed for the purpose of 
making a voltage or resistance check. 

One particular case is brought to mind in which a certain 
receiver would fade continually only when in its normal posi
tion, but as soon as any attempt was made to insert an analy
zer plug into one of the sockets or to connect a voltmeter across 
any two terminals, the signal would come in with normal volume, 
and no fading would occur again until the analyzer plug or volt
meter terminals were removed and the chassis turned upright. 
In some instances, fading can be accentuated by pulling at the 
connecting wires of by-pass condensers or resistors. In these cases, 
locating the cause of trouble is comparatively simple. When fad
ing does not occur until after the receiver has been in operation 
for some time or until after the chassis has been heated, the 
only logical procedure is to test each and every component in the 
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receiver while it is warm. One simple method which may be em
ployed, is to focus an ordinary electric heater on the underside 
of the chassis, as shown in Fig. 23-16, to heat the components 
while they are being tested with the receiver turned off. An
other very effective method for accelerating the heating of all 
the parts mounted on the chassis, is to place the receiver in op
eration and then cover the entire chassis with a wooden box or 
corrugated paper carton to prevent circulation of air. This will 
cause the entire chassis to heat up quickly. 

An idea of how many different failures may cause fading 
may be obtained from an analysis of the results of observations 

ELECTRIC 
HEATER 

FIG. 23-16. - Heating 
the underside of the re
ceiver chassis with an elec
tric heater (carefully) 
prior to making tests on 
individual components in 
cases where fading and 
intermittent reception are 
experienced. 

made on a particular model of receiver often afflicted with fad
ing. In this particular model, different components were found 
to cause fading on many different occasions. The 0.1 mf d. audio 
coupling condenser was found to be the most frequent cause, 
as it open-circuited. The variable condenser stator plates were 
mounted on porcelain brackets. A sudden jolt would snap the 
porcelain, permitting the stator to shift with the least vibra
tion, causing fading. The r-f coil secondaries were wound very 
tightly, and extreme changes in temperature or excessive vibra
tion of the dynamic speaker would cause the coil terminals to 
snap at the lug. This would result in a make and break contact, 
causing fading .. Numerous condensers in the r-f portion of the 
receiver would open-circuit or become leaky, producing the same 
symptom. It is evident that troubles of this kind can only be 
found by keen observation and attention to the smallest details 
which might pass unnoticed by the novice. Often, the observa
tion of any unusual effects accompanying the fading gives a clue 
to the source or type of trouble. 

Perhaps fading is caused most frequently by defective screen-
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grid tubes. When these tubes are tested with the ordinary set 
analyzer, the difficulty is seldom disclosed; but if they are 
checked with a good a-c tube tester, poor ones will be revealed 
immediately (see Chapter VIII). 

Some receivers employ a type of r-f coupling system in which 
a choke in the plate circuit of the tube is coupled to the tuned 
secondary by a small coil consisting of a few turnEJ mounted at 
one end of the secondary (Fig. 23-1). Should these coupling coils 
become loose and "float" from side to side because of vibration, 
the coupling will vary and fading will result. In some few cases 
this winding is held in place by strips of friction tape which dry 
up and permit the coil to "stray." 

The various methods of testing individual components have 
been described in detail in Chapter XXII. The methods of 
repairing them will be considered in Chapter XXVI. 

23-22. Locating Causes of Intermittent Reception.-By 
intermittent reception we mean reception in which the receiver 
cuts "on and off" abruptly and periodically. This may occur 
regularly or only occasionally, and at either long or short in
tervals. This type of trouble is closely related to that of fad
ing, (Art. 23-21). As with fading, intermittent reception may 
be due to a number of causes which are usually difficult to trace. 
The more common ones are; broken and poorly soldered con
nections, momentary short-circuits and open-circuits (particu
larly in the by-pass and audio-coupling condensers). Because 
of the nature of the trouble, the receiver may not exhibit its 
symptoms when the service man is present, or it may take a com
paratively long time for it to start. It is desirable in such 
cases, to hasten the start of the trouble in some way. This may 
be accomplished by setting the receiver up for operation, and 
striking each component and each tube sharply though care
fully. Leads and connections should also be prodded with a 
blunt, insulated tool. A loose connection or loose element in a 
tube will very often be disclosed in this way. Heating the entire 
chassis quickly by either of the two methods described in Art. 
23-21 may also prove effective. 

Faulty tubes, which may test satisfactorily in most tube 
checkers, are often the cause of intermittent reception. One 
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tube trouble which may cause this symptom is a broken heater 
in an indirect-heater type tube. \Vith a broken heater, it often 
happens that the two ends remain in contact so that no defect 
is revealed if the heater is tested for continuity. When the re
ceiver is switched on, the heater warms up and the set f unc
tions temporarily. However, when the heater has reached its 
full operating temperature, it has expanded to such a degree 
that the broken ends no longer make contact. This interrupts 
the heater current, the heater cools, the electron emission of the 
cathode decreases, and reception gradually ceases. As soon as 
the heater has cooled sufficiently, the ends again make contact, 
and current again flows, so that reception is again obtained. This 
cycle repeats itself indefinitely with the attendant intermittent 
interruption of the program. 

Heater-cathode insulation which has broken down is another 
defect which can be very troublesome, puzzling, and will lead to 
intermittent reception if the trouble is intermittent itself. A test 
of the heater-cathode insulation by means of an ohmmeter with 
the heater cold is of no value. It should be checked by means 
of the usual heater-cathode leakage test in a tube checker. 

The coil connections to each lug on r-f and i-f coils should 
be examined carefully (see Arts. 22-19 to 22-24). It is possible 
that the coil winding has contracted slightly, and, since r-f and 
oscillator coils are usually wound tightly, the coil leads may be 
snapped at the connecting lugs, making contact intermittently. 
The fact that the winding or lead is impregnated with wax does 
not imply that trouble does not exist there. It may be necessary 
to dig down into the moisture-proofing compound. Nothing 
should be taken for granted in looking for the trouble-the most 
insignificant detail may be the cause for intermittent operation. 

A number of receivers do not employ terminal strips for the 
many carbon resistors in them. In these receivers, the resistors 
are connected from one point to the other directly. If the pigtail 
of the resistor is too short to reach the connecting point, an addi
tional lead is soldered to the pigtail and the junction is insul
ated with a length of spaghetti or cambric tubing. This con
nection or junction may often be the cause of intermittent recep
tion, so it is always best to push back the insulation and inspect 
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all connections. Vibration may also shift these resistors, and they 
may short-circuit to one another, to another component, or to 
the chassis. The various methods of testing individual resistors 
have been described in detail in Arts. 22-13 to 22-18. The meth
ods of repairing them will be considered in Arts. 26-2 and 26-3. 

A defect in the antenna system often results in intermittent 
reception. This is frequently due to some loose or corroded con
nection in the lead-in, either at the aerial or at the window 
lead-in strip. In some cases, an intermittently shorted lightning 
arrester may produce the same symptoms. 

In receivers employing ave, the action of the ave will tend 
to level out increases or decreases in signal strength to some de• 
gree if fading or intermittent reception is caused by some de
fect in the antenna or r-f part of the receiver. 

When fading or intermittent reception is encountered in a 
receiver employing a tuning meter, shadowgraph, or other re
sonance indicator, these devices may also serve to determine 
whether the condition is caused by a trouble in the r-f or the a-f 
portion of the receiver. If the audio amplifier is at fault, the 
tuning meter or shadowgraph will show no variation in reading. 
Should the trouble lie in the r-f circuits, it will almost invari
ably be disclosed by a varying reading of the indicator which will 
change in unison with the fading or intermittent reception. 

23-23. Locating Causes of "Distortion".-Despite the de
velopment of extremely sensitive superheterodynes of the broad
cast and all-wave type which are capable of picking up signals 
from great distances, the average set owner, on the whole, de
mands little more than good quality from local stations. To 
meet this requirement many set manufacturers design their re
ceivers with anti-overload and "non-oscillating" circuits, and 
furnish them with tubes capable of handling large amounts of 
power without distortion. The problem of localizing the cause 
of distortion in such a receiver is indeed a difficult one. 

In most cases, distortion is due to weak tubes, especially in 
the output stage, and the presence of a "gassy" tube helps to 
aggravate the condition. Should the bias-resistor by-pass con
denser or any of the coupling units become leaky, the same 
trouble will result, especially if the leakage is appreciable. 
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At other times, when the voice coil of the dynamic reproducer 
is out of alignment, when the paper parchment cone loses its 
"stiffness" or "body," or when the cone spider snaps (see Arts. 
26-36 to 26-42), the receiver cannot deliver as much sound energy 
in undistorted form. Loose or rattling components in the re
ceiver proper will also cause disturbances which interfere with 
good quality of reproduction. 

In other instances, voltage divider systems of the carbon 
resistor type may change in value, thus upsetting the electrical 
balance of the receiver and producing distortion. This condi
tion, however, is evidenced by variation of the normal voltages 
applied to the tubes, which may be readily determined by the 
use of a set analyzer or a point to point tester. When the re
ceiver is incorrectly aligned, especially in the case of superhet
erodynes, a certain amount of distortion that is due to the cutting 
of side bands may be introduced. Distortion may also be due 
to an output stage ·grid resistor which is faulty, or whose value 
is too high. Similarly, if the output power stage is operating with 
less-than-normal grid bias, or with none at all, distorted repro
duction will result. 

Modem multiple-unit tubes present a special problem with 
reference to distortion. It is not uncommon for one-half of a 
multi-unit tube to fail before the other. The result is that the 
receiver may, or may not, continue to function. If it does, dis.;. 
tortion may appear. It is well, therefore, to test each unit of such 
a tube separately. The diode sections of duo-diode-triodes do 
not usually cause much trouble, but it is well to keep in mind 
that the portion of the cathode which feeds the diodes may lose 
its emission if a severe overload occurs. This results in a de
crease in efficiency, distortion, and possibly incorrect functioning 
of the ave. 

"Microphonic howls" should also be included under this head
ing since they are a form of distortion. Tubes with loose ele
ments, especially in the detector stage, will produce micro
phonics. Manufacturers have mounted receiver chassis on rub
ber cushions in an attempt to overcome the condition. The de
velopment of the more recent types of tubes having the dome
shaped glass bulb has decreased the number of microphonic 
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tubes considerably because of the increased support given the 
elements by the mica disc set in the dome of the bulb. The all
metal type tubes are even superior to tnese tubes in this respect. 

In certain commercial receivers, microphonics have been traced 
to vibrating condenser-gang plates. This condition may be elim
inated by inserting small felt wedges between the vibrating plates 
to prevent this, but in such a way that the condenser action is 
not disturbed. Due to their excessive sensitivity, microphonic 
howls will result in many receivers if they are operated too close 
to the point of oscillation. This may be remedied by reducing 
the amplification of the r-f stages, or by locating and remedying 
the cause of oscillation (see Arts. 23-8 to 23-12). 

23-24. Locating Causes of Noisy Reception.-During the 
past few years, this complaint has become of increasing import
ance because of the widespread use of sensitive receivers and 
electrical appliances. For this reason, Chapter XXX has been 
devoted to a discussion of the causes and reduction of noises 
which may originate within, or outside of the receiver itself. 

23-25. Obscure Troubles in Transformer-Coupled A-F 
Amplifiers.-Transformer-coupled a-f amplifiers are relatively 
stable. The primary or the secondary windings of the trans
formers may open-circuit or short-circuit, but these faults will 
invariably disclose themselves by causing abnormal plate or grid 

FIG. 23-17.-A typical trans
former-coupled audio amplifier 
stage. 

voltages on the tubes to which the windings connect, and so 
will be discovered by the ordinary voltage or resistance analysis 
of the receiver. 

There are cases, however, when only a few layers of the a-f 
transformer winding short_.circuit, or a winding may ground to 
the core; then, too, the primary may short-circuit to the second
ary, or vice versa (see Art. 22-20). These troubles will result in 
certain definite symptoms which may be recognized easily (see 
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Fig. 23-17). When a primary winding grounds to the core of the 
transformer, the plate voltage of the tube connected to this prim
ary drops below normal. Of course, this condition also affects the 
voltages on the other tubes as well. This trouble is peculiar inas
much as it is usually present only when the receiver is operating. 
Therefore, it is difficult to locate it with an ohmmeter since the 
ohmmeter may be employed only when the receiver is switched 
off. The best way to proceed in this case is to disconnect each 
component, in turn, with the receiver operating and with the set 
analyzer connected either to the particular stage in question 
or to any other stage. If the plate voltage returns to normal 
upon disconnecting any component, that component should be 

(A) 
-

FIG. 23-18.-(A) Plate current flowing in the grid circuit as a 
result of a short-circuit between the primary and secondary wind
ings of an audio transformer. 

(B) An a-f amplifier stage in which the secondary-return of 
the transformer is connected to ground through an oscillation-suppres
sion resistor. A short-circuit has also occurred here between the 
primary and secondary resulting in a flow of plate current from the 
preceding tube into the secondary circuit. 

tested thoroughly. A completely or partially short-circuited 
primary of an audio transformer will evidence itself by slightly
higher-than-normal plate voltage and weak and "tinny" repro
duction, if at all. Such cases, however, are comparatively few. 

·when the primary of an audio transformer short-circuits to 
the secondary, B current flows through the portion of the sec
ondary between the "short" and ground or B minus, as shown at 
(A) of Fig. 23-18. The most common indication of this is high 
positive bias caused by the voltage drop produced by the flow of 
this portion of the plate current through the winding 
from B to C, and high plate current in the tube connected 
to the secondary of the transformer. If the secondary return 
of the winding is connected directly to B minus or chassis, the 
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plate voltages of all the tubes may also be low due to the heavy 
B current drain through the path. When the secondary re
turn of the transformer is connected to the B minus through a 
high resistance, as shown at (B) of Fig. 23-18 (in order to 
mininµze audio oscillation) low plate voltage is not likely to 
result, because the presence of this high resistance reduces the 
"short-current" drain. Usually, this resistance is of only about 
½-watt rating, so it may open-circuit because of the relatively 
high current which flows through it under these conditions. A 
completely, or partially, short-circuited secondary will only 
manifest itself by extremely weak and distorted reproduction. 
An open-circuited secondary will result in zero grid bias and a 
blocking of the audio tube. The receiver will function for only 
a few moments and then stop completely. This symptom-the 
alternate blocking and operating of the tube-is one of the most 
positive indications of an open-grid circuit in an audio amplifier, 
and is due to the periodic charge and discharge, through the tube, 
of the distributed-capacity current of the secondary. 

23-26. Obscure' Troubles in Resistance-Coupled A-F Am
plifiers.-Because of the existence of various resistors and con
densers in resistance-coupled audio amplifiers (see Fig. 23-19), 
many difficult service problems may arise in receivers employ
ing this form of coupling. The coupling condenser in resistance
coupled audio amplifiers usually has a capacity between 0.01 
mfd. and 0.1 mfd. In some instances, it may be as low as 0.001 
mf d. The capacity of these units determines the frequency re
sponse of the amplifier, reproduction of the lower frequencies 
increasing as the size of the condenser is increased. Impedance
coupled amplifiers develop nearly the same troubles as those 
encountered in resistance-coupled systems so far as the coupling 
or isolating condenser is concerned. 

Should the coupling condenser become short-circuited, no re
ception will usually be obtained. The tube whose grid is con
nected to the shorted coupling condenser will have a positive 
grid bias and a correspondingly high plate current. If the grid 
bias voltage is, say, 50 volts, and the voltage actually impressed 
on the plate of the preceding tube is almost the same, the net. 
or measured grid bias will be zero if the coupling condenser is 
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shorted, since these voltages will "balance out." However, when 
the plate voltage of the preceding tube is higher than the grid 
bias of the coupled stage then the bias voltage indicated by the 
set analyzer meter will be positive by an amount roughly equal 
to the difference between the plate and grid-bias voltages meas
ured. Aside from these unusual voltage indications, a short-cir-

FIG. 23-19.-A typical resist
ance-coupled audio amplifier stage. 
Either one, or both resistors may 
be replaced by a-f choke coils to 
obtain an impedance-coupled am
plifier. Usually the plate resistor 
is the one which is replaced, or is 
used in combination as shown in 
Fig. 23-22. 

cuited coupling condenser makes itself apparent by the very 
weak and greatly distorted reproduction obtained. 

,Vhen the coupling condenser open-circuits, the symptoms 
are weak {and distorted) reception or no response at all. Muffled 
reproduction from a resistance-coupled audio amplifier may often 
be caused by leakage in the coupling condenser. This defect may 
also be indicated by a positive bias on the grid of the tube in the 
coupled stage, not unlike that described for a short-circuited coup-

FIG. 23-20.-lnput circuit of a 
transformer-coupled push-pull am
plifier. 

ling condenser. The value of the grid-bias reading depends upon 
the amount of leakage in the condenser. Because of the difficulty 
and the time consumed in testing for an open-circuit in a low
capacity coupling condenser, the best method for determining 
its condition is to bridge another condenser of similar capacity 
across the suspected unit. Should reception improve, then the 
coupling condenser in the receiver is open. Care should be taken 
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to keep the fingers free from the terminals of the condenser while 
doing this, as they may cause audio oscillation. Note that this 
bridging test is unsuitable if the condenser in the receiver is 
leaky, as the leakage will still be present even when the new 
bridging condenser is used. A quick check for leaky coupling 
condensers is to disconnect them; then test them for leakage, or 
substitute others known to be perfect. 

23-27. Obscure Troubles in Resistance-Coupled Push
Pull A-F Amplifiers.--Some receivers employ a resistance
coupled push-pull circuit. The primary requisite of push-pull 
amplification is that the grids of the push-pull tubes must be 

B+ 

FIG. 23-21.-The audio amplifier employed in the Majestic Model 
300 receiver. A push-pull output stage is resistance-coupled to the 
first audio stage, with a phase rotator tube in between. 

fed with voltages that are equal in magnitude but opposite in 
phase, or polarity. (See Radio Physics Course, by Ghirardi, for 
detailed information on the theory of the push-pull amplifier.) 
This is accomplished easily enough with a transformer by con
necting the two ends of the secondary winding to the push-pull 
grids; the center tap of the transformer secondary connects to 
B- as shown in Fig. 23-20. In a push-pull resistance-coupled 
circuit, phase "rotation," or reversal, of polarity is accomplished 
by making use of the fact that a signal is rotated in phase ex
actly 180 degrees in passing through a vacuum tube. 
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Since a circuit of this kind may develop troubles not com
mon to the usual type of resistance-coupled amplifier, a know
ledge of its operation is essential. Figure 23-21 shows the 
schematic circuit diagram of the audio amplifier portion of the 
Majestic Model 300 receiver. Notice that a resistance-coupled 
push-pull output stage is employed. The audio voltage built up 
across resistor R1 is fed to the '57 first audio tube through C. 
and the potentiometer R,. The output of this audio amplifier 
( the voltage drop across R,,) follows two channels; the direct, 
and conventional, channel is through condensers C,. and C, to 
tube V6 , the lower of the two '47 push-pull output pentodes; 
the remaining channel is through the phase-rotating tube V, 
The signal output of this tube, reversed in phase, is built up across 
R,,, and is fed through condenser C3 to v,,. No change in the mag
nitude of the signal takes place, since V 8 is adjusted to have 
a gain of 1-no amplification. In this manner two voltages are 
fed to the two '47 push-pull output tubes (V,, and V,). These 
voltages are equal in magnitude and opposite in instantaneous 
polarity, or phase. 

Distorted and weak signals in audio amplifiers of this kind 
are often due to a poor phase-rotating tube. Otherwise the 
troubles that develop are strictly analogous to those described 
for resistance-coupled amplifiers (Art. 23-26). The failure of 
part of the circuit of the phase rotator or even of the tube itself 
will not prevent the receiver from operating to some extent, as 
only the push-pull features are destroyed, unless, of course, the 
failure seriously disturbs the normal voltages applied to the 
other tubes. 

23-28. Faulty Resistance Units in Resistance-Coupled 
Amplifiers.-There are but two main resistors in a resistance
coupled stage. They may open-circuit, short-circuit, be
come partially open, or partially short-circuited. An open-cir
cuited plate resistor will remove the plate voltage from the 
tube. The signal strength will be reduced to zero, or be extremely 
low. A short-circuited plate resistor will manifest itself by in
creased voltage at the plate of the tube, high plate current, and 
no signal strength. A partially open-circuited plate resistor (re-
1istor with too high a value) will be indicated by erratic, though 
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low, plate voltage and intermittent reception. If the value of 
this resistor should change to a high value and remain high, 
reception will be weak because of the low plate voltage, although 
the quality will be good. A partially short-circuited plate re
sistor will be revealed by high plate voltage and low volume, 
though the quality will be good. 

Grid resistors rarely become defective, because they carry 
(theoretically) no current. However, aging, heat from the rest 
of the receiver and mechanical vibration may change their values. 
If the grid resistor open-circuits, the receiver will work for a few 
moments after it is turned on, then it will suddenly choke up and 
stop operating. The signal may be brought in again by turning 
the receiver off for a little while and turning it on again, or by 
placing one finger on the grid terminal of the tube to which the 
resistor connects and another on the chassis. Reproduction will 
then sound very much like normal. 

The reason for this action is apparent when the grid-coup
ling condenser is considered. "'hen the receiver is first turned 
on, the coupling condenser charges up, and because the grid 
leak (it actually acts like a grid leak) is open, the accumulated 
charge has no path through which to leak off, so the grid be
comes highly negative and the plate current decreases to zero. 
Turning the receiver off for a few moments allows the charge 
to dissipate itself in the small leakage path in the condenser, for 
no condenser is perfect. Placing two fingers between grid and 
chassis really is substituting the resistance of part of the human 
body for the faulty one in the set. An open-circuited grid re
sistor may also be indicated by a rapid decrease in the plate 
current of the tube connected to this resistor. Exactly the same 
symptoms are evident in impedance-coupled audio circuits. 

A partially open-circuited grid resistor will exhibit somewhat 
the same symptoms as an open-circuited one, except that the 
charge and discharge of the coupling condenser will take place 
very slowly and may not even cause any noticeable trouble. A 
short-circuited grid resistor may be determined quickly by simply 
checking the grid bias voltage. If the full value of the bias can 
be measured from grid to filament, then the grid resistor must be 
short-circuited. In this case, of course, reception will be very 
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weak, and none but the loudest stations can be heard. The symp
toms produced by a partially short-circuited grid resistor are diffi
cult to describe unless the correct and measured values are known. 
In general, however, the grid resistor may change in value by as 
much as 50 or 75 % 1 and the only noticeable symptom will be 
reduced volume. However, if the value changes rapidly, from 
instant to instant, then the rapidly varying volume can be de
tected without knowing what the value should be. 

23-29. Obscure Troubles in Impedance-Coupled Audio 
Amplifiers.-The impedance-coupled audio amplifier is very 
similar to the resistance-coupled unit, except that either one, 
or both, of the resistors are replaced by impedances. If the 
plate load is an impedance (an audio choke of about 30 henries 
for triodes and about 100 to 200 henries for multi-grid tubes), 
the tube will have more nearly full plate voltage, just as if an 
audio transformer were used. This higher plate voltage results in 
greater amplification, and hence is preferred by many engineers. 

But the resistance-coupled amplifier has one feature not 
characteristic of any other method of coupling-it will pass all 
frequencies within the audio range without any discrimination 
when properly designed. Since this feature is desirable in 
many cases, a combination resistance-impedance system, shown 
in Fig. 23-22, is used in many receivers. The resistor R is 
shunted across the impedance L so that the plate voltage on the 
tube is high because of the low resistance of L. However, when 
audio voltage is developed across the combination, the effect of 
the resistance is to straighten out the response curve so that 
amplification is practically independent of frequency. The ef
fect of an open- or short-circuited resistor R in this circuit may 
not be noticeable at all. But if L open-circuits, the plate voltage 
will drop considerably because the plate current must now flow 
through R instead of L; the volume will therefore be low. The 
effects of other changes in R or L may easily be predicted after 
an examination of the figure. Many of them are similar to those 
previously described. 

23-30. Obscure Troubles in Transformer-Impedance 
Coupled Audio Amplifiers.-A coupling device known as an 
lmpedaformer has been available for some time and has been 
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used in a number of receivers. Essentially, it consists of an 
audio transformer and a coupling condenser arranged as shown 
in Fig. 23-23. Transfer of energy here takes place both by mag
netic coupling ( as in the audio transformer) and by impedance 
coupling through the coupling condenser Cc• On the very high 
audio frequencies, the response of the transformer drops off. Then, 

R 

FIG. 23-22. - Resistance-imped
ance audio-frequency coupling sys
tem. 

each winding acts as a choke and the system is impedance 
coupled. The symptoms caused by faulty parts are the same 
as those described previously for the transformer and resistance
coupled systems. 

23-31. Servicing Direct-Coupled Audio Amplifiers.-Al
though the direct-coupled audio amplifier has found its greatest 
application in public-address work in conjunction with micro-

FIG. 23-23.-The "lmpedaformer" 
coupling unit. This is a combina
tion of an a-f transformer and a 
condenser connected between its 
windings, as shown. 

B+ "":'" 

phones, phonograph pickups or talking motion picture equip
ment, a number of commercial radio receivers also employ this 
system of amplification because of its high gain and wide audio
frequency response. 

In the conventional resistance-capacity-coupled amplifier, 
there is a strong tendency for the grid circuit of the last audio 
tube to block on strong signals because of the accumulation of 
electrons on the grid, resulting in the cutting off of the plat.P 
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current. In addition, the input capacity between the grid and 
cathode (or filament) acts as a shunt condenser across the grid 
leak, and the plate-cathode (or filament) capacity acts as a 
shunt across the plate load resistor, at high audio frequencies. 
Therefore, the response drops off. Furthermore, the reactance of 
the coupling condenser is so large at the low audio frequencies as 
to severely limit the gain below a few hundred cycles. In the 
direct-coupled audio amplifier, the plate of one tube and the 
grid of the next are coupled directly (hence the name) through a 
common resistor-no coupling condenser or leak resistor being 
employed. By eliminating these, grid blocking due to strong 
signals is avoided and the frequency response is improved. 

A typical direct-coupled audio amplifier circuit is shown in 
Fig. 23-24. It can be seen that the B current flows through the 
plate circuit of VI to point A. At this point, the plate current 
of this tube divides: part flowing through the voltage divider and 
screen-grid to B-, and part through the coupling resistor Ro, 
through the plate-cathode circuit of the tube, V 1, through resistor 
R to B-. The current through R is the sum of the plate and 
screen currents of the tube. The voltage drop across the voltage 
divider, represented by R1, R,, R, and R 4, is, of course, the 
same as the total voltage drop through R0 plus that across the 
plate-cathode path in V1, plus the voltage drop across R, since 
these are two parallel circuits. It is evident, therefore, that 
the total voltage which must be supplied by the power unit 
i8 equal to the sum of the plate voltages impressed across V 1 

and V ,, plus the voltage drop across Re and R. This means 
that the power unit in a direct-coupled amplifier must be 
capable of supplying a higher voltage than when the more con
ventional forms of coupling are used. 

It is also evident that the grid of VI is connected to the same 
positive voltage as the plate of V1. This appears theoretically 
unsound until we realize that the filament of VI is at a higher 
positive voltage than the grid because of the voltage drop across 
the coupling resistor Re. This voltage drop across Re is equal to 
the plate current of V 1 multiplied by Re. It follows, therefore, 
that the grid of VI is negative wi.th respect to the filament by the 
amount of this voltage drop. The resistor values are so cal-
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culated, that the voltage drop across R 0 enables V I to operate at 
standard voltages. The important point to remember is that grid 
voltage is always measured from grid to filament, and plate 
voltage from plate to filament (or cathode), any other existing 
voltages notwithstanding. 

Some means, however, must be employed to maintain the 
stability of the amplifier. An amplifier tube has a tendency to in-

FIG. 23-24.-A typical direct-coupled a-f amplifier. Resistor R. 
couples the two tubes together. 

crease its plate current when a signal is applied to its grid. From 
the diagram, it is seen that when an increase in the plate current 
of V 1 occurs for any reason, the bias voltage on V I increases 
automatically because of the greater voltage drop in R0 • This 
produces a decrease in the plate current of V •· Since this latter 
plate current constitutes the major portion of the current through 
the voltage divider, when it decreases, the voltage drop in R1 

decreases. Since the normal grid bias on V 1 is equal to the differ
ence between the voltage drop in R and that in Ri, if the volt
age drop across R1 decreases, the grid of V 1 becomes more nega
tive and the plate current of V 1 decreases. This automatically 
maintains the plate current of tube V 1 constant. 
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The condenser C is connected between the cathode of V, and 
the arm of the potentiometer R, (part of the voltage divider). 
Its object is to introduce a small hum voltage into the grid cir
cuit of the tube ( of equal value but of opposite phase to the hum 
introduced by the voltage drop across R caused by any ripple 
or hum from the B supply). The potentiometer R, is varied 
until the hum is neutralized, or balanced out. Condensers C" 
C, and C6 are used to prevent possible undesirable coupling due 
to the use of a common impedance. 

Direct-coupled audio amplifiers may best be serviced by 
checking all resistance and voltage values, provided such values 
are known, but the problem becomes exceedingly difficult unless 
the principle involved is clearly understood, especially when the 
circuit diagram or constants are not available. 

The service problems encountered with direct-coupled am
plifiers are comparatively few, the most common one being dis
torted reproduction. Almost invariably, this is due to a low 
emission tube used in the V 1 position. Since the grid bias of the 
succeeding, or output tube depends upon the plate current drawn 
by V 11 it is important that the plate current of V 1 be normal, or 
else the bias on the output tube will be abnormal, and distortion 
will result. 

In some amplifiers, a series screen resistor is employed. An 
open-circuited screen resistor will cause V 1 to draw less plate 
current, thereby lowering the grid bias on V ,. This f allure may 
be recognized by weak and distorted reproduction. Frequently, 
the cause of lowered grid bias on V, is the coupling resistor Ro, 
which is usually a carbon unit, and which often changes in value. 
It is best that this component be of the highest quality. 

Should distorted reproduction be accompanied by hum which 
cannot be reduced to a minimum with the hum-bucking poten
tiometer, check the hum-bucking condenser C for leakage. 
Distortion which is found to be caused by an abnormally high grid 
bias on V, will often be traced to a tube having cathode-heater 
leakage, or to a short-circuitea or leaky cathode by-pass con
denser C,. 

Motor-boating and distortion can be caused by a grounded 
hum-bucking potentiometer R,, whose shaft is usually insulated 
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from the chassis by an insulating bushing or washer. In this case, 
it is only necessary to loosen the mounting nut to re-locate the 
unit. Of course, total inoperation may be due to the open-cir
cuiting of a resistor or short-circuiting of one of the filter con
densers, C,, or C,. This may be ascertained simply enough by 
a continuity or resistance test. The latter is much to be pre
ferred in this circuit. 

There are many other versions of direct-coupled circuits, but 
they all operate on the same principle and are subject to the 
same limitations. The arrangement shown in Fig. 23-24 has 
been used extensively in this type of amplifier. 

23-32. Classes of Audio Amplifiers.-There are several 
conditions of tube operation which may be employed for audio 
amplification. The operating point on the grid-plate charac
teristic, determined by the grid bias and the amplitude of the 
exciting grid (signal) voltage, varies over a wide range in am
plifiers designed for different fields of application. The plate 
efficiency of the amplifying tube, and the degree to which the 
alternating component of the plate current is a true reproduction 
of the varying applied grid voltage, depends upon the operating 
point on the grid-plate characteristic as determined by the grid 
bias and upon the magnitude of the exciting grid voltage. 

Amplifiers are grouped into three general classes (A, B and 
C), according to the region of the grid-plate characteristic in 
which the operating point, as determined by the grid bias, is 
located, and the magnitude of the exciting grid (signal) voltage. 
In other words, this classification depends primarily upon the 
fraction of input cycle during which plate current is expected 
to flow under rated full load conditions. This classification is 
merely a recognition of current practice in amplifier tube opera
tion, and offers a convenient terminology for the description of 
amplifiers. It is understood that this classification refers only to 
single-stage amplifiers; a multi-stage amplier may consist of 
two or more of these classes. Definitions describing these classes 
have been standardized by the Institute of Radio Engineers. 
These will now be considered. 

23-33. Class A Amplification.-A Class A amplifier is one 
in which the grid bias and the exciting grid voltage are such 
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that the plate current through the tube flows at all times. The 
ideal Class A amplifier is one which operates in such a manner 
that the plate output wave-form is essentially the same as that 
of the exciting grid (signal) voltage at all times. 

This condition is obtained by operating the tube with a 
negative grid bias such that some plate current flows through 
the tube at all times, and by seeing to it that the alternating 
signal voltage applied to the grid is such that the dynamic op
erating characteristics are essentially linear. The grid must not 
be driven "positive" by the signal on peaks, and the plate cur
rent must not fall low enough at its minimum to cause distor
tion due to operation over the lower bend of the characteristic. 
The amount of second harmonic present in the output wave, 
which was not present in the input wave, is generally taken as 
a measure of distortion, the usual limit being 5 per cent. This 
is the usual condition of audio amplifier operation which we have 
already discussed in this chapter. This type of amplification 
results in low distortion, relatively low efficiency and power out
put, and a large ratio of power amplification. 

The main difference between a power output tube and one 
designed for r-f or i-f amplification is the fact that, in the out
put tube, voltage amplification is sacrificed for power-handling 
ability; hence the necessity for securing as much undistorted 
power output per volt applied to the grid as possible. The ratio 
of the power output in watts to the square of the input grid (sig
nal) volts (r-m-s values) is a measure of the power sensitivity 
of the tube. Thus, a power tube delivering 8 watts output with 
an applied signal of 10 volts r-m-s has a power sensitivity of 
8/102 = 8/100 = 0.08 watt per volt2 = 80 milliwatts per volt2 

23-34. Class B Amplification.-To secure a further increase 
in power output, a power tube may be operated with a negative 
grid bias such that the plate current is reduced to approximately 
zero when no signal voltage is applied, and plate current flows 
only during the positive half cycles of the signal, exactly as in 
the bias type of detector. This is called a Class B amplifier. 

The plate current of a single tube operated as a Class B 
amplifier is severely distorted since it has no "negative loops"; 
this is another way of saying that the output of a single tube 
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operated as Class B amplifier contains a number of strong even 
harmonics (the second, fourth, sixth, etc.) which are undesirable. 
The grid may usually go "positive" on peaks of the signal, the 
harmonics produced by this being removed from the output by 
suitable means. The characteristics of a Class B amplifier are 
medium efficiency and output, with a relatively low ratio of power 
amplification. 

The high distortion resulting from the use of a tube as a 
Class B amplifier must be balanced out if the wave-form of the 

FIG. 23-25. - Circuit 
of a typical Class B 
amplifier stage. The 
push-pull arrangement 
balances out the distor
tion generated by each 
tube. 
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output signal is to resemble that of the input signal. This bal
ancing out is accomplished by using two such tubes conneckd in 
a push-pull arrangement, as shown in Fig. 23-25. The wave
form of the plate current and the mode of operation are illus
trated in Fig. 23-26. Graph, 1, is the grid voltage-plate cur
rent characteristic of tube V1 , and graph, S, is that of tube V,. 
'\'\,1len the signal voltage e is applied, the plate current, I,1, of 
tube V 1 varies as shown in the upper right-hand quadrant. 
The plate current, I,,, of the second tube is shown in the lower 
left-hand quadrant. The result of the push-pull arrangement il!I 
that both combine in the output choke or transformer to put to
gether the complete wave. The wave-form of the output is a 
comparatively faithful reproduction of that of the input signal, 
so that but little distortion is present. 

On weak signals, the regions OA and OB (Fig. 23-26) become in
creasingly important, and contribute to the distortion, so that the 
Class B system is of special advantage when the signal strength 
is large. The ideal Class B amplifier is one in which the alter
nating component of plate current is an exact replica of the 
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alternating grid voltage for the particular half cycle when the 
grid is positive with respect to the bias voltage, and the plate 
current flows during ½ of this cycle. 

23-35. The Driver Tube.-It is not necessary that the grid 
of a single Class B tube be biased highly negative in order to 
operate at the cut-off point. By designing the tubes for this ser
vice with a high amplification factor, cut-off { or nearly cut-off) 
may be obtained with zero bias. The grid will then draw current; 

FIG. 23-26.-Graphs illustrating the wave form of the plate cur
rent existing in each tube of a push-pull Class B amplifier stage when 
a signal voltage e having the wave form shown is applied to the stage. 
The graphs are plotted with plate current as ordinates (vertical 
scale) and grid voltage as abscissae (horizontal scale). 

but if the tube feeding the Class B stage is designed to supply a 
reasonable amount of power, then the 'losses in the grid circuit if 
the Class B stage are supplied. The tube feeding the Class B 
stage, then, must be something of a power amplifier of the Class 
A type, and for this reason it is called a driver tube. 

23-36. Special Class B Amplifier Service Considerations. 
-It was mentioned that the driver stage must supply enough 
power to the input of the Class B stage to supply the grid losses. 
This means that the losses in the input transformer must be as 
low as possible, and that this transformer must be designed with 
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the same considerations in mind as for a power transformer. It 
is usually constructed with a step-down ratio (from primary 
to ½ of the secondary) of about 1.5 to 1. Its normal resistance 
and leakage reactance must be low, otherwise the high notes will 
be attenuated. For these reasons, an ordinary audio transformer 
cannot be used as the in'JYU,t transformer in a Class B amplifier 
circuit. 

The output trans/ ormer is special, too. The plate current of 
each tube is very high during the "positive" swings of the sig
nal, so that the core of the transformer must be large enough 
to handle the high flux density without saturating. Further
more, the flux in the core does not balance out as it does in a 
Class A push-pull circuit-each tube works for half a cycle in 
turn, (not at the same time) so the flux density may be very high 
at the peaks of the plate current. Finally, the ratio of an out
put transformer intended for Class B work is different than that 
required for the same tubes in Class A push-pull. In a Class A 
transformer the entire primary works at once; in a Class B 
transformer each half works by itself, in turn. 

Thus, if a 10-ohm voice coil is to be fed from two tubes 
working in Class A push-pull having a total plate-to-plate im
pedance of 9,000 ohms (4,500 ohms per tube), the ratio of the 
output transformer must be: 

_/9,000 _ 
110 = \/900 = 30 to 1. 

But in Class B, the ratio must be computed for one-half of the 
primary, and then doubled. Thus, the plate-impedance of one 
tube is 4,500 ohms. Then half the ratio would be: 

_/4,500 _ 
110 = \/450 = 21.2 to 1 

and the entire ratio would be 42.4 to 1. These considerations 
lead to the conclusion that an output transformer intended for 
push-pull Class A operation cannot be used satisfactorily /or 
Class B systems. 

The power transformer and filter systems used in Class B sys
tems are different from those used in Class A systems. Since the 
plate current in a Class B system fluctuates between wide limits 
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and depends upon the signal voltage on the grid of the Class B 
stage, it is imperative that the voltage output of the power unit 
be as unaffected by these current fluctuations as possible. This 
condition limits the permissible resistance of the chokes, rectifier 
tube, and power transformer to a very few ohms. Chokes suitable 
for Class B work should have a resistance of about 20 ohms; 
power transformers should have large cores and low-resistance 
windings, especially the plate winding; and the rectifier tube 
should be of the mercury-vapor type because of its low internal 
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FIG. 23-27. - Con
nection of the power 
transformer i n a 
Class B system show
ing the location of the 
r-f filter system be
tween the high-volt
age winding and the 
rectifier tube. 

plate-cathode resistance. These considerations again lead to the 
conclusion that power systems intended for Class B work can be 
used for Class A systems, but a power pack originally designed 
for Class A cannot be used in a Class B system. 

The power transformer of a Class B system usually has 
small fixed condensers connected from each side of the high
voltage secondary to ground, and one or more r-f chokes in the 
high-voltage leads, as shown in Fig. 23-27, to filter out any high
frequencies that may be generated in the mercury-vapor recti
fier during ionization. 

These condensers should have a sufficiently high voltage rat
ing to stand the high peak surges developed across the high
voltage secondary winding. They should be of the mica-dielec
tric type to insure a small amount of leakage during the high 
surges of voltage; the r-f chokes must be heavy enough to 
carry the rectifier-tube current without burning out. The ef
fects of open- or short-circuited chokes and open- and short
circuited by-pass condensers are apparent. If any of the high-
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frequency currents generated by the rectifier tube should get in
t-0 the receiver because of some failure in the r-f power filter 
system, the receiver will become very noisy, especially on the 
short-wave bands (if the receiver is of the all-wave type). Ex
amination of these r-f chokes and by-pass condensers should 
be made first, if a symptom of this kind appears. 

A comparison of Class A and Class B amplifiers is instructive. 
The Class B (push-pull) combination is operated so that a 
greater power output per tube (with comparable fidelity) can be 
obtained than is possible from the formerly popular and time
tried Class A type using similar tubes. Class A design is rela
tively simple, and tubes such as the '71A, '10, '45 or '50 types 
have been employed in them for years. The Class A amplifier in 
push-pull requires 2 tubes which need not be "matched" very 
closely to give satisfactory reproduction. The Class B amplifier, 
on the other hand, involves the use of more accurately matched 
tubes and greater care in design, both of the circuit and the 
associated equipment. The older type tubes can be used in it, 
but not as advantageously as the newer ones designed especially 
for Class B use. A "power" tube is required to feed the Class B 
amplifier. The major advantage of Class B amplification is the 
availability of large sound volumes at reasonable cost with fair 
fidelity. It is usually considered worth while only when dance
floor volume is required. A usual fa ult is its tendency to give 
poor reproduction for low volume (about that required for a 
small room) even though the fidelity at large volume may be 
satisfactory, this effect being very pronounced if the tubes are 
mismatched to an extent that would have negligible effect on a 
Class A amplifier. 

23-37. Class C Amplification.-A Class C amplifier is an 
amplifier operated with a negative grid bias more than suffi
cient to reduce the plate current to zero when no exciting grid 
(signal) voltage is present. Plate current pulses of large am
plitude flow in each tube during only a fraction of each "posi
tive" half cycle of the grid excitation (signal) voltage variation. 
The grid voltage usually swings sufficiently positive to allow 
saturation plate current to flow through the tube. Thus the 
plate output waves are not free from harmonics, and suitable 
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means are usually provided to remove the harmonics from the 
output. 

Class C amplifiers find application where high plate circuit 
efficiency is a paramount requirement, and where departures 
from linearity between input and output are permissible. The 
characteristics of a Class C amplifier are high plate circuit effi
ciency, high power output and relatively low ratio of power 
amplification. 

23-38. Class A-Prime (AB) Amplification.-When the 
type of amplifier service is intermediate to the foregoing main 
classes, it is convenient to designate the service by other terms. 
The most important of these is the Class A-Prime (also called 
Class AB) service. 

The advantage of large power output with tubes operated as 
Class B amplifiers disappears, as pointed out in Art. 23-36, when 
the signal strength is small. To retain the high power sensitivity 
with large signals, and at the same time reduce the distortion 
with small input voltages, the Class AB system is used. The 
Class AB amplifier is one which is overbiased, operating as a 
Class A system for weak signals, and as a Class B amplifier 
when the signals are large. Essentially, it is the same as an am
plifier bias between the Class A and Class B conditions of opera
tion. The result is that plate current flows during appreciably 
more than half of each signal voltage cycle, yet for less than the 
complete cycle, since the fixed-bias non-adjustable system is 
used. As shown in Fig. 23-26, plate current flows during more 
than half a cycle, for the fixed bias is adjusted to about point 
D. For small signals, the plate current varies above and 
below point D uniformly with the signal voltage, and the 
system is Class A; when the signal strength becomes large, the 
plate-current swing on one half-cycle alternately becomes greater 
than that on the other, and the system is Class B. The service 
problems connected with Class AB systems are essentially simi
lar to those of the Class B system (see Art. 23-36). 

The driver tube need not supply much power, nor must the 
input, output, and power transformers be as large in a Class AB 
as in a Class B amplifier. However, they should correspond 
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more to Class B than to Class A apparatus. Several models of 
household receivers employ a Class AB amplifier in the output 
stage. 

23-39. Fixed- and Self-Bias in Class B Amplifiers.-The 
usual resistor in series with the cathode or filament of a tube 
supplies bias because of the flow of cathode current through this 
resistance. A by-pass condenser of large capacity must be con
nected across it, however, to prevent degeneration, as explained 
in Art. 23-7. With Class AB and Class B systems, the fluct
uating plate current is sometimes so great that it is difficult to 
keep the bias constant unless a by-pass condenser of prohibitively 
large capacity is used. It is for this reason that many of 
the present-day Class B tubes have been designed for use with 
zero bias to obtain Class B operation. 

But when the output tubes are not so designed, it is neces
sary to maintain the bias fixed, otherwise the degeneration will 
appreciably reduce the power output. In such cases, the bias is 
usually kept constant by incorporating a separate rectifier-filter 
system for the sole purpose of supplying bias to the Class B 
stage. In some cases, this rectifier-filter system also supplies 
plate voltage to the r-f and i-f amplifier tubes, since they draw 
but little current and therefore cannot appreciably affect the 
bias voltage developed. A receiver utilizing such a system will 
then have two power systems, and, when servicing them, each 
must be considered as if the other did not exist. 

23-40. Miscellaneous Amplifier Systems.-Aside from the 
usual types of amplifier systems described here, there are sev
eral other types that are in common use in some radio equipment. 
The service man should become familiar with them. The service 
problems to be encountered with these systems are not unlike 
those already mentioned, and will not be repeated here. Only the 
general theory of operation will be pointed out. From this, ser
vice problems may be anticipated and the solutions predicted. 

23-41. The Direct-Coupled Amplifier Tube.-The direct
coupled amplifier tube, shown at (A) of Fig. 23-28, is employed in 
a number of receivers now in use. It consists of two triodes in 
a single envelope. P,, Gi and Ki are the plate, grid and cathode, 
respectively, of the first, or input, section; and P,, G,, K, are 
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the plate, grid and cathode, respectively of the second, or output, 
section. The distinguishing characteristic is that the input cath
ode is connected to the output grid directly, inside the tube, as 
shown. The circuit arrangement employed is shown at (B) of 
the figure. The cathode of the input section connects to the 
grid of the output section, so that the grid-cathode resistance of 

H H K 

(Al 

FIG. 23-28.-(A) Arrangement of the electrodes and internal 
connections in a direct-coupled amplifier tube. 

(B) The circuit arrangement employed with the tube connected 
as a direct-coupled audio amplifier. 

the output section is the load of the input; it is in the "cathode" 
instead of in the "grid" circuit. The plate and grid return of the 
first section, therefore, is made through the input resistance of 
the second section. Furthermore, the bias on the No. 1 grid is 
the grid-cathode voltage drop in the second section. The path 
of the plate current for each section of the tube is indicated by 
dotted lines and arrows. 

A signal applied to the first grid varies the plate current of 
the first section. This plate current flows from the cathode of the 
first section to the grid of the second section. This varying cur
rent changes the voltage drop across G,-K,, which actuates the 
plate current of the output plate circuit in the normal fashion. 
The system is strictly Class A, and the one tube shown could be 
replaced by two separate tubes with equal results. 

23-42. Meshed Duo-Grid Tube Operation.-A rather 
unique detector-amplifier circuit is shown in Fig. 23-29. The 
tube structure consists of a heater, a cathode, two inter-meshed 
grids equally spaced from the cathode and from the plate, and 
a single plate. The two grids connect to both ends of the r-f 
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transformer secondary and the center tap of that winding con
nects to cathode through the conventional grid leak and conden
ser, R and C. The primary of the audio transformer is con
nected between the single plate and B+. 

When a signal is tuned in, one grid becomes positive while the 
other one becomes equally negative, and vice versa. Therefore 
the plate current does not vary, so far as the r-f signal is con
cerned, since both grids are always at exactly the same potential 
but of opposite polarity; i.e., one grid tends to increase the plate 
current while the other tends to decrease it an equal amount, so 
the net r-f plate current change is "zero". However, each of the 
grids becomes "positive" once during each cycle. Each time that 
happens, the positive grid draws grid current which flows through 
the leak and condenser; on the other half cycle the other grid 
draws grid current, which also flows through the leak. In this 
manner the potential of both grids decreases according to the 
audio variations of the modulated signal, and the plate current 
changes accordingly. In other words, the r-f plate current 
changes are zero, but the audio voltage built up across the grid
leak and condenser is applied to both grids in parallel, since they 
are in the common leg, and vary the plate current at an audio 

FIG. 23-29. - Cir
cuit arrangement for 
a meshed duo-grid 
tube (Wunderlich 
tube) operated as a 
detector. 

TO 
R-F 

STAGE 
TO 

AUDIO 
TUBE 

rate in accordance with the modulation of the incoming r-f 
signal. 

This is the distinct advantage of the meshed duo-grid tube
the plate current varies only at an audio rate, thus preventing 
r-f from entering the audio system and generating what is known 
as "fringe howl." 

23-43. Tone Controls.-Many people do not desire the full 
audio range of reproduction possible with a given receiver. They 
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demand more of the low notes than the high-they are willing 
to sacrifice purity of sound for "mellowness." To accomplish 
this, and to enable the same receiver design to satisfy the dif
ferent tastes of a number of people, it is customary to provide 
some means of reducing the high note reproduction at will. 
The device which does this is called a tone or color control. 

Figure 23-30 shows several common tone-control circuit ar
rangements. They all contain a condenser in one form of circuit 
or another. The system at (A) consists of a resistor R in series 
with a condenser C connected from the plate of the output tube to 

OUTPUT TUBE OUTPUT TUBE. OUTPUT TUBE OUTPUT TUBES 

~ fROUTPUO 
-=F TRANSF 

I[_ 
~~ 

a: 
L_______--,;,.... • r 

,,i;Y r 
. ::> 

C3 f: 
::> 

~ /V • 
•FAN SWITCH" 

<A) <Cl (0) 

FIG. 23-30.-Several common tone-control circuit arrangements. 

ground. C may have a value of about 0.003 mfd. and R a value 
of 50,000 ohms, the exact sizes depending upon the type of tube 
in use, the frequency response of the audio system, etc. When 
R is set at its minimum value, C is most effective in by-passing 
the high audio frequencies to ground; when R is set at max
imum, C does the least amount of by-passing. 

System (B) does not use a. resistor, but consists of a number 
of small condensers arranged to be individually selected by means 
of a tap switch. The condensers are of various capacities, ar
ranged so that each one by-passes a little more than an adjacent 
one. 

A third method in common use, shown at (C), is similar to 
that at (B), except that the condensers are connected in series, 
and as many as three may be short-circuited at once by a fan
switch, leaving the fourth to by-pass. As the switch is turned 
back, more and more condensers are connected in series, thereby 



CH.XXIII OBSCURE RECEIVER TROUBLES 669 

lowering the resultant capacity and thus decreasing the by-pass
ing effect. 

Not all tone controls are connected in plate circuits; some 
are in grid circuits, as shown in (D). This circuit shows the 
most common location of the tone control in push-pull circuits. 
It consists of the usual capacity-resistor series arrangement. But 
regardless of whether the tone control is in the circuit of the 
plate or the grid, the fact remains that it is connected some
where in the audio circuit so that it by-passes the higher audio 
frequencies. 

It should be noted that the usual type of tone control does 
not increase the low-frequency response at all; it merely re
duces the high-frequency response. Due to a peculiar physio
logical action of the ear, the result sounds as though the inten
sity of the low notes were increased instead. In this connection, 
it will be well to mention here another point about steady low
frequency hum in receivers employing a tone control. In such 
receivers, the hum which is present will become much more 
noticeable when the tone control is adjusted to reduce the high
frequency note reproduction. This action really makes it appear 
as though the cause of the hum is of such a nature that it in
creases when the tone control is set in this position-which of 
course is not the case. 

Troubles in tone-control circuits are usually confined to poor 
tone control operation due to open circuits, loose or imperfect 
switch or resistor arm contact, or open-circuited tone control 
resistor elements (when they are employed). Of course, the 
usual routine tests (see Chapter XXII) made on the compon
ents employed in the tone control circuit will quickly reveal such 
troubles. 

23-44. Volume Controls.-Almost every receiver manu
factured during the past few years uses some form of diode 
detection. This detection arrangement is almost: always accom
panied by automatic volume control, which requires that the 
manual volume control be placed in the audio amplifier. Some 
receivers use a three-winding i-f transformer, one for the ave 
tube and one for further amplification. In such cases, the vol
ume control may be connected in the i-f circuit. The reader is 
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ref erred to the many circuits presented in Chapter XIX for the 
location of the volume control in modern receivers. 

In older receivers, the screen-grid voltage of the r-f and/or 
i-f tubes is varied for control of volume. This type of control 
is connected somewhat as shown in the sketch of Fig. 23-31. 
The plate voltage is reduced to the maximum value suitable for 
the screen grids by R1; R, varies the screen-grid voltage for 
control of volume; and Ra is a small bleeder resistor to prevent 
the screen voltage from reaching zero when R, is set at the 
"minimum voltage" position. 

Another favorite form of volume control which has been used 
in many of the older receivers was one which varied the control-

R. 1 
VOL. CONTROL 

FIG. 23-31.-A typical circuit 
arrangement for the control of 
volume by the variation of the 
screen grid voltage in the r-f or 
i-f circuits. 

grid bias and effective length of the antenna coil at the same 
time, as shown in Fig. 23-32. ,vhen the arm of potentiometer 
R is set so that the ground and B- wires are connected to point 
A, the bias on the tube is a minimum (which makes its am
plification maximum) and the full antenna coil is used. There
fore, this is the "full volume" position. When it is at B, the 
antenna is grounded and the bias is maximum (making the tube 
amplification minimum). Of course, only the bias may be varied 
in some systems of this kind, and only the antenna-coil length 
(effective) in others, but the combination of both is more effec
tive, since it helps to give better control for low volume due to 
the fact that not only the amplification of the first tube is re
duced, but the ·coupling of the antenna coil is reduced as well. 

There are numerous other methods used to control vol
ume, but the ones described here are the most important and 
the ones most encountered in the service field. Practically all 
volume control arrangements employ variable resistors, and it 
is in these that trouble may occur. The usual troubles are, dirty 
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contact, or insufficient pressure, between the resistor element and 
the movable arm. Very often, sharp burrs or nicks are present 
on the surface of the resistance element or the contact arm. 
These troubles may result in very noisy operation of the volume 
control, or even intermittent operation. Dirty contacts can be 
cleaned with a cloth soaked with gasolene, alcohol, or ordinary 
clothes-cleaning fluids. Insufficient contact-arm pressure may 
be remedied by bending the arm. Nicks or burrs may be care
fully filed, scraped or sanded down if it is worth while. An open
circuit, caused by a break in the thin resistance wire used in these 
resistors, usually necessitates replacement of the volume control 
resistor (see Arts. 22-9 and 26-3). 

23-45. Obscure Troubles in Receiver Output Circuits.
In many of the early receivers which employ magnetic type loud
speakers (service men are still called upon to service them), no 
provision is made to safeguard the fine-wire coils of the speaker 
against possible burnout by the plate current of the output tube. 
They were simply connected in series with the plate circuit of 
the last audio tube as shown at (A) of Fig. 23-33. Later re
ceiver designs incorporated a choke-condenser combination as 
shown at (B), to keep the high direct plate current of the 
tube from injuring the fine wire of the speaker windings. 

FIG. 23-32.-A typical volume 
control arrangement in which the 
grid bias of the first tube, and the 
effective length of the antenna 
coil are varied simultaneously. 

'-------e -
If the blocking condenser, C, in (B) becomes short-circuited, 

it will be evidenced by choked and distorted reproduction, sound
ing very much as though the grid bias of one of the audio tubes 
is low. This trouble will not ·be revealed by the usual tube soc
ket voltage analysis of the receiver. Sometimes, no signals at 
all will be heard. If the choke L open-circuits, the plate of the 
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power tube will receive no voltage and operation will cease. 
Of course, this trouble would be revealed by a voltage analysis 
of the receiver. 

Many of the older magnetic speakers were equipped with a 
filter to prevent the generation of fringe howl. A typical dia
gram of such a filter is sliown in Fig. 23-34. It consists of a 
single choke coil, L, and two condensers, C, connected between 
the speaker winding and the speaker terminals. If severe dis
tortion is experienced when this type of speaker is employed, the 
individual parts of this filter should be tested thoroughly, for a 
partially short-circuited condenser may be the cause. If the 
choke becomes open-circuited, or one of the condensers become 
completely short-circuited, the speaker windings will receive 
little or no current and reception will be weak or absent alto-

POWER TU&E 

(A) 

\.OUI> 
SPEAKER 

L 

POWERTU6E 

~UP 
L ;,£AKER 

6+-

(B) 

FIG. 23-33.- (A) Connecting the loud speaker winding directly 
into the plate circuit of the power tube. · 

(B) Use of the choke and condenser coupling arrangement for 
magnetic speakers. This keeps the heavy plate current of the power 
tube out of the delicate windings of the speaker. 

gether. Magnetic speaker repairs are considered in Arts. 26-17 
to 26-25. 

Dynamic speakers usually have a very, low-resistance voice 
coil of compatatively few turns. Therefore, the voice coil has 
a low impedance and acts practically like a pure resistance. The 
impedance of voice coils in dynamic speakers commonly em
ployed in radio receivers is usually between 1 and 15 ohms. Two 
exceptions to this are found in some early Colonial and Peerless 
types which employed a voice coil consisting of a single turn of 
thin copper strip having an impedance of approximately 0.006 
ohm. Roughly speaking, the impedance (at 1,000 cycles) of a 
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dynamic speaker voice coil is about 33 % greater than its d-c 
resistance. Since the output impedance of power amplifier tubes 
is so much greater than that of dynamic speaker voice coils, an 
impedance-matching transformer of proper design must be used 
between them. The primary, P, of this transformer is con
nected in series with the plate circuit of the power amplifier 

SPE:AKER 
'TE:RMINALS 

FIG. 23-34.-A typical filter for 
a magnetic speaker. This prevents 
fringe howl. 

tube, as shown in Fig. 23-35; the low-impedance secondary, S, 
is connected directly to the voice coil of the speaker. 

When a push-pull power amplifier stage is used, the primary 
of the output transformer is center-tapped, as shown in Fig. 
23-36. It is advisable, when one of the tubes is found without 
plate voltage, to test for an open-circuit in that section of the 
output transformer primary which connects to this tube. 

A partially short-circuited secondary winding will result in , 

POWER TUBE ")lo------ SPEAKER 
INPUT 
TIIANSF 

p s 

VOICE COIL OF 
0VNAMIC SPEAKER 

FIG. 23-36.-The connection of a speaker input transformer be
tween the plate circuit of a single power output tube and the voice
coil of a dynamic speaker. 

weak and distorted reproduction. The same symptom results 
if the voice coil of the speaker becomes partially short-circuited 
(this trouble and its remedy will be discussed at length in Art. 
26-35 of Chapter XXVI). To check for this condition, it is not 
necessary to disconnect the secondary winding from the voice 
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coil before checking its resistance with an ohmmeter. A more 
rapid test may be made by short-circuiting these windings with 
a very short length of wire, provided some reception is obtained. 
If the response is materially weakened when the voice coil or 
output transformer sef!ondary is short-circuited, then these wind
ings are not likely to be at fa ult. If little or no variation of sig
nal strength results, it indicates a short-circuited or partially 

POWER TUBE SPEAKER 
INPUT 

TRANSFORMER 
,I 

FIG. 23-36.-The same speaker circuit arrangement as that of 
Fig. 23-35-for two power tubes in push-pull. 

short-circuited output transformer secondary or voice coil. Of 
course, each should then be disconnected and tested separately 
with an ohmmeter to find out which one is at fault. 

23-46. Obscure Troubles in Loud Speakers. - Many 
troubles which are not revealed by the usual receiver analysis 
may develop in the loud speaker. Fortunately most of these 
loud speaker troubl.es result in symptoms which are easily recog
nized, and they are not extremely difficult to repair. Magnetic 
type speakers (which employ a permanent magnet for the field) 
are subject to such troubles as weak reproduction, no reproduc
tion, distortion, noisy operation, rattling and rasping. In addi
tion to these, dynamic speakers are subject to hum and chatter
ing. Since all of these troubles and the methods of eliminating 
them are discussed at length in Arts. 26-14 to 26-45 of Chapter 
XXVI, it is sufficient for our purpose merely to mention them here. 

23-47. Distortion Due to Improper Speaker Phasing.
Many receivers and public-address systems employ two or three 
dynamic speakers, all operating from the same output trans
former. When repairs are made on such speakers, it is essential 
that their voice coils be connected back properly so that they 
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operate in the proper phase relation. When the voice coil leads, 
or terminals, are not color-coded for identification, it is easy for 
them to become interchanged accidentally. If this should hap
pen, a simple test must be made in order to re-connect them 
properly, so that the voice coils and cones of all the speakers 
operate in unison, i.e., so that they are properly phased. Let us 
see why "phasing" is so necessary. 

The illustration of Fig. 23-37 shows the results produced 
when the voice coils and cones of dynamic speakers are, and are 
not, phased properly. 

There are three speakers, 1, 2 and S, each inclined so as to 
direct sound to a region designated as "listener." It is not neces
sary that the speakers be inclined as shown; the result will be 
the same if they are all facing in one direction; the inclined ar
rangement is shown for easier visualization of the action which 
takes place. Let us suppose that the voice coils of speakers 1 
and 2 are connected properly I but that of speaker S is not 
phased properly with them. 

At a given instant, the cone of speaker 1 is moving forward 
and pushing air away from the front of the cone; speaker S is 
doing exactly the same thing in unison with 1, and is therefore 
in phase with 1 ; but the cone of speaker S is moving back, 
creating a partial vacuum directly in front of it. The move
ment of the cone of speaker S is therefore out of phase with 
that of speakers 1 and !. 

When a cone or any other form of diaphragm vibrates, it 
pushes air away from it in front when it moves out, and "sucks 
in" air when it moves backward. For our purpose, this action 
may be considered as being similar to that of a piston moving 
in a cylinder. On the forward motion it increases the air press
ure in front of it, and on the backward motion it decreases the 
normal air pressure, which is normally about 14 pounds per sq. 
in. The regions of greatest pressure (compressions) are indicated 
in the illustration by closely-spaced lines, and the points of 
least pressure (rarefactions) are indicated by widely-spared 
lines. 

Let us now see what happens at the region of the listener 
as a result of this improper phasing. We will consider, first, the 
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instants when compressions from speakers 1 and S reach this 
point. At these instants, the compressions, indicated by C 1 and 
C ,, of speakers 1 and ! meet in phase with each other and 
therefore reinforce each other. At such instants, the cone of 
speaker No. Sis moving in the opposite direction, since it is out 

FIG. 23-37.-What happens when a number of loud speakers 
operating from the same radio receiver (or public-address amplifier) 
are not properly "phased". At the location of the listener, the sound 
waves from speakers No. 1 and No. 2 arrive "in phase" and reinforce 
each other. Since speaker No. 3 is out of phase with these two, its 
sound waves arrive at the listener out of phase with those of the other 
speakers and tends to neutralize the sound. For all three speakers, 
A is the "at rest" position of the cone and B is the position of the 
cones considered simultaneously at some other instarrt. 

of phase with the other two cones. Therefore, a condition of 
rarefaction from this speaker (indicated by R,) also reaches the 
listener. The result is that the rarefactions produced by speaker 
!J partially neutralize the compressions produced by speakers 
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1 and !, thus decreasing the intensity of the sound heard. Of 
course, at the instants when rarefactions from speakers 1 and ! 
reach the listener, compressions from speaker S get there and 
partially neutralize them. It is unnecessary to go into further 
detail here concerning the effect of improper speaker phasing 
on the tone quality (remember that when two or three loud
speakers are employed in receivers, each one is designed to re
produce only a certain portion of the audio-frequency range). 

The plunger action of the speaker cone as described here 
is true only fo.r the lower audio frequencies; at the higher fre
quencies the mode of vibration of the cone does not exactly follow 
plunger action, so severe distortion of the resulting sound may 
take place if the speaker .cones are not properly phased; i.e., con
nected so that they all move in the same direction at the same 
time. 

In cases where only two loud speakers are operated in the 
same room from the same receiver or public-address system, it is 
quite conceivable that objectionable cases of neutralization of the 
sound waves may result if the voice coils are not properly phased. 
Neutralization of the sound waves gives rise to dead spots. These 
are locations in a room where little or no sound from the loud 
speakers is heard. This action may also produce regions in the 
room where the little sound that is heard is so distorted that the 
intelligent interpretation of speech is impossible. 

23-48. Phasing Dynamic Speakers.-To ascertain whether 
or not the voice coils of multiple loud speakers are properly 
phased, the speakers may be removed from the cabinet but left 
connected to the receiver so that the movement of the cones may 
be observed. The receiver should be turned off. A small 4½
volt C battery (or an ordinary 1½-volt dry cell) should then be 
connected either in parallel with, or in series with, the main sec
ondary winding of the output transformer which feeds all the 
voice coils of the speakers (see Fig. 31-16). At the moment 
electrical contact is made, all the cones should move in, or out, 
together. The direction of motion when this is done may be 
determined by placing the fingers lightly against each speaker 
cone, in turn, and feeling the movement of the cone. If the cone 
of one speaker moves in while the others move out, the voice 
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coil of the former one is out of phase. The remedy for a two
speaker installation is to reverse the connecting leads to the voice 
coil of either of the speakers. When three speakers are employed, 
the leads to the voice coil of that one which is out of phase should 
be reversed. 

23-49. Radio-Phonograph and Phono Pickup Troubles.
The rubber-damped magnetic phonograph pickup is very widely 
employed in commercial combination "radio-phono" receivers. 
This type of pickup operates on much the same principle (re
versed) as the magnetic speaker. The unit here is somewhat 
similar, except for the addition of rubber damping pieces and a 
device ( called the stylus) to hold the phonograph needle to 
the armature. The magnetic pickup is essentially a miniature 
alternating current generator, having a vibrating armature in 
place of a rotating member. The vibrations of the armature are 
produced by the movement of the needle (fastened to the arma
ture) caused by the irregular grooves of a rotating phonograph 
record. Since the armature vibrates between the pole pieces of 
a strong permanent magnet, the variation of the magnetic field 
in the gap cuts the many turns of wire of the small coil which is 
also mounted in the field of the magnet and through which the 
armature passes. The alternating voltage generated in the pick
up coil by this action is fed into the audio amplifier of the re
ceiver and amplified. (A description of the construction and ar
rangement of the various parts in a typical rubber-damped mag
netic phono pickup is presented in Art. 26-47 of Chapter XXVI.) 

Low volume, distortion and "rattling" observed only when 
the phonograph section of a radio-phonograph receiver is oper
ated, may usually be traced to some fa ult in the pickup. The 
repair of common pickups used in radio-phono combinations will 
be discussed in Arts. 26-48 to 26-52 of Chapter XXVI. Improper 
turntable speed and alignment are also causes of distorted phono
graph reproduction. The method of ascertaining the speed of 
phonograph motors and the procedure to follow in aligning them 
will be presented in Arts. 26-53 to 26-54. 

REVIEW QUESTIONS 
1. State 5 possible causes for lack of sensitivity in a receiver, 

if all the tubes test perfect and the voltages are normal. 
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2. Suppose you are testing a t-r-f broadcast band receiver and 
obtain good reception only at the high-frequency end of the 
dial. What would you attribute the insensitive condition of the 
receiver at the low-frequency end of the dial to? How would 
you check this? 

3. Describe the construction of a tuning wand. Explain how it is 
used. 

4. You find that a broadcast superheterodyne receiver is insen
sitive on the higher frequencies. To what could this condition 
be due, and how would you determine the cause definitely? 

5. What is meant by "degeneration" in an amplifier? Explain its 
possible causes. 

6. Mention 5 possible causes for oscillation in a radio receiver, 
in which the audio amplifier is known to be normal. 

7. What recognizable symptoms accompany oscillation in t-r-f 
receivers? Describe a simple test for detecting the oscillating 
condition definitely. 

8. How would you locate and eliminate the cause of whistles which 
are heard over the entire tuning range as a t-r-f receiver is 
tuned from station to station? 

9. 

10. 

11. 

12. 

13. 

14. 

16. 
16. 

17. 
18. 

19. 

20. 

21. 

22. 

State the various types of interference it is possible to en
counter in superheterodyne receivers. 
State 5 conditions that may cause a station to be received at 
more than one point on a superheterodyne receiver? What is 
this trouble called? State briefly how you would go about 
eliminating it. 
What is the main purpose of the usual tuned r-f amplifier 
stage, ahead of the mixer stage? Explain how it accomplishes 
the desired result. 
What is the relation between image-interference and double
spot tuning? 
What steps would you take to remedy a condition of code inter
ference in a superheterodyne? 
What is a band-pass antenna circuit? What is an "acceptor" 
circuit? 
What is meant by modulation hum? 
How would you determine definitely whether a certain r-f stage 
was producing modulation hum? 
State 4 possible causes for such hum. 
How would you proceed to minimize, or eliminate it for each 
of the causes you mentioned? 

Discuss the complete procedure for locating the cause of steady 
hum in a radio receiver. Mention 10 possible causes for this 
condition. 
Why should all a-c leads be kept away from the detector tube? 
Why is the detector tube particularly critical in this respect? 
A receiver is reported to be troubled by "fading'': How would 
you determine definitely whether the fading is due to some con-
dition in the receiver, or to natural fading of the transmitted 
signal due to transmission peculiarities? 
How would you proceed to determine the cause of "fadin~" in 
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the receiver, when the foregoing test shows definitely that it 
is not due to transmission fading of the signal? 

23. What tests would you make on an antenna system in order to 
reveal possible causes for intermittent reception? 

24. Suppose you are testing a superheterodyne receiver, and find 
that intermittent reception occurs between 550 and 650 kc but 
not above 1,000 kc? What would you suspect to be the cause 
for this? State your reasons. 

25. Why is it more desirable to check a receiver for intermittent re
ception in the shop instead of in the home of its owner? 

26. If the resistors and condensers in a receiver, tested normal 
with the set turned off, and you were certain that one of them 
was defective, what expedient would you use to simulate op
erating conditions with the set turned off? 

27. Explain just how you would examine the wiring and joints in 
a receiver for poor contacts. 

28. Explain your method of re-soldering a poorly made joint, or a 
"rosin" joint that is suspected of causing intermittent recep
tion. 

29. What would be the best conditions under which to visually 
examine all the parts of a receiver to locate any possible arcing 
or sparking which might be causing noisy or intermittent re
ception? 

30. How would you check a variable-resistor volume control for 
possible causes of intermittent reception? 

31. Expain how adding a pig-tail lead on the rotor of the main 
tuning condenser in a receiver might remedy intermittent op
eration caused by the r-f circuit oscillating. 

32. Explain how noisy or intermittent reception may be caused by 
peeling of the plating employed on the plates of the variable 
tuning condensers used in the r-f tuning sections of some re
ceivers. What operation peculiarity would lead you to suspect 
this as a cause of the trouble? 

33. Explain how you would use a test oscillator to find out defin
itely whether intermittent reception in a particular superhet
erodyne receiver was due to trouble in the stages ahead of the 
second detector, or in those following the second detector. 

34. Explain how you would proceed to check each a-f stage, and 
the loud speaker separately in the foregoing receiver, if the 
oscillator test shows definitelg that the cause of the intermit
tent reception lies in this portion of the receiver. 

35. What are the most frequent causes for "microphonics" in a 
radio receiver? Describe 3 simple remedies to overcome this 
trouble. 

36. Discuss, briefly, 5 causes for weak and distorted reception 
caused by some fault in an audio amplifier. 

37. You find a "positive" grid bias on a tube in a transformer
coupled audio stage. In your opinion, what is the most prob
able cause for such a condition? The same symptom is ob
served in a resistance-coupled stage. What would be the most 
probable cause in this case? 

38. What trouble symptom would a leaky coupling condenser in a 
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resistan~-coupled a-f amplifier cause in a receiver? Explain 
why? 

39. What is meant by a direct-coupled amplifier? Draw a schem
atic circuit diagram of one and explain its operation. 

40. Explain the difference between Class A, Class B, and Class AB 
amplification. 

41. What is a "driver tube?" 
42. What is meant by the "power sensitivity" of a power output 

tube? 
43. What is the purpose of operating two Class B amplifier tubes 

in push-pull? Explain how the push-pull arrangement accom
plishes this purpose. 

44. Can the same input, output, and power transformers be used 
in a Class A and Class B amplifier? Why? 

45. What is the advantage of the Class AB type of amplifier when 
used in the output stage of a household receiver'f 

46. Explain the reason for using a separate rectifier-filter system 
for supplying bias voltage to the Class B amplifier output 
stage in some receivers. 

47. By carefully tracing out the paths of the plate currents in (B) 
of Fig. 23-28, explain exactly how the input tube section ob
tains its negative grid bias in the direct-coupled amplifier tube 
shown. 

48. How would the operation of the input tube section in this direct
coupled amJ>lifier tube be affected if the cathode emission of the 
second section only was to decrease greatly due to some cause? 
Explain! 

49. Explain the operation of the meshed duo-grid tube (shown in 
Fig. 23-29) as a detector. 

50. What trouble symptom would result in a re~iver employing 
the detector arrangement of Fig. 23-29 if (a) the grid leak re
aistor was to become open-circuited; ( b) the grid condenser 
was to become open-circuited; ( c) the grid condenser was to 
become short-circuited? Explain fully in each case. 

61. Draw the circuit diagrams, and explain the operation of, three 
different arrangements for tone control. Tell what possible 
troubles can occur in each type, and what the receiver symp
toms would be in each case. 

52. What trouble symptom would be apparent in a receiver em
ploying the volume control arrangement of Fig. 23-31, if re
sistor R 3 became open-circuited? Explain! 

53. What abnormal condition, noticed when the screen-grid voltage 
was checked, would make this trouble apparent? 

64. Explain how you would proceed to determine quickly, without 
the use of testing equipment, whether weak and distorted re
production in a receiver employing a dynamic loud speaker is 
due to a partially short-circuited output transformer secondary 
or speaker voice coil. What result would be obtained in this 
test, if the winding and coil are in perfect condition? 

66. Why would the test employed in question 64 not be reliable 
in the case of loud speakers employing a single-turn low-re
sistance voice coil? 



CHAPTER XXIV 

ALIGNING AND NEUTRALIZING T-R-F RECEIVERS 

24-1. Necessity for Realignment.-Many of the millions 
of t-r-f receivers which have been manufactured are still being 
used, and servicemen are constantly being called upon to service 
them. It is evident that maximum sensitivity and selectivity 
cannot be obtained from any t-r-f receiver having single-dial 
tuning control unless the tuned circuits are properly lined up-
each tuned circuit is tuned to exactly the same frequency at any 
setting of the tuning dial. If one or more of the stages tunes to 
a higher, or lower, frequency than the rest, that stage will not be 
tuned to exact resonance with the signal the others may be tuned 
to, and consequently lower amplification and loss of selectivity 
will result. Of course, the tuning circuits of t-r-f receivers are 
aligned properly at the factory when manufactured, but there 
are many reasons why the adjustments do not hold indefinitely. 

The coils of the tuned circuits may absorb moisture, they may 
expand and contract, and perhaps shift their position in the 
shield can slightly if the receiver is jarred. Any of these changes 
will tend to change the inductance of the coils slightly, thereby 
unbalancing the tuned circuit. However, this may be 
compensated for to some extent by adjusting the tuning con
denser capacity. The small trimmer condensers used across the 
tuning sections of t-r-f receivers certainly do not maintain their 
capacity setting for long periods of time and are subject to varia
tion with changes in weather. These trimmers, called semi
variable condensers, hold their setting in most instances because 
of the tension in one plate. The strain set up in this plate during 
the initial adjustment at the factory often changes later due to 
periodic changes in temperature and humidity, vibration and 

682 
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aging, just as a strained spring will lose its tension if left exposed 
to the elements for a long time. This will also tend to unbalance 
the tuned circuit. 

Changing a tube will often necessitate realigning a tuned dr
cuit in some t-r-f receivers. The reason for this is apparent when 
it is known that the effective tuning capacity in a tuned circuit 
is the sum of the tuning-condenser capacity, the distributed 
capacity of the coils, the stray capacity of the wiring, the capac
ity of the socket of the stage under consideration, and the input 
capacity of the tube. Tubes of the same type but of different 
manufacture often have different internal capacities, and, while 
the differences are small, their effect (especially upon short-wave 
circuits) may be such as to appreciably decrease the sensitivity 
of a receiver. 

It is not well appreciated by the average serviceman that 
the input capacity of a tube is not just merely the capacity from 
grid to filament. The effective input capacity of a tube depends 
upon the grid-filament capacity, the amplification factor of the 
tube, the grid-plate capacity, and the load impedance. This is 
an important consideration in triodes, for any change in load im
pedance will be reflected through the tube to the input circuit, 
and manifest itself by a change in effective tube capacity. In 
tetrodes and pentodes, the grid-plate capacity is so small that 
the effective input capacity is about equal to the grid-filament 
capacity. 

The gang tuning condenser itself is not immune from causing 
variations in capacity with time. In these condensers the shaft 
carries the rotor plates, and the shaft rests in bearings, which 
may or may not be of the ball-bearing type. Usually, only the 
front bearing is of the ball type. In any event, friction in the 
bearing will gradually cause it to wear down, changing the posi
tion of the rotor plates with respect to the stator, and changing 
the capacities of the individual sections. If this change in posi
tion is permanent, the tuned circuits must be realigned, especially 
if the receiver is very selective. 

24-2. Realignment of Tuning Circuits.-Because the dis
tributed and stray capacities in the tuned circuits are invariably 
somewhat different for every stage in the receiver, some means 
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must be used to make them all equal and to keep the total cap
acity of each stage exactly equal to that of every other stage 
throughout the entire tuning range of the receiver. The process 
of making them equal is commonly called balancing, lining up, 
aligning, or synchronizing. 

The alignment of some of the older receivers must be accom
plished by adjusting a number of small, variable, built-in com-

MICA 
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Oourte.'1/ The Wirele"" World 

ADJUSTING 
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Courte'I/ Htm1m11rlund Mfg. Co. 

FIG. 24-1.-The usual form of trimmer condenser construction 
is illustrated here. At the left, a trimmer condenser is shown built 
on to the side of a gang tuning condenser in the usual way. The 
metal frame of the gang condenser forms one plate of the trimmer. 
A small plate of springy metal, insulated from it, forms the other 
plate. At the right, a typical individual trimmer condenser is shown. 
Its adjusting screw and other construction features are clearly shown. 

pensating condensers or "trimmers", one being connected in 
parallel with each of the main tuning sections of the condenser 
gang, as shown in Fig. 24-1. In the later receivers, these trim
mer condensers are supplemented by supplying each section of 
the main tuning condenser with one or two rotor end plates, 
which are slotted, allowing the fan-shaped segments of the plate 
to be bent one way or another, to allow capacity adjustment. 
When a segment is bent in toward the stator plate next to it, the 
capacity increases. When it is bent out away from the stator 
plate, the capacity decreases. The fan-slotted plate in the rotor 
unit of each section of a modem gang condenser is clearly illus
trated in Fig. 24-2. The fan-shaped segments can be seen. 

The trimmer condensers, and the split end-rotor plates mounted 
on the condenser shafts of the more recent t-r-f receivers con
stitute the only two devices employed to line up their tuning 
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circuits. It is important to note here that practically all of the 
gang-tuning condensers used in standard-broadcast band re
ceivers are provided with trimmer condensers. Those in all-wave 
receivers usually do not have trimmers built into them because 
all-wave receivers use separate tuning coils for each band, hence 
a different trimmer capacity is required for each coil that is used. 
Consequently, each tuning coil of these receivers is usually pro
vided with its own trimmer condenser mounted near it. (See 
Chapter XX.VIII for further details regarding all-wave receiver 
tuning circuits.) 

24-3. Uses of the Trimmer Condensers and the Split 
End-Rotor Plates.-The trimmer condensers connected in par
allel with each section of the main tuning condenser are used to 
equalize the capacities of the different tuned circuits that are 
being lined up. The shunt trimmers are most effective at the 
low-capacity settings of the tuning condenser; they are least 
effective on the high-capacity settings. The reason for this may 
be seen by studying the electrical constants of a tuning condenser 
section and its trimmer in a modern receiver. The tuning con
denser has a maxi.mum capacity of 450 mmfd., and a minimum 

FIG. 24-2. - A 5-gang 
tuning condenser. Five 
sets of rotor plates are 
rotated simultaneously by 
a single common shaft. 
The groups of stator 
plates are insulated from 
each other. Notice the 
slotted rotor plate at the 
end of each section. 

capacity of about 11 mmf d. Its trimmer has a maximum cap
acity of 20 mmf d. and a minimum capacity of 3 mmfd. Assume 
the trimmer to be set at its minimum capacity setting, and fur
ther assume that the tube and stray capacities, and the distrib
uted capacity of the tuning coil, all add up to about 20 mmfd. 
The maximum capacity in the tuned circuit is then 450 + 3 + 
20 = 473 mmfd.; and the minimum is 11 + 3 + 20 = 34 mmf d. 
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(Notice that the trimmer has a maximum capacity equal to 
about half the total capacity in the circuit at the lowest-capacity 
setting of the main tuning condenser.) At the highest-frequency 
(minimum-capacity) setting of this particular tuning con
denser, the trimmer condenser is able to change the circuit 

capacity by 
2
\~ 

3 
X 100 = 50% (which corresponds to 

about an 18.5 % shift in frequency). At the lowest-frequency 
(maximum-capacity) setting of the tuning condenser, the trim
mer condenser is able to change the circuit capacity by only 

2
~; 3 X 100 = 3.6 % . From this example it is evident that 

the trimmer is most effective in changing the natural frequency 
of the tuned circuit at the low-capacity settings of the main tun
ing condenser. 

Since the tuning condensers of the older broadcast band t-r-f 
receivers are not provided with slotted end plates, these receivers 
can be balanced at but one point on the dial. This is generally 

A B C D E 
FIG. 24-3.-The slotted end-plate on each section of a gang tuning 

condenser. Set-screw adjustments are provided on this particular 
type for accurately adjusting the position of each segment. The rotor 
plates are shown in the 5 different positions at which the adjustments 
should be made, and the test signal frequency for each adjustment is 
also shown. Oourte.,, BC.&. Victor Oo. 

done with the receiver tuned to a test oscillator signal at about 
900 or 1,000 kc. (approximately 50 on the tuning dial). If the 
alignment is "off" at each end of the dial, nothing much can be 
done about it. If some particularly desired station that comes 
in at some other point of the dial is received poorly, the receiver 
may be balanced at the frequency of this station instead, so 
that this station is received well. Of course, if this is done, it is 
very likely that stations at other points on the dial will then 
be received with less sensitivity and volume than before. 
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When a fan-cut (split) rotor plate is provided on each section 
of the gang tuning condenser, the circuits may be aligned exactly 
over the entire tuning range. In some of these condensers, ad
justment is accomplished by simple bending of the fan-plate 
sections in or out with a short, insulated rod. Since it 
is rather difficult to bend the segments delicately and accurately 
by hand, some t-r-f receivers employed a gang condenser with 
a set-screw arrangement as shown in Fig. 24-3. The set screws 
pass through a solid plate fastened to the rotor shaft, and are 
mounted so that the end of one screw presses against one seg
ment of the split end-rotor plate. By turning the screw, the seg
ment it rests against can be pushed in or out from the adjacent 
stator plate by a very small amount, thus altering the capacity. 
The screw is then locked in place to prevent it from turning due 
to vibration from the loud speaker. ·Adjustment is usually made 
with the receiver tuned to frequencies corresponding to the num
ber of slits in the rotor plate. The five positions of the rotor (and 
the frequencies) at which these adjustments are made, are shown 
in the illustration. 

The purpose of the split rotor plates is not to line up the 
tuning circuits at the minimum setting of the tuning condenser, 
but to compensate for small capacity variations throughout the 
range of the tuning condenser. The fact that the tuned circuits 
of selective receivers must be lined up exactly over the entire 
scale may be appreciated if it is realized that many radio manu
facturers make provisions for adjusting the tuning capacities so 
that the frequency difference between the various tuned circuits 
tuned by the sections of the gang condenser may be kept as low 
as a fraction of one per cent at any setting. 

24-4. Location of Trimmer Condensers.-In most com
mercial receivers, the compensating or "trimmer" condensers for 
the tuned r-f circuits are located at the top, side, or bottom of 
the tuning gang. In a few receivers, however, these aligning con
densers are mounted above or under the chassis. In the latter 
instance the adjusting screws or nuts are accessible through an 
opening in the chassis. Each trimmer condenser usually consists 
of a fixed plate (which may be the grounded metal frame of the 
condenser gang) and an adjustable plate of springy metal sep-
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arated from the fixed plate by a thin piece of mica, as shown in 
Fig. 24-1. 

24-5. Preliminary Considerations before Alignment. - In
correct alignment in t-r-f receivers is usually evidenced by loBB 
of sensitivity and poor selectivity at least over part of the tuning 
range. Since many other troubles can produce these same oper
ating symptoms in this type of receiver, the logical thing to do 
first when such symptoms are noted is to check the tubes and 
check the entire receiver with a suitable analyzer. This does not 
take long in t-r-f receivers. Any tubes which test weak should 
be replaced, and the set should otherwise be restored to best op
erating condition electrically. If the same symptoms still per
sist after this is done, the tuned circuits may be suspected of be
ing mis-aligned. 

Before making any adjustments on them, it is wise to deter
mine the accuracy of the existing alignment. This may be done 
by supplying a signal to the receiver (preferably from a test 
oscillator) and inserting the "tuning wand" of Fig. 23-3 into the 
various tuning coils, as explained in Art. 23-5. If the receiver 
alignment is correct, the insertion of either end of the wand will 
cause a reduction of the receiver output; whereas, if the individ
ual circuits are not exactly in tune or resonance with the incom
ing signal, one end will bring about an increase of the signal and 
the other end will cause a decrease. When an increase in signal 
is obtained with the iron-filled end of the wand, it indicates that 
there is insufficient inductance or capacitance in the circuit. The 
reverse is true if a gain in signal is obtained when using the bras, 
cylinder end of the wand. In either case, if the signal strength 
changes appreciably, the receiver should be realigned. 

24-6. Use and Connection of the Test Oscillator. - The 
aligning process consists merely of supplying steady r-f signals 
to the input terminals of the receiver, tuning the receiver to this 
frequency, and varying the setting of whatever alignment adjust
ments are provided until maximum output is obtained from the 
receiver. This process is usually repeated for several input fre
quencies, covering the full tun in range of the receiver. The use 
of a calibrated test oscillator for supplying the input signal dur
ing the aligning process is essential for accurate alignment. Since 
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the reasons for this were explained in detail in Arts. 15-1 and 
15-2 (Chapter XV), they will not be repeated again here. If the 
reader is not familiar with them, he should refer to them at this 
time. The test oscillator should be considered as a convenient 
calibrated source of steady signals whose strength and frequency 
can be varied to the desired values at will. 

The aerial wire is first disconnected from the Ant. post of the 
receiver, so that broadcast signals will not interfere with the 
signal of the oscillator. The shielded cable supplied with most 
test oscillators (see Chapter XVII) should now be used to con
nect the output of the oscillator to the input terminals of the 
receiver. The Ant. terminal of the oscillator (the inside wire in 
the shielded cable) should be connected to the Ant. post of the 
receiver ( or to any other point specified by the receiver manuf ac
turer. The outer shield of the shielded cable, which usually 

FIG. 24-4.-Arrangement of the test oscillator, radio receiver and 
output indicator for aligning the tuned circuits in a single-dial t-r-f 
receiver. The oscillator feeds signals of the desired frequencies to 
the receiver. The output meter indicates the relative output of the 
receiver when the capacity adjustments provided in the receiver are 
varied. When these adjustments are set properly so that the output 
of the receiver is maximum, at each of the aligning frequencies, the 
tuning circuits have been aligned properly. 

serves as the Gnd lead from the oscillator, should be connected 
to the Gnd terminal of the receiver. These connections are shown 
in Fig. 24-4. 

24-7. Use and Connection of the Output Indicator.-The 
use of some form of output meter or indicator is well established 
as the proper way of accurately judging the output of a receiver 
during alignment. The reasons were explained in detail in Art 
7-1 of Chapter VII. The reason is simply that the human ear 
cannot detect as small a change in volume as can readily be seen 
on an output meter. As a matter of fact, a deflection of 5 or more 
full divisions on the scale of a meter-type output meter is re-
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quired before a change in volume is noticed by the average ear. 
Since the gain in volume may amount to an increase of only a 
few divisions on the output meter for each stage adjusted, it is 
obvious that an output indicator must be used if each stage is 
to be brought up to its best operating point; the sum total of 
several stages which are improved a few divisions each, can, how
ever, be noticed readily by the ear, since this total may amount 
to 30 or 40 divisions on the output meter. This is especially so in 
the case of very selective receivers. Of course, any of the vari
ous types of output indicators described in Chapter VII are suit
able for this purpose. 

The output indicator may be connected to the receiver in 
any one of several ways, depending upon the type of output stage 
and loud speaker arrangement. These methods have been fully 
discussed and illustrated in Chapter VII for each type of output 
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indicator and will not be repeated here. If the output indicator 
is connected from the plate of the output tube to ground, a 
wafer type "plate lead output adapter" such as is illustrated at 
(A) of Fig. 24-5 should be used. These adapters may be pur
chased ready made, or may be made from a wafer socket with its 
center cut so that it slips over all of the prongs of the tube except 
the "plate" prong. A lead is brought out from the plate terminal 
of the socket, as shown, for connection to the output meter. A 
simple adapter designed to be slipped over the plate prong of 
the power tube is shown at (B). 

24-8. Aligning Procedure for Ordinary T-R-F receivers. 
-After the test oscillator and the output meter are connected 
properly, both the receiver and the test oscillator should be turned 
on and allowed to warm up for at least 5 minutes. 
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The usual types of t-r-f receivers have two stages of tuned r-f 
amplification, a detector, and two stages of audio amplification. 
They are not complicated with A VC or QA VC systems, and are 
therefore easy to line up properly. If the receiver is a very old 
one and contains trimmer condensers but no slotted end plates, 
the best that can be done with it is to align it by adjusting the 
trimmers at a single frequency which is tuned in at about 50 on 
the dial, unless the customer especially desires to hear some 
particular station toward either end of the dial-in which case 
the alignment is performed at a frequency near this dial setting. 
If the receiver is of modern construction and is provided with 
both trimmer condensers and slotted end plates for alignment, the 
following procedure should be employed: 

Adjust the oscillator frequency-control so that the oscillator 
produces a signal having a frequency equal to the highest that 
the receiver is able to receive. Now, with the volume control of 
the receiver set at its "maximum volume" position, tune the 
receiver carefully to the signal and frequency of the oscillator, 
meanwhile adjusting the attenuator control. of the oscillator so 
that when the receiver is tuned exactly (as evidenced by a "maxi
mum" reading on the output indicator), a reading equal to about 
½ of full-scale deflection is obtained on the output meter. The 
output indicator deflections or indications are arbitrary, and are 
watched during the alignment process merely to find out when 
"maximum" output is obtained in each case. It is important to 
use the lowest practical power from the oscillator which will per
mit the alignment procedure to be started. 

Now, starting at the section of the gang condenser which 
tunes the detector stage, adjust its trimmer until the output meter 
indicates the maximum output that can be obtained, then retune 
the main receiver tuning dial slowly, rocking it back and forth 
a few divisions, until maximum response is obtained. Now adjust 
the detector trimmer condenser again for final maximum response. 

Attention must now be directed to the next r-f tuning con
denser and trimmer, ahead of the detector stage. Leaving both 
the oscillator and receiver dials set exactly where they were left 
after the final adjustment of the detector trimmer (this is im
portant). adjust the second r-f trimmer for maximum response 
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on the output indicator. If the indicator reads too high, tum 
down the attenuator on the oscillator, not the volume control on 
the receiver. Now rock the tuning dial slowly until maximum 
response is obtained and carefully make the final adjustment on 
the trimmer. Repeat this for the remaining r-f trimmers. The 
adjustments for the high-frequency setting of the receiver are 
now completed. At this frequency the first segments of the 
slotted rotor plates are usually just about in mesh with the stator 
plates, these first segments should not be touched. 

Now turn the tuning condenser of the receiver until the second 
(second from the meshed ones) segments of the tuning condenser 
sections are fully in mesh. Adjust the oscillator frequency until 
maximum output from the set is indicated. Now vary (slightly) 
the position of the second meshed segment of the detector-tuning 
section of the gang condenser, and notice the effect on the reading 
of the output meter. Adjust the position of these segments care
fully with an insulated tool (or merely a wedge-shaped stick of 
wood), until the output meter reading is greatest. Do not use a 
metal tool for bending the segments, since the capacity to a metal 
tool may vary the results. Do not touch the trimmer condemer,. 
After shifting the segments, one by one, for greatest reading, 
"rock" the receiver dial carefully, and readjust again. When you 
have finished with a segment, be certain that, for the frequency 
tuned in, the greatest output meter reading is obtained. 

Now turn the tuning condenser of the receiver until the third 
segments of the tuning condenser sections are fully in mesh, and 
proceed to align the receiver in this position, employing the same 
procedure as was just employed for the second segments. Then 
proceed to align with the remaining segments meshed in tum, 
until the job is completed, being careful not to disturb the set
tings of the trimmer condensers. 

Usually, the fan-shaped end-rotor plates are made with five 
OD six segments. If reliable information from the receiver manu
facturer is at hand, specifying the exact frequency at which each 
segment is to be adjusted, then the alignment should be carried 
out at these exact frequencies instead of at the segment positions 
just specified. One prominent t-r-f receiver manufacturer has 
employed condenser gangs which had each end-rotor plate cut 
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into five segments, and recommends the following fre
quencies at which adjustment of the segments are to be made: 
1,120 ,840, 700, 600 and 550 kc. The positions of the segments 
for these frequencies are illustrated in Fig. 24-3. 

24-9. Checking the Alignment.-After the alignment has 
been completed in accordance with the foregoing instructions, it 
should be checked. To do this, turn off both the receiver and the 
oscillator. Disconnect the oscillator and the output indicator 
from the receiver. Reconnect the aerial wire to the receiver, 
and turn the receiver on again. Test its ability to bring in sta
tions over the entire dial, judging its performance by the loud
ness of the stations brought in and the sharpness with which it 
is able to tune them in and out. 

An excellent test to determine if a t-r-f receiver has been 
properly lined up is to tune in a loud local station carefully and 
notice if it comes in at only one point on the dial. If the circuits 
are out of line, a loud station may be tuned in at, say, 47 and 50 
with about equal volume; the response midway, at 48½, will be 
low. If such is the case, then the circuits are out of line. This 
phenomenon was explained in Chapter XXIII, Art. 23-4. The 
alignment may also be checked by means of the "tuning wand", 
as described in Art. 23-5. 

24-10. Aligning T-R-F Receivers Having Cam-Operated 
Tuning Condensers.-It should be noted at this point that al
though the alignment of most t-r-f receivers employing gang 
oondensers of the common type may be carried out as described 
here, there are some receivers which, due to their peculiar con
struction, may present individual problems which modify the 
alignment procedure somewhat. The manufacturers of these 
receivers recognize this fact and their servicing instructions quite 
generally carry complete information as to how the tuning units 
are to be aligned. After a certain amount of experience has been 
obtained in this work, the particular alignment method which is 
most suitable for any radio set will usually be obvious on inspec
tion, and experience is perhaps the beet teacher. Special details 
concerning the alignment of receivers employing two of the most 
common special arrangements will now be explained. 

Several t-r-f models of the Victor Micro-Synchronous receiv-
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ers (among which are the R-35, R-39 and RE-57) employ a con
denser gang whose stator sections are attached to a cam roller so 
arranged as to engage a large cam wheel which is actuated by 
the tuning drive. Inside of the cam wheel are five groups of five 
screws each. The end of each screw presses against a copper 
band held around the cam wheel by a coiled spring. By adjust
ing these screws, the copper band may be forced out or in, thus 
varying the action of the cam roller at different points. Since 
the stator sections of the condenser gang are semi-variable, the 
condenser gang may be aligned accurately over the entire tuning 
range. The first screw of each group is adjusted for maximum 
output at 550 kc, the second screw of each group at 710 kc, the 
third at 1,000 kc, the fourth at 1,300 kc, and the fifth screw of 
each group at 1,500 kc, by means of a test oscillator and output 

Court,q Atwat,r K,nt 

FIG. 24-6.-Top-end view of a typical single-dial t-r-f receiver 
employing individual tuning condensers belted together by means of 
pulleys and flexible metal belts. The method of tightening the pulley 
set-screws after the condensers have been synchronized is shown here. 

indicator so that the receiver will be aligned properly over the 
entire tuning range. 

24-11. Aligning T-R-F Receivers Having Belted Individ
ual Tuning Condensers.-A number of models of single-dial 
t-r-f receivers which enjoyed a wide sale during the period in 
which they were popular, did not employ a gang condenser. In
stead, they were tuned by individual tuning condensers coupled 
together by a pulley-belt arrangement, as illustrated in Fig. 24-6, 
so that they could all be operated simultaneously by a single 



CH. XXIV ALIGNING & NEUTRALIZING T-R-F RECEIVERS 696 

tuning dial. Thousands of these receivers are still in operation 
and radio service men are still called upon to service them. The 
old Atwater Kent receivers are typical of this type. 

In order to re-synchronize the variable condensers on these 
belted-type receivers as well as can be done at one point on the 
dial (around the middle), it is necessary to loosen the set-screws 
or binding nuts holding each pulley to its condenser shaft and 
adjust the position of the rotor of each tuning condenser separ
ately to produce maximum output when a 1,000 kc modulated 
signal is fed to the receiver by means of a test oscillator. The 
pulley screws are then tightened, and, if the condensers and the 
r-f transformers are properly matched, the synchronism should 
be good at all points on the dial. If the synchronism is not good 
at other points on the dial, as evidenced by weak reception, 
either the condensers or the r-f coil group are not properly 
matched. In this case a new condenser group or a new r-f trans
former group (as necessary) should be installed and the con
densers should be re-synchronized. 

24-12. Necessity for Neutralization in T-R-F Receivers. 
-It is not infrequent for a t-r-f receiver to be completely free 
from oscillation when its tuning circuits are out of alignment, and 
to oscillate more or less violently as soon as the tuned circuits 
are nearly aligned. When this occurs, the alignment procedure 
must be stopped and the receiver neutralized (see Art. 24-17) ; 
then the entire alignment must be performed again. If the re
ceiver breaks into oscillation a second time, the neutralization 
must be repeated. It is seldom, however, that the alignment and 
neutralizing procedures need be repeated more than twice. 

24-13. General Methods of Suppressing Oscillation.-It 
was pointed out in Art. 15-7 in Chapter XV that oscillation takes 
place because of the transfer of energy from the plate to the 
grid circuit of a tube, either inductively or capacitatively. It 
was further emphasized that a primary requisite for oscillation 
is that the energy induced in the grid circuit must be sufficiently 
large to overcome the losses in the grid circuit. 

This latter requisite has served as a basis for a very simple 
method of preventing oscillation in a number of models of old 
t-r-f receivers--a resistance of about 1,000 ohms was connected in 
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series with the tuned circuit and the grid of the tube. Normally 
the energy fed back is never great enough to supply the losses 
in this resistor, so oscillation never takes place. For obvious 
reasons, this method is commonly called the losser method. How
ever, oscillation in triode is more prevalent at the higher fre
quencies than at the lower, for the reason that energy is fed back 
via the grid-plate capacity ordinarily, and the reactance of this 
"capacity" becomes smaller as the frequency is increased. Since 
the oscillation tendencies are stronger at the higher frequencies, 
the losser resistance was designed to suppress all oscillation at 
the high-frequency end of the tuning range of the receiver. Con
sequently, at the low-frequency end, more losser resistance than 
was necessary to prevent oscillation was in the circuit and the 
signal strength was low. 

This limitation gave rise to several circuits which attempted 
to balance out, or cancel, the energy in the grid circuit that was 
fed back from the plate circuit; such circuits are commonly 
called balancing or neutralizing circuits. Several such circuits 
are shown in Figs. 24-7, 24-8, and 24-9, and will now be described. 

24-14. The Bridge Circuit for Suppressing Oscillation.
Figure 24-7 shows the essential circuit arrangement of what was 

FIG. 24-7. - The "grid" or 
"bridge" type of neutralizing ap
plied to an r-f stage of a t-r-f 
receiver. C1 is the grid-plate 
capacity of the tube. C1 is the 
neutralizing condenser. 

a very popular balancing circuit, employed in early t-r-f receiv
ers. The secondary of the tuned circuit of the stage to be bal
anced is S, and point C is a tap on the coil, usually the center 
of the coil. Condenser C 1 is the inherent grid-plate capacity of 
the tube, shown dotted, and C, is another condenser (the Mii

tralizing condenser) connected as shown. 
A study of this diagram reveals that any alternating voltage 

in the plate circuit cannot be communicated to the grid circuit, 
for the following reason: If C is the center of the coil and C, 
is equal to C ,, then any disturbance in the plate circuit will make 
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end A of the coil of the same potential and of the same polarity 
as end B. This means that the plate circuit disturbance does not 
cause any difference of potential across the terminals of the coil. 
Therefore, since no energy is fed back to the grid circuit, the 
circuit cannot oscillate. Similarly, any disturbance in the grid 
circuit cannot affect the plate circuit through the capacities be
cause whatever potential the plate receives through CI from this 
disturbance is balanced out by an equal and opposite potential 
through C ,. If C is not the center of the coil, then C, must be 

FIG. 24-8.-The "plate" type of 
neutralization. Its action is fun
damentally the same as the "grid" 
type of Fig. 24-7. This is also 
called the neutrodyne circuit. 

..----eA 

increased proportionally. In other words, the stage is balanced 
when the ratio of Ci to C, is equal to the ratio of the number of 
turns from BC to CA. 

The distinct advantages of this system, theoretically, is the 
fact that, once balanced, the system will not oscillate over a wide 
range of frequencies. This system is also known as the bridge 
method of balancing because condensers CI and CI and the two 
sections of the coil BC and CA form the four arms of a Wheat
stone bridge arrangement. It is to this circuit that the term 
balancing is applied. Since oscillation is balanced in the grid 
circuit, it is also referred to as the grid form of neutralizing. 

24-15. The N eutrodyne or Plate-Neutralized Circuits for 
Suppressing Oscillation.-Neutralization may be effected in 
the plate as well as in the grid circuit. Coil AC of Fig. 24-8 is 
the normal primary of an r-f transformer. If more turns (as CB) 
are added to the primary, point B will be opposite in polarity to 
point A at all times; and if AC equals CB, then point B will be of 
the same potential as point A, as well as of opposite polarity. The 
neutralizing condenser CI is connected from point B to the grid, 
as shown. Hence, any alternating plate voltage cannot alter the 
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grid potential through C,, because it is immediately balanced by 
the equal and opposite potential through C ,. In other words, C 1 

is adjusted so that the variation in potential of the grid is always 
balanced out. If AC equals CB, then C, is adjusted to equal C,. 
The greater the ratio of AC to CB, the greater the ratio of C, 
to C 1 must be to preserve this balance. 

The only reason the circuit of Fig. 24-8 works is that point B 
is 1so• out of phase with point A. It is necessary to wind addi
tional turns on the primary after point C in order to secure this 
condition. But if the condenser C, is connected to a tap on the 

,..---------, 
~!::1c . 
c~ 1 

A+ 

FIG. 24-9. - Another 
neutralizing circuit 

__ ,.. similar to that of Fig. 

s 
24-8 excepting that 
here the neutralizing 
condenser C, is excited 
from the induced e.m.f. 
in the secondary coil S. 
This coil is tapped at 
C. This is also a form 
of neutrod'I/~ circuit. 

secondary coil, as shown in Fig. 24-9, the system is identical with 
that of the previous figure. The primary P induces a voltage of 
reversed phase in secondary S. Hence, point C on the secondary 
is of opposite polarity to point A. As before, C, is adjusted so 
that the fluctuating voltage on the grid due to the grid-plate cap
acity of the tube is neutralized by an equal and opposite poten
tial through C ,. The circuits of Figs. 24-8 and 24-9 are called 
neutrodyne circuits. 

24-16. Neutralization to Prevent Oscillation in T-R-F 
Receivers.-From the discussions of the foregoing circuits, it 
is clear that when they are employed, any signal in the grid cir
cuit cannot be transferred to the plate circuit through the grid
plate capacity of the tube because of the neutralizing circuit. 
That is, alternating plate voltages cannot be transferred to the 
grid circuit through the tube capacity, and alternating grid volt
ages cannot be transferred to the plate circuit through the grid
plate capacity of the tube, because of the neutralizing circuit. 
The path presented for signals in the grid circuit is through the 
usual amplifying action of the tube. This arrangement is made 
use of to neutralize r-f circuits to prevent oscillation. 
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If the filament prong of a tube is isolated from its socket 
contact (the rest of the prongs still making proper contact), it 
will not light, and hence the tube will not amplify. However, if 
there is no balancing or neutralizing circuit present, signals will 
still be heard because they will get to the plate circuit through the 
grid-plate capacity of the tube. With a balancing circuit, how
ever, the signal divides through the grid-plate and neutralizing 
capacities, and balances at the plate. This means that a stage is 
properly balanced when no signal can be heard through the grid
plate capacity of the tube. 

Few of the receivers being manufactured today make use of 
the neutralizing systems which are employed in the older neutro
dyne and other t-r-f receivers-simply because the use of mod
ern, shielded tuning coils and screen-grid tubes have decreased 
the main cause of feed-back-the grid-plate capacity of the 
amplifier tubes. However, there are still many of these old 
receivers in use, and it is important that the service man know 
how to balance or re-neutraliz~ such receivers so that they do 
not oscillate. 

24-17. Neutralizing Procedure for T-R-F Receivers.
The equipment required for the neutralizing of t-r-f receivers 
is a test oscillator, an insulated neutralizing tool and a "dummy" 
tube. Although the test oscillator is not absolutely essential 
(the signal from a broadcasting station may be used instead, if 
necessary), far better results can be obtained through its use, 
since a strong, constant signal is necessary for accurate and 
rapid neutralizing. Furthermore, it is quite likely that a suitable 
powerful broadcast station of the frequency desired may not be 
"on the air" at the time desired. An insulated neutralizing tool 
must be used, as the neutralizing adjustment screws or nuts are 
not usually at ground potential, and a metal instrument will 
introduce added capacity, making accurate neutralization very 
difficult. Instead of a "dummy" tube (which is a good tube of the 
same type as used in the stage to be neutralized, but having one 
of its filament or heater prongs cut off) an adapter such as shown 
in Fig. 24-10 which has one filament leg "open" may be used. 
These "neutralizing" adapters are preferable, because they en
able each r-f stage in the receiver to be neutralized with the tube 
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that i& normally employed in that stage, thus minimizing the 
possibility of incomplete neutralization due to the use of a 
"dummy" tube whose inter-electrode capacity doea not match 
that of the tube used in that stage. 

In order to neutralize the receiver, the aerial lead-in is first 
disconnected from the set. The Ant. and Gnd. terminals of the 
receiver are then connected to the "high" output terminals of the 
test oscillator just as for the alignment of the tuned circuits, 
(see Art. 24-6 and Fig. 24-4.) No output meter need be used as 
the ear will suffice in this work. The loud speaker should be con-

ADAPTER FOR ADAPTER rQR 
5-PRONG TUBES 4-PRONG TUBES 

FIG. 24-10.-A neutralizing adap
ter for 5-prong tubes (left) and 
one for 4-prong tubes (right). In 
each, one leg of the filament cir
cuit is left open. 

nected. Then put the receiver in good operating condition, set 
the test oscillator operating at about 1,000 kc. (modulated signal) 
and tune its signal in on the receiver as strongly as possible with 
the volume control of the receiver in the full "loud" position. 

The last r-f tube should be removed and placed into the neu
tralizing adapter, which in turn is inserted into the socket from 
which the tube was removed. If a "dummy" tube is to be em
ployed instead, it should be inserted directly into the socket from 
which the receiver tube has been removed. If the signal of the test 
oscillator is still heard in the loud speaker, however weak it may 
be, the neutralizing condenser associated with this stage should 
be adjusted with the balancing tool ( which may be an insulated 
socket wrench, an insulated screw driver, or a wooden dowel stick 
whittled to a wedge-shape at one end) until the signal is no 
longer audible, or is. weakest. 

The receiver dial must now be retuned again, until the 
signal is heard as loud as possible, as a change in the neutralizing 
capacity changes the effective input capacity of the tube. This 
causes the receiver to be detuned slightly from the signal of the 
test oscillator, and it is necessary to retune the receiver to bring 
it into exact resonance with this signal. The same procedure is 
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followed for the successive preceding r-f stages in the receiver. 
Any oscillation that may still be present after this neutralizing 
procedure is carried out carefully, is undoubtedly caused by 
interstage feedback due to magnetic coupling between wiring or 
between the tuning coils, and cannot be eliminated by neutralizing 
circuits. Proper shielding of these coils or wiring is a possible 
remedy. If an output meter is used, the neutralizing condensers 
should be adjusted until minimum reading is obtained on it. 

After neutralizing, it is advisable to check over the alignment 
of the tuned stages (see Art. 24-5). If they are properly aligned, 
the work is finished, if not, the receiver should be aligned, after 
which, it may again have to be re-neutralized. The final check is 
good alignment with no oscill~tion at any setting of the tuning 
dial. 

REVIEW QUESTIONS 

1. What is meant by "aligning" the tuned circuits of a t-r-f re
ceiver? What is its purpose? When is it necessary? 

2. Explain, step by step, the procedure for aligning the tuned stages 
of a single-dial receiver having two stages of tuned r-f and a 
gang tuning condenser provided with only trimmer condensers 
for capacity adjustment. 

3. A receiver employs a 3-gang condenser with trimmers and 
slotted end-rotor plates. Explain how you would go about 
aligning the tuned stages of this receiver. 

4. How would you align a t-r-f receiver tuned with three individual 
variable condensers that are coupled by means of a pulley-belt 
arrangement 

6. Explain why some form of output indicating device must be 
used when aligning t-r-f receivers. 

6. Explain why the signal from a test oscillator must be used dur
ing the aligning procedure instead of that from a broadcast 
station. 

7. What symptom will be noticed when a neutrodyne receiver needs 
to be re-neutralized? 

8. State two reasons why a neutrodyne receiver may have to be 
re-neutralized. 

9. Explain in detail the procedure to be followed in re-neutralizing 
a neutrodyne receiver having two r-f stages. 

10. Draw the schematic circuit diagrams of three types of commonly 
used balancing or neutralizing circuits, and explain how each 
works. 

11. A "dummy tube" is used for neutralizing a receiver. How does 
this make neutralizing possible? 

12. How would you proceed to determine whether a t-r-f receiver 
needed to be realigned? What instrument would you use to 
determine this? Explain fully! 



CHAPTER XXV 

ALIGNING AND NEUTRALIZING 
SUPERHETERODYNE RECEIVERS 

(INCLUDING TBB Un: OF TBE C.ATBODE-RAY OSCILLOSCOPE) 

25-1. Introduction. - The superheterodyne is, without 
doubt, the most popular radio receiver circuit employed today, 
mainly because, through its use, more amplification can be ob
tained with a given number of tubes, and it provides greater 
selectivity. Although its fundamental principle of operation waa 
first suggested and used by Armstrong in 1918, it was not until 
a few years ago that the problem of providing single-control 
tuning for it was solved successfully, removing the main objec
tionable feature which had existed up to that time. This and 
other features of its design have been strengthened sufficiently 
by succeeding developments in the radio industry so that it is 
now the most widely used receiver circuit. In some respects, 
the modem superheterodyne is the simplest of circuits; in others 
it is the most complex. It is the simplest in the sense that no 
other known circuit, however simple or complex, has the selec
tivity and sensitivity which the modem, well-designed superhet
erodyne has. It is the most complex in the sense that it has more 
semi-variable adjustments which must be set properly before best 
performance is obtained, than any other circuit in common use. 
The procedure which is fallowed in setting all of these adjust
ments correctly is usually called "aligning", "ganging", "track
ing", etc., (see Arts. 24-1 and 24-2). 

It is the purpose of this chapter to discuss the essentials of 
superheterodyne alignment. Details will be given of the proced
ure to be followed in most cases, but, since some receivers may 

'102 
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have certain design features which make special alignment opera
tions necessary, the service man is urged to consult a reliable ser
vice manual for these special details regarding the particular re
ceiver under consideration whenever possible. t The i-f used in one 
model of receiver may be different than the i-f used in other 
models produced by the same manufacturer.• There is no real 
standardization in this respect. The only reliable sources of in
formation for specific details are the service sheets of the manu
facturer of the receiver, or a reliable list of receiver i-f's.• 

At the present stage of the art there are two main groups of 
super heterodyne receivers: the broadcast receivers intended for 
540 to 1,600 kc reception, and the all-wave receivers intended 
for reception of frequencies from approximately 540 to 18,000 kc. 
It should be pointed out here that the general alignment proced
ure is the same in both types, although each has peculiarities of 
its own. In this chapter we will deal mainly with the alignment 
of standard broadcast-band receivers; in Chapter XXVIII 
special details concerning the alignment of all-wave receivers 
will be presented. 

25-2. Reasons for the Development of the Superhetero
dyne.-The superheterodyne receiver is the outgrowth of an at
tempt to surmount difficulties that were experienced with the 
t-r-f type of receiver in the early days of radio. In the t-r-f 
system, the signal is amplified at its own carrier frequency
which is a high frequency. It was difficult to design a receiver 
of this type which would employ only a few amplifier stages and 
yet provide high enough amplification which would be uniform 
over the entire range of broadcast frequencies to be received. Re
member that the three-electrode tube was the only type avail
able at the time, screen-grid types of tubes which have low inter
electrode capacitance and produce high amplification had not 
yet been developed. From our knowledge of vacuum tube am
plifier theory, we know that the larger the impedance connected 

*NOTE: The service man is referred to the author's Radio Trouble
Shooter's Handbook for a comprehensive list presenting the inter
mediate frequencies employed in nearly all superheterodyne receivers 
of American manufacture produced up to the date of its last printing. 
tRidn-1• Perpetual Trouble Shootera Manuala (published by John F. 
Rider, 404 Fourth Avenue, N. Y. C.) contain this information. 
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in the plate circuit, the greater is the amplification produced by 
the stage. However, the larger this impedance is, the greater is 
the tendency for oscillation to occur. (Neutralizing circuits had 
not yet been developed.) Hence if attempts were made to se
cure high amplification per stage in t-r-f receivers by using high 
plate circuit impedances, severe oscillation would result. To com
plicate the situation still more, the feedback energy fed back 
from the plate circuit to the grid ( through the plate-grid cap
acity of the tube) increases with the frequency, so that oscilla
tion tendencies are greater at the high-frequency end of the 
received signal band. Therefore, a compromise had to be made 
in the design of these receivers; the amplification was kept down 
so that oscillation would not occur at the high frequencies-this 
made their sensitivity drop at the middle and low-frequency 
end of the broadcast range, and required the use of a large mun
her of amplifier stages if high sensitivity was to be obtained. 

25-3. The Superheterodyne System.-This situation led 
Armstrong to seek some method whereby the frequency of the 
incoming signal could be reduced sufficiently so that the ampli
fication could be made to take place at this frequency and could 
be made large without causing any oscillation. It was also con
sidered desirable to have this reduced frequency fixed for all 
settings of the tuning dial, so that the circuits of the reduced
frequency amplifier could be designed and adjusted to produce 
maximum response at one frequency. Such a state of affairs would 
mean that more amplification could be obtained with a given 
number of stages (without oscillation), and that the amplifica
tion would be more uniform over the entire tuning range. This, 
in general, is the idea behind the superheterodyne. 

25-4. How the Frequency is Reduced in the Superhetero
dyne.-The signal to be amplified must be received first by a 
tuned circuit, similar to those used in a t-r-f receiver, after 
which it may or may not be amplified before its frequency is 
reduced. Once received, it is ready for the frequency-reduction. 

The reduction of the frequency is really the most ingenious 
part of Armstrong's invention. It was known that if currents 
of two different frequencies are combined and rectified, the out
put consists of a number of frequencies, two of which are the ,um 
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and the difference frequencies, respectively, of the original sig
nals. Thus, if the signal received from a broadcast station has a 
earrier frequency of, say, 1,000 kc and another local signal having 
a frequency of 1,450 kc is mixed with it and the combination is 
rectified, the output of the rectifier will contain, among other ir
relevant frequencies, a current whose amplitude varies at a fre
quency equal to the sum of the two original frequencies (2,450 
kc), and one whose amplitude varies at a frequency equal to their 
difference (450 kc). 

Two things are therefore unique in this type of circuit: (1) 
the incoming broadcast signal must be mixed with that generated 
by a local oscillator; (2) the combination must be rectified in 
order for the sum and difference frequencies to appear, just as 
a t-r-f receiver must rectify a modulated carrier in order for the 
audio note to be heard. A superheterodyne receiver, therefore, 
is equipped with, (as most every service man is aware), a local 
oscillator and a detector (called the first detector, modulator, 
or mizer). (In many superheterodynes, the function of "local 
oscillator" and "mixer" is performed simultaneously, but inde
pendently, by a single "pentagrid converter" type tube.) An
other detector, called the second detector, is also necessary to 
obtain the audio modulations. 

Now if the output circuit of the first detector is tuned to the 
difference frequency of the broadcast signal and local oscillator, 
then the "reduced frequency" current is selected and may be sub
sequently amplified. It is clear that the lower the difference fre
quency, the more nearly alike must be the signal and local oscil
lator frequencies. It is also clear that if provision is made to have 
the oscillator frequency change simultaneously with changes in 
the resonant frequency of the input tuned circuits so that it i, 
always a fixed amount above or below the incoming desired 
signal frequency, the signal current in the succeeding amplifier, 
called the intermediate-frequency amplifier, will always be of 
this one (difference) frequency. Therefore, its tuned circuits 
can be adjusted once to tune exactly to this frequency and can 
be left alone thereafter. 

25-5. Review of the Entire Superheterodyne System.
A block diagram showing the main parts of a superheterodyne 
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receiver of modern design is illustrated in Fig. 25-1. The anten
na system connects to a t-r-f amplifier (often called a pre
selector) which is designed to tune over the entire frequency 
range it is desired to receive. It is the purpose of this amplifier 
to make a fairly rough preliminary selection of the signal of the 
station it is desired to receive (in order to prevent image-frequen
cy interference: see Art. 23-13) and amplify it somewhat for ad
ditional sensitivity. This stage is not absolutely necessary, and 
many midget receivers do not use one; but the majority of the 
larger sets have at least one of these t-r-f (pre-selector) stages. 

The pre-selector amplifier output feeds into the first de
tector ( or "mixer") stage, where it mixes with the oscillator 
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FIG. 25-1.-Block diagram showing the main parts and their 
sequence in a typical superheterodyne receiver. 

voltage and is rectified. In the many modern receivers which em
ploy a single multi-electrode pentagrid converter tube (such as 
the types 2A7 and 6A8) designed to perform simultaneously the 
function of both a "mixer" and an "oscillator" tube, the independ
ent control of each function is made possible within a single tube. 

The output of the mixer tube contains a number of frequen
cies, among which is one equal to the difference between the sig
nal and oscillator frequency. It is to this difference frequency 
that the i-f amplifier is tuned. The i-f amplifier may consist 
of at least one, and usually not more than three, stages. Of 
course, more than three may be used, but this makes the sensi
tivity so great that the set is apt to be unstable. 

The output of the i-f amplifier is fed to the second detector 
where it is demodulated. The audio output of this detector is 
amplified further by a one- or two-stage audio amplifier.• 

•NoTE: For a more detailed and comprehensive discussion of the 
theory of operation, and the construction, of superheterodyne receivers 
the reader is referred to the Radio Ph11tlic• Courae text by Ghirardi. 
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25-6. Frequency of the Oscillator.-In most superhetero
dyne receivers, the intermediate frequency is equal to the di/
f erence between the oscillator and signal frequencies. Thia 
means that the oscillator frequency may be greater or less than 
the signal frequency by the amount of the i-f. For instance, 
suppose a signal of 1,000 kc is tuned in by the r-f amplifier and 
mixer stages; further assume that the i-f is 200 kc. Then the 
oscillator frequency may be either 1,200 or 800 kc, the differ
ence frequency in either case will be 200 kc. Either one may be 
used, but in practice the oscillator frequency is always higher 
than the signal frequency by an amount equal to the i-f. The 
signal strength would be the same if the oscillator were lower 
than the signal frequency by the amount of the i-f, but image in
terference (see Arts. 23-13, 23-15 and 23-17) would be excessive 
and commercial code interference would be troublesome in cer
tain localities. Furthermore, the design and adjustments of the 
r-f and oscillator circuits must be such that the oscillator frequen
cy will stay as nearly as possible at the same number of kilo
cycles above the resonant frequency of the r-f circuits for every 
setting of the tuning dial. That is, the oscillator frequency must 
"track" with the frequency of the r-f circuits (always remaining 
higher by a constant amount equal to the i-f of the receiver). 
This is illustrated graphically in Fig. 25-12 by the tuning curves 
of the oscillator and that of the dial (r-f) for a receiver employ
ing a 130-kc i-f. Notice that the oscillator frequency tracks 
along exactly with the dial (r-f) frequency, always being 130 kc 
above it, regardless of the dial setting. This will be considered 
further in Arts. 25-10, 25-17 and 25-18. 

25-7. Adjustments Necessary in Superheterodynes.-It ia 
evident that certain adjustments must be made in superhetero
dyne receivers to enable them to function normally if their orig
inal adjustments have become disturbed. The various tuned 
circuits in the i-f amplifier must be lined up, or peaked, at the 
specific frequency (or several frequencies close to it); for which 
it is designed. The r-f and mixer stages must be aligned with 
each other as in a t-r-f amplifier, and the oscillator tuning con
denser must be "tracked" with them so that the oscillator frequen
cy is always greater than the signal frequency by an amount equal 
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to the i-f used in the particular receiver, regardleBS of the posi
tion of the receiver tuning dial. If these adjustments become 
disturbed, it will lead to certain difficulties which cannot be 
remedied by any means other than proper readjustment. These 
will now be considered. 

25-8. Effects of Misalignment in the 1-F Amplifier.-If 
the individual tuned circuits of the i-f amplifier of a superhetero
dyne are not peaked at the proper frequency for which it is de
signed, four distinct operating symptoms may result: (1) lowered 
or zero signal strength, depending upon the amount of misalign
ment; (2) high noise level; (3) poor selectivity and possible in
terference from undesired "adjacent channel" stations, and (4) 
possible improper tone quality due to possible cutting of side
bands in the i-f amplifier-especially in high-fidelity receivers. 
Each of these symptoms will be discussed in turn. 

( 1) Lowered signal strength will be obtained from a receiver 
with a misaligned i-f amplifier because the difference frequency 
between the oscillator and signal will not be equal to that to 
which the i-f amplifier is tuned. For instance, if a receiver is 
designed so that the i-f should be 450 kc, but because of mis
alignment the i-f tuned circuits are actually tuned to 500 kc, then 
maximum amplification cannot be obtained since the 450-kc signal 
output of the mixer goes through the i-f amplifier which is tuned 
to a different frequency, 500 kc in this case. The results are 
equivalent to deliberately mistuning a t-r-f receiver. But not 
all the stages of an i-f amplifier may be mistuned-perhaps but 
one or two are out of alignment. In this case the desired signal 
may be heard if it is strong enough, and interference may be en
countered if the r-f amplifier is not sufficiently selective. See 
(3) for further details on this point. 

(2) Increased noise level is a very definite indication of a 
misaligned i-f amplifier if the r-f and oscillator circuits are nor
mal. The mixer tube is the source of most of the noise in a super
heterodyne. The noise is generated in the tube itself, and its mag
nitude is a function of the signal strength and plate current of 
the tube. But with a given plate current, and with a given signal 
applied to the tube, any noise that may be generated is ampli
fied by the i-f amplifier. If the i-f amplifier is misaligned, the 
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strength of the signal output is reduced, and may be comparable 
with the noise voltage. With high signal strength, of course, 
the noise is small compared to the signal. The noise voltage is 
then actually reduced in intensity in the second detector. Fur
thermore, if the receiver is equipped with ave, the sensitivity of 
the i-f amplifier is reduced on strong signals, so that the noise 
is reduced also. When the i-f amplifier is misaligned, the ave 
may not work at all if the signal voltage is below the ave thres
hold, and the sensitivity of the i-f amplifier is high for the noise. 

The sensitivity for the noise is high because the type of noise 
generated in the mixer stage of a superheterodyne is not of one, 
but of many frequencies. The i-f amplifier merely selects the 
one particular frequency to which it is tuned. But if it is 
misaligned, then it selects a noise voltage whose frequency is 
equal to that to which it is tuned rather than that to which it 
should be tuned. The result is low signal strength of the de
sired stations and a high noise level because the sensitivity of 
the i-f amplifier is high for the noise frequency. 

(3) Interference from undesired stations differing slightly 
in frequency from that of the desired station is a natural con
sequence if the i-f amplifier is not properly aligned and the r-f 
amplifier is not selective. A very selective r-f amplifier preced
ing the first detector will be sensitive to only the one frequency 
to which it is tuned and will therefore so greatly reduce the 
strength of all adjacent channel station signals, that no inter
ference will result from them even if the i-f amplifier is mis
tuned somewhat. But if the r-f amplifier is not selective, then 
signals of more than one frequency may enter the mixer stage, 
and if the frequency of some interfering station is such that it 
mixes with the oscillator frequency to produce an i-f equal to 
that to which the i-f amplifier happens to be tuned, it will be 
heard. This is known as "adjacent channel" interference. 

This phenomenon may be illustrated by means of an example. 
Let us assume that a certain superheterodyne employs an i-f of 
450 kc. Suppose the r-f amplifier of this superheterodyne is 
tuned to 1,000 kc, but because it is not sufficiently selective, it 
does not greatly reduce the strength of an incoming signal from 
a strong 1,050 kc station. Now the adjustment of the oscillator 
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is assumed to be accurate, so that it is set for 1,450 kc because 
the signal circuit is adjusted for 1,000 kc and the i-f is 450 kc. 
Then the incoming 1,050 kc interference signal will become a 400 
kc signal in the i-f amplifier. But, if one or two stages of the 
i-f amplifier happen to be misaligned to, say, nearly 400 kc 
instead of 450 kc, then the undesired signal will be amplified by 
the i-f amplifier and heard along with, perhaps, the desired sig
nal (which is reduced in strength by the misalignment). These 
conditions are illustrated in Fig. 25-2. 

It is important to realize that it makes no difference which 
i-f transformer is misaligned. The same amount of interference 

1050 KC. 1000 KC. 
UNTERFERING tDESIRED 

SIGNALl\ jSIGNALl 

AMPLIFIED --- -- ----

RECEIVER DIAL 
SET AT R-F AMPLIFIER 

1000 KC (TUNED BROAD 

1000 KC. 

1050 KC. 

TO 1000 KC.DE
SIRED SIGNAL) 

MIXER 

450 KC. r--------
\ 400 KC. 
""t"\:- - ----. ' 

INTERFERENCE 

WEAKENED> l, TO DET. ---•ii:___ ' & AUDIO 
--~!!_O_~--
(AMPLfffE01 

1-F AMPLIFIE.R 

(MISALIGNED 
SO IT "TUNES 

AMPLIF: 

TO 400 KC.IN
STEAD OF 450 KC ) 

FIG. 26-2.-What happens in a superheterodyne receiver whose 
r-f amplifier is not sufficiently selective and whose i-f amplifier is mis
aligned, when a 1,000-kc desired signal and a 1,050-kc (adjacent 
channel) interfering signal are received by the antenna. Both signals 
are heard, resulting in interference. 

will be obtained if the first or the third tuned i-f circuit is out 
of adjustment. The reason becomes clear when it is realized that 
the amplification of each transformer and tube multiply at any 
point to secure the overall gain. This is shown in Fig. 25-3. 

Curve A represents the overall gain of the first i-f stage at 
various frequencies above and below the resonant frequency /r, 
curve B is for the second, and curve C is for the third stage. 
They are shown with different shapes for purposes of visualiza
tion only; usually they are all the same, with the exception of 
the last tuned stage feeding a diode detector. This latter curve 
is broader than the rest because the relatively small resistance 
of the diode circuit shunts the tuned circuit. Note the steepness 
of the sides of the overall selectivity curve D. Note, also, that 
its value at any point is equal to the product of the three curves 
at that point. Thus, if any one of the curves reached zero at a 
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certain frequency, the overall response would also be zero at that 
same frequency. 

( 4) The ideal i-f or r-f selectivity curves for truly faithful 
audio performance are almost straight sided and vertical, en
closing a total band width of approximately 10 kc for ordinary 
good receivers and 15 kc (see (B) of Fig. 31-5) for high-fidelity 
receivers. In many receivers, especially those of the high
fidelity type, the design is such 
that in order to obtain the 
desired broad i-f amplifier selec
tivity curves (see Fig. 25-9) for 
good audio reproduction, the 
primary-to-secondary coupling 
is close or the "peaking" of the 
i-f transformers is staggered. 
Staggered peaking may be ob
tained by tuning the second 
transformer to the exact i-f re
sonance frequency, the first 
transformer slightly to the high
capacity side of this resonance 
frequency, and the third slightly 
to the low-capacity side. An
other method is explained in Art. 
25-14. The final result is a broad-
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FIG. 25-3. - Amplification 
curves of the individual i-f 
amplifier stages A, B and C 
of a superheterodyne. D ia 
the overall response curve. 
The resonant frequency is f •. 

er, more vertical-sided resonance curve than could conveniently 
be secured if all the i-f tuned circuits had been peaked to exactly 
the same frequency-with resulting better fidelity. This will 
be discussed in greater detail in Chapter XXXI. At any rate, it 
is evident that in these receivers, if the adjustment of one or more 
of these i-f tuning circuits is disturbed, the width of the frequency 
band passed may be either increased or decreased, with resulting 
change in the quality of the audio output of the receiver. 

25-9. Effects of Misalignment in the R-F Amplifier or 
Pre-Selector.-The effects of misalignment in the r-f amplifier 
of a superheterodyne are, weakened signals, interference, possible 
image-frequency interference and a high noise level. The weak 
signals are obtained because maximum voltage cannot be built 
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up across all the tuned circuits in the receiver unless they are in 
resonance with the signal passing through them; this fact is 
evident from the very fundamental theory of resonant circuits. 
What happens, may be understood from the cases presented pic
torially in Figs. 25-4 and 25-5. 

Let us suppose that a receiver employing an i-f of 450 kc 
has its r-f amplifier misaligned so that it tunes to a frequency 

1050 KC 1000 KC INTERFERENCE 
tlNTERrERING CDESIRED too SIGNAL>c..... .JSIGNALl MIXER 

@) 
WEAKENED 450 KC. AMPLIFIED --- -- - ~------ -------
AMPLIFIED I WEAKENED 1 400 KC. &AUDIO ------- -r't ______ --------

I \ AMPUF 
RECEIVER DIAL 

R-r AMPLIFIER I-F AMPLIFIER SET AT 
1000 KC (MISALIGNED SO fTUNED TO 

IT TUNES TO 450 KC. I-F) 
1050 KC.) 

FIG. 26-4.-Effect of misalignment (by 60 kc) in the r-f amplifier 
of a superheterodyne. If the receiver dial is set at the frequency 
(1,000 kc) of the desired signal, this signal may not be heard (or 
heard weakly) and a sufficiently strong interfering signal (1,060 kc) 
may be heard. 

50 kc higher than it should. Let us further suppose that the 
receiver dial is adjusted to what would normally be the setting 
for the reception of a 1,000 kc station. This is illustrated in 
Fig. 25-4. Since the r-f amplifier is misaligned, if it tunes sharp
ly it will greatly reduce the strength of the 1,000-kc signal before 
it reaches the mixer. If this signal is very weak, the tuning is 
sharp enough and the misalignment is sufficient, it might cut out 
the desired signal altogether so that it would not reach the mixer 
and would therefore not be heard (or, it might be heard weak
ly). Meanwhile, if a strong, 1,050 kc signal from an interfering 
station were also received, it would be amplified greatly by the 
r-f amplifier, and even though it would produce a "difference 
frequency" of 400 kc, if the i-f amplifier were not very sharply 
tuned, it might not reduce its strength sufficiently to prevent it 
from being heard either alone (if the 1,000 kc weak desired signal 
has been completely shut out) or as an interfering signal with the 
weakened desired signal. 

Even if the receiver dial were set at 950 kc in the foregoing 
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case in order to bring the r-f tuned circuits into resonance with 
the desired 1,000 kc signal (remember that the r-f tuned circuits 
in the receiver are considered to be misaligned so their resonance 
frequency is 50 kc above the tuning dial indication), interfer
ence would very likely result. These conditions are shown in 
Fig. 25-5. For this setting of the tuning dial the oscillator fre
quency would be 950 + 450 = 1,400 kc. Even though the de
sired 1,000 kc signal would be amplified satisfactorily by the r-f 
amplifier, it would produce a "difference frequency" of 400 kc 
in the output of the mixer. This 400 kc output would be weak
ened by the 450-kc i-f amplifier. Whether it would be heard or 
not would depend on its initial strength and the overall sharp
ness of tuning of the i-f amplifier. Meanwhile, any received 
strong interfering signal having a frequency of 950 kc would un
doubtedly get through the r-f amplifier even though it were tuned 
to 1,000 kc, and would produce a "difference frequency" of 450 
kc when acted upon by the 1,400 kc oscillator signal and reoti
fied. This would be greatly amplified by the i-f amplifier and 

950 KC. 1000 KC. 
CJ NTERFE.R I NG tDESIRE.D 

SIGNAL> jSIGNALl MIXE.R 
~ 

@) 
AMPLIFIED 400KC. 1V_E~~t~E.Q. -------- 1.------ -
WEAKENED I 450 KC. AMPLIFIED ------ -'~----- -------- I. AUDIO 

I' AMPLIF. 
I • 

RECEIVER DIAL R-F" AM PLI Fl ER 1-F AM PLlrlER 
SET AT 

950 I\C lTUNED TO lTUNED TO 
1000 KC.) 450 KC 1-F) 

FIG. 25-5.-Effect of misalignment in the r-f amplifier. Even 
if the receiver dial is adjusted so the r-f amplifier is tuned exactly to 
the desired 1,000-kc signal, the oscillator frequency will be "off" and 
interference will very likely result. Thus, the misalignment in the 
r-f amplier really causes the "tracking" between the oscillator and 
r-f amplifier circuits to be upset. 

would be heard as an interfering signal. So no matter where the 
tuning dial were set, an interfering station would very likely be 
heard, and the desired signal would be weakened-all because 
of the misalignment of the tuned circuits of the r-f amplifier. 
It is evident that serious misalignment in the r-f amplifier really 
has the final effect of disturbing the correct "tracking" between 
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the oscillator frequency and the overall resonant frequency of the 
r-f amplifier. 

It is quite possible for "image-frequency" interference and 
double-spot tuning (see Arts. 23-13 to 23-16) to occur in cer
tain receivers having misaligned r-f amplifiers if their design is 
such that the r-f circuits do not tune sharply. This is especially 
true if the image-frequency interfering signal is a powerful one, 
for then it is able to get through the misaligned, broadly-tuned 
r-f amplifier and mix with the oscillator signal, producing (after 
rectification) a "difference frequency" equal to the i-f employed. 
Naturally the i-f amplifier will amplify such a signal. The 
ways in which an image-frequency signal (a signal whose fre
quency is higher than that of the local oscillator by an amount 
equal to the i-f of the receiver) is able to get through a receiver 
and cause interference is illustrated at (A) of Fig. 23-9 in Chap
ter XXIII. 

The reason for the increased noise level which results when 
the r-f tuning circuits are misaligned is the same as that out
lined in part (2) of Art. 25-8. 

25-10. Effects of Incorrect Oscillator Tracking. - The 
symptoms which result when the oscillator frequency does not 
"track" properly (it should always be higher than the frequency 
to which the r-f circuits are tuned by an amount equal to the i-f 
employed in the receiver) depends upon whether or not the r-f 
and i-f amplifiers are selective. If they are selective, then no 
signals, and increased noise level, will be obtained. The lack 
of signals is due to the "difference frequency" being different 
than the frequency to which the i-f tuned circuits are tuned, and 
the high noise level is due to the same causes discussed in part 
(2) of Art. 25-8. If the r-f amplifier is not selective, then inter
ference will be obtained. For instance, if instead of producing 
a signal always 450 kc above the resonant frequency of the t-r-f 
amplifier, the oscillator does not "track" properly and its 
frequency is always 500 kc above it, any interfering signal 
whose frequency is 50 kc above that to which the unselective r-f 
circuit is tuned, may get through it ( even though somewhat re
duced in strength.) If it does get through, it will beat with the 
oscillator signal to produce (after rectification) the designated 
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i-f of 450 kc (for which the i-f amplifier is designed). There
fore, it will be heard. 

2S-11. Superheterodyne Alignment Sequence.-The fore
going discussions should serve to make clear how important it 
is for all the tuned circuits of a modern superheterodyne receiver 
to be accurately adjusted. Regarding the alignment sequence, 
many service men are under the impression that it makes little 
difference which of the tuned circuits are aligned first. At first 
thought, it might seem as though the r-f stages should be aligned 
first, then the oscillator, and, finally, the i-f amplifier. But a 
little reflection will show that such is not the case. Perhaps the 
best sequence for the service man to follow when making these 
adjustments on standard broadcast-band receivers ( unless the 
manufacturer of the receiver instructs otherwise) is: 

1. The various tuned circuits of the i-f amplifier are first 
aligned properly with each other at the i-f for which the 
i-f amplifier is designed. 

2. The oscillator circuit should then be adjusted at about 
1,400 kc so it "tracks" properly with the r-f circuits at 
the high-frequency end of the dial; this should be re
peated at about 600 kc so it "tracks" properly with these 
circuits at the low-frequency end of the dial. 

3. At the same time that the "tracking" of the oscillator 
is being adjusted, it is preferable (in most cases) to 
properly align the tuned circuits of the r-f (pre-selector) 
stages with each other. (If a "double-spot" image-sup
pression circuit is employed in the receiver, its adjust
ment should be carried out as directed in Arts. 25-21 to 
25-23.) 

As we shall now see, if the work is done in any other sequence, 
inaccurate alignment or "tracking" may result, or the operation 
may take a longer time to accomplish. 

Maximum output of a superheterodyne is obtained when 
every tuned section of it is properly aligned. Maximum output 
from the i-f amplifier is obtained when it is adjusted to the fre
quency for which it is designed and when exactly that frequency 
u a7'1'lied to the i-f amplifier by the output of the mixer. In 
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practice, the service man never knows offhand whether the i-f 
amplifier of a receiver he is called upon to service is properly 
adjusted as he finds it. This means that if he blindly aligns the 
oscillator or r-f circuits first, he does not know whether or not the 
"difference-frequency" produced will match the frequency of the 
i-f amplifier; furthermore, since the condition of the i-f amplifier 
is unknown, it cannot be used as a basis for the alignment of the 
r-f or oscillator circuits. The alignment could be carried on 
without the i-f amplifier, but it is more advisable to use it. It 
is wise, therefore, to first align the tuned circuits of the i-f am
plifier properly, in the manner dictated by its design. 

Once the i-f circuits are properly adjusted, the i-f amplifier 
may be used to determine whether the "difference frequency" 
between a signal tuned in and that of the oscillator is equal ex
actly to the i-f. To do this, a signal of known frequency is fed 
into the mixer stage. Maximum output will be obtained from 
the i-f amplifier when the difference between the oscillator fre
quency and that of this signal is equal to the frequency to which 
the i-f has been peaked, i.e., when the oscillator "tracks" cor
rectly with the r-f and mixer stages. But since the i-f amplifier has 
already been adjusted; all that remains to be done, then, is to 
adjust the oscillator circuits until maximum response is obtained 
(see part (1) of Art. 25-18.) This is usually done at a high
frequency (1,400 kc) point on the dial and again at a low.fre
quency (600 kc) point. There are now two circuits known to be 
accurately adjusted. 

Once the oscillator circuit has been properly adjusted (or, 
usually at the same time that it is being adjusted) it is a 
simple matter to align the tuning of the r-f circuits with each 
other to give maximum output from the i-f amplifier (see part 
(2) of Art. 25-18). The exact procedure to follow will be given 
in detail in the following sections of this chapter. If the receiver 
employs automatic volume control, the precautions explained in 
Art. 25-19 must first be taken before starting any aligning. 

25-12. The 1-F Amplifier.-The schematic circuit diagram 
of a typical 2-stage i-f amplifier used in superheterodynes is 
shown in Fig. 25-6. The three transformers T are the i-f trans
formers, and are tuned by the small condensers C 1 to C, in-
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elusive; resistors R are de-coupling resistors; and condensers C 
are by-pass condensers. Our immediate concern is with the i-f 
transformers. 

These units usually consist of universal-wound coils properly 
spaced and mounted on wooden dowels. The use of special mag
netic cores in these coils is becoming more widespread. Each coil 
is tuned by its condenser which is mounted inside the shield can 
in which the coils are located. Leads are brought out from the 
coil terminals for connection to the other related components in 
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FIG. 25-6.-A typical i-f amplifier for a very sensitive superhet
erodyne receiver. Two stages of i-f amplification are used. Each 
i-f transformer winding is tuned by an adjustable tuning condenser 
C 1 , C 1 , etc. Most "midget" super heterodyne receivers employ only 
one such stage. 

the circuit. A typical i-f transformer of this type employing 
variable tuning condensers of the air dielectric type is illustrated 
at the left of Fig. 25-7 which shows a cut-open view revealing 
the interior. The two small tuning condensers which tune the 
coils may be seen at the top and bottom. They are small, vari
able air-dielectric condensers similar to those which tune the r-f 
circuits. These transformers are therefore said to be "air tuned." 
Other i-f transformers use almost the same coil construction, ex
cept that the tuning condensers resemble the small padding con
densers ("postage stamp" type) used on gang condensers. They 
are of the compression type with a mica dielectric. An i-f unit of 
this type is shown at the right of Fig. 25-7, and in (C) of Fig. 
22-5. Aside from these mechanical details, all i-f transformers 
are essentially the same. One exception to this is the case of 
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those i-f transformers which employ special magnetic cores. In 
the air-tuned transformers, the tuning of one coil is adjusted from 
the top of the can and the other from the bottom. 

25-13. Aligning Procedure for Peaked 1-F Amplifiers.
The operating symptoms which will usually be noted if the i-f 
amplifier is out of alignment, were outlined in Art. 25-8. A 
suitably calibrated modulated test oscillator is essential for sup
plying the proper signals for the correct alignment of the various 

FIG. 25-7. - (Left) 
An i-f tuning unit 
which employs an air
dielectric tuning con
denser for each coil. 
One condenser is at the 
top and one is at the 
bottom. 

(Right) An i-f coil 
which employs two 
compression-type mica 
tuning condensers built 
into the base. The coil 
shields are cut open to 
reveal the interion. 

circuits in superheterodyne receivers, for the same reasons which 
were explained in Arts. 15-1 and 24-2. An output indicator of 
some kind (see Chapter VII) should be employed to indicate 
when the receiver output is maximum, as explained in Arts. 7-1 
and 24-7. The i-f which the receiver is designed to employ, and 
to which its i-f amplifier must be tuned, should be known before 
starting the work.• If it is not known, the method outlined in 
Art. 25-20 should be followed. If the i-f is known, the alignment 
of the i-f tuning stages should be carried out as follows if the i-f 
amplifier is of the "peaked" type: 

( 1) First make sure that all the tubes of the receiver are in 
their proper sockets, that all control-grid leads are properly con-

•NOTE: For a complete table in which the intermediate frequencies 
of practically all American superheterodyne receivers which have 
been manufactured up to the date of the last printing of this book 
are listed, refer to the author's Radio Trouble-Shooter'• Ha:ndbook. 
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nected, and that all shields are properly in place. The aerial 
wire should be disconnected from the receiver, but the ground wire 
left in place. The shielded output cable of the test oscillator is 
then connected to the receiver, the outer shield being connected to 
the "Gnd" post of the receiver (or to the chassis if the chassis is 
grounded), and the inner wire being connected to the control
grid of the first detector or "mixer" tube. This is the best con
nection for the i-f amplifier alignment of most receivers. It is 
usually best to make this connection to the control grid and then 
put the control-grid clip and tube shield back in place. The 
oscillator should then be turned on (so that it will have an op
portunity to warm up and reach a steady state) and set to de
liver the correct i-f for the receiver under adjustment. The out
put indicator (whatever type is employed) should then be con
nected to the receiver in the proper way. The best ways to con
nect the various types of output indicators were discussed in 
detail in Chapter VII. Let us assume that a meter-type output 
meter is connected as shown in Fig. 7-8 if the receiver employs a 
single output tube and a dynamic speaker; or as shown in Fig. 
7-10 if it employs a push-pull output stage. (If a cathode-ray 
oscilloscope is to be used as the output indicator, the directions 
outlined in Art. 25-38 should be followed.) The complete align
ing set-up for a typical midget receiver is illustrated pictorially 
in Fig. 25-8. 

(2) The oscillator tuning condenser in the receiver should 
now be short-circuited, or the control grid of the oscillator tube 
should be grounded to the chassis to prevent the oscillator in 
the receiver from functioning during the alignment. The receiver 
should now be turned on. If it has a "normal-maximum" switch, 
the switch should be placed in the "normal" position and the vol
ume control should be set at the full "on" position. The test 
oscillator should now be readjusted carefully to the correct i-f 
setting, and its attenuator control should be adjusted until the 
output meter reads about one-half the full scale deflection. The 
test oscillator should be operated with its output signal modu
lated. 

(3) Locate the i-f transformer unit which is connected be
tween the last i-f tube and the second detector tube. Its tuning 
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condensers are to be adjusted first, starting with the condenser 
nearest the second detector in the circuit (condenser C, in Fig. 
25-6). An insulated screw driver or socket wrench (whichever 
is required) should be used for making the adjustments, inserting 
the proper tool in the holes provided for this purpose in the 
ahield can, as shown in Fig. 25-8. Special fibre or bakelite tools 
are available for this work. Tum the adjustment of the secon
dary tuning condenser of this i-f transformer slowly, until the 

FIG. 25-8.-Setup of the appar
atus which must be employed for 
aligning the i-f stages of a super
heterodyne receiver (if an output 
meter is used as the output indi
cator). The adjusting tool is 
shown inserted in the hole provided 

for it in the top of the 
i-f coil shield. 
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reading of the output meter is greatest.* If this unit is 
very much out of adjustment, it may be necessary (while the 
adjustments are being made) to reduce the test oscillator output 
by lowering the setting of its attenuator control from time to time 
so as to keep the output meter reading within the scale range. 
Continue to tum the screw or nut until the meter reads highest. 
Then adjust the primary tuning condenser (condenser C, in Fig. 
25-6) on this same transformer until the meter reads highest 

*NOTE: Inability to "peak" an i-f transformer may be due to 
absence of "trimmer" capacity variation, even though the trimmer 
screw turns. This occurs when the trimmer has been turned down 
too tight, causing the plate to become permanently sprung. In such 
cases, it is best to replace the trimmer, or the entire i-f unit, with a 
new one. 
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again. When this is finished, check the adjustment of the sec
ondary condenser, as frequently the adjustment of the primary 
will change the adjustment of the secondary slightly. Repeat 
this for the primary condenser to make sure. 

(4) If the receiver employs more than one i-f transformer 
unit (see Fig. 25-6), similar adjustments must be made on the 
tuning condensers of each one, progressing step by step back 
toward the first detector. In each case, first the secondary, and 
then the primary, tuning condenser is adjusted for highest reading 
on the output meter. Usually, the attenuator control on the test 
oscillator will have to be lowered after each adjustment is com
pleted, in order to keep the output meter reading within the scale 
range. 

(5) When aligning the i-f stages of some receivers, it may 
be found difficult to obtain a fine adjustment for the line-up of 
a particular stage when the test oscillator is coupled to the in
put of the entire i-f amplifier by connecting it as directed in 
part (1). In such cases, closer adjustment may be made by 
coupling the oscillator direct to the particular stage being aligned. 
For instance, if the grid circuit tuning condenser of an i-f stage 
is being adjusted, the inside lead of the test oscillator shielded 
cable should be connected to the plate of the preceding tube. If 
the plate circuit condenser is being adjusted, the test oscillator 
lead should be connected to the control grid of this preceding 
tube. In all cases, the outside shield of the test oscillator cable 
should be connected to the "Gnd" post of the receiver and the 
tube shield should be tightly in place. The foregoing i-f align
ment procedure is satisfactory only for receivers which employ i-f 
transformers designed to be "peaked" at one frequency. The 
individual-stage resonance curves, and the overall amplifier re
sonance curve of a typical i-f amplifier of this type is shown in 
Fig. 25-3. 

25-14. Procedure for Aligning Flat-Top or Band-Pass 
1-F Amplifiers.-There are some receivers, especially those of 
the high-fidelity type, which employ i-f transformers designed to 
have resonance curves which are wide at the top (as shown in 
Fig. 25-9) instead of sharp, so that the side-bands will not be sup
pressed in the i-f amplifier to such a degree that the receiver 



722 MODERN RADIO SERVICING CH.XXV 

will lack "highs". In most cases, the primary and secondary 
windings of these i-f transformers are closely coupled by being 
mounted close to each other, as distinguished from the more 
loosely coupled arrangements employed in the sharply-peaked 
transformers where the primary and secondary windings are 
spaced far apart or have a copper shield placed between them. 
The alignment of such i-f stages must be carried out carefully so 
that there will not be any serious cutting of side bands. These 
"flat-top" transformers are not supposed to be peaked at any 

4!>0 4!>!> 460 4 !> 470 
f'REQUENCY IN KC. 

FIG. 25-9.-Response curve of a 460 
kc "flat-topped" i-f transformer (or am
plifier). Here the transformer (or am
plifier) response is flat-topped from 
about 455 to 465 kc-5-kc each aide of 
the main 460-kc i-f. 

single frequency, but rather to a band of frequencies about 4: or 6 
kc on each side of the main i-f frequency in ordinary receivers 
having high selectivity, and about 7.5 kc on each side in high
fidelity receivers. For instance, with a 10 kc total flat-top, if the 
main i-f is 460 kc, the flat-top band width of the resonance curve 
might extend from 460 - 5 to 460 + 5, i.e. from 455 to 465 kc 
as shown in Fig. 25-9. When receivers employing these i-f am
plifiers are to be aligned, it is always best to carefully consult 
the manufacturer's instructions for the particular receiver under 
consideration, for, special adjustments must often be made. If 
these instructions are not available, the following information 
may be found useful: 

The receiver, test oscillator and output meter• should first be 
connected exactly as explained in parts (1) and (2) of Art. 
25-13. There are two methods in use for aligning these flat-top 
transformers. In the first, the secondary is tuned to one of the 

•NoTE: If a cathode-ray oscilloscope is to be used (instead of the 
output meter) for the purpose of making "visnal" alignment possible, 
it should be connected to the receiver as directed in Art. 26-38. The 
alignment of the i-f amplifier of the receiver should then be carried 
out as explained in detail in Art. 25-40. 
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Hat-top frequency limits, and the primary is tuned to the other. 
For instance, suppose the i-f amplifier is to be flat-topped from 
455 to 465 kc. Starting, at the i-f transformer nearest to the 
second detector (in the usual way), the secondary would be ad
justed to produce highest output when the test oscillator wu 
feeding a 465 kc signal into the i-f amplifier. Then the primary 
would be adjusted to produce highest output when the test os
. cillator was set to feed a 455 kc signal into the i-f amplifier. It 
would be best to ch~k these adjustments at least three times 
to insure accurate setting. As a final check, the test oscillator 
dial would be rotated slowly to vary its frequency from 455 to 
465 kc and the output meter reading noted at the same time. 
The change in reading of the output meter should be just about u 
represented by the flat-top portion of the resonance curve in Fig. 
25-9, dropping slightly at the center region 

Another method of aligning these flat-top transformers is to 
first adjust the secondary and primary to the peak i-f, and then 
slightly detune each ( detuning one above and one below) until 
the variation of the output meter readings u the test oscillator 
frequency is varied over the desired flat-top range is very slight. 
The important thing is that the change in reading of the output 
meter should be the same on either side of the center or main 
i-f frequency. 

25-15. Neutralizing I-F Circuits.-It is interesting to note 
that several of the older type superheterodynes employed a neu
tralizing system in the i-f amplifier to balance out the oscillation 
effects caused by the inter-electrode capacities of the i-f tubes. 
At the time these receivers were designed and manufactured, 
modem screen-grid tubes were not available. In addition to 
aligning the i-f stages of these receivers at a specified frequency, 
they must also be "balanced" or "neutralized". Balancing, or 
neutralizing these stages is accomplished in precisely the same 
manner as described in Art. 24-17. A dummy tube or neutraliz
ing adapter is employed while the neutralizing condensers are 
adjusted for minimum response of the receiver as read on the 
output meter. 

25-16. Aligning the I-F Amplifiers of All-Wave Receivers. 
The general procedure for aligning the i-f stages of all-wave re-
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ceivers is exactly the same as described here for the standard 
broadcast-band type receivers, except for the fact that the in
termediate-frequencies used in all-wave receivers usually range 
from about 450 to 460 kc instead of 175 or 260 kc as is commonly 
used in standard broadcast-band receivers. Of course the align
ment of the r-f circuits differs. Further details concerning the 
servicing of all-wave receivers will be presented in Chapter 
XXVIII. Their alignment will also be considered there. 

25-17. Arrangements Employed in Superheterodynes for 
Making the Oscillator "Track" .-While it is essential that the 
r-f tuning stages be selective and that they be "aligned" 
well, this is not sufficient for the elimination of image interfer
ence (Art. 25-10) nor for the making of a sensitive superhetero
dyne. It is necessary that the oscillator "track" with the radio
frequency tuner because the oscillator frequency determines when 
a given signal comes in, that is, when the "difference" frequency 
between the given signal and the oscillator frequency is equal to 
the fixed intermediate frequency. In order for the circuit as a 
whole to be sensitive and selective, it is necessary that the radio
frequency tuner be exactly in tune with the desired carrier when 
the "difference" frequency is exactly equal to the fixed inter
mediate frequency. This condition must be fulfilled at every 
setting of the tuning dial, hence it follows that there must be 
close tracking between the oscillator and the radio-frequency 
tuners. The preciseness of this tracking determines ( to a large 
degree), the excellence of a given receiver as regards its sensitivity 
and selectivity. 

The tracking problem is complicated by the fact that the 
"difference" frequency is constant whereas the signal and oscil
lator frequencies which "beat" to produce this are both variable. 
Theoretically, a simple solution of the problem would be to have 
tuners (both for the oscillator and the radio-frequency circuits) 
in which the frequency of resonance would be strictly proportion
al to the angular displacement of the tuning condensers. But 
such condensers are extremely difficult to produce. Therefore, 
the tracking must be accomplished in some other manner. 

One way in which the problem has been solved is by special 
design of the condensers. The condensers used in the radio-fre-
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quency tuners are alike and are of no special design. The oscill
ator condenser, however, is designed to have a different rate of 
change of capacity. This means that the rotor plates, and some
times also the stators, are shaped differently from the corres
ponding plates of the radio-frequency condensers so that the 
proper frequency variation is produced in the oscillator circuit. 
If the design is right, close tracking is attained. 

This method of tracking seems to be the ideal arrangemP,nt, 
yet it has its drawbacks. For example, a condenser that has 
been designed for use in a receiver using an intermediate fre
quency of 175 kc is not good for use in a set using any other i-f, 
for the relative difference between the condenser plates is a func
tion of the intermediate frequency. Also, it is necessary to hold 
the inductances in the circuits within close limits. When the re
ceiver is designed to permit of both short wave and standard
broadcast band reception, shaped oscillator condenser plates are 
not feasible because a given shaping is suitable only for a given 
set of coils and for a given i-f. Any change in the ratio of r-f 
signal-circuit inductance to oscillator inductance necessitates a 
change in the shaping of the oscillator condenser plates even 
though the i-f remains the same. This means that in multi
band receivers--and even in many single-band receivers-the 
condenser plates cannot be "shaped" and the oscillator tuning 
capacity must be altered in some other manner to provide the 
constant "difference frequency". 

There is another method of making the oscillator track with 
the radio-frequency circuits, and that is by "padding" the oscill
ator circuit. This means that the oscillation circuit is treated to 
make the rate of change of frequency such that the difference 
between the oscillator frequency and the frequency of the r-f 
circuits is always constant. This requires a special choice of 
inductance, a semi-variable condenser in series with the oscillator 
tuning condenser, and a small semi-variable condenser in shunt 
with either this condenser alone or with it and the series con
denser. This arrangement is applicable to the case when the 
oscillator frequency is greater by a constant amount than the 
signal frequency ( the usual practice) . 

There are three different electrical "padding" circuits which 
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may be used to obtain correct oscillator tracking. They are 
shown in Fig. 25-10. The simplest, but most ineffective, type of 
circuit is shown at (A). The main "ganged" oscillator tuning 
condenser is C, and the small adjustable padder mounted on its 
side is C 1 ; condenser C 1 has a low capacity value ( about 25 
mmfd). It is clear that the capacity of C 1 is most effective in the 
circuit at the minimum settings of C (at the highest frequencies), 
since then the capacity of C 1 is an appreciable part of the total 
capacity in the circuit. Therefore it can be used effectively for 

CA) c B > < C > 

ffi 
~ 

lD > 

FIG. 25-10.-Several oscillator "padding" circuits which are em
ployed for maintaining the difference between the oscillator frequency 
and the r-f signal circuit frequency constant over the complete tuning 
range of the receiver. In each case, C is the main ganged tuning 
condem,er of the oscillator, C. is the adjustable high-frequency 
"tracking" trimmer, and C1 (also Cs) is the adjustable low-frequency 
"padding" trimmer. 

making the oscillator and r-f signal tuning circuits track proper
ly over the high-frequency end of the tuning range. However, if 
these circuits should not track at the low frequencies, nothing can 
be done about it. 

The arrangement of circuit (B) is a considerable improve
ment over that of (A)' and is used in the majority of padding 
circuits. Condenser C is the main tuning unit as before, CI is 
the small adjustable padder mounted on its side, and CI is a 
much larger adjustable condenser. Th~ value of this latter con
denser must be so large, and the amount of its variation need 
be so small, that it is often split into a large fixed condenser in 
parallel with a much smaller adjustable one (see circuit ( C) ) . 
Since CI is very large and is in series with tuning condenser C, 
it has little effect on the circuit at the high frequencies (when 
C is very small). On the other hand, padder C 11 being in par
allel with tuning condenser C, is able to control the total circuit 
tuning greatly at the high-frequency end of the dial. Hence, C 1 
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is usually called the high-frequency padder and C2 the low-fre
quency padder. 

The circuit arrangement shown at ( C) of Fig. 25-10, is 
essentially the same as that at (B) with the exception that a 
large fixed condenser C, and a small adjustable condenser C, are 
connected in parallel. It is these two condensers that constitute 
condenser C, at (B). This arrangement is shown in a separate 
diagram here because one very prominent manufacturer has 
shown this padding arrangement in this way on all his schem
atic diagrams for a number of years, and service men may have 
occasion to refer to these diagrams. 

The circuit at arrangement (D) is essentially the same as that 
at (B) except that the high-frequency trimmer C 1 is across both 
the tuning condenser and low-frequency padder. It is little 
different from (B) as far as operation is concerned, because 
C, is very large compared to C 1 • However, its effect on the 
tuning of the circuit at the high frequencies is still more pro
nounced than when it is employed across the tuning condenser 
alone. 

In all four circuits shown in Fig. 25-10, C is the main 
"ganged" oscillator tuning condenser, C1 is the adjustable high
frequency trimmer, and C, (or Cs in circuit (C) ) is the adjust
able low-frequency padder. 

25-18. Aligning the Oscillator and R-F Circuits. - The 
alignment of the oscillator and r-f circuits in standard-broadcast 
band receivers will now be considered. The short-circuit which 
was put across the receiver oscillator tuning condenser, or the 
grounding wire which was put on the control grid of the oscill
ator tube in order to prevent the oscillator from operating while 
the i-f amplifier was being aligned (see part (2) of Art. 25-13) 
should now be removed. The operating symptoms which should 
be observed if the oscillator does not track properly with the r-f 
tuning circuits, were outlined in Art. 25-10. The effects of mis
aligned r-f stages were discussed in Art. 25-9. 

If the tracking between the receiver oscillator frequency and 
that of the r-f circuits, and also the alignment of the r-f ampli
fier and mixer circuit tuning condensers (which are ganged to
gether), are to be checked and adjusted, the shielded output 
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cable of the test oscillator should be connected to the Ant. and 
Gnd. posts of the receiver, exactly as specified in Art. 24-6 for 
aligning t-r-f receivers. The output indicator should also be con
nected properly to the receiver (see part (1) of Art. 25-13). 
The oscillator tube, as well as all other tubes, shields, control
grid leads, etc., should be in their proper places. 

Directions for the alignment of superheterodyne receivers 
often specify that the r-f circuits, consisting of the r-f amplifier 
(pre-selector) and the mixer tuning condensers must be aligned 
last-after the oscillator tracking has been checked. However, 
for speed and directness in this work, it is best to align them with 
each other at the same time that the oscillator circuit is being 
adjusted. The trimmers on the r-f condensers may be adjusted 
for the high-frequency end of the dial at the same time that the 
oscillator high-frequency tracking trimmer (padder condenser) 
is being adjusted. In this way, both operations are performed 
at almost the same time. 

(1) Adjusting the Oscillator for correct "tracking" at the 
high-frequency end: First, set the test oscillator operating at 
1,400 kc. This is the signal frequency at which the adjustable 
high-frequency tracking trimmer of the oscillator (condenser C1 

in Fig. 25-10) is commonly adjusted so that the ganged oscilla
tor-tuning condenser will track properly with the r-f circuit tun
ing condensers at the high frequencies. The test oscillator signal 
should be tuned in by setting the dial of the receiver exactly to 
the 1,400 kc division. If the signal is not heard at this receiver 
dial setting, but is heard at an "off" point, say 1,300 kc, the 
receiver should be retuned by adjusting the other (pre-selector 
and "mixer") tuning condensers to produce maximum output at 
this "off" point setting of the receiver dial; then retuning the set 
nearer the 1,400 kc division and readjusting these r-f tuning 
circuit condensers there. This , alternate process must be re
peated, approaching closer to the 1,400 kc dial division each 
time, until the signal comes in at maximum strength when the re
ceiver dial is set at the 1,400 kc division. 

When the 1,400 kc signal from the test oscillator is finally 
brought in with maximum strength when the receiver dial is 
also set exactly at the 1,400 kc division, the high-frequency 
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tracking trimmer of the receiver oscillator should be adjusted 
until the highest output meter deflection is obtained. 

(2) Aligning the r-f and mixer tuned circuits at the high
frequency end: The tuned circuits of the r-f (pre-selector) 
stages (if any are employed), and of the first detector or "mixer" 
stage may now be aligned with each other conveniently at the 
high-frequency end. ,vith the test oscillator still connected and 
set at 1,400 kc, the trimmers on those sections of the gang tuning 
condensers which tune these r-f circuits should be adjusted for 
maximum output, exactly as was explained in Art. 24-8 for the 
high-frequency-end adjustment of t-r-f receivers. The tuning 
dial should be "rocked" back and forth slightly about the 1,400 
kc point while the adjustments are being made. If the plates of 
these condenser sections have been bent, they should be read
justed over the entire range of the broadcast band. This com
pletes all the high-frequency adjustments to be made on the 
receiver. 

(3) Adjusting the oscillator for correct "tracking" at the 
low-frequency end: The low-frequency tracking padder of the 
receiver oscillator (if one is provided) should now be adjusted 
with both the test oscillator and the receiver tuned exactly to 
600 kc. This condenser (condenser C2 in (B) and (D), or con
denser Cs in (C) of Fig. 25-10) should be adjusted until the 
highest output meter deflection is obtained. This adjustment 
should be made while the _receiver dial is "rocked" slightly about 
its 600-kc position. The r-f circuit tuning condensers are not 
provided with low-frequency padders, but their split rotor plates 
can be manipulated as directed in Art. 24-8 so as to make the 
output meter deflection maximum. It is wise to re-check the 
high-frequency oscillator tracking adjustment at this point, for 
accurate results. 

( 4) Receivers without a padder for low-frequency track
ing of the oscillator: In a few commercial receivers, particu• 
larly of the midget type, a low-frequency oscillator-tracking 
padder is not provided (as shown at (A) of Fig. 25-10). In such 
cases, the tuning dial of the receiver must be turned about the 
shaft (after loosening the set-screws) so that broadcast signals 
at the low-frequency end Qf the tuning range are received at the 
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correct receiver dial settings. The high-frequency oscillator track
ing trimmer is then adjusted so that when a 1,400 kc signal from 
the test oscillator is received, it produces maximum output, when 
the receiver tuning dial is set very close to the 1,400 kc point. 

( 5) Oscillator tracking over middle of dial: Although 
no adjustment for correct tracking between the r-f and the os
cillator circuits is made between 1,400 and 600 kc, some modern 
circuits automatically track exactly at 1,000 kc because of the 
design of the padding circuits, if the tracking is correct at 600 
kc and 1,400 kc. In such cases, the test oscillator should be 
adjusted to feed a 1,000 kc signal to the receiver, and the oscil
lator tracking should be checked at this point. If it is off at this 
frequency, it may be necesary to realign at 1,400 and 600 kc to 
make the 1,000 kc point check closely. Otherwise, it may be 
assumed that the oscillator frequency tracks above the signal 
frequency by an amount equal to the i-f of the receiver (or at 
least within a few kc of it), over the entire dial. Only in rare 
cases need the plates of the oscillator tuning condenser be bent. 

The arrangement of the oscillator padding circuits and the 
procedure for aligning the oscillator circuits of all-wave re
ceivers will be discussed in detail in Chapter XXVIII. It will 
be seen that the general method employed, is similar to that 
used for single-band receivers. 

25-19. Aligning Receivers having Automatic Volume 
Control.-An important precaution must be observed when 
using an output meter during the alignment of receivers which 
employ ave (most modern sets). With the ave functioning prop
erly, wide changes in the alignment of the receiver might produce 
no noticeable changes in the receiver output, i.e., the output meter 
will not indicate any changes in output when adjustments are 
made in the r-f, oscillator, or i-f circuits, since it is the function 
of the ave system to keep the output constant. Hence the action 
of the ave must be prevented while the alignment adjustments 
are being made. The best method to employ for preventing the 
ave from functioning depends a great deal on the particular ave 
arrangement employed in the receiver. 

In some receivers, the ave action is obtained by the use of a 
separate ave tube. This tube should not be removed from the 
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receiver when making adjustments of any kind, for it will dis
turb the normal characteristics of the receiver. To use an out
put meter with receivers of this kind, the lead which couples 
the signal to the control grid of the ave tube should be opened. 
This will allow practically the normal tube currents to flow, but 
at the same time prevent the ave action from taking place. 

Another expedient which may be resorted to is to use such a 
weak signal from the test oscillator that the ave action does not 
take place, (see Art. 19-2). This latter method is especially 
recommended when aligning receivers which employ delayed ave 
circuits (see Art. 19-9). 

Still another method to prevent the ave action is to break 
the lead which picks off the a'1c voltage from the ave circuit and 
distributes this voltage to the ave-controlled tubes. The part 
of the lead which goes to the grid circuits of these controlled 
tubes should then be grounded directly to the chassis. This will 
place only the small residual bias on the tubes, which will raise 
the sensitivity of the receiver to maximum, necessitating a re
duction in the test oscillator output. This latter method is of 
special value in receivers using a "combination tube" in which 
the second detector, ave and first-audio functions all take place. 
The 55, 75, 85, 2B7, 6B7 etc., types are typical examples of such 
tubes. Naturally it is not possible to disconnect the ave portion 
of such tube circuits without appreciably affecting the detector 
and first audio sections. 

In some receivers of the foregoing type which use a combin
ation second detector, ave and first-audio tube, it may be in
advisable to operate the tubes which are normally under ave 
control, without proper grid bias voltage In such cases, the 
normal fixed grid bias voltage may easily be supplied to these 
tubes by connecting a potentiometer of about 100,000 ohms 
directly across a 45-volt B battery. The positive terminal of 
the battery should be connected to the chassis of the receiver. 
No connection other than that of the potentiometer is made to 
the negative terminal of the battery. After the lead which picks 
off the ave voltage from the ave circuit and distributes it to the 
control-grid circuits of the ave-controlled tubes has been broken, 
the part of this lead which goes to the grid circuits of these con-
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trolled tubes should be connected directly to the movable arm 
of the foregoing potentiometer. The setting of this arm may be 
adjusted to provide the correct negative grid-bias voltage for 
the normal operation of these tubes during the alignment of the 
receiver. 

After the ave has been made ineffective by one of these 
means, the alignment of the receiver may be carried out exactly 
as described in this chapter for receivers without ave. 

Receivers employing a tuning meter, shadowgraph, "magic 
eye", or other device for indicating station resonance, do not re
quire the use of an output meter for indicating the receiver out
put when aligning the tuned circuits. The foregoing precautions 
regarding the ave action are also unnecessary in these receivers, 
since the resonance indicator of the receiver can be used instead 
of the output meter, for indicating the output. 

25-20. Aligning a Receiver Whose 1-F is Unknown.
When a superheterodyne receiver exhibits definite symptoms 
which point to incorrect alignment of the i-f stages (see Art. 
25-8) 1 the condition may be remedied easily enough with the aid 
of a calibrated modulated test oscillator and an output indicator, 
(as previously explained in Arts. 25-13 and 25-14), provided 
the correct intermediate frequency of the receiver is known. 
However, the occasion may arise where alignment is found nec
essary, but the intermediate frequency is unknown. If a test 
oscillator is available, the determination of the correct i-f is not 
difficult, since the majority of commercial superheterodyne re
ceivers employ, more or less, one of several standard intermedi
ate frequencies. 

The test oscillator must be capable of supplying fundamental 
signals over an i-f range from about 100 kc to around 550 kc at 
least, so that the range of intermediate frequencies which have 
been commonly employed in receivers may be covered. (Very 
few commercial receivers use a lower i-f than 130 kc.) (See the 
author's Radio Trouble--Shooter's Handbook for a complete 
tabulation of the i-f's of American superheterodyne receivers.) 

The receiver to be aligned should first be placed in the best 
operating condition possible. Then the output indicator, if one 
is used, should be connected properly to the output circuit of the 
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receiver. A modulated signal from the test oscillator should now 
be fed into the grid of either the first or the last i-f tube and the 
oscillator section of the receiver tuning condenser should be 
"shorted out" to prevent harmonics from the test oscillator from 
feeding back into the r-f circuits of the receiver. The frequency 
of the test oscillator should then be varied slowly and carefully 
between about 550 kc and 100 kc, starting at 550 kc and slowly 
reducing the frequency until a signal is heard in the receiver 
loudspeaker, or is shown by the output indicator. The frequency 
setting of the test oscillator at which the signal is heard ( or in
dicated) is probably the i-f peak of the receiver (although it 
may be a harmonic of the i-f peak). 

A check should now be made to find out whether it is really 
the i-f peak or whether it is a harmonic of it. To do this, first 
set the test oscillator at twice the frequency found by the fore
going procedure. If no signal is heard ( or indicated), then the 
original frequency setting of the test oscillator is the i-f peak 
of the receiver. (Now, by setting the frequency of the test os
cillator at half the determined peak, its second harmonic signal 
should be heard-or indicated-but not quite as strongly as be
fore, which is further confirmation of the i-f peak.) 

It is quite possible that the intermediate frequency deter
mined by the foregoing procedure results in some odd frequency, 
such as 459 kc or 461 kc, etc. By consulting a compilation of 
intermediate frequencies, the nearest commonly used i-f w this 
can be determined-in this case it is 460 kc. This latter fre
quency can therefore be taken as the correct i-f of the receiver, 
since the i-f alignment of the receiver as it was brought into the 
shop may have been "out" by just one or two kc. However, the 
resonance points of i-f transformers seldom vary by more than 
one or two kilocycles from the specified correct i-f peak fre
quency unless they have been disturbed or the receiver has un
dergone unusually rough handling. 

Another important matter is that of adjacent i-f peaks
that is, eases where definite peaks are obtained at adjacent fre
quencies (such as 175 kc and 177.5 kc, 260 kc and 262 kc, etc.) 
In such eases, is one to determine which of the two adjacent in
termediate frequencies is the correct receiver i-f? In almost 
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every instance of this kind it will be found that the i-f trans
formers will peak more readily at one of these frequencies-the 
one which is the correct receiver i-f-without the necessity of 
tightening down or entirely loosening the trimmer condenser 
adjustments. For example, should the foregoing i-f peak check
up reveal definite peaks, say, at both 260 kc and 262 kc and 
should it then be found that the "trimmers" must be tightened 
down considerably to align the i-f amplifier correctly at 261 kc, 
then by this reasoning 262 kc would most likely be the correct 
receiver i-f. 

25-21. Operation of the Double-Spot (Image-Suppression) 
Circuit.-The difficulties which may be caused in superhetero
dyne receivers by image frequency interference were discussed 
in Arts. 23-13 to 23-16 inclusive. It was explained there that 
image-frequency interference results in double-spot reception, 
unless it is prevented. As the frequency of the interfering sig
nal that may cause the double-spot reception is always higher 
(by an amount equal to twice the i-f) than the frequency to 
which the r-f circuits are tuned at the particular dial-setting 

] 

FIG. 25-11.-Double-spot tuning circuit which has been used in 
Atwater Kent receivers for the prevention of image-frequency inter
ference and double-spot tuning. The main tuning circuit and the 
double-spot circuit are tuned simultaneously to two different fre
quencies. 

being considered, it is necessary to prevent any energy at this 
frequency from entering the first detector or "mixer". Most 
receivers accomplish this by using one or two ordinary stages 
(pre-selector stages) of sharply-tuned r-f amplification ahead 
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of the first detector. These stages are tuned to the frequency 
of the desired station, and their natural selectivity is depended 
upon to prevent interfering signals of all other frequencies (in-
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FIG. 25-12.-Graphs showing how the oscillator frequency is 
varied automatically over the entire dial range so it "tracks" above 
the frequency of the r-f signal circuits by an amount equal to the 
i-f of the receiver ( 130 kc in this case). The double-spot circuit is 
also varied in step with these two, it being tuned always to the double
spot frequency. For any given setting of the dial, the oscillator fre
quency is 130 kc higher than the dial-frequency setting, and the 
double-spot circuit is 260 kc higher than the dial-frequency setting. 

eluding the image-interference signal) from getting to the first 
detector. 

In some other commercial superheterodynes this prob
lem has been attacked in a more direct way by incorporating in 
the input circuit of the receiver, a "double-spot" circuit which 
is always tuned automatically to the image frequency (by means 
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of one section of the main gang tuning condenser) no matter 
what the position of the main tuning dial is. Its effect is to 
effectively present what amounts to a short-circuit to the image 
frequency, across the complete tuning circuit from the control
grid to the ground or cathode, so that the image-frequency sig
nal for any receiver dial setting never gets to the mixer circuit. 
The circuit arrangement of this kind which has been employed 
in Atwater Kent receivers is shown in Fig. 25-11. 

In this arrangement, the complete pre-selector circuit, con
sisting of L,, Li and Ci, and C, plus Cs, (all in series) tunes 
to the desired broadcast frequency. A part of this circuit, con
sisting of Li, the double-spot trimmer Ci and variable tuning 
condenser C, (with its trimmer Cs) tunes simultaneously with 
the pre-selector, but its frequency is always higher than that 
of the pre-selector or dial frequency by an amount equal to 
twice the i-f. This is shown pictorially in Fig. 25-12 for a 
broadcast-band receiver which employs a 130-kc i-f. As the re
ceiver dial is turned from about 60 to 150, the frequency to 
which the r-f (pre-selector) circuits tune varies from about 600 
to 1,500 kc. At the same time, the oscillator frequency varies 
simultaneously, so that it "tracks" exactly 130 kc above this 
pre-selector (r-f) frequency for every setting of the tuning dial. 
At the same time, the frequency to which the double-spot (or 
other image-suppression) circuit tunes is always exactly 260 kc 
(twice the i-f) above the pre-selector frequency. Therefore, it 
always tunes to the image frequency. Since this latter circuit 
is an "acceptor" circuit and is connected from the control grid 
to the cathode of the mixer, it acts as a short-circuit to the 
frequency of the image signal that might otherwise cause 
double-spot reception and practically eliminates any such en
ergy from reaching the mixer. 

25-22. Adjusting a Double-Spot (Image-Suppression) 
Circuit.-Because of the fact that the double-spot trimmer C 1 

and the trimmer Ca of the variable condenser C, are in the 
same circuit, adjustment of one affects the other. The proper 
adjustment is secured when further adjustment of either trim
mer does not increase the 1,500 kc signal strength, and does not 
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further decrease the double-spot volume at a frequency equal 
to 1,500 kc minus twice the i-f. In practice, in receivers which 
use the double-spot circuit, the double-spot trimmer need never 
be adjusted unless the trimmer C, (Fig. 25-11) has been ad
justed, or unless image interference occurs. 

The adjustment of the double-spot circuit is not difficult. 
In order to make it on the Atwater Kent receivers which em
ploy this circuit (these receivers employ an i-f of 130 kc), a 
1,500 kc test oscillator that may be switched from a normal 
strength to an extra-strong signal is necessary. The extra
strong 1,500 kc signal must be of such strength that the double
spot volume of this signal ( which is tuned in at 1,240 kc) can 
not be entirely eliminated even with the double-spot circuit 
correctly adjusted. This is necessary in order to make an ac
curate adjustment of the double-spot trimmer: If there was no 
response at the double-spot point over a wide adjustment of 
the double-spot trimmer it would be impossible to set this 
trimmer to the correct point. The adjustment procedure is as 
follows: 

(1) The output indicator should first be connected in the usual 
way to indicate the output of the receiver. Then the shielded cable of 
the test oscillator should be connected properly to the Ant. and Gnd. 
posts of the receiver. With the test oscillator supplying a 1,500-kc 
signal of normal strength, and with the dial pointer of the receiver 
set to 1,500 kc, the pre-selector trimmers, the antenna trimmer, and 
the oscillator trimmer should be adjusted for maximum reading on 
the output meter. 

(2) Now the test oscillator output control should be turned up 
to full "on" position to supply an extra-strong signal (still at 1,500 
kc), and the receiver should be set with its dial pointer at 1,240 kc. 
When the dial pointer is in this position, the double-spot circuit is 
tuned exactly to 1,500 kc (see Art. 25-21). Now the double-spot 
trimmer ( C 1 ) should be adjusted to give as close to minimum re
sponse on the output indicator as is possible. This sets the double
apot circuit so it is most effective in eliminating any incoming double
spot (image) interfering signal. 

(3) Now the test oscillator should be switched back to normal 
strength (still at 1,500 kc), the set should be tuned to the 1,500 kc 
signal, and trimmer C, snould be readjusted for mazimum output. 

(4) The receiver should now be tuned back to 1,240 kc, the 
extra-strong 1,500 kc test-oscillator signal should be switched on, 
and final adjustment of the double-spot trimmer Cl should be made 
for minimum output. 
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These adjustments may be considered to be correctly made 
and final when further adjustment of trimmer C, (with the os
cillator operating at normal strength at 1,500 kc and the re
ceiver tuned to 1,500 kc) does not produce an increase in out
put, and, second, when further adjustment of the double-spot 
trimmer, C 1, does not produce a further decrease in the output 
( with the test oscillator set at 1,500 kc and the receiver tuned 
to 1,240 kc). 

25-23. Adjusting Other Types of Image Suppression Cir
cuits.-As explained in Art. 23-15, many receivers employ a 
continuously-tuned trap circuit (see Fig. 23-11) designed to 
prevent interfering image signals from getting through to the 
mixer tube. This circuit is tracked with the other tuned cir
cuits in the receiver and simultaneously tunes to a frequency 
which is always higher than that of the pre-selector by a figure 
equal to twice the i-f. Therefore, when such image-suppressor 
trap circuits are to be adjusted at any dial setting of the re
ceiver, the test oscillator which feeds its signal into the Ant and 
Gnd terminals (see part (1) of Art. 25-22 for the proper con
nection of the test instruments) should be set at a frequency 
higher than the receiver dial setting, by a frequency equal to 
twice the i-f. 

Let us suppose that a trap circuit of this kind is to be adjust
ed in a receiver whose i-f is 180 kc. The receiver dial should be 
set at about 1,200 kc. The test oscillator should be connected 
to the receiver and set for maximum signal output at 1,200 plus 
2 X 180, or 1560 kc. This would be the frequency of an image
interference signal for this receiver dial setting. Since it is being 
fed into the receiver, the image suppressor circuit must now be 
aligned so that it shuts out this signal, thus preventing it from 
reaching the mixer tube. Of course, when this signal is com
pletely shut out, the fact will be indicated by a minimum deflec
tion of the output meter. 

Of course, if, as in the case of the double-spot circuit de
scribed in Arts. 25-21 and 25-22, the suppressor trap circuit 
forms a part of ( or affects in any way) another tuned circuit, 
perfect alignment will have to exist at the pre-selector frequency 
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as well as at the image frequency. This may be secured by the 
method outlined in Art. 25-22. 

25-24. Use of Insulated Tools During Alignment.~ince 
the adjusting nuts, screws or plates of the condenser gang, and 
the i-f transformer trimmer condensers in superheterodyne re
ceivers are not at ground potential in all receivers, the use of 
a metal socket-wrench or screw-driver for making the adjust
ments may cause very disturbing hand-capacity effects which 

c:::clt·: 
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FIG. 25-13.-Three views of a combination fountain-pen size neu
tralizing tool made of fibre. By screwing the various sections to
gether in different combinations 1/4- and 5/16-inch nut wrenches, a 
miniature blade screw driver for neutralizing and aligning, and a 
full-size general-purpose screw driver with insulated handle are 
provided. 

may prevent accurate adjustment of the circuits. A bakelite 
or similar composition socket-wrench or screw-driver· about 
¾-inch in diameter, or an insulated "neutralizing" tool should 
be employed for making these adjustments. Many effective 
tools designed especially for this work are available. The parts 
of a typical fountain-pen size combination tool of this kind 
which can be clipped to the vest pocket like a founten pen, are 
illustrated in Fig. 25-13. Such tools are also useful for adjust
ing neutralizing condensers (see Arts. 24-17 and 25-15), etc. If 
hand-capacity effects are noticed at any time when such ad
justments are made, it is usually necessary to make the ad
justment so that the peak output reading is obtained when the 
aligning tool is removed from the adjUBting screw or nut. 

25-25. Need for the Cathode-Ray Tube in Receiver Align
ment.-All of the methods for aligning the tuned stages of 
receivers which have been described thus far in this chapter and 
in Chapter XXIV, make use of a test oscillator to supply sig-
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nal voltages of the desired frequency and strength to the re
ceiver, and some device to indicate the output voltage or cur
rent of the receiver during the alignment. ~hese are connected 
to the receiver as already described. It is a fairly simple mat
ter to align the r-f tuning circuits of ordinary t-r-f receivers 
and the i-f circuits of superheterodynes which employ peaked 
i-f amplifiers, when this equipment is used, for the circuits are 
simply adjusted or "peaked" until maximum indication is ob
tained on the output indicator. Any of the simple forms of out
put indicators already described in Chapter VII are satisfac
tory for this purpose. 

When superheterodyne receivers which employ i-f amplifiers 
having flat-top or band-pass characteristics (see Art. 25-14) 
are to be aligned, the problem is much more difficult. Most 
high-fidelity receivers employ this type of i-f amplifier so that 
a band width approximately 15 kc wide may be passed by the 
i-f amplifier without appreciable attenuation of any of the 
upper audio frequencies.· This will be discussed in detail in 
Chapter XXXI. Most of these receivers have an i-f amplifier 
characteristic with a pronounced double peak, as shown in Fig. 
25-9. In some, this double peak is obtained by a slight stag
gering or de-tuning of the successive i-f tuned circuits, in others 
it is obtained by tight coupling which produces the character
istic double-hump tuning curve. Since the performance of such 
receivers depends to a large measure upon the correct adjustment 
of these tuned circuits, they require more precise adjustment 
than it is usually possible to make when the ordinary meter 
type or neon-tube type output indicator is employed; other
wise, distortion and other troubles will result. It is difficult to 
double-peak an i-f amplifier properly and quickly with this 
equipment since the depth of the "valley" between the peaks is 
difficult to determine unless a plot of the curve can be exam
ined. Most of the difficulties which arise in this work can be 
eliminated however, if it is made possible to look in on the tuned 
circuits and actually see their tuning characteristics during the 
alignment. In other words, if, instead of relying on the usual 
output indicators to tell merely when the circuits are "peaked", 
some other device is available which automatically and instantan-
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eously plots the response curve of the receiver, so that the service 
man can see it while making the adjustments, he will then be in 
a position to see exactly what effect each adjustment is producing 
and know exactly when the circuits are properly adjusted. This 
may easily be accomplished by using a suitable cathode-ray 
tube in conjunction with several important associated circuits 
which will be described in the following sections. "Visuals", or 
resonance-curve tracing devices for showing the resonance curves 
of the intermediate- or radio-frequency stages of broadcast re
ceivers have been used for some time by many receiver manuf ac
turers who have installed cathode-ray outfits to align their reg
ular production sets. So, when radio service men employ these 
devices in their service work, they are merely following in the 
footsteps of these alert manufacturers. 

25-26. Cathode-Ray Tubes.-The cathode-ray tube has 
been used for quite a number of years as a tool for labora
tory research. Professor F. Braun is credited with having first 
applied the tube for measurement purposes, about 1897. However, 
its extensive practical application did not occur until about eight 
years ago when it was employed for surge measurements in the 
study of natural lightning phenomena, for surge investigations 
in the laboratory, etc. Considerable improvements have been 
made in it since then in the many attempts to utilize it in 
television systems. Now, the development of a series of new 
improved types of cathode-ray tubes designed for specific pur
poses, and the reduction in cost of complete cathode-ray os
cilloscope outfits and accessories has opened up extensive new 
applications for this versatile instrument-especially in the 
radio servicing field. Possibly the two main reasons why the 
cathode-ray oscilloscope is so valuable are: (a) the negligible 
inertia of the electron beam eliminates all damping effects and 
enables it to follow variations of almost any frequency in the 
voltages applied to the deflecting plates, (b) the electron beam 
traces a picture of the circuit conditions on a screen, which 
can be conveniently observed visually. 

It is unnecessary, and beyond the scope of this book, to 
enter into an extended discussion of the theory of operation 
and construction of all types of cathode ray tubes, for they are 
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made in several forms-each designed to perform a certain de
sired test best. If he desires these details, the reader is referred 
to the Radio Physics Course by Ghirardi. Only the construction 
and operation of the type of cathode-ray tube which is being 
used most in oscilloscopes which are designed especially for radio 
service work will be described here. 

25-27. Structure of the Cathode-Ray Tube.-The modem 
form of <'athode-ray tube consists essentially of six main parts. 
These are: 

1. A filament which serves to heat the cathode. 
2. The cathode from which the electron stream is emitted. 
3. A device for concentrating, controlling and focusing 

this electron stream into the form of a fine beam. 
4. An arrangement for deflecting the beam ( either elec

trostatically or electromagnetically). 
5. The fluorescent screen or target which emits light when 

struck by the electron beam. 
6. The glass envelope into which all the foregoing parts 

are sealed for the maintenance of a vacuum. 
The arrangement of these various parts is shown diagrammat
ically in Fig. 25-14. The deflecting plates, screen and glass 

rLUORESCENT SCREEN 

FIG. 25-14.-Arrangement of the various main parts in a typical 
cathode-ray tube designed for radio service work. An actual tube 
of this type is illustrated in Fig. 25-15. 

envelope are visible in the illustration of Fig. 25-15, which 
shows a modern cathode-ray tube provided with a 7-prong tube 
base to which all the internal connections are brought out. 

25-28. The Electron Emitter of the Cathode-Ray Tube. 
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-Referring to Fig. 25-16, the tube contains a coiled tungsten 
heater filament F similar to that used in a radio vacuum tube. 
This is connected to a source of low alternating voltage and heats 
the tubular metal cathode, K, which surrounds it. The emitting 
surface, which is usually flat, is coated with an oxide prepara
tion which emits a copious stream of electrons when heated, 

Courte1111 ROA. Radiotron Oo., lno. 

FIG. 25-16.-A typical cathode-ray tube of the type shown dia
grammatically in both the foregoing and following illustrations. The 
two sets of deflecting plates, glass envelope, fluorescent screen and 
base with connection prongs are clearly visible. 

just as does the cathode in an ordinary vacuum tube. These 
liberated electrons are attracted strongly by the positively
charged high-voltage anode, A,, and move toward it at high 
velocity under the influence of the "positive" potential which is 
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FIG. 25-16.-Internal construction of a typical cathode-ray tube. 
The electron beam is projected along the length of the tube to the 
fluorescent screen upon which it impinges and produces a spot of 
visible light. 

applied to it. The speed of the electrons is proportional to this 
voltage. This stream of electrons moving at high-speed consti
tutes the cathode-ray, hence the name cathode-ray tube. Al
though this electrode has a positive potential applied to it, the 
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term anode is applied to it in preference to the term plate, be
cause of the confusion that would arise due to the fact that there 
are other ( deflecting) plates in the tube. The term plate is re
served solely for the deflecting plates Pi, P ,, P, and P ,. 

25-29. Action of the Intensity-Control and Focusing 
Electrodes.-On their way from the cathode to the anode the 
electrons are acted upon by the intensity control grid, G. The 
bias voltage applied to this control grid is made variable to 
provide a means of controlling the intensity of the electron 
stream. 

As the electrons leave the cathode there is a tendency for 
the beam to spread out, fan-shaped, as it travels toward the 
screen. This spreading out is caused by the mutual repulsion of 
the individual electrons of which the beam is composed, since 
they are really all negative electrical charges and "like" charges 
repel each other. It is necessary to prevent this spreading out 
of the electron stream; in fact in order to get only a tiny spot 
of light on the fluorescent screen, S, it is necessary to actually 
focus the electron stream to a fine, sharp point at the screen, 
much the same as the light rays from an incandescent lamp, L, 
may be focused to a point, P, on a screen, S, by means of the 
two lenses Li and L, as shown at (A) of Fig. 25-17. The 
amount of light may be controlled by the shutter T, which, if 
closed will shut off the light completely. The size or definition of 
the image on the screen Sis controlled by adjusting the position 
of the lenses to the correct distance. This is called "focusing"! 

The arrangement employed for controlling the intensity and 
focusing of the electron stream in the cathode-ray tube is shown 
in detail at (B). The cathode, focusing electrode (Ai) and anode 
(A,) considered together are often referred to as the electron gun 
because their function is to "shoot" the electrons along through 
the length of the tube. The various parts in this illustration are 
labeled to correspond with those in Fig. 25-16. 

The bias voltage of grid G controls the number of electrons 
allowed to pass through it. After passing through this grid the 
electrons enter the hollow anode Ai at one end. By the time they 
reach the opposite end of A, the action on the electrons due to the 
electrostatic field created by the charges on these electrodes 
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causes them to tend to converge into a thin pencil or beam; these 
two electrodes therefore, act very much like an electron lens. The 
distance from the "gun" to the point at which the electrons con
verge to a point, or "focus", is determined by the ratio of the 
voltages on the two anodes A, and A 1• Obviously, there is a par
ticular ratio of these two voltages which will cause the beam to 
focus exactly at the screen. This ratio is in the neighborhood of 
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FIG. 25-17.-(A) How light rays may be focussed to a small 
point by means of glass lenses. 

(B) An electron stream may also be focussed to a small point 
by means of electrically charged electrodes surrounding it. 

5 to 1 for the tube of Fig. 25-15. In practice, the voltage of 
anode A, is generally held constant and that of Ai is made vari
able through a sufficient range to assure the focusing of the beam 
at the screen, since it is the smaller voltage to control. If a min
ute quantity of a suitable inert gas is introduced in the tube, it is 
possible to produce an ionization effect along the bulb. The 
negative ions produced will repel the electrons in the cathode
ray stream and thus tend to keep them crowded together in the 
form of a fine beam. 

Some of the older models of cathode-ray tubes were not 
equipped with a focusing anode, and variation of the spot size and 
intensity could only be controlled by the heater current and an
ode potential. This control method was generally unsatisfactory. 

25-30. The Fluorescent Screen.-When the electrons reach 
the anode they will have attained such high velocity due to its 
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attraction that those which are in line with the tiny hole in its 
center will shoot right through it and continue on their way until 
they strike the inner surface of the flat, far end of the tube. 

The inner surf ace, S, of the flattened end of the tube is coated 
with a material that glows or "fluoresces" when electrons im
pinge upon it, thereby producing a bright spot of light. The 
material is usually bound on with pure water glass. Several dif
ferent materials, and combinations of them, are in current use 
for different colors of fluorescence. The most active one for pro
ducing visual light is zinc silicate (in the form of the powdered 
mineral known as Willemite). This glows a bright yellow-green, 
to which the human eye is most responsive. If the trace of the 
cathode-ray beam is to be photographed, calcium tungstate, 
which glows a bright blue color is better, since its light is about 
thirty times as active on a photographic plate as is that from zinc 
silicate. Cadmium tungstate may also be employed. Mixtures 
of these substances are often used to produce a fluorescence fair
ly well suited for both visual and photographic requirements. 

,vhen the rapidly moving electrons strike the screen of fluor
escent material, they are stopped suddenly and their impact 
energy produces light which appears as a spot of fluorescent glow. 
Since the impact energy of the electrons varies as the square of 
their speed ( which depends upon the square of the voltage on the 
anode A,), the fluorescent-spot brilliancy increases rapidly as 
this voltage is increased. If the electron stream is focussed care
fully by adjusting the voltage on anode A 1, the spot of light 
produced will be very small, but intense. 

Because the size and intensity of the fluorescent spot of light 
produced on the screen are very important in the use of the 
cathode-ray tube, the intensity-control grid and the focussing 
anode are very important parts of the tube. A spot that is too 
large will not give a sharp image; one that is too small may be 
difficult to see. A spot that is too dim may not photograph well 
or may not be seen with ease in a lighted room; a spot that is 
too intense will cause deterioration of the active material with 
which the screen is coated. This is caused by the intense bom
bardment resulting at the point of impact of the electron stream 
on the coating of the screen. Just how intense this bombard-
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ment and impact is may be realized when it is known that the 
electron stream bombards the screen very much like rapidly-fired 
machine-gun bullets would bombard a target, excepting that the 
machine-gun bullets would have a muzzle velocity of only about 
2,000 miles per hour whereas the electrons in an ordinary cath
ode-ray tube operated with 1,000 volts on the anode have a 
velocity of approximately 42 million miles per hour! Because 
of this intense bombardment of the screen, the beam should 
never be allowed to remain motionless, for if this occurs, the 
full impact energy of the electrons will be liberated and con
centrated at the focussed spot on the screen, causing the fluores
cent material to disintegrate. A black spot will be observed in 
the screen after this occurs. 

Cathode-ray tubes are rated according to the diameter of 
the screen: a 3-inch tube is one with a screen 3-inches in dia
meter; a 5-inch tube is one with a 5-inch screen, etc. 

25-31. Action of One Pair of Deflecting Plates.-The 
beam of electrons which is projected along the tube from the 
cathode to the screen, is nothing more than an ordinary unidirec
tional electric current since it consists merely of a beam of 
rapidly moving electrons. Therefore, since it is the equivalent 
of a current-carrying wire without inertia, it can be deflected or 
bent by the application of a magnetic field produced by either a 
magnet or a current-carrying coil, or by an electrostatic field such 
as is set up between metal plates to which a potential is applied. 
The latter method is the one employed in the cathode-ray tubes 
employed in radio service work. These deflecting plates constitute 
the important elements as far as the actual use of the tube is 
concerned. The tubes shown in Figs. 25-14, 25-15 and 25-16 
have two pairs of deflecting plates each. In Fig. 25-16, one set 
of plates, P 1 and P ,, are arranged almost parallel to each other 
in one plane along the axis of the tube, and are equidistant from 
the electron beam. T}ley actually diverge outward slightly in 
the direction of the screen, so that even though they are mounted 
close to the electron beam for strong deflection control, they will 
not be in its way whenever the beam is deflected near the ex
treme edge of the screen. The second pair of plates, P, and P 4, 

are mounted at right angles to the first pair, and are also equi-
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distant from the electron beam. The mutual positions of these 
plates can be seen clearly in the cathode-ray tube illustrated in 
Fig. 25-15. In some tubes, one of the plates of each pair are 
connected together and to the high-voltage anode inside the tube 
(see Fig. 25-16), in others, separate leads are brought out from 
each of the plates, there being no internal connections between 

FIG, 26-18.-How the electron beam is ''bent" or "deflected" by 
the electric charges applied to the deflecting plat.es. Only one pair 
of deflecting plat.es is shown here for simplicity. 

them. The latter arrangement permits greater freedom in the 
use of the tube for measurement purposes. 

The action of these deflecting plates upon the electron beam 
will now be studied. Suppose the cathode-ray tube is connected 
for operation and a spot of light is seen in the center of the 
fluorescent screen. Now suppose that a voltage is applied to 
the two deflecting plates Pl and P • as shown in (A) of Fig. 
25-18 (the other two plates are not shown here) so that plate P, 
is made posi,tive and plate P I is made negative. The positive 
plate will attract the negative electrons flying past it, and cause 
the beam to bend or deflect toward it as shown. The negative 
plate will repel the negative electron stream, aiding the action 
of the other plate in deflecting the beam to the position shown. 
Upon the application of this deflecting voltage, the spot of light 
moves from point A to point B on the screen. Naturally, 
the amount of deflection depends upon the intensity of the beam, 
the anode voltage, and the voltage applied to the deflecting 
plates. If, now, the polarity of the deflecting plates is reversed, 
as shown at (B), the electron beam will be deflected in the 
opposite direction, and the spot of light will move back through 
point A to point C on the screen. 

Now suppose that a potentiometer connected across a B-bat
tery serves as a source of adjustable voltage to be applied to 
these two deflecting plates P 1 and P I as shown in Fig. 25-19 
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When arm K is above center-tap T on the potentiometer, plate 
PI is made positive with respect to plate P, and the normal 
electron beam (which takes the path OA when no potential is ap
plied to the plates) will be deflected toward plate P1 and strike 
the screen at point B. ,vhen the arm K is below the point T, 
the spot of light will appear at point C, because P, is now 
positive with respect to P 1 and the electron beam. These plates 
attract the electron beam just as the plate of any radio tube 
attracts electrons. However, in this case, the entire beam is bent 
by the attractive (or repulsive) force. If the contact K is now 
moved back and forth rapidly, the spot of light will move up 
and down the screen in a straight line B-A-C, and will trace 
this straight line on the screen. 

Although each section of the line is generated at a slightly 
different time, the entire line will appear continuous because of the 
"persistence of vision" property of the eye and because the spot 
on the screen actually remains bright ("persists") for a short time 
after the spot itself moves away. (Persistence of vision is a prop
erty of the eye which enables it to retain the image of an object 

FIG. 25-19.-How a vertical image is traced on the screen by 
the moving spot of light in a cathode-ray tube when varying poten
tials are applied to the pair of horizontal deflecting-plates only. 

after the object itself has been removed. It is upon this prin
ciple that the motion picture projector works.) Furthermore, 
the movement of the beam follows the variation in potential 
instantaneously, since an electron beam has no inertia. For this 
reason, the movement of the cathode-ray beam will respond 
faithfully to rapid changes of the deflection potentials, even 
though these changes may take place in a small fraction of a 
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millionth of a second. Therefore, this device may be used even 
on high radio frequencies. 

In a similar manner, if the deflecting voltage is applied to 
plates P, and P,, as shown in Fig. 25-20, and varied in the same 

FIG. 25-20.-How a horizontal image is traced on the screen by 
the moving spot of light in a cathode-ray tube when varying poten
tials are applied to the pair of vertical deflecting-plates only. 

way, the line which the spot of light traces will appear in the 
horizontal direction shown. The amount of deflection of the 
beam is proportional to the voltage applied to the deflection 
plates, and the amount of voltage required to deflect the spot 
of light a distance of one inch over the screen is a measure of 
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FIG. 25-21.-The lo
cation of the instan
taneous positions of 
the spot of light at 
various corresponding 
instants during one 
cycle of a sine-wave 
voltage which is ap
plied to only one set 
of t h e deflecting 
plates, is shown at the 
right. 

the sensitivity of the cathode-ray tube. For instance, this value 
for the tube shown in Fig. 25-15 is approximately 75 volts per 
inch. 

Now, let us suppose that an alternating voltage from a trans
former is applied to one set of deflecting plates, and the second 
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set is left open; the resulting path traced over by the spot of 
light will be a straight line, as shown at the right of Fig. 25-21. 
The voltage wave-form which causes this line to be traced is 
shown at the left. At any instant, the deflection of the spot of 
light from its zero position, A, will correspond to the value of the 
voltage at that instant. For instance, at instant 1 on the voltage 
wave the spot of light is at point 1 on its path, at instant f on 
the voltage wave it is at corresponding point f on its path, etc. 

SCREEN OF' 

IMAGE PRODUCED ON SCREEN 
WHEN VOLTAGES E1 ANO E 1 ARE 
APPLIED TO tHE 2 SETS OF' 
PLATES RESPECTIVELY. 

FIG. 25-22.-Shape and con
struction of the image produced 
on the screen of a cathode-ray 
tube when two voltages E 1 and 
E, of the same peak value, and 
which are in phase with each 
other, are applied to the two 
sets of deflecting plates simul
taneously. Voltage E 1 is ap-
plied to the horizontal plates; M, 
E, is applied to the vertical ~--=::t---

plates. 

During the interval that the voltage wave goes through the com
plete cycle shown, the spot of light moves over the straight-line 
path 1-I-S-4-6-6-7-8-9-10-11-1!-1. 

25-32. Simultaneous Combined Action of Both Pairs of 
Deflecting Plates.-Now, with this same voltage applied to 
one set of plates, suppose another identical voltage is applied to 
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the second pair of deflecting plates in the tube, and let these two 
voltages be in the same phase, i.e., reach zero and maximum at the 
same instants. The wave forms of these voltages are drawn on 
their respective horizontal and vertical axes of the cathode-ray 
tube in Fig. 25-22. There are now two forces acting on the elec
tron beam simultaneously at every instant, one tending to move 
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FIG. 25-23.-The patterns which are traced by the spot of light 
in a cathode-ray tube when the two voltages acting on the two sets of 
deflecting plates have the various phase relations indicated. The 
patterns A to E are traced if the voltages have a frequency-ratio 
of 1 to 1. Those from F to J are traced if the voltages have a fre
quency-ratio of 2 to 1. These are commonly known as Lissa;ous' 
Figures. 

it in one direction, and the second trying to move it at right 
angles to the first. The resulting location of the spot on the 
screen at any instant dep~nds upon the algebraic sum of both 
these forces at the instant. The resulting pattern traced out by 
the spot of light is a straight line inclined at an angle of 45 de
grees with respect to each of the lines that would be obtained if 
either voltage was removed. This is shown as line M-MJ, on 
the screen in Fig. 25-22, and again at A of Fig. 25-23. 

If the wave-forms, frequencies or phase relationships of 
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these applied voltages are changed, the resulting image may take 
any one of a number of shapes or patterns. Thus, if one of the 
voltages is of greater amplitude than the other and differs in 
phase with it by 90 degrees or 270 degrees, the resulting pattern 
traced out will be an ellipse, as shown by C of Fig. 25-23. If 
the phase relation is such that one voltage leads the other by 
45 degrees, or 315 degrees, the resulting pattern traced will be 
that of D; if leading by 135 degrees, or 225 degrees, the result
ing pattern will be that of B. By means of the cathode-ray tube, 
the resultant pattern is traced on the fluorescent screen by the 
moving spot of light. Conversely, from the pattern observed, 
the frequency and the phase relations of the two deflecting 
voltages can be determined. Where, in addition, the wave 
form is known for one of the deflecting voltages, the wave form 
of the other can be readily obtained by graphical analysis. Figs. 
A to E in Fig. 25-23 represent the patterns traced by the spot 
of light if the voltages applied to the two sets of deflecting plates 
have a 1-to-1 frequency ratio. When the frequency ratio is 
2-to-1, the patterns of A to E change respectively to those of 
F to J. As the ratio of the frequencies of the two deflecting 
voltages increases, the patterns change from these shapes and 
become increasingly complex. 

25-33. Need for the Sweep Voltage When Observing 
Wave Forms.-The various patterns (called Lissajous' figures 
after Jules Antoine Lissajous who first demonstrated them for 
showing the exact relation between the vibratory motions of two 
sounding bodies) which may be observed with the cathode-ray 
tube when two independent voltages are applied to its deflecting 
plates are of value in some applications of the cathode-ray tube, 
but the operator must be entirely familiar with the significance 
of most of the different complex images that can be formed so 
that he can identify the pattern and tell at once what it indicates 
regarding the phase relation, frequency relation and wave form 
of the two applied voltages. 

Very often it is desired to observe the wave form of a single 
current or voltage. This is the case when i-f amplifier circuits 
are being aligned or adjusted. This requires that the voltage 
which is to be observed, be connected to one set of the de-
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fleeting plates-usually the horizontal plates (see Fig. 25-19). 
Let us assume that the voltage to be observed is that shown 

at (A) of Fig. 25-24 and that it is applied to the horizontal 
deflecting plates. If this is done, the varying voltage on the 
horizontal plates will cause the beam to oscillate up and down 
vertically in synchronism with its variations in intensity, and 
the spot of light will trace a straight vertical line on the screen, 

VOLTAGE TO BE 
OBSERVED 

(/1,,J 

FIG. 26-24. - Dia
grams showing the 
relation between the 
frequency of the volt
age whose wave form 
is to be observed, and 
that of the timing or 
"sweep" voltage when 
various numbers of 
cycles are to be viewed 
on the screen at one 
time. If only 1 cycle 
is to be viewed, the 
frequency of the volt
age to be observed 
must equal that of the 
saw-tooth voltage (see 
(A) and (B).) If 
two cycles are to be 
viewed, the saw-tooth 
voltage frequency 
must be only ½ that 
of the voltage to be 
viewed, etc. 

as was shown in Figs. 25-21 and 25-19. It is evident that if 
the exact curved wave form of this voltage is to be traced, some 
means must be provided for shifting the beam simultaneou.,ly in 
a horizontal direction while it is being moved up and down ver
tically by the voltage to be observed, so that the trace will be 
spread out. Furthermore, the beam must be shifted at a uni
! orm speed, say to the right, such that it travels from its neu
tral position to the extreme right of the screen in exactly the 
time (or a multiple of it) which it requires for a complete cycle 
of the vertical movement to take place, then it must be shifted 
back almost instantaneously to its neutral position, so that the 
cycle can be repeated all over again. 
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Since it is extremely important to understand and visualize 
this action, perhaps the illustration in Fig. 25-25 will make it 
clear. Let us imagine that a suitable linear sweep voltage is ap
plied to the vertical plates, V-V, and that the action of the tube is 
slowed down sufficiently so that we can actually watch the spot 
of light trace out the wave form of the deflecting voltage on the 
screen. At the moment shown, the spot of light has already 
traced out the portion of the wave form shown, and is at point 
A. At this moment, the force exerted by the horizontal deflecting 
plates H-H is tending to pull the beam straight up in the direc
tion H 1 ; at the same instant the force exerted by the vertical de-

FIG. 25-25.-How the cathode-ray beam traces a wave-form pat
tern when acted upon by a sinusoidal voltage applied to the horizontal 
pair of plates, H-H, and a saw-tooth sweep voltage applied to the 
vertical pair of plates, V-V. At the instant pictured here, the beam is 
acted upon by force H 1 tending to move it vertically in direction HJ• 
and by force V 1 tending to move it horizontally in direction Vi- Tt 
actually moves along the direction of the resultant force R. 

fleeting plates V -V is tending to pull the beam straight across to 
the right in the direction V 1 • Naturally, since the beam is being 
acted upon simultaneously by both forces at right angles to each 
other, it actually moves along the line of the resultant force R. 
The exact direction of R at any instant of course depends upon 
the relative magnitude of the two forces H 1 and V 1 at that 
instant, so the direction of movement of the spot of light obeys 
the variations in the deflecting voltages from instant to instant. 

This action may be likened to that of a man attempting to 
row a boat directly across a stream whose current is swift. 
If the man steers his rowboat straight across, the swiftly moving 
stream at right angles carries his boat downstream at the same 
time that he is rowing directly ahead, so that the actual path of 
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his boat is not a straight line directly ahead, but rather a curved 
path pointing downstream. He will strike the opposite shore at 
a point below the one toward which he rowed. 

When a complete cycle of the wave being observed has been 
completed, the electron beam and light spot must be shifted back 
abruptly to the normal position at point O so that the curve 
will be traced again for the next cycle. If this occurs say 60 
times a second (if the voltage to be observed is a 60-cycle 
voltage), although 60 individual pictures will be traced each 
second, persistence of vision will make the result on the fluores
cent screen appear as a steady picture of the wave form, as 
shown at ( C) of Fig. 25-24. 

25-34. Operation of the "Sweep" or "Timing" Voltage.
Let us now consider the type of voltage that must be applied 
to the vertical deflecting plates for "sweeping" the beam hori
zontally, or "timing" it. This is commonly known as the sweep 
or timing voltage. From what has already been said, it will be 
realized that the voltage used should be a repeating or "recurrent" 
one. Furthermore, for most purposes it is preferable that it be 
one, which, when applied to the vertical plates will deflect the 
beam so that the spot of light is shifted uniformly, say, from 
left to right with an abrupt return from right to left, the return 
occurring in only a small fraction of the time taken to travel 
from left to right (so that the return may be considered as being 
practically instantaneous). If a voltage which varies in this 
way is plotted against time, the wave form is of the type shown 
at (B) of Fig. 25-24. Because its shape resembles the tooth of 
a saw, it is commonly referred to as a saw-tooth voltage. Notice 
that this voltage increases uniformly (linearly) from instant 1 
to instant S, then it drops abruptly to zero at instant S, then 
begins to increase uniformly again etc., this variation repeating 
itself over and over. 

The frequency of the saw tooth voltage applied must have a 
definite relationship to the frequency of the voltage which is to 
be observed. For example, to examine one cycle of it, the saw
tooth voltage must be of exactly the same frequency as that of 
the voltage to be observed, since the timing voltage must be 
ready to shift the spot of light back just at the instant that each 
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cycle of the voltage being observed is completed. This condi
tion is shown in (A) and (B) of Fig. 25-24. If two cycles of 
the voltage being observed are to appear on the screen at one 
time, then it must go through two cycles before the timing volt
age shifts the spot back to the starting position, i.e., before the 
timing voltage has completed one cycle. This is shown at (D) 
and (E) of Fig. 25-24. The wave pattern (2 cycles) which will 
appear is shown at (F). For this condition, the frequency of the 
saw-tooth voltage must be equal to one-half that of the voltage 
being observed. If three cycles are to be observed at one time, 
the frequency of the saw-tooth voltage must be one-third that 
of the voltage being observed, etc. 

It should be noted that it is the uni/ orm rise of the "sweep" 
or "timing" voltage that spreads out the trace of the spot of light, 
and it is its sudden drop to zero that shifts the spot back to 
the starting position so that the spreading may start all over 
again for the next one or more cycles of the observed voltage. 
The circuit which is employed to generate the sweep voltage is 
called the sweep circui't. 

2S-3S. Generating the Sweep Voltage.-There are several 
ways of generating a saw-tooth sweep voltage of the wave form 
shown in Fig. 25-24. Whatever develops it must be designed to 
generate a voltage which will increase uniformly to a certain 
value, then drop abruptly to zero, and repeat itself. It is pre
ferable that the frequency with which this variation takes place 
be made easily adjustable over a wide range. 

There are a number of electrical "sweep circuits" which may 
be employed for this purpose. A typical, simple circuit of this 
kind, which employs a type '885 thyratron type tube is shown in 
Fig. 25-26. This particular circuit is employed in the com
mercial cathode-ray oscilloscope described in Art. 25-44 (the 
complete schematic circuit diagram of which is presented in Fig. 
25-34). 

The thyratron tube employed contains the cathode, grid and 
plate, as shown. Since it also contains gas, it is a tube capable 
of exerting a "trigger" action in the circuit. When normal grid
bias voltage is supplied to it, no current will flow through the 
tube unless the voltage applied to its plate is made high enough 
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to ionize the gas in the tube (300 volts in this case). If this 
happens, the ionization of the gas causes the tube to break 
down immediately, the resistance of the path between the plate 
and cathode suddenly becomes very low, and the grid losee 
all control of the plate current. Once the gas ionizes in this 

HIGH-VOLTAGE 
0-C •e• POWER 
SUPPLY UNIT IS+ 
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TO*~J or DErLECTOR 
PLATES or CA"Tli
ODE RAY' TUBE. 

IOR TO SWEEP 
CIRCUIT AMPLlr. 
or r1G. 2!1-29, 

FIG. 25-26.-Schernatic circuit arrangement of a typical sweep 
circuit which generates a saw-tooth sweep voltage by means of the 
"trigger" action of a thyratron tube. 

tube, the plate-cathode voltage-drop across the tube remains very 
steady at about 15 volts. Thus, we have a sort of "trigger" ac
tion here, for as soon as the gas ionizes, the resistance of the 
plate-cathode path drops immediately to a very low value. 

Now let us see how this tube operates in the sweep-voltage 
circuit of Fig. 25-26. The 630-mmfd. plate-cathode condenser 
is charged by the plate supply voltage through resistors R 1 and 
R,. The grid-bias voltage of the tube (resistor R, supplies it) 
prevents plate current flow through the tube until the voltage 
across this condenser builds up to the breakdown value 
of the tube (300 volts in this case}. The flow of the 
current into the condenser during this interval is shown in the 
simplified diagram at (A) of Fig. 25-27. The potential of point 
P rises practically uniformly from value 1 to value ! (as shown 
at (B} } during this charging period. When the potential of 
point P has reached a value of 300 volts, the gas in the tube 
ionizes, and the condenser discharges almost instantaneously 
through the plate-cathode circuit of the tube, thereby losing its 
potential rapidly so that the potential of point P drops from 
point ! to S (at B}. The path of the condenser current flow 
is shown at ( C}. As soon as the plate potential drops low enough, 



CH. XXV ALIGNING SUPERHETERODYNE RECEIVERS 769 

the discharge ceases and current flows from the supply voltage 
source into the condenser to charge it up again. This process 
repeats itself. The saw-tooth voltage which appears across the 
condenser is applied to one pair of deflector plates in the cath
ode-ray tube. Resistors R1 and R, are used mainly for the pur
pose of limiting the charging current of the condenser and pre
venting the plate supply source from sending a heavy current 
through the thyratron tube when it breaks down. Since this 
circuit generates the sweep voltage by the charging of a con
denser, this charging must be at a constant current rate if it is to 
be linear. Since the exponential charging characteristic of a con
denser is essentially linear over a small portion of its initial 
charging curve, if only a small portion of the charging curve is 
used and a high resistance is put in series with the condenser 
so that a high charging voltage may be used, the charging of thill 
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FIG. 25-27 .-A simplified analysis of the "trigger" action which 
takes place in the sweep circuit of Fig. 25-26 is shown at (A) and 
(C). The saw-tooth voltage shown at (B) exists across condenser C 
and is applied to one pair of plates of the cathode-ray tube (not 
shown here) . 

condenser will be essentially linear and a linear sweep voltage 
will be produced. 

The frequency of the charge and discharge is governed by 
the size of the condenser C and the total resistance of the charg
ing circuit. With a suitable choice of C ( often obtained by a 
number of "fixed", and one "adjustable" condenser) and with the 
proper bias on the '885 tube, the frequency of the sweep circuit 
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may be adjusted to the value required for the particular wave 
form to be viewed. This type of sweep circuit can be made to 
perform satisfactorily only over the audio-frequency range from 
about 20 to 15,000 cycles. 

To synchronize the sweep circuit with the voltage to be ob
served, the coupling transformer T I connected in series with the 
grid circuit is used. This couples the grid circuit of the thyra
tron tube to the circuit of the voltage to be viewed or to a circuit 

C1_ TO DE:F'LECT-
..__ ____ _,.0j ING PLATES 

FIG. 25-28.-A saw
tooth sweep voltage 
may be generated by 
arranging a motor M 
to drive a potentio
meter R connected 
across a source of 
potential. 

whose voltage is in synchronism with it (see Fig. 25-36), so that 
when the proper value of C is chosen to make the frequency of 
the sweep circuit correct, the sweep circuit will lock in step with 
the voltage being observed. It is interesting to note that the 
arrangement of Fig. 25-26 is really a form of oscillator whieh 
generates a current having the peculiar wave form described. 

Another form of sweep circuit which may be used, is shown in 
Fig. 25-28. This is a motor-driven type. A motor whose speed 
may be controlled very accurately is ganged to the arm of a 
potentiometer, R, connected across a battery. As the arm of 
the potentiometer ( which we will assume is rotating counter
clockwise) turns from A to B the voltage tapped off increases 
uni/ ormly from zero to the full value of the battery. At point 
B the contact is broken, so the current drops quickly to zero and 
remains at zero until the arm reaches point A where contact is 
re-established and the cycle is repeated over again. A saw-tooth 
voltage, having the wave form shown at (B) of Fig. 25-24 wiU 
appear across terminals C and D which lead to one pair of de
flector plates of the cathode-ray tube. The sweep frequency may 
be varied by varying the speed of the motor. Of course the usuaJ 
objections to a mechanical rotating-contact device hold against 
this system, and the sweep frequencies that can be generated are 
confined to rather low limits. 
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When a cathode-ray tube is to be used to view the resonance 
cw-ves of a superheterodyne which is being aligned, this motor 
may also be arranged to drive a "frequency-wobbler'' condenser 
connected in parallel with the condenser of the test oscillator. 
This will be discussed in greater detail in Art. 25-37. 

25-36. The Sweep Circuit Amplifier.-The sensitivity of 
the ordinary cathode-ray tube is such that an appreciable volt
age is required to deflect the beam over a 3 or 4 inch screen. For 
instance, the sensitivity of the cathode-ray tube illustrated m 
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FIG. 25-29.-A high-gain linear amplifier that may be used to 
amplify the low-voltage output of the sweep-voltage generator of Fig. 
25-26, or the voltage which is to be applied to the deflecting plates of 
the cathode-ray tube for observation. 

Fig. 25-15 is such that a voltage of 75 volts is required to deflect 
the beam either horizontally or vertically a distance of 1 inch. 
Because the output voltage of the ordinary electrical sweep cir
cuit such as is shown in Fig. 25-26 is very small, an amplifier 
is usually used to step it up. A high-gain linear amplifier 
suitable for this purpose is shown in Fig. 25-29. The terminals 
A-B connect to the corresponding output terminals A-B of the 
sweep circuit of Fig. 25-26. The output terminals of the ampli
fier connect to the proper pair of deflecting plates of the cathode
ray tube. This amplifier stage will produce a gain of approxim
ately 40 and the amplification is linear from 20 cycles to 90,000 
cycles + 10 % . Its frequency response is excellent mainly 
because of the use of the combination resistive and inductive 
load RrL, in the plate circuit of the tube. This same amplifier 
may be used to amplify the voltage which is to be observed in 
the cathode-ray tube, if this voltage is small. Two such ampli-
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tiers V 1 and V, are incorporated for these very purposes in the 
commercial oscilloscope shown in Fig. 25-34. When they are 
employed, a change of only 2 volts in the voltage to be observed 
(or the sweep voltage) is amplified by 40 and is made to produce 
over I-inch of deflection of the spot of light in the cathode-ray 
tube illustrated in Fig. 25-15 (the sensitivity of this tube being 
about 75 volts per inch). 

25-37. Wobbling the Test Oscillator Signal Frequency 
for Visual 1-F Stage Alignment.-Now that we are ac
quainted with the construction and operation of the cathode-ray 
tube, the sweep circuit and the amplifier, we are prepared to 
consider the use of the cathode-ray tube as a visual resonance 
curve tracer in the alignment of the tuned circuits of i-f ampli
fiers. The advantages and reasons for the use of the cathode
ray tube in this work have already been stated in Art. 25-25. 
We are interested here merely in how it is accomplished. 

Let us suppose that the response characteristic of a flat
topped i-f amplifier in a superheterodyne receiver is to be ob
served either when checking over the receiver or when actually 
aligning the i-f stages. Ordinarily, a service test oscillator would 
be connected to this i-f amplifier as explained in Art. 25-13. 
As explained in Art. 25-14, its frequency would be varied over 
the flat-top frequency range of the i-f amplifier and the reading 
of the output meter connected to the receiver would be watched 
to find out whether the flat-top characteristic extended over the 
proper band of frequencies. If it did not, adjustments would be 
made to align it as nearly as possible so that it would conform 
to the desired characteristic. However, with the cathode-ray 
tube method, the cathode-ray tube is connected to the receiver 
output instead of the output meter, and the voltage output of 
the i-f amplifier is viewed on its fluorescent screen instead. 

When the cathode-ray tube is employed to view the reson-
ance curve of the i-f amplifier the object is: 

to produce a visual plot of the exact voltage output 
of the tuned stage ( or stages) under consideration, when 
an input signal voltage of constant amplitude but vary
ing in frequency over the frequency band at which the 
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resonance curve is to be observed, is applied to the par
ticular stage ( or stages). 

To obtain this resonance curve, it is first necessary to have a 
signal source of variable frequency covering a range which ex
tends sufficiently above and below the resonant frequency of the 
i-f amplifier so that the complete i-f resonance curve may be 
traced. The input signal must be varied over this frequency 
range repeatedly, at a speed sufficiently high so that the individ
ual output curve traces which appear on the screen of the cath-
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FIG. 25-30.-Arrangement of a motor-driven sweep circuit and 
frequency-wobbler system for taking visual resonance curves on an 
i-f amplifier. An electric motor drives the frequency-wobbler con
denser C, and the sweep-circuit po'tentiometer P. 

ode-ray tube occur fast enough to appear continuous ( say about 
20 times per second). There are several ways of obtaining this 
cyclic variable-frequency signal. 

One of the methods that may be used is to gang the rotor 
shaft of a small tuning condenser, C ,, ( in Fig. 25-30) to the shaft 
of the same motor that drives the sweep-frequency generating 
arrangement of Fig. 25-28. This condenser is then connected in 
parallel with the main tuning condenser of th~ ordinary test 
oscillator which is to be used as the source of i-f signal voltage 
to be fed to the i-f amplifier. This condenser C, may be con
sidered merely as a trimmer condenser in parallel with the main 
tuning condenser, so that rotating it continuously merely varies 
the frequency of the test oscillator from several kc below to 
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several kc above the resonant frequency of the i-f amplifier, i.e., 
it causes the frequency of the test oscillator to "wobble". The 
average frequency of the test oscillator signal may be adjusted 
to any intermediate or radio frequency within the range of the 
equipment. By rotating this "wobble condenser" continuously, 
the test oscillator is made to feed a signal whose frequency varies 
over the intermediate frequency band at which the i-f amplifier 
resonance curve is to be observed. A portable motor-driven 
frequency-wobbler unit which contains a motor M driving a 
2-section wobble condenser W is illustrated in Figs. 25-35 and 
25-36. It will be described later. In this unit, two values of 
wobble condenser are available, a low-range value from 15 to 37 
mmfd., and a high-range value from 20 to 70 mmfd. 

Mounted on the same shaft with this condenser is the sweep 
circuit potentiometer, P, (see Fig. 25-28) the voltage of which 
controls the horizontal sweep of the cathode-ray beam. For a 
single rotation of this condenser, the sweep circuit potentiometer 
makes one complete rotation, so that by properly synchronizing 
the two units, the saw-tooth sweep voltage is zero at the lowest 
frequency of the oscillator and is maximum at the highest fre
quency of the oscillator. 

The output of the second detector of the i-f amplifier is con
nected to one pair of deflecting plates of the cathode-ray tube. 
The saw-tooth timing (sweep) voltage is connected to the other 
pair. Now, as the output of th~ i-f amplifier changes from in
stant to instant because of the varying frequency of the steady 
signal applied to it during one rotation of C,, the sweep circuit 
is spreading this response out on a horizontal axis, of the cath
ode-ray tube so that the response curve is traced on the screen, 
and since the image is repeated twenty times a second ( the 
speed of the motor), it will appear stationary. Hence, the screen 
of the tube will show a resonance curve of the entire i-f ampli
fier. If the output signal of the test oscillator is connected to 
the input of the final i-f stage, then the response curve of only 
this stage can be observed. Extreme flexibility is thus avail
able with this system. 

Another arrangement which makes use of a saturable-core 
reactor, operated from the source of the horizontal sweep v.olt-
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age, to frequency-modulate the test oscillator signal without 
employing any motor-driven devices, will be described in Art. 
25-45. Its schematic circuit arrangement is shown in Fig. 25-40. 

25-38. Connecting the Cathode Ray Tube to the Receiver 
Being Aligned.-There are no fixed rules regarding the con
nection of the cathode-ray oscilloscope to the receiver which is 
being aligned. Every oscilloscope manufacturer supplies detailed 
instructions for its use, which should be followed. The follow
ing points should be kept in mind however whenever such in
structions are not available. The best way to connect the cath
ode-ray oscilloscope to the receiver output depends on whether 
the receiver uses (1) diode, (2) biased, or (3) grid-leak detection. 

If a diode second detector is employed, the output should be 
taken off across the volume control alone, or across both the 
volume control and the ave resistor, if this connection is con
venient. Otherwise, it is satisfactory to take the output voltage 
off between the grid of the tube following the diode circuit, and 
ground. This output is fed to the internal amplifier in the cath
ode-ray oscilloscope and the amplifier, in turn, feeds the proper 
pair of deflecting plates in the cathode-ray tube. 

When the second detector is a biased triode, tetrode or pen
tode, reS'istance-coupled to the first audio stage, the output sig
nal may be taken off between the plate of the tube and ground. 
If it is impossible to take off one connection from ground, a 60-
cycle gradient may be built up between the oscilloscope and the 
receiver itself. This will deform the image on the cathode-ray 
screen. It can be eliminated by connecting the cathode of 
the second detector to the "ground" side of the oscilloscope am
plifier, or to the grounded plate of the pair of deflector plates. 

In the case of a triode, tetrode, or pentode, trans/ armer or im
pedance-coupled to the first audio stage, connect a resistor of 
approximately 20,000 ohms in series with the plate of the tube 
and by-pass the inductance in the plate circuit with a 1.0 mf d. or 
larger capacitor. This changes the impedance of the plate cir
cuit to a reS'istance rather than an inductive reactance. The audio 
output voltage should then be taken off between the plate of the 
tube and ground, in order to take it off across this resistor. 

When the detector is of the grid-leak type, it is usually best 
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to take the output out from between the plate of the detector 
tube and the negative side of the B circuit. 

25-39. Connecting the Test Oscillator to the Receiver 
Being Aligned.-The test oscillator output (it is assumed that 
some frequency-wobbling arrangement has been added to it) 
should be coupled to the control-grid of the tube vreceding the 
i-f stage under alignment. It is essential that this connection be 
made without altering any of the operating characteristics of 
this stage. If the grid of the tube to which connection is to be 
made is at zero d-c potential with respect to ground, the oscil
lator should be connected to the grid of the tube and the lead 
which normally goes to this grid should be disconnected, and con
nected to the low side of the test oscillator output returning to 
the "chassis" or ground. If the grid is not at zero d-c potential 
with respect to ground, connect the high side of the oscillator to 
the grid (disconnecting the lead on the grid) and the low side to 
the C-minus lead for this grid. 

The output of the second detector may be connected to the 
cathode-ray tube as explained in Art. 25-38. With this connec
tion, the image on the screen of the tube will represent the overall 
response of the receiver. Of course, the oscillator must be of 
the high-frequency type and the "wobble" condenser rotated by 
the motor must be small enough so that the frequency is varied 
only by about 20 kc on either side of resonance. This connection 
is used when the r-f stages of a receiver are to be aligned. 

25-40. Aligning 1-F Amplifier Stages with the Cathode
Ray Oscilloscope.-The cathode ray oscilloscope should be 
:ionnected to the receiver as outlined in Art. 25-38 and the test 
oscillator should be connected to the receiver as explainea in 
Art. 25-39. The various beam-focusing, intensity, amplifier, 
synchronizing, etc., adjustments on the oscilloscope should now 
be set properly in accordance with the instructions f umished by 
the manufacturer. The test oscillator should first be set at the i-f 
alignment frequency with the modulation "on", but with the 
"wobbler" circuit disconnected. It then feeds a signal of a 
single frequency to the i-f amplifier. 

The i-f transformer trimmers should now be adjusted for 
maximum output, i.e., peaked as much as possible (see Art. 
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25-13). The resonance curve will be seen on the screen. Now 
the modulation on the test oscillator should be removed, and the 
"wobbler" circuit should be connected to the test oscillator and 
put into operation. The frequency of the test oscillator should 
now be readjusted until the forward and reverse waves show 
on the screen of the tube. The frequency of the test oscillator 
should now be raised carefully until the highest points of the 
two waves coincide. (This readjustment is necessary to com
pensate for the added capacity of the cable and one-half of the 
sweep condenser capacity.) The dial setting of the oscillator 
should be recorded for future reference. The trimmer conden
sers of the primary and secondary of the i-f transformer should 
be adjusted to produce whatever tuning characteristic is de
sired (see Fig. 25-31). The final curve should be symmetrical 
with respect to the intermediate frequency. During i-f alignment, 
the receiver tuning dial should be set at a point where variation of 
its position has no effect on the resultant curve. If this point 
cannot be found, the grid or plate coil of the r-f oscillator in 
the receiver should be short-circuited. The i-f stages should 
be aligned in order, starting at the last stage and working to
ward the first detector. If the receiver employs ave, the pre
cautions explained in Art. 25-19 should be taken before align
ment is started. 

In general, the procedure is somewhat the same as when 
the more conventional output meter arrangement is employed, 
except that the service man sees what he is doing. The effect 
of every change made in the i-f circuit adjustment is instantly 
revealed by a change in the shape of the resonance curve on 
the screen. The actual shape and symmetry of the resonance 
curve is seen; overcoupling, insufficient coupling-everything 
is visible. The cathode-ray tube is really a unique form of out
put meter, and the sweep circuit and frequency-wobbler enable 
the tube to draw, automatically, the response curve of the receiver. 

25-41. Interpreting the Resonance Curves Seen in the 
Cathode-Ray Tube.-It is possible, by carefully studying the 
resonance curve which appears on the screen of the cathode-ray 
tube, to tell just what the tuned circuit will do to a signal. If, 
for example, the tuning system cuts off too sharply or its reson-
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ance curve is not symmetrical, severe distortion may be intro
duced in the sound output of the receiver. Once the resonance 
curve is obtained on the screen, the problem resolves itself into 
knowing whether or not it is good or bad, and what is wrong 
with the tuned circuits if the curve is not as it should be. 

A number of typical oscilloscope curves depicting several 
different receiver conditions are shown in Fig. 25-31 in the 
hope that they will act as a helpful guide in this work. The 
width of each small vertical space represents 1-kc. 

Pattern No. 1 shows that the side bands, 3 kc on either side 
of resonance are cut off. Hence, the tuned circuits represented 
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FIG. 25-31.-Various types of resonance curves as seen on the 
screen of a cathode-ray oscilloscope equipped with the proper fre
quency-wobbler and sweep circuit. The width of each small vertical 
space represents 1 kc. 

by this overall curve are unsuitable for high-fidelity reception 
since the high-frequency response will be poor, although inter
ference will be small. 

Pattern No. 2 shows one side cutting off at 3 kc and the 
other extending over 6 kc. The result is that the receiver may 
be expected to have severe distortion because of the 3 kc cut-off 
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and interference because of the 6 kc extension. If the receiver 
has a diode detector ( or any other type of linear detector) , dis
tortion will be generated in this circuit because of the assym
metry of the response curve. 

Pattern No. 3 is a nearly perfect response curve of a good 
receiver (not high-fidelity), since a frequency band over 8 kc 
is passed almost uniformly. Selectivity will be good because 
of the steep sides of the curve. 

Pattern No. 4 illustrates a good resonance curve for high
fidelity reception. It is substantially flat-topped and passes a 
total band of frequencies 16 kc wide. 

Pattern No. 5 is not an unusual response curve for an im
properly aligned receiver. There is definite overlap into the 
adjacent channels, which will almost certainly give rise to ex
cessive interference. 

Pattern No. 6 is an excellent response curve of a properly 
aligned receiver having "flat top" i-f transformers. Note par
ticularly that the two humps are equal in height and equally 
spaced from the central resonant-frequency line. In any form 
of ordinary flat-top i-f amplifier, the circuits should be adjusted 
until a resonance curve approaching this pattern is obtained. 

Pattern No. 7 is similar to No. 6 except that one of the 
i-f stages is slightly out of line. A slight shift in the tuning 
capacity in this transformer will make the curve symmetrical. 

Pattern Nos. 8 and 9 are similar to No. 7 but with differ
ent proportions of misalignment. The same method of adjust
ment is valid here as for curve No. 7. 

Pattern No. 10 shows the final overall effect of staggering 
three i-f stages. This consists of tuning the second i-f transform
er to exact resonance, the first i-f transformer slightly to the high
capacity side of resonance and the third to the low-capacity 
side. During such adjustments numerous unwanted humps ap
pear when certain adjustments are carried too far, but each 
is seen immediately on the screen of the oscilloscope and the 
condition can be corrected at once. Each peak is definitely 
noticeable here and symmetrically arranged. Almost perfect 
amplification of all the side bands which are passed is possible 
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with an i-f amplifier having a response curve such as this. 
Pattern No. 11 shows the response curve of an i-f amplifier 

having somewhat different staggering than that corresponding 
to No. 10. The response with No. 11 is such that the low audio 
frequencies receive slightly more amplification than the high 
notes. This serves to make the amplitude of both the "lows" 
and the "highs" more nearly uniform, since the "lows" naturally 
have a somewhat lower amplitude. 

Pattern No. 12 is unusual in the sense that it shows the ex
treme selectivity that may be obtained from some receivers 
having a straight-sided narrow-band tuning characteristic. If 
the set is tuned to a distant signal which is located adjacent 
to a channel occupied by a powerful local station, no inter
ference should result. This pattern may also represent severe 
overloading of the tubes. In order to check this, the input 
signal should be reduced to a small value, and the change in 
slope produced should be noted. 

Patterns Nos. 13 and 14 show several types of response 
curves that may be obtained when attempting to stagger three 
i-f stages. The circuits need realignment to obtain the curves 
of either Nos. 10 or 11. 

Pattern No. 15 indicates that oscillation is present in the 
receiver. Note the wave formations, or ripples, in the response 
curve. These ripples arise from the fact that the oscillation 
alters the sensitivity of the receiver considerably at these points. 

Pattern No. 16 shows the response of a single circuit which 
is tuned definitely to a frequency 4 kc above the correct re
sonance frequency. It cuts off one sideband entirely. Such a 
circuit certainly needs realignment. 

Pattern No. 17 shows the different response curves that 
may be obtained from high- and low-gain circuits. 

Pattern No. 18 shows the response from an automobile 
vibrator B unit when the sweep frequency is different than the 
vibrator frequency. 

Pattern No. 19 is interesting in that it shows the pattern pro
duced when one plate of each pair of deflector plates is connected 
across the primary and the other two plates are connected across 
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the secondary, respectively, of the power transformer; the sec
ondary voltage being reduced so that it equals the primary volt
age. The conditions, then, are exactly the same as for the con
struction shown in Fig. 25-22. ( The line may be made to slant in 
the opposite direction by merely interchanging the deflector plates 
used for the primary and secondary voltages.) The small areas 
that appear like smudges really represent transient voltages 
( voltages that are built up instantaneously due to various 
causes). The primary and secondary voltages from a power 
transformer that feeds a mercury-vapor rectifier tube may well 
simulate Pattern No. 19 because of the transients caused by 
ionization of the mercury in the rectifier. It is to eliminate 
these transient voltages that by-pass condensers and r-f filters 
are inserted in the circuits of these tubes. 

25-42. Aligning R-F and Oscillator Stages with the Cath
ode-Ray Oscilloscope.-The equipment used for the alignment 
of the r-f and oscillator stages of superheterodynes is identical 
with that used for the i-f stage alignment, except that the test 
oscillator output is connected to the antenna and ground posts 
of the receiver (see Art. 25-18). 

The test oscillator should be set at the r-f alignment fre
quency of the receiver and the tuning dial of the receiver 
should be set at this frequency. The cathode-ray oscilloscope 
should be connected to the output of the second detector (see 
Art. 25-38) and the test oscillator should be turned "on" with 
modulation "on". The various controls of the oscilloscope 
should now be adjusted properly with the frequency "wobbler" 
circuit disconnected from the test oscillator. The oscillator 
and r-f trimmers of the receiver should now be adjusted 
( see Art. 25-37) until maximum possible output is obtained. 
The modulation of the test oscillator should now be turned 
"oti", the frequency wobbler circuit (adjusted for the correct 
amount of r-f frequency wobbling) should be connected to the 
test oscillator, and the sweep circuit should be properly syn
chronized with it. The test oscillator tuning should be ad
justed until two curves show on the screen and the oscillator 
tuning should be readjusted until the two curves coincide at 
their highest points. The dial setting of the test oscillator 
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should be recorded for future reference. The receiver oscillator 
trimmer should now be adjusted until the forward and reverse 
curves coincide as well as possible and then the r-f trimmers 
should be adjusted until the curves coincide throughout. 

25-43. Additional Uses for the Cathode-Ray Oscilloscope. 
-It is impossible here to do any more than merely hint at some 
of the possible additional applications of the cathode-ray oscillo
scope in radio service work. In general, the cathode-ray tube 
and its associated circuit may be likened to a vacuum-tube volt
meter. Since the deflecting plates have a very small capacity 
between them, its input impedance is almost infinite. 

(1) Measurement of voltage: One of the simplest uses of 
the cathode-ray tube is for the measurement of voltage. Since 
the deflection of the spot on the screen is directly proportional to 
the deflecting voltage, the screen may be calibrated and the in
strument used as a voltmeter for either direct, low-frequency or 
high-frequency voltages. 

When a d-c voltage is applied, the polarity as well as the 
magnitude is indicated by the displacement of the spot. When 
an alternating voltage is applied, the spot oscillates back and 
forth with an amplitude proportional to the peak-to-peak value 
of the applied voltage. For example, a IO-volt root-mean
square sine wave produces a sweep with an amplitude equal to 
28 volts. At frequencies above about 8 cycles per second, the 
sweep of the spot appears as a line, due to the persistence of 
v1s1on. There is no error due to frequency until extremely 
high radio frquencies are reached. Overvoltage on the deflect
ing plates (if it is not excessive) merely sweeps the spot off 
the screen. Thus, the cathode ray tube, being rugged, having a 
high impedance, and being independent of frequency, is useful 
as a peak voltmeter. A transparent celluloid scale can be made 
up with the voltage calibrations marked directly on it, so that 
when it is placed over the screen any deflection of the spot can 
be read off immediately in terms of the voltage applied to the 
deflecting circuit. 

(2) Measurement of current: If the cathode-ray tube is 
connected across a resistor of known value which is inserted in 
series with a circuit, and the voltage drop across this resistor is 
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measured with the cathode-ray tube (calibrated as a voltmeter) 
the current flowing through that resistor, and hence through the 
circuit may be calculated by ohm's law. Hence the tube may be 
used (indirectly) to measure current. 

(3) Measurement of capacity and inductance: By using 
a cathode-ray tube to determine the shape of the resonance curve, 
the resistance of coils and of condensers may be ascertained. A 
high and narrow curve signifies a low-resistance circuit. Con
densers may be compared as to capacity and coils as to in
ductance by the simple process of tuning a circuit consisting 
of a standard coil and condenser and noting the wave shape 
on the screen of the cathode-ray tube. Then the coil or con
denser to be compared to the one already in the circuit is sub
stituted and the wave shape noted. From the change in os
cillator frequency required to again establish resonance, as in
dicated on the screen, the capacity of the condenser or the 
inductance of the coil may be ascertained. Also, from the wave 
shape observed, the resistance of the new coil and condenser 
may be determined. 

(4) Test of overall receiver sensitivity: A rough check 
on the overall sensitivity of a receiver may be made by con
necting the test oscillator to its input terminals, and the direct 
input terminals of the oscilloscope to the output of the power 
stage. Using an arbitrary value of sweep frequency (within the 
audio range of the receiver) the output waYe form should be 
observed when the intensity of the test oscillator signal is raised 
to full strength and also when it is reduced to minimum value. 
If the receiver amplification is low, a limited change in height 
of the wave form will result, if it is high, a large noticeable 
change will result. 

(5) Test of overall audio fidelity of a receiver: If it is 
desired to measure the overall audio fidelity of a receiver, the 
audio voltage which modulates the test oscillator should be con
nected to one set of deflecting plates of the oscilloscope (many 
test oscillators have convenient terminals from which the modu
lating voltage may be picked off) . The frequency control of the 
saw-tooth oscillator should now be adjusted to be near that of 
this audio input signal, so that one cycle of it is observed on 
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the screen. Its wave form should be observed carefully I 
Now the modulated r-f test oscillator signal should be con

nected to the Ant. and Gnd. terminals of the receiver, and the in
put terminals of the oscilloscope connected to the loudspeaker 
voice coil. The wave form now observed should be compared 
with that which was seen when the test oscillator audio output was 
connected directly to the oscilloscope. If it is sensibly the same, 
no audio distortion has taken place in the receiver; if it is not the 
same, the distortion is caused by the receiver. If distortion is 
present, it may be localized to a particular audio stage in the 
following way. 

(6) Localizing audio distortion in a receiver: In order 
to localize the source of the distortion, the r-f output of the modu
lated test oscillator should be connected to the Ant. and Gnd. 
terminals of the receiver, and the oscillator set at a frequency at 
which the distortion is experienced. The proper "input" term
inals of the oscilloscope should now be connected between B
minus and the "plate' 'terminal of any audio stage. The "sweep" 
frequency of the oscilloscope should be reduced so that several 
cycles of the audio modulation of the test oscillator signal show 
on the screen. 

The input terminals of the oscilloscope should now be con
nected successively to the output of the detector, first audio and 
output stage of the receiver, in turn, and the exact wave form 
produced on the screen in each case should be noticed carefully. 
If the wave form is entirely symmetrical at one stage and dis
tortion occurs in the next one, the wave form will lose its sym
metry when the oscilloscope terminals are connected to the plate 
circuit of the off ending stage. 

A test to determine if the distortion is due to overloading 
may be made by simply reducing the output intensity of the test 
oscillator signa! while watching the wave form on the screen. 
If this reduction causes the wave form to assume a symmetrical 
shape, it is likely that distortion was caused by overloading. If 
the wave form still remains unsymmetrical, the circuits of the 
distorting stage should be analyzed to determine if any com
ponent in it is faulty. 

Not only the stage in which distortion occurs, but at what 
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volume level it takes place, and in which stage it occurs first 
may be ascertained quickly by means of the cathode-ray oscillo
scope, and the proper remedies applied to eliminate the distortion. 

(7) Test of overall audio fidelity of an a-f amplifier: 
If the overall fidelity of an audio amplifier alone (such as a 
public-address amplifier) is to be checked, an r-f test oscillator 
cannot be used as a signal source. An a-f signal source must be 
used instead. The signal output of an audio oscillator or a good 
phono-pickup unit played from a constant-frequency test record 
is suitable for this purpose. The procedure is sensibly the same 
as has already been described. This method has an advantage 
in that the audio fidelity may be checked at a number of audio 
frequencies over any desired band by setting the a-f oscillator 
( or using proper test re:cords) to cover these frequencies. An 
"audio wobbler" may also be used for this purpose. 

(8) Localizing distortion in an a-f amplifier: If the fore
going test reveals that distortion is present, the particular stage 
in which it occurs may be localized by feeding the audio signal 
(or "audio wobbler") to the amplifier input. The oscilloscope 
input terminals should now be connected successively to the input 
and output terminals of each stage (starting with the first one) 
and the wave form produced on the screen in each case noticed 
carefully. The stage ahead of the point at which distortion of 
the wave form is observed is the offending one. 

(9) Checking a receiver for intermittent operation : If 
a receiver operates intermittently, it may be checked by applying 
the modulated signal from a test oscillator to its input terminals 
in the usual way, and then examining its wave form in its passage 
through each successive stage. The proper pair of deflecting 
plates of the oscilloscope should be connected to the "plate" of 
each successive stage and "ground". The saw-tooth oscillator 
voltage of the oscilloscope should be set at a maximum value 
in the case of the r-f stages and at a lower value (less than the 
a-f examined) in the case of the a-f stages. The signal pattern 
on the screen should be observed long enough to determine 
whether the first r-f stage is functioning. Then proceed to the 
next, etc. The faulty stage will show up visually! 

These are but a few of the many uses of the cathode-ray 
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oscilloscope in which the service man is interested. Present in
dications point to its becoming one of the most useful pieces of 
test equipment in his daily work. 

When using cathode-ray tubes, it should be remembered that 
a cathode-ray beam producing a light spot of high brilliancy 
will burn the fluorescent screen if it is allowed to remain sta
tionary even for a short interval. Such operation may cause 
excessive heating of the glass, with resultant puncture. To 
prevent this possibility, the beam should be kept in motion. It 
is well to apply controlling voltage to the deflecting system 
before permitting the electron stream to flow. Stopping of the 
electron beam may be accomplished by removing the voltage 
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FIG. 25-32.-Exterior view of a 
typical commercial cathode-ray os
cilloscope designed for use in radio 
service work. The circular screen 
of the cathode-ray tube and the 
control panel with its various con
trol knobs are plainly visible. The 
interior of this instrument is shown 
in Fig. 25-33. Its schematic cir
cuit diagram will be found in Fig. 
25-34. (Type TMV-122-B) 

on the high-voltage anode or by increasing the bias voltage on 
the control electrode to the cut-off point. 

At this point, two commercial cathode-ray oscilloscopes de
signed especially for radio service work will be described. These 
instruments possess many unique circuit features which are 
interesting and should prove instructive. 

25-44. RCA Type TMV-122-B Cathode-Ray Oscilloscope. 
-This commercial instrument, designed especially for radio 
service work, provides cathode-ray measuring facilities by incor-
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porating most of the essential equipment in a single case, shown 
in the illustration of Fig. 25-32. The screen and various con
trol knobs are plainly visible. An interior view of the instru
ment, showing the cathode-ray tube and the various rectifier 
and amplifier tubes, is shown in Fig. 25-33. The complete 
schematic diagram of the circuit arrangement employed is shown 
in Fig. 25-34. 

The device uses six tubes 
in the following manner: a type 
157 tube, VJ, as an amplifier 
for the voltage to be observed 
(which is applied here to the ver
tical deflecting plates): another 
type '57 tube, V2, as an ampli-

FIG. 25-33.-Interior view of the 
RCA Cathode-Ray Oscilloscope 
showing the rectifier tubes at the 
rear, the amplifier tubes directly in 
front of them, the cathode-ray tube 
vertically along the center and the 
saw-tooth oscillator tube near the 
front of the panel. The power 
transformer which supplies power 
for all the tubes and rectifier cir
cuits is in the case at the rear. 
(Model TMV-122-B) 

fl.er for the saw-tooth sweep or 
timing voltage generated in the 
instrument ( which is applied to 
the horizontal deflecting plates); 
a gas-filled tube, VS, for gen
erating the saw-tooth timing 
voltage; a half-wave rectjfi.er, 
V 4, for supplying the 1,200-volt 

Oourte6JI B.0.A.. Jlfg. Oo. 

d-c polarizing voltage for the cathode-ray tube; a full-wave rec
tifier, V5, for supplying voltage to the plates of the two ampli
fier tubes and the gas-filled tube; and V6, the 3-inch cathode-ray 
tube which requires about 1,000 volts on its high-voltage anode. 
A single power transformer T 1 is used for V 4 and V 5, but their 
outputs are filtered individually. 
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FIG. 25-34.-Schematic circuit diagram of the complete oscillo
scope illustrated in Figs. 25-32 and 25-33. ( Oourte~ R.0.A.. Jlfg. O•.) 
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The two binding posts marked "Vertical" are to be con
nected to the voltage under observation or to the second detec
tor tube of the receiver to be aligned. With the "Ampl-A" 
switch turned on, these posts connect to the input of Vt. The 
output of Vt connects through Ct to the vertically deflecting 
plates of the cathode-ray tube. Potentiometer Rt varies the 
amplitude of the input signal to this tube. 

V~ is a type '885 gas tube connected as shown in Fig. 25-26. 
Its action in generating the sweep or timing voltage was ex
plained in Art. 25-34. The voltage across any one of the bank of 
condensers is fed to the input of VS for amplification and the out
put of VB connects to the horizontally deflecting plates of the 
cathode-ray tube. The connections are made with the "Amp. B" 
switch, S,, in the "Timing" position. This saw-tooth timing volt
age is not available externally, but suitable switching is provided 
so that either this internal timing oscillator or an external 
9ource of timing voltage may be connected to the cathode-ray 
deflection plates through the amplifier tube VB. The frequency re
sponse of the two stages of amplification is substantially uniform 
from 20 to 90,000 cycles per second because of the use of the 
combination resistive and inductive load in the plate circuit of 
each tube, represented by RS and Lt in the plate circuit of Vt 
and R7 and LB in the plate circuit of VB. These amplifier 
stages were described in Art. 25-36, and shown in Fig. 25-29. 
The two binding posts marked "Horizontal" facilitate the con
nection of some other external voltage to the horizontally de
flecting plates. 

R-F or 1-F Circuit Alignment with the Oscilloscope: 
In order to visually align the r-f and i-f stages of a receiver with 
the oscilloscope, it is necessary to employ a test oscillator to feed 
a signal into the r-f or i-f stage,to be aligned, and to also arrange 
to apply the output voltage of the receiver to one pair of de
flecting plates (usually the horizontal pair) of the cathode-ray 
oscilloscope, so that it will cause vertical deflection of the cath
ode-ray beam in accordance with the instant-to-instant output 
of the receiver. In addition, this constant-intensity r-f or i-f 
signal supplied by the test oscillator must have its frequency 
varied ("wobbled") up and down (at an audio rate) over the 
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small frequency band for which the resonance curve is to be ob
served, so that the variation which occurs in the receiver output 
when the frequency of the input signal is varied over this band 
will be obtained and recorded on the screen of the cathode-ray 
tube. For instance, if the resonance curve of a 460 kc i-f stage 
which is flat-topped from about 455 to 465 kc is to be checked, the 
test oscillator frequency must be varied up and down (at an audio 
rate) from at least 455 to 465 kc in order to obtain the output 
at each frequency within this band so that the flat-top portion 
of the resonance curve (similar to that shown in Fig. 25-9) will 
be obtained. It would be preferable to vary the oscillator fre-

GourtPBJI R.G.A.. M/11. Co. 

FIG. 25-35.-A port
ab 1 e motor - driven 
"frequency - wobbler" 
and saw-tooth voltage 
synchronizing unit for 
use with a cathode
ray oscilloscope when 
aligning tuned cir
cuits. (Model TMV-
128-A) 

quency over a larger range from about 450 to 470 kc so that 
the entire resonance curve could be checked. 

This recurrent frequency variation must be obtained by using 
some sort of "frequency-modulating" or "frequency-wobbler" 
arrangement which will continuously vary or "wobble" the fre
quency of the test oscillator above and below the frequency for 
which its main tuning condenser is set. As explained in Art. 
25-37, this frequency "wobbling" may be accomplished by means 
of a special "trimmer" condenser of small capacity connected 
across the main tuning condenser of the test oscillator and ar
ranged to be motor-driven at the correct speed. 
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Simultaneously with such frequency variation, it is necessary 
that an a-c voltage be generated to properly synchronize the 
saw-tooth sweep voltage generator (in the oscilloscope), so that 
the saw-tooth sweep voltage impulses will be in exact synchronism 
with this frequency variation-that is, so that one complete saw
tooth voltage impulse occurs exactly during the same time, and 
at the same instant, that the band of frequencies is swept over. 
Then, the output of the receiver over this entire band of fre
quencies will be traced on the screen of the cathode-ray tube 
in the form of a resonance curve ( see Fig. 25-31) . 

A complete motor-driven frequency-"modulator" (or "wob
bler") and synchronizing impulse-generating unit designed es-

ON-Off 
SWITCH 

110-12ov. 
!>0-60"' M 

HIGH 

FIG. 25-36.-Schematic circuit arrangement of the motor-driven 
"frequency-wobbler" and saw-tooth voltage synchronizing unit illus
trated in Fig. 25-35. 

pecially for this purpose, and arranged in a portable mounting 
case is illustrated in Fig. 25-35. Its circuit arrangement is shown 
in Fig. 25-36. Referring to the former illustration, the electric 
motor M drives both the "wobble" condenser W and the rotor 
R of the. a-c synchronizing impulse generator by a common 
shaft. As may be seen from Fig. 25-36, the "wobble" condenser 
is composed of two sections C I and C, consisting of conven
tional type rotary condensers, each having a single rotor plate 
attached to the common motor-driven shaft and each arranged 
to rotate between two stationary plates. Contact is made to the 
rotor shaft by means of brush B. The stators are connected 
so that one remains connected at all times. This provides a cap
acity variable from 15 to 37 mmf d. When switch S, is closed, 
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the section C, is connected in parallel with the first, providing a 
capacity variable from 25 to 70 mmf d. These condensers are 
driven at a normal speed of 1,550 r.p.m., providing a complete 
"up" and "down" frequency variation of the test oscillator sig
nal 1,550 + 60 or about 16 times per second. 

The small synchronizing impulse generator consists of a 
horse-shoe permanent magnet having a coil wound on each leg 
(coils Li and L,). In the magnetic field existing between the 
poles of this magnet is rotated the iron rotor G having a special 
shape to produce the desired impulse-voltage wave form due to 
its effect of increasing and decreasing the strength of the field 
across the gap and through the coils. The result is that suitable 
a-c voltage impulses are generated in coils Li and L,, and since 
the rotor G is rotated in synchronism with the rotor plates of 
condensers C 1 and C, these generated voltage impulses will be 
in exact synchronism with the changes in capacity of these con
densers and the changes in frequency which they produce in the 
test oscillator to which they are connected. This synchronizing 
voltage is connected to the "synchronizing transformer" T, 
(through the "EXT. SYNC." terminals) in the oscilloscope (see 
Fig. 25-34) so that it acts on the grid of the saw-tooth sweep 
voltage generator tube and thereby accurately synchronizes the 
saw-tooth impulses produced by this tube circuit with the fre
quency variations produced in the test oscillator output by the 
frequency-wobbler condenser. This results in synchronizing the 
horizontal deflection of the cathode-ray beam with the r-f or i-f 
frequency variation. 

If an i-f amplifier is to be aligned, the external signal gen
erator is connected to its input in the usual fashion and the output 
of the second detector is connected to the vertically deflecting 
plates of the oscilloscope. The synchronized saw-tooth oscillator 
voltage is applied to the horizontally deflecting plates at the same 
time, and its frequency is adjusted so that a single pattern is 
obtained on the screen. Under these conditions, the overall re
sonance curve of the tuned circuits between the point to which 
the variable-frequency constant-intensity signal of the test os
cillator is applied and the point to which the oscilloscope is 
<'onnected will be shown on the screen. The effects which any 
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trimmer adjustments produce on this resonance curve are im
mediately seen on the screen (see Fig. 25-31), so the necessary 
alignment adjustments may be performed properly and quickly. 

The following are the essential control adjustments of this 
oscilloscope. They can be followed by ref erring to the schem
atic circuit diagram of Fig. 25-34. 

1. "Intensity" control, R-17, is a 100,000-ohm potentiometer in 
the low side of the 1,200-volt bleeder. Its position controls the bias on 
the grid of the cathode-ray tube, which, in turn, determines the quan
tity of electrons emanating from the "gun," thus controlling the 
spot size. The power switch S5 is located on this potentiometer. 

2. "Focus" control, R-19, is a 300,000-ohm potentiometer in the 
1,200-volt bleeder. Its position controls the anode No. 1 voltage, which 
(with constant anode No. 2 voltage) determines the distance at which 
the electron beam focuses. In general, for a given "Intensity" setting, 
the "Focus" control should be set for maximum distinctness of spot 
or image. 

3. "Ampl. A" switch, S1, connects the "Vertical" binding posts 
either straight through to the vertical deflecting plates on the cath
ode-ray tube or through amplifier tube, Vl, to these deflecting plates. 
In either case there is a condenser in the input circuit. 

4. "Ampl. B" switch, S!, has 3 positions: "Timing," "On," and 
"Off." In the "Timing" position the "saw-tooth," or timing axis, 
oscillator feeds through amplifier, V2, to the horizontal deflecting 
plates on the cathode-ray tube. When in the "On" position the "Hori
zontal" binding posts are connected through amplifier, Vl, to these 
deflecting plates. When in the "Off" position, the binding posts are 
connected straight through to the deflecting plates. In either of 
the latter two cases there is a condenser in the input circuit. 

5. "Ampl. A Gain" control (vertical), Rl, is a 600,000-ohm 
potentiometer on the input circuit of the vertical amplifier. With 
"Amplifier A" switch "On," this potentiometer controls the vertical 
deflection. 

6. "Ampl. B Gain" control (horizontal), R4, is a 500,000-obm 
potentiometer on the input circuit of the horizontal amplifier. With 
"Amplifier B" switch in the "Timing" or "On" position, this potentio
meter controls the horizontal deflection. 

7. ''Range" switch, S4, selects one of four timing capacitors 
and on alternate positions it places a 3-meg. resistor, R11, in and out 
of the circuit. It thus changes the timing axis oscillator frequency in 
steps, giving 8 ranges, as follows: No. 1, 20-37; No. 2, 37-120; 
No. 3, 120-205; No. 4, 205-700; No. 5, 700-1,100; No. 6, 1,100-3,700; 
No. 7, 3,700-5,700, and No. 8, 5,700-15,000 cycles per second. 

8. "Freq." control, Rl!!, is a 4-meg. rheostat in a series with the 
timing condenser. It changes the timing axis oscillator frequency grad
ually as it is rotated, and, in conjunction, with "Range" switch SJ, 
above, gives continuous range between the extremes of frequency 
(20-15,000 cycles). 

9. "Sync." control, R9, is a 1000-ohm potentiometer controlling 
the amount of synchronizing voltage fed to the grid of the 885 tube. 
In general it should be set as far counter-clockwise as is consistent 
with a locked image, as over-synchronization causes poor wave-form 
from the timing axis oscillator. 
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10. "Synchronizing" switch, S3, has three positions, "Int.," "60 
Cycle," and "Ext." In the "Int." position the voltage drop across 
resistor R9 in the plate circuit of the vertical amplifier is fed 
through the input transformer to the grid of the 885 tube. Thus, 
the timing axis oscill~tor can be synchronized with the signal on the 
vertical axis at fundamental frequency or any small sub-multiple, 
such as ½, 1h . . etc. Synchronization is not effective if it is at
tempted to operate the timing axis oscillator at a higher frequency 
than that of the synchronizing voltage. In the "60 Cycle" position 
a 2.5 V. 60 cycle source is impressed across the "Sync." control, and 
can be used for locking the timing axis oscillator at 60, 30, or 20 
cycles. In the "EXT." position the "EXT. SYNC." binding posts are 
connected across the "Sync." control. This allows the use of an 
external source for synchronizing. 

11. On the right-hand side of the cabinet, toward the rear, 
are two potentiometers slotted for screw-driver control. These po
tentiometers control the amount of d-c potential between the two 
deflecting plates of each pair, and thereby allow adjustment of the 
position of the spot or image. The rear potentiometer, R!I, (300,000 
ohms), controls the horizontal deflection and the front one, Rl8 
(300,000 ohms), controls the vertical deflection. 

12. There are three pairs of binding posts on the unit. Volt
age impressed on the "Vertical" posts will produce vertical deflection. 
Voltage impressed on the "Horizontal" posts will produce horizontal 
deflection. The "Ext. Sync." posts are used when it is desired to 

FIG. 25-37.-A combin
ation cathode-ray oscillo
scope and test oscillator 
built into a single portable 
case. The cathode-ray 
tube screen is at the top. 
T h e frequency - selector 
dial of the test oscillator 
is at the bottom. (Model 
CR500) 

Oourtnv Wirelua Egert Eng., I~. 

synchronize the timing axis oscillator with some external source. 
The binding posts marked "0" are all common ground and the ones 
marked "High" are insulated from ground, which is the chassis. 

2S-4S. Wireless Egert Model CRS00 Visual Resonance 
Oscilloscope.-This device is a complete cathode-ray instru
ment designed especially for radio service work. It is of con-
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siderable technical interest since it contains in compact, self
contained form an all-wave test oscillator capable of covering 
a range of 100 to 22,000 kc, a cathode-ray tube with associated 
power supply equipment, and an electrical sweep circuit. The 
complete unit is illustrated in Fig. 25-37. The screen of the 
cathode-ray tube is near the top, and the tuning dial for the 
test oscillator is near the bottom. A block diagram showing the 

<A> 
,., CB) (0) 

800 KC. ATTENUATOR RADIO 
FREQUENCY ANO 

100 KC. RECEIVER 
MODULATED 800 KC.- TO 22M~ BEING TEST-OSCILLATOR MIXER 

6f'"7 ED 

t 
-...--

6A7 2ND i 
DET. 

OUTP. 

tC > (El 
VARIABLE TO AMPLIFIER 

TO FREQUENCY L DETECTOR 
SAW-TOOTH OSCILLATOR IN OSCILLO-

OSCILLATOR - 900 KC. TO SCOPE 
22,800 KC. 175 

.... 
I 

c::b-DEFLECTING PLATES or 
n I CATHODE-RAY TUBE. 

UTI I -
FIG. 25-38.-Block diagram showing the main parts of the visual 

resonance oscilloscope illustrated in Fig. 25-37. Their relation to 
each other is indicated by the circuit lines. The frequency of oscil
lator (A) is indicated as 800 kc. here. This is actually the average 
frequency between 789 and 811 kc., as is explained on Page 787. 

relation of the various main parts of the instrument is shown 
in Fig. 25-38. 

This device provides direct-reading resonance indications for 
all types of intermediate, broadcast and short-wave frequency 
alignment tests, and may also be used for visual indications of 
selectivity curves, adjacent channel selectivity, ave action, r-f 
signal distortion, presence of regeneration or oscillation in cir
cuits, hum measurements, vibrator-transformer operation, a-f 
harmonic distortion, noisy circuits, etc. 

The operation of the instrument without the sweep circuit 
is as follows. Referring to Fig. 25-38, tube (A) oscillates at 
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about 811 kc in a conventional oscillating circuit. Tube (C), 
which is one section of a 6A7 tube, constitutes a variable-fre
quency oscillator having a range from about 900 to 22,800 kc. 
The output of oscillator (A) modulates the output of oscillator 
(C) in the 6A7 tube, and the output consists of the sum and 
difference frequencies, exactly as in the mixer stage of a super
heterodyne. The difference frequency is the one that is utilized. 
This difference frequency is therefore variable from 89 to 21,989 
kc by varying the tuned circuit in oscillator ( C). Thus, the 
action so far is exactly the same as in any superheterodyne re
ceiver. The 811 kc oscillator output is equivalent to an in
coming signal and the 900 to 22,800 kc oscillator is equivalent 
to the local oscillator in the receiver. 

The output of this combination is then fed to the receiver 

SAW- TOOTH-::::;l 

VOLTAGE<~ VOLTAGE 
ACROSS nRST ~ APPLIED TO 

CHOKE ...S- FILTER 
CIRCUIT BY 

RECTIFIER 

FIG. 25-39.-How a saw-tooth voltage may be obtained from the 
output of a full-wave rectifier-filter system. 

whose circuits are to be aligned. The output of the detector 
of the radio receiver under test is then fed to a type '75 tube 
in the oscilloscope. The '75 is a triode-diode, so that the re
ceiver output connects to the triode section and its output is 
rectified by the diode section. It is the diode section that is 
applied to the vertical deflecting plates of the cathode-ray tube. 
With no sweep circuit, therefore, the image on the screen of 
the cathode-ray is merely a vertical line (see Fig. 25-21), and 
is of little significance to the service man. 

The sweep circuit is especially unique, as it does not make 
use of thyratron tubes or motors; it uses the output of a recti
fier tube for the saw-tooth timing voltage. It was shown in 
Art. 20-19 and in Fig. 20-23 that the output of a rectifier tube fed 
into a filter has ripples, and that the shape of these ripples is saw
toothed, as shown in Fig. 25-39. This saw-toothed voltage is 
coupled to the 811 kc oscillator circuit as shown in Fig. 25-40 
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This oscillator, like the usual Hartley circuit connection, consists 
of tank coils L1 and L, and tuning condenser C. Since the fre
quency is not variable, condenser C is fixed. The coils of this 
oscillator are wound on an iron core, and on this same core is 
another winding L,, which connects to the saw-toothed voltage 
generated by the rectifier tube. The form of this voltage is sub
stantially that shown to the lower right of L,. 

When the voltage across L, rises, from a to c, the core be
comes saturated, and the inductance of L 1 and L, decreases, 
lowering the frequency of the 811 kc oscillator. Thus, the fre-

FIG. 26-40.-Circuit 
arrangement employ
ed in the oscilloscope 
of Fig. 26-38 for ob
taining frequency
modulation of the 800-
cycle oscillator. A 
saturable-core reactor 
arrangement is used. 

C 

TO OSCILLATOR TUBE· ONE 
SECTION Of" 6 r7 TUBE 

[IAW-TOOTH VOLTAGE 
F"ROM RECTIF"IER 

811 800 78~ 
KC KC. KC 

TT : ! . 
TO HOR,ZONTAL I~ 

DCF"LCCTOR PLATES or ii"-_...._ ______ __, 
CATHODE-RAY TUBE 0 

quency lowers uniformly as the saw-tooth voltage rises through 
values a, b and c. With the saw-tooth voltage at a, the fre
quency of the oscillator is about 811 kc, at b it is about 800 kc, 
and at c is about 789 kc. The average frequency, corresponding 
to point b of the saw-tooth voltage, is 800 kc, and is so labeled at 
(A) of Fig. 25-38. 

Thus, the output of oscillator (A) is frequency-modulated 
by the induction effect of the saw-tooth voltage, and its variable
frequency voltage is mixed with the output of oscillator (C) in 
the mixer circuit (B). The output of (B) therefore varies about 
11 ko on either side of the setting determined by oscillator ( C). 
Thus, if the fundamental frequency of oscillator (C) is 1,250 kc, 
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then the output after mixing would be varying between 439 and 
461 kc, and it is this variable frequency that is applied to the re
ceiver under test. By varying the magnitude of the saw-tooth os
cillator voltage, the degree of saturation of the core of oscillator 
(A) may be varied, which in turn, will vary the amount of 
change in inductance, which results in a variation in the amount 
of frequency modulation. By reducing the saw-tooth voltage 
to zero, oscillator (A) will function at 811 kc. In normal use, 
however, the 22-kc (11 kc on either side) variation in frequency 
is necessary. 

The saw-tooth oscillator is also connected to the horizontal 
deflecting plates of the cathode-ray tube for timing purposes, 
and since the timing and amount of frequency modulation ( or 
"wobbling") are determined by the same saw-tooth oscillator, a 
synchronized image of the response curve of the receiver under 
test is obtained. 

For example, consider oscillator (C) tuned to 1,250 kc; also 
consider oscillator (A) varying between 789 and 811 kc as in 
the previous example. The voltage fed to the receiver under 
test then will vary betweeIJ. 439 and 461 kc. The receiver is 
tuned to the average of the two, or to 450 kc, so that its output 
will vary according to the selectivity of the receiver. The out
put of the detector is then fed to the '75 tube in the oscilloscope 
and rectified. This rectified voltage is then applied to the ver
tically-deflecting plates of the cathode-ray tube. A straight 
vertical line would be seen were it not for the sweep voltage. 
The saw-tooth oscillator is also connected to the horizontally
deflecting plates of the cathode-ray tube, so that the wave is 
spread out. Thus, in Fig. 25-40, when the saw-tooth oscillator 
voltage is at point a, the frequency fed to the receiver is 439 kc; 
the spot on the screen will therefore be at the extreme left since 
the saw-tooth voltage is zero. As the frequency of oscillator 
(A) decreases to 789 kc, the frequency applied to the radio re
ceiver increases to 461 kc, and at the same time the saw-tooth 
oscillator voltage, connected to the horizontal deflecting plates, 
moves the spot to the right, and the response curve is taken. 
At point c, the saw-tooth voltage is maximum, and at d it is 
zero, so the spot moves almost imtantaneomly to the left and 



CH. XXV ALIGNING SUPERHETERODYNE RECEIVERS 789 

the frequency of oscillator (A) is raised to 811 kc and the oper
ation begins all over again. This is repeated as many times 
per second as the saw-tooth voltage repeats, which, in the case 
of a 60-cycle supply, is about 1/60 second per sweep, or about 
60 sweeps per second. This is more than enough to furnish a 
constant image. 

The instrument may also be used for any other type of 
measurement for which cathode-ray tubes can be used. Con
nections to the deflecting plates and the oscillator terminals are 
brought out for external use, a microammeter is used for set
ting the frequency of both oscillators, and the entire instru
ment is self contained with all power units intact. The usual 
controls are available for changing the intensity and size of 
the spot. The "frequency wobble" obtainable in this instrument 
is limited to 11 kc. on either side. 

Because of its wide radio-frequency range, the instrument 
is suitable for aligning and testing all i-f broadcast and high
frequency (short wave) amplifiers and filters. 

25-46. Oscillograph and Oscilloscope.-At the present 
writing there seems to be some confusion concerning the use of 
the terms cathode-ray oscillograph and cathode-ray oscilloscope 
for the type of apparatus which has been described in the latter 
part of this chapter, especially in Arts. 25-44 and 25-45. Man
ufacturers of these instruments are using both terms for these 
devices. Although the distinction between these terms is rather 
a fine one, it is the opinion of the author that if one must be 
made, the term cathode-ray oscilloscope should be applied to 
the device in which the wave form produced on the screen is 
viewed or observed visually with the naked eye; the term 
cathode-ray oscillograph should be applied to that type of ap
paratus in which the image on the screen is recorded, usually 
on a photographic plate or film. If the origin of the two suffixes 
are investigated, we find that "scope" and "graph" are both 
derived from the Greek. The former means "to view" with the 
eye; the latter means "to write". Since the average cathode-ray 
instrument of the general type described in this chapter, designed 
for radio service work, simply permits the service man to view 
the image on the screen vi&ually, the name oscilloscope would 
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seem to be the more appropriate one. This term has been used 
in this book. As soon as a camera or other recording device is 
added to the oscilloscope, so that the image may be recorded, 
the entire unit becomes an oscillograph. 

REVIEW QUESTIONS 

1. What is the main advantage of the superheterodyne circuit? 
2. How is the advantage of Question 1, obtained in practice? 
3. How is the frequency of the incoming signal reduced to that 

to which the i-f amplifier is tuned? 
4. Is the oscillator frequency in a superheterodyne receiver usual

ly made higher, or lower, than the signal frequency? Why? 
5. What is meant by the "difference frequency" in a superhet

erodyne? What is another name for it? 
6. What adjustments are necessary to completely align a super

heterodyne receiver? 
7. What operating symptoms will be noticed in a broadcast-band 

superheterodyne receiver whose i-f circuits are misaligned; 
(a) if the i-f transformers are of the sharply-peaked type; 
( b) if they are of the flat-top type designed to flat;.top over a 
10 kc band? 

8. What operating symptoms will be noticed in a broadcast-band 
superheterodyne receiver in which the r-f tuning circuits are 
not aligned properly with each other? 

9. What operating symptoms will be noticed in a broadcast-band 
superheterodyne receiver in which the oscillator frequency 
tracks properly above the signal frequency over the high-fre
quency end of the dial, but does not track properly over the 
low-frequency end? 

10. If the receiver of Question 9 employs an oscillator padding 
circuit, what is the most likely cause for this trouble? 

11. What alignment sequence should be followed if a broadcast
band super heterodyne is to be completely realigned! Why is 
this sequence best? 

12. Draw the schematic circuit of a typical 2-stage i-f amplifier. 
Point out the i-f tuning condensers. Describe the construction 
of the i-f transformer units. 

13. Explain how you would connect all the apparatus required for 
the complete alignment of a broadcast-band superheterodyne, 
starting with the alignment of the i-f stages. The receiver 
employs one stage of t-r-f amplification ahead of the first de
tector, and two stages of 485.5-kc i-f amplification. A push
pull output stage, feeding into an output transformer mounted 
on a dynamic speaker, is employed. The voice coil terminals 
of the speaker are not accessible. 

14. Where would you couple the test oscillator output for aliping 
the i-f stages when the -receiver employs a '36 type tube as a 
combination first detector-oscillator? 

16. Explain in detail how you would proceed to align the i-f ampli-
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fier in the receiver of Question 13, if it is to be sharply peaked 
at 485.5 kc. 

16. How would you align the i-f amplifier if its main i-f was 485.5 
kc, and it was designed to be aligned so as to produce a flat-top 
characteristic having a total flat-top band with 8 kc? 

17. What two methods are employed in the design of superhetero
dynes for obtaining proper tracking between the r-f tuning cir
cuits and the local oscillator? Describe each one. Why is this 
correct trackin~ necessary over the entire dial range? 

18. What is meant by: (a) the low-frequency padder; (b) the high
frequency padder ( or trimmer), in the oscillator stage? What 
is the purpose of each? 

19. What procedure would you use in aligning the oscillator and 
r-f circuits of the receiver of Question 13? 

20. What special steps would you take if you found it necessary to 
realign a superheterodyne using automatic volume control ob. 
tained by a separate ave tube? 

21. What special steps would you take if you found it necessary to 
realign a superheterodyne, using automatic volume control, if it 
employed a combination tube performing the functions of second 
detector, ave, and first audio tube? 

22. A receiver whose i-f is unknown is to be aligned. A test is made 
on it for the purpose of determining its i-f experimentally. A 
test oscillator is connected to it. When the frequency dial of 
the test oscillator is slowly varied, its signal can be heard in 
the receiver at settings of 93 kc, 155 kc, and 232.5 kc. What i-f 
is the receiver designed to employ? 

23. Suppose that after you have adjusted the high-frequency trim
mer in the oscillator stage of a broadcast-band superheterodyne, 
you find that stations can be received only over part of the dial. 
What is the trouble, and what would you do to correct it. 

24. Explain how you would proceed to adjust an image-suppression 
trap circuit in the r-f amplifier of the receiver of Question 13, 
stating the frequencies you would employ, etc. 

25. Why should the tools employed for turning the aligning adjust
ment screws and nuts in receivers be made for a good insulating 
material? What is apt to happen if they are made entirely of 
metal? Explain! 

26. What is the principle of operation of the cathode-ray tube? 
27. Draw a sketch of a typical cathode-ray tube, and label all parts. 

Name the six main parts of the tube. 
28. State the function and explain the operation of each part of the 

tube which you have drawn. 
29. What material is most suitable for the screen of a cathode ray 

tube which is to be employed for visual work only? 
30. What is the electron gun in a cathode-ray tube? 
31. Draw a sketch showing the shape of the pattern traced out on 

the screen of a cathode-ray tube if a sine-wave voltage is ap
plied to one pair of deflecting plates-the other pair remaining 
idle. Explain! 

32. Explain what must be done in order to have this pattern appear 
as a sine-wave. 
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33. Explain in as few words and as clearly as you can what the 
purpose of the "sweep" or "timing" voltage is? 

34. What is the preferred wave form for the sweep voltage? Draw 
a few cycles of this voltage. Why is this wave form preferred? 

35. Draw, and explain the operation of, an electrical sweep circuit 
which will generate a saw-tooth sweep voltage. 

36. Draw, and explain the operation of, a simple mechanically
driven sweep circuit. What are the advantages and disadvan
tages of this arrangement over that in question 35? 

37. What must be done to the frequency of the signal output of the 
test oscillator when it is used to feed the i-f amplifier of a 
receiver whose i-f stages are to be aligned by "visual" means with 
a cathode-ray oscilloscope? Why is this necessary? 

38. Describe a mechanical means for performing the function de
scribed in question 37 together with generating a saw-tooth 
sweep voltage in synchronism with it. 

39. Explain how you would proceed to align the i-f stages of a high
fidelity receiver having a 2-stage flat-top 460-kc i-f amplifier 
designed to pass a total band of frequencies 15 kc wide. The 
recover employs a diode second detector and ave. A cathode-ray 
oscilloscope is to be used, in conjunction with a motor-driven 
frequency-wobbler and potentiometer-type sweep circuit. 

40. Draw five different sketches of typical resonance curves which 
might be obtained on misadjusted i-f amplifiers by means of a 
cathode-ray oscilloscope. Explain what trouble each one reveals. 

41. Explain how a cathode-ray tube may be used to measure d-c 
voltage. 

42. If it is used to measure a-c voltage will it indicate the "peak,'• 
or the "effective," voltage? Why? 



CHAPTER XX.VI 

REPAIRING INDIVIDUAL RADIO COMPONENTS 

26-1. When Repairing of Components is Justified.-The 
preceding chapters in this book have outlined in detail the causes 
of the majority of troubles that may be encountered in radio re
ceivers and the methods of locating them. It is the purpose of 
this chapter to show tried and tested ways in which many of the 
components which these tests reveal to be faulty may be repaired. 

It is a relatively simple matter to replace every piece of 
equipment that is found to be faulty, however slight the trouble 
may be. Such a procedure, obviously, is not the best nor the most 
economical course to follow in every case, and it certainly is not 
justified in the eyes of the customer. There are certain components 
whose construction is so simple and rugged that a repair may be 
effected quickly and without much trouble. Such units should us
ually be repaired in the field l On the other hand, there are com
ponents whose construction is simple, but whose assembly is such 
that it is quite difficult to effect a repair. Then, too, there are 
components whose cost is so low that it is much cheaper to re
place them than to devote the time required to repair them. In 
this chapter we will confine our attention to those components 
which can usually be repaired in the field with the limited facil
ities which are ordinarily available, and at a time cost below 
what it would cost to replace the component. We will also con
sider those components which can be repaired economically in the 
shop-possibly during spare time. 

There is another important consideration in this question of 
whether it is better to repair, or to replace, a faulty unit. Many 
customers want repairs effected in a hurry, and since no service 
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man has on his shelves a complete stock of parts for all models 
of radio receivers which he may be called upon to service, a tem
porary repair must often be made so that the receiver can be 
operated during the period required to secure the replacement 
component if it is advisable to obtain a new component finally. 
It should be remembered that service men in isolated com
munities are often forced to wait an appreciable time for the 
delivery of certain components. There are also many cases 
where the manufacturer of the receiver being serviced has long 
since gone out of business, and proper replacement units are 
not obtainable even from the ordinary concerns who deal in 
replacement parts. In such cases, the service man is virtually 
forced to effect a repair himself if it is possible. 

These are but two illustrations of conditions which can modi
fy the advisability of replacement. Many more could be cited, 
but the main point is that certain receiver components can and 
should be repaired rather than replaced. The practical service 
man should know how, and be properly equipped, to make 
these repairs economically, and satisfactorily. If such work is 
properly done so that it saves the customer money, it cannot 
fail to promote worthwhile good will between the service man and 
the set owner, thereby creating for the service man a reputation 
for his ability to solve such problems which other less versatile 
service men are unable to cope with. In this chapter only repair 
methods which have been tested in practice and found to be sat
isfactory in every respect will be presented. 

26-2. Repair of Fixed Resistors.-The various types of 
resistors employed in radio receivers, the common troubles they 
are subject to, and the methods of testing them, were considered 
in detail in Arts. 22-4 to 22-18 inclusive, so this phase of the 
subject will not be repeated here. In general, it may be said 
that resistors of the metallized-film and moulded-carbon types 
are so inexpensive that they are not worth repairing-excepting 
for emergency purposes. If the end terminals of these resistors 
become loose it is best to replace them, for repairs made on them 
seldom are permanently satisfactory. 

If a carbon resistor becomes carbonized due to continuous 
overheating, it indicates that a unit of similar resistance but 
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higher wattage rating should be substituted for it. When such 
units become carbonized, their resistance decreases in value. 
If the decrease is not appreciable, but enough to affect opera
tion of the receiver, the resistance may be raised and the unit 
used temporarily by simply scraping part of the carbon from 
the body of the unit until the correct value is obtained. The 
smaller the diameter, the greater the resistance; the shorter 
the resistor, the less the resistance. This latter property im
mediately suggests the possibility of breaking a resistor into 
smaller sections to obtain one of lower resistance value. It may 
be done provided the end clamps are of such construction that 

CA> 

FIG. 26-1.-Method of repairing a wire-wound fixed resistor in 
which the resistance wire has broken near one of the end terminal 
clamps. 

good connections can be made to the ends of the broken pieces. 
These repairs are useful merely for emergency purposes. In 
general, it is not advisable to make them for permanent repairs. 

Wire-wound resistors may of ten be repaired satisfactorily 
and quickly, depending upon the nature of the trouble. If the 
resistance wire breaks near the center it is not worth while to 
attempt a repair, for most resistance wires cannot be soldered 
by ordinary methods. If the break occurs near the metal term
inal clamps, as shown at (A) of Fig. 26-1, the main end of the 
broken winding can usually be brought over to the end clamp 
and connected to it in the proper way. First the terminal clamp 
at the broken end should be removed. Then at least five turns 
should be unwound at the broken end of the resistance wire, the 
wire should be cleaned carefully with No. 00 (fine) sandpaper, and 
then carried over and rewound on the resistor form at the place 
where the terminal clamp will be put back, as shown at (B). 
The terminal clamp should then be placed over it and tightened 
securely so that it makes good contact with the several turns 
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of wire. The fact that the resistor now has a few turns less 
than it originally had only makes a negligible reduction in the 
resistance, if it is wound with numerous turns of fine wire. 
Incidentally, this method may be used (by removing the proper 
number of turns of resistance wire) to make wire-wound re
sistors of lower resistance value from units on hand. 

Very often the terminal clamps of wire-wound resistors 
loosen up, resulting either in a complete open circuit, or inter
mittent contact. In most cases of this kind, it is possible to 
make a temporary repair by carefully squeezing together the 
ends of the clamp, thus tightening it so it makes better contact 
with the resistance wire. Such repairs are usually makeshifts, 
however. Especially in cases where intermittent reception oc
curs, it is best to replace the resistor. 

In cases where internal grounds occur in resistors, repairs 
can sometimes be made by properly inserting insulation to pre
vent the contact which is causing the ground. These grounds 
usually occur when one of the end terminal clamps touches the 
mounting bracket nearest to it. A fibre washer properly in
serted will usually remedy this trouble. 

26-3. Repair of Variable Resistors and Potentiometers.
Many forms of variable resistors and potentiometers are used 
in radio receivers, usually as volume and tone controls. Some 
of these are constructed in such a way that they cannot be 
opened for repair. Since volume and tone control resistors are 
usually located in the circuit in such a position that only a very 
small current flows through them, they seldom burn out unless 
some other related component becomes faulty and causes ex
cessive current to flow through the resistance element, causing it 
to overheat or actually burn out. 

Noisy operation which is traced to a volume or tone control 
usually accompanies excessive wear or dirt at the rubbing con
tact surfaces. In such cases (in wire-wound resistors), the con
tact arm and the contact surface of the entir~ resistance element 
should be cleaned thoroughly with a clean rag dipped in ordin
ary cleaning fluid or alcohol to remove all dust, grit, etc., and 
the surfaces may be polished with an ordinary eraser which is 
not too gritty. Then a light film of Nujol or other min-
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eral oil should be spread on these parts. It is absolutely 
essential not to use any type of oil other than pure colorless 
mineral oil. Other household oils may give satisfactory results 
for a few days or a few weeks, but, owing to their acid content, 
they will eventually cause more harm than good. The purpose 
of the oil is not to lubricate the parts, but to prevent the con
tact surf ace of the resistance unit from becoming coated with 
gummy dirt or ovide. Use only a slight amount of the oil I The 
tension of the arm should be adjusted so it makes firm contact 
with the resistance element without exerting too much pressure. 
If the contact surface of the resistance element is uneven or 
has dents in it, the entire resistor had better be replaced, for it 
will always produce noisy and erratic operation. Slight noises 
in the volume control may frequently be cleared up by turning 
the knob back and forth a few times to clean the contact sur
f aces. 

In cases of intermittent or noisy reception caused by a vari
able resistor, if a similar replacement resistor is not at hand, a 
fixed resistor having a resistance equal to the highest resistance 
value of the suspected variable unit should be substituted for 
it (provided reception can be obtained when this value of re
sistance is employed, otherwise a lower value may be used). 
If the trouble stops when this is done, the variable resistor 
should be replaced. Substitution of a fixed resistor is also help
ful for temporary repair in cases where a variable resistor is 
completely inoperative and no satisfactory replacement vari
able resistor is at hand. 

26-4. Repair of R-F Coils.-Major troubles in the r-f coils 
of modern selective receivers generally do not lend themselves 
to economical and wholly satisfactory repair by the average ser
vice man. 

This statement will undoubtedly be challenged by some, but 
it is made here in the light of experience with such troubles and 
a consideration of the time it takes to complete major r-f coil 
repairs. By a "major trouble" is meant one which necessitates 
the re-winding of the coil. Experience has shown that, while a 
faulty coil may be re-wound easily, it is a time-consuming mat
ter to wind one that will enable accurate realignment of the tuned 
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stages to be made quickly after it is connected into the receiver. 
Probably one of the most important problems in the manuf ac
ture of commercial r-f coils is the work of matching them to one 
another, or to a predetermined standard, within the close limits 
which are necessary in modern selective receivers. This has been 
a troublesome production problem which receiver and coil manu
facturers have solved only by the development of ingenious coil
winding machinery, delicate test equipment, and close attention to 
minute details. Not only must the coils be matched carefully, but 
their electrical constants must remain unchanged after they are 
wound, matched and subjected to temperature changes in the 
receiver. 

Of course, if the receiver is of the old three-dial type, or is 
a t-r-f set of early vintage in which the selectivity is so poor any
way that close alignment of the r-f stages is not necessary, a 
faulty winding may be replaced in a few minutes by merely 
counting the turns on the coil ( or on a similar one in the receiver) 
and duplicating it with wire of the same size and insulation?.. but 
winding on a few more turns than is considered necessary. After 
the proper number of turns have been wound tightly, it may be 
necessary to make an adjustment in the inductance of the coil 
by removing turns until it has been brought down so near to the 
correct value that the removal of another turn would overshoot 
the mark. The second step, that of fine adjustment (when nece!
sary) is usually carried out by spreading the end turns a little. 
By this means, a close adjustment of the inductance can be made. 
The coil should be impregnated, if the other similar coils in the 
receiver are so treated. A slight adjustment in the number of 
turns may be necessary after impregnation. 

Another important point to consider is the effect of the shield 
can when it is put over the coil. Since the shield causes the in
ductance of the coil to decrease somewhat, the final adjustment 
of the coil winding must be made with the coil shield in its nor
mal position over the coil, and properly grounded to the chassis. 

Loose windings on r-f coils may be repaired easily by un
winding the loose portion of the wire, without breaking it, and, 
re-winding it back on the form, the proper tension being applied 
during the winding. The number of turns should be checked 
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carefully, for it is usually found that the wire has stretched suffi
ciently to make a few more turns than the coil contained before. 

Broken coil lugs or mounting brackets may usually be re
paired without much difficulty. There are so many different 
methods of coil mounting and types of connecting lugs that a gen
eral statement cannot be made concerning these. Fortunately, 
however, their repair is usually so simple that the requirements 
may be understood after a few moments of inspection. Poorly 
soldered joints, open circuits, snapped coil leads, etc., can easily 
be repaired, (see Art. 22-19 for additional details on this point). 
When coil ends are to be soldered to the connecting lugs, the 
wires should not be pulled too tightly, for subsequent tempera
ture changes may cause the thin wires to snap at the lugs. Leak
age between coil terminals ( caused by absorption of moisture by 
the coil form) necessitates the baking out and subsequent mois
ture-proofing of the coil. 

26-5. Repair of 1-F Coils.-Intermediate-frequency trans
former windings may or may not require accurate adjustment; 
it depends upon the range covered by the trimmer condensers 
which tune them. Of course, loose connections, open connections, 
etc., in these coils can be easily repaired. Major repairs which 
might necessitate re-winding the coils are usually beyond the 
scope of the service man, for these coils are universal-wound. In 
such cases, immediate replacement of the faulty unit is advisable. 

26-6. Repair of Audio Chokes and Transformers.-Audio 
choke coils and audio transformers employed in the a-f circuits 
of receivers contain thousands of turns of extremely thin wire 
wound over iron cores. The common troubles which may occur 
in these units were discussed in Arts. 22-20 to 22-24. Since they 
are usually completely sealed into their containers by means of 
insulating compounds, the making of internal repairs in them is 
usually not practical. However, if the trouble happens to be a 
poorly-made internal connection at the lug terminals, the con
nection can be re-soldered if the terminal is accessible. Internal 
open circuits, shorts, grounds, etc., in the coils are not easily re
paired. In such cases, a new unit should replace the faulty one. 

26-7. Repair of Filter Chokes.-The choke coils employed 
in the filter systems of the B power supply sections of radio re-
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ceivers usually consist of a large number of turns of thin wire 
wound over an iron core. The construction of a typical a-f 
choke is illustrated in Fig. 26-2. The winding is separated from 
the core proper by several layers of fibre, fish paper, etc., al
though some chokes usually have a more rigid independent bob
bin on which the winding is wound. The important point is 
that the coil is electrically insulated from the core (see- Art. 
26-9). It is this electrical insulation that determines the max
imum potential difference that may safely exist between the core 
and the layer of the winding nearest to it. 

Very often, the insulation between the core and the coil 
weakens because of the absorption of moisture or because of 

excessive heat. If such a con
dition should exist, and end B 
(Fig. 26-2) of the coil is at a 
very high potential with respect 
to ground ( the core) , then the 
insulation will break down, a 
heavy current will flow between 
coil and core, and the winding 
will bum out. If it burns out 

Fm. 26-2.-Typical inter- near the inside end B, the en-
nal construction of a core- tire coil must be taken apart 
type filter choke. and rewound if a repair is to be 
effected. This is usually not to be recommended. On the other 
hand, if the open-circuit occurs near the top layer, a few layers 
of the wire may be removed and a new terminal brought out. 
The removal of one or two layers of the wire will not materially 
change the coil's inductance, and a repair may be made easily. 

When removing the coil from the core, care must be taken to 
maintain the length of the air-gap in the core the same after 
repair as before. The inductance varies greatly with changes 
in air gap length, especially when the flux density is very high 
or very low. It is wise to measure the air-gap length by insert
ing a number of metal or fibre shims in the gap before dismant
ling, and then use the same shims for making sure that the air
gap length is the same after repair. This is shown in Fig. 26-3. 

In many cases, the choke is contained in a metallic can filled 
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with a tar-like impregnating compound. The purpose of this 
compound is to keep the windings intact and to protect them 
from severe changes in humidity, salt air, and temperature fluc
tuations. To effect a repair on a sealed choke (a transformer, 
or a condenser), it is necessary to melt the "compound" before the 
unit can be removed from the can. One way to do this is to 
place the can (open end at the top) on a small tripod with a 
bunsen burner or other gas flame 
under it, and a metal plate of 
some kind between the flame 
and the choke case, as shown at 

AIR 
(A) of Fig. 26-4. If this equip- / 

1 
GAP 

ment is not available, the con- CORE # 1 
· 

1 

tainer may be heated in the same @ fo 1 
· 

b th fl f FIG. 26-3.-Simple method 
manner Y e gas ame O an of determining the size of the 
ordinary cooking stove or by an air gap in ct'res by inserting 
electric stove as shown at (B). thin metal shims in the gap. 

The important thing is to use a small flame and melt the com
pound slowly. If the compound should become too hot, the 
enamel insulation on the wire of the choke may peel or blister 

<Al < 8 l 

FIG. 26-4.-Two convenient methods of heating the compound 
in a sealed choke, transformer, or condenser unit so that it may be 
melted out. At (A) a gas burner is used; at (B) ail electric "hot 
plate" or stove is employed. 

and the entire choke will be rendered useless. If you are inex
perienced in this sort of work, melt the compound slowly until 
the top surface begins to flow. Remove the can from the burner 
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with a large pair of pliers and pour out into another receptacle 
what little compound is melted. Then re-heat and pour out a 
little more. Continue this until the entire can is emptied of the 
compound. This same procedure may be employed to remove 
power transformers and condensers which are sealed in cans. In 
the case of condensers, even more caution must be observed when 
applying the heat, so as not to raise the temperature to too high 
a point, or the condenser itself will be damaged. 

If the coil of the choke is open-circuited and must be re
paired, unwind the wire until the break is found. If the break is 
near the outside layer, merely remove the turns of wire between 
the break and the terminal lead. Then make a new connection 
to the outgoing lead. 

If the break is near the inside, or start, of the coil, then 
unwind all the wire carefully and wind it on another spool until 
the break is found. Then wind back the same wire that was 
removed. Each layer should be insulated from the next by fish 
paper or some other suitable insulating paper (see Art. 26-9). 
This will enable you to have about the same inductance when 
finished as at the start. 

If the break is near the center of the coil, new wire should 
be used. The best procedure in this case is to remove all the 
wire, weigh it accurately, and purchase the same weight of the 
same size wire with the same kind of insulation as was used in 
the original coil.• Wind the choke full with this wire, insulating 
each layer from the next one as described, and the job is finished. 

· After rewinding, the coil should be tested for resistance, and 
possible grounds between itself and the core (see Art. 22-23). 
Complete rewinding of filter chokes is usually not worth while 
from a practical standpoint, unless it is for emergency purposes 
and the service man possesses equipment for winding such coils. 
It is a laborious and time-consuming job to unwind all the wire 
on a filter choke and rewind the coil properly with insulating 
paper between each layer. 

26-8. Repair of Power Transformers.-The construction 
---
*Note: For complete data on all sizes of wire employed for wind
ings of filter chokes, transformers, etc., consult the Copper Wire 
Table (for Bare and Magnet wire) in the author's Radio Trouble
Shooter's Handbook. 
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features of power transformers, as far as repair is concerned, are 
not very different from those of filter chokes (Arts. 22-20 and 
26-7). The same general methods and considerations regarding 
insulation and rewinding may be applied to them. They are also 
removed from their containers by melting the sealing compound 
in the same way as explained in Art. 26-7 for filter chokes. How
ever, there are two major types of trouble that can develop in a 
power transformer which cannot occur in a choke; for instance, 
one of the secondary windings may bum out or become shorted. 
If this happens, it is advisable to replace the entire transformer. 
However, if temporary or emergency repair must be made, the 
damaged winding may be repaired if the service man possesses 
sufficient skill to surmount the many mechanical difficulties which 
will present themselves in most cases. These difficulties depend 
upon the construction of the transformer and the location of the 
faulty winding. If the open- or short-circuited winding is near 
the top, where it is easily accessible, the rewinding may be easy; 
but, if it is located between several other windings, all the good 
windings over it may have to be removed to determine the num
ber of turns, size wire, etc., on the faulty one. After this one is 
removed and rewound with the same number of turns of wire of 
exactly the same size and type as the faulty one was composed 
of, the other windings must be put back over it, observing all 
necessary precautions as to insulation (see Art. 26-9), etc. It 
is evident that this is no simple task, nor is it a job for an inex
perienced service man. Usually in power transformers the prim
ary is wound nearest to the core, then comes the static shield 
(if one is employed), over this is the high-voltage secondary, and 
over this are the low-voltage filament windings. 

In some transformers the construction is such that there is 
some vacant space around one or more of the core legs, usually 
the ones facing the leg on which the main windings are placed. 
If such space is available, it is not necessary to remove any of 
the original windings of the transformer in order to replace a 
faulty low-voltage secondary winding with a new one. The pro
cedure now to be described may be employed instead, after the 
transformer is removed from the receiver. 

The first step is to ascertain how many turns of wire the 
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faulty winding contains. This may be determined without even 
inspecting the winding. Wind about 10 to 20 turns of thin 
enamel- or cotton-covered wire around whichever core leg has 
sufficient space around it to accommodate the replacement wind
ing, carefully counting the turns as they are put on. The num
ber of turns wound is not important, as long as the exact num
ber is counted and recorded. However, enough turns should be 
wound so that when the primary winding is connected to the 
a-c electric light line·, a voltage large enough to be read easily 
and accurately on a voltmeter will be developed in this tem
porary secondary coil. 

Connect the terminals of the temporary winding to an a-c 
voltmeter and connect the primary winding of the transformer 

TEMPORARY SECONDARY 
CONNECTED TO A-C 
VOLTMETER 

V 

PRIMARY TO 
A-C LINE: FIG. 26-6.-Method 

of determining the 
number of turns to 
wind on a power 
transformer for an 
extra winding to de
velop a definite speci
fied voltage - without 
disturbing any of the 
original windings of 
the transformer. 

to the a-c power supply line. Now carefully measure the voltage 
developed in the temporary winding. The connections are shown 
in Fig. 26-5. Let us assume (as shown) that the temporary wind
ing has been wound on any one of the core legs other than the 
one on which the main windings are located. Let us suppose 
also that 20 turns of wire have been wound on, and that the 
total voltage induced in them has been found to be, say, 10 volts. 
Then 20/10 = 0.5 volt-per-turn is induced in this winding, and 
0.5 volts-per-turn will be induced in any other winding wound 
in the same place. Now, if the faulty low-voltage secondary 
winding to be replaced is, say, a 5-volt winding, the replacement 
winding should be wound with wire of the same diameter and 
type of insulation as the faulty one is composed of (this may be 
determined by an inspection of the end leads of the faulty 
winding) and should contain 5/0.5 = 10 turns. The temporary 
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winding should be removed, and the new 10-turn winding should 
be wound in its place, being careful to insulate it thoroughly from 
the core (see Art. 26-9). This new winding may then be used 
in place of the faulty one. It is best to wind on a few turns 
more than the above consideration indicates ( about 15 per cent 
more) for the voltage available at the terminals of the new 
winding when the receiver is in operation will be somewhat less 
than that obtained during this test, due to the effect of the load 
on the transformer. A turn or two can always be removed easily 
if the voltage is too high. 

The elimination of hum caused by the vibration of loose lam
inations in the cores of filter chokes and power transformers has 
already been considered in Art. 22-24 in Chapter XXII. The 
reader is referred to this section for information on this subject. 

26-9. Insulating Filter Choke and Transformer Windings. 
-Whenever filter chokes or power transformers are repaired 
every precaution should be taken to provide proper insulation 
for the windings. The insulating materials generally used in 
these components are pressboard, paper, varnished cambric, cot
ton, etc., made especially for insulating purposes. The places at 
which each type of insulation is used depend upon the existing 
voltage differences, etc. For example, the insulation between 
the core and the innermost winding usually consists of layers of 
heavy paper, varnished cambric, pressboard, etc. After proper 
varnish impregnation, these materials are capable of withstand
ing the voltage stresses and the operating temperatures which 
exist, at this region, without deterioration. Care should be taken 
to insure that the wire insulation is not damaged in any way 
while winding the coils; the wires should not rest against any 
unprotected sharp edges of the laminations, etc. 

Sufficient insulation must be inserted between the adjacent 
layers of each winding. This insulation can be a thin paper 
( such as the ordinary thin "glassine" paper employed for wrap
ping picnic lunches) because the voltage-per-layer which exists 
is much under 100 volts. Sufficient insulation must also be pro
vided between the variQus windings. Since these places must 
have higher insulation strength, varnished paper, cotton tape, 
pressboard. etc., is employed. 
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For most satisfactory service, power transformer and filter 
choke coils should be impregnated. While the service man does 
not possess the equipment required for vacuum-impregnation, 
he can do a fairly good simple impregnating job by first driving 
off as much moisture as possible by baking the coils in an oven 
for several hours (left slightly open so the moisture can escape) 
at a temperature which will not damage the insulation. Then 
they should be impregnated with a good insulating varnish which 
should be allowed to soak into the insulation so that the coils 
will be completely protected. 

26-10. Repair of Vacuum Tubes.-In general, it may be 
said that it is not possible to make any internal mechanical or 
electrical repairs to vacuum tubes as they are constructed at 
present. Rejuvenation of the cathodes of tubes can only be 
accomplished successfully with thoriated-filament type tubes, 
and, even then, under rather exacting conditions. Rejuvenation 
consists of applying excessive filament voltage for small periods 
of time until the active material in the filament comes to the 
surface. If this is done in oxide-coated tubes of either the "in
direct-heater" or "filament" type, the electron-emitting coating 
will be ruined in a short time. 

26-11. Repair of Paper-Wound and Mica Type Conden
sers.-Modern construction of mica type fixed condensers is 
such that the entire assembly is sealed into a bakelite case that 
is airtight and moisture-proof. This prevents any possibility 
of repair if an open- or short-circuit develops-which very sel
dom happens anyway. These units are also in the low-cost class, 
and any repair that may be effected is not warranted when con
sidered from a standpoint of the time required for repair. 

Single-unit paper-wound condensers present much the same 
problem. They are inexpensive, and their repair is hardly worth 
considering, especially since the most common trouble which 
develops in them is that of short-circuiting due to breakdown of 
the paper dielectric by the applied voltage. Since this causes 
holes to be punctured in the paper, repair is not practical. How
ever, condenser blocks which contain several 1- or 2-mfd. con
densers, or single 2- or 4-mfd. condenser units composed of sev
eral 1- or 2-mfd. condensers connected in parallel, may often 
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be repaired successfully and economically when only one of the 
condensers in the group has become damaged. Such repairs are 
made by first heating the entire assembly (see Fig. 26-4) slowly 
until the impregnating compound (pitch or paraffin) melts and 
can be poured out. Then the internal connections are located 
and both terminals of each condenser are disconnected. Each 
condenser is then given an open-circuit, short-circuit, leakage 
and ground test (see Art. 22-26 to Art. 22-32 for details). 
When the faulty condenser has been located, it should 
be removed, and a new one of the same capacity, physical size 
and voltage-rating should be substituted for it and connected 
permanently in place. All of the condensers should be insulated 
from the metal container by a lining of thin pressboard. The 
impregnating compound (preferably new compound) is then 
poured in around the condenser assembly until the can or other 
container is filled. To avoid internal cracks and voids caused 
by shrinkage, it is best to pour the compound back a bit at a 
time so as to make layers about 1 inch thick, allowing each 
layer to harden before the next is poured over it. 

26-12. Repair of Electrolytic Condensers.-Electrolytic 
condensers cannot generally be repaired successfully. Certain 
types ( especially the wet type) have the property of healing 
themselves after being punctured; but, ·unless the plates of the 
condensers are properly formed when healed, the heal will not 
be a permanent one. Electrolytic condensers make use of a film 
of oxide on the surf ace of the metal used for the anode. This 
film is exceedingly thin, and punctures easily when the rated 
voltage of the condenser is exceeded. 

When such a condenser breaks down, the best procedure for 
attempting to repair it is to apply the smoothest d-c ( of less 
than rated voltage) available, to the condenser for a few mom
ents. The film will be re-formed at the point of puncture. The 
applied d-c voltage should then be raised slowly until rated volt
age is reached. It is best to start re-forming with the highest volt
age that the punctured condenser can stand without leaking 
through. Also, be certain that the final application of voltage is 
made with rated voltage; if the re-forming process is stopped 
before rated voltage is applied, the capacity of the condenser 
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will be greater than the rated value but the voltage rating will be 
lower than rated. It will then repuncture when placed in its 
normal circuit. This is so because in an electrolytic condenser 
the capacity varies inversely as the forming voltage. As the form
ing voltage is increased, the thickness of the dielectric increases, 
thereby reducing the capacity per unit area. However, the 
thicker dielectric is able to withstand higher operating voltage 
without breaking down. If this attempt to re-form the condenser 
is unsuccessful, it had better be discarded and replaced with a 
new one of similar capacity and voltage rating. 

26-13. Repair of Variable Condensers.-So much improve
ment has been made in the design of variable condensers that 
the modern gang condenser is truly an instrument of precision 
and is likely to remain in good order. If a variable tuning con
denser is not abused physically, the only troubles that are likely 
to occur are: 

1. Wobbling or scraping of the rotor plates due to loose or 
worn bearings. 

f. Noise due to a poor wiping contact to the rotor. 
S. Noise due to "peeled" or dirty plates. 
If one of the bearings of a variable air condenser becomes 

loose, it may be tightened properly. A special wrench is usually 
required for this purpose. When the bearing has been tightened, 
be sure that the rotor does not bind and can be moved freely. 
Also make certain that the rotor plates are centered between 
the stator plates and do not touch them. 

If a bearing becomes worn greatly, the rotor will wobble, and 
the best procedure is to replace the condenser immediately. It 
may be possible to make a temporary repair, but the rotor will 
not turn smoothly for very long and will usually give trouble 
again after a short time. Modern condensers may be rotated 
many thousands of times before bearing trouble exists, so that 
this form of difficulty is usually encountered only occasionally. 

A noisy condenser is one which generates noise in the receiver 
while it is being rotated. This noise is usually caused by dirty 
wiping contacts, and can be usually repaired by simply cleaning 
the contact with sand paper, cigarette lighter fluid, or alcohol, 
and bending them so as to make firm contact. As a matter of fact. 
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many cases of intermittent receiver operation due to oscillation 
of the r-f amplifier are caused directly by poor wiping contact at 
the rotor of the tuning condenser. The wiping contact may be 
located in the bearing itself, in which case it is often advisable 
to dismantle the condenser and clean the bearing to eliminate the 
noise if this does not take too long. On the other hand, the wip
ing contact may be made by means of a small end finger strip 
pressing against the far end of the condenser shaft. Cleaning 
the end of the shaft and the contact strip itself will usually elim
inate the noise. 

Instead of attempting to eliminate "tuning condenser noise" 
by cleaning the wiping contacts, the most effective expedient of 
all is to make a positive contact to the rotor by installing a 
pigtail connection between the rotor shaft and the frame of the 

FIG. 26-6.-A vari
able tuning condenser 
showing the location 
of the spring pigtail 
to eliminate the pos
sibility of bearing- or 
wiping-contact noise 
ca used by poor rotor
shaft contact. 

CONDENSER 
ENO PLATE 

condenser. A short length of thin copper braiding or wire com
posed of a large number of small, annealed copper wires may be 
used for this purpose. This is installed by attaching one end of 
the pigtail to the rotor shaft while the condenser plates are un
meshed, and then winding up the pigtail by meshing the con
denser plates, after which the other end is secured to the con
denser frame or to the chassis. In some receivers employing gang 
condensers, oscillation can be stopped only by soldering such a 
separate pigtail lead to the condenser shaft at each section of the 
rotor. 

Several makes of condensers are manufactured with these pig
tails already installed. A small spiral spring, similar to the 
mainspring of a watch, encircles the rotor shaft and connects to 
it. The other end of the spring connects to the rear end plate 
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of the condenser frame. Under normal conditions, the spring is 
wound slightly so that it winds up full when the plates are fully 
meshed. This type of condenser cannot be rotated more than 
180'. A sketch showing a spring arrangement of this kind is 
shown in Fig. 26-6. 

The plates of many variable condensers "blister" or peel, 
after some use. Blisters often occur on the surf ace of the plates 
of die-cast condensers. Peeling occurs on condenser plates which 
have been plated. In other types, peeling occurs at the joints 
between the rotor plates and the shaft. The small peelings do 
not fall out, but cling to the sides of the plates and collect dust 
and dirt. The result is that the condenser becomes partially or 
totally short-circuited in many spots over the tuning range. This 
trouble usually manifests itself by loud crackling in the loud 
speaker at one or more definite condenser settings. A continuity 
test applied with a sensitive ohmmeter will also reveal this con
dition ( see Art. 22-37). 

The remedy is to clean every plate and the rotor shaft with 
a small brush or pipe-stem cleaner until as many particles as pos
sible have been removed. Sections of the plates that look as if they 
will peel in a short time should be stripped of the loose surface 
immediately and smoothed off with the brush. Then the tuning 
coils should be disconnected from the stator terminals and a high 
voltage (500-700 volts), obtained from the full high-voltage 
secondary winding of an ordinary power transformer should be 
connected between the rotor and each stator section, in turn, 
while the condenser is rotated slowly to each extreme position. 
The circuit arrangement for this is illustrated in Fig. 26-7. The 
application of this high voltage burns away all projecting slivers 
of metal which might cause short-circuits. The test prods should 
be handled carefully, because of the high voltage. If the work 
is done with the condenser removed from the receiver, the con
denser shaft may be turned by means of a knob placed on it, as 
shown. The knob will insulate the hand from the shaft. 

26-14. Repair of Loud Speakers.-Loud speakers are among 
the few audio components that can be repaired successfully. In 
this respect, there are two types of speakers that must be con
sidered; the magnetic and the electro-dynamic ( commonly re-
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ferred to as "dynamic"). The former is characterized by the 
use of a stationary permanent magnet, and a movable iron dia
phragm, reed, or armature. The latter is identified by the use 
of a stationary electromagnet and a movable coil. Even this dis
tinction is not complete, since dynamic loud speakers are also 
made with a stationary permanent magnet and a movable voice 
coil. Such speakers are aptly called permanent-magnet dynamic 
speakers, and will be considered as dynamic speakers in this 
book.• 

Before discussing the various troubles which may occur in 
loud speakers, it is well to point out that in many cases where 

POWER TRANSFORMER 

FIG. 26-7.-Circuit arrangement for burning out dust, or metal 
peelings, from the plates of a tuning condenser by using the high 
voltage from an ordinary radio receiver power transformer. 

the loud speaker is suspected as a cause of trouble in a receiver, 
the trouble is really due to something in the receiver proper 
itself. For this reason, unless the trouble is one that can be 
traced definitely to the loud speaker at once, no tests or repairs 
should be made on it until it has been ascertained beyond a 
doubt that the receiver proper is in perfect operating condition. 

A quick way to determine whether it is the loud speaker or 
the receiver proper that is faulty is to connect a "substitute" 
speaker in place of the regular speaker and then listen to the re
production. If it is still unsatisfactory, the trouble undoubtedly 

•Note: For a comprehensive discussion of the construction and 
theory of operation of all types of loud speakers in common use, the 
reader is referred to the Radio Pht1ric• Couree, by Ghirardi. 
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lies in the receiver proper, if good reproduction is obtained with 
the substitute speaker, the regular speaker should be checked for 
the trouble. An excellent portable "multi-test" speaker designed 
especially for such substitution purposes is illustrated in Fig. 
26-7A. 

This speaker is provided with a universal output transformer so 
that it can be properly matched to all out:put tubes to give the min
imum possible distortion. It also contains a universal voice-coil 
transformer which has taps that coincide with the values of all the 
common voice-coil impedances of dynamic speakers. This permits 
the easy checking of those radio receivers and amplifiers that have 
the output transformer built into the chassis, and enables checks 
to be made on output transformers under actual operating condi
tions. 

Oourl•'II Wright-Di Ooater Im:. 

FIG. 26-7 A.-A port
able "universal test 
speaker" designed for 
substitution purposes. 
It will match all out
put tubes, all output 
transformers, and all 
field coil resistance val
ues. (Model 3000.) 

The field coil is alsc of the "universal type" with taps at resist
ance values agreeing with all the field resistances used in standard 
practice--even including a tap for use as a bias resistor in sets 
which have this feature. No "dummy" field resistance is used-all 
field resistance taps are taken off directly from the field coil so that 
the speaker can also be used to check the operation of the filter 
circuit. It is evident therefore, that this versatile speaker will match 
all tubes, all output transformers, and all field coil values. 

Many of the troubles in loud speakers are of the "obscure" type 
(see Arts. 23-46, 23-47 and 23-48), that is, they are not revealed 
by the usual voltage, current, or resistance analysis of the re
ceiver, but an experienced service man can spot them instantly 
by listening to the reproduction. Such troubles as a loose cone 
apex, improperly centered armature, scraping voice coil, broken 
spider, etc., cannot be detected by any electrical measuring in
struments but they can be detected quickly by the ear. 

26-15. Electrical Tests on Hom-Type Magnetic Speakers. 
-Although the popularity of magnetic speakers has dwindled 
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greatly and they have not been employed in recent receivers to 
any extent, many thousands of them are still in use in old re
ceivers. Service men are often called upon to service them. 
There are two general types of magnetic speakers used 
with radio receivers. The first is the type which employs a dia
phragm and a horn; the second is the type which employs an iron 
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FIG. 26-8.-Various electrical tests which should be made on a 
magnetic loud speaker of either the iron-diaphragm or balanced arm
ature type in order to locate electrical trouble in either the speaker 
cord or the coils. These tests are described in detail in the accom
panying text. 

reed or armature actuating a cone. Both types will be considered, 
separately, here. 

Horn-type magnetic speakers are no longer in general use 
in radio receivers, and, where they are encountered with major 
troubles, it is usually best to replace them with one of the mag
netic cone speakers which can now be obtained at low cost. 
However, the service man often encounters large horn-type 
speakers employing iron-diaphragm type units in public-address 
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systems of small size. At any rate, it is well to know how to test 
and repair this type of speaker if the occasion arises. 

A quick test to determine if the speaker operates at all may 
be made by simply touching the cord tips of the speaker across some 
source of low voltage as shown at (A) of Fig. 26-8. A sharp "click" 
should be heard each time this is done, if the speaker operates. If 
only a slight click is heard, the winding may be open, for a small 
current can flow due to the capacity between the two parts of the 
winding (which consists of many turns of fine wire). 

If the speaker does not operate at all, the trouble is most likely 
an electrical one in either the speaker cord or the coils. 

The cord should be tested first. Test for continuity across the 
tips of the speaker cord, as shown at (B). A constant deflection of 
the ohmmeter needle should result if the speaker winding is good. 
Bend the loud speaker cord back and forth at the tips; if the meter 
reader varies, it indicates a faulty connection at the tips. The 
connection should either be resoldered or, better still, the entire 
cord should be replaced with a new one. If no reading is obtained 
on the first test, open the case of the unit and remove the diaphragm 
and washers. Then remove one lead of the cord from the speaker 
unit. The ohmmeter should indicate a complete circuit from one of 
the cord tips to one of the lugs at the speaker end of the cord, as 
shown at ( C). Repeat this test from the second tip to the second lug. 

With one lug still disconnected from the unit, test for continuity 
across both lugs at the speaker end of the cord as at (D), making 
sure that the tips on the other end of the speaker cord are not 
touching each other. No complete circuit should be indicated; if a 
complete circuit is indicated, it shows that the two cord leads are 
shorted inside the covering. With one speaker cord lug still dis
connected from the unit, test both unit terminals for continuity, as 

FIG. 26-9. - Cross
section view of a typ
ical horn-type iron
diaphragm loud speak
er unit, showing the 
relative arrangement 
of its parts. A dis
assembled unit of this 
kind is illustrated in 
Fig. 26-10. 

shown at (E). An "open" indication obtained here points to an open 
circuit somewhere in one of the magnet coils, or possibly in the leads 
to the terminals on the unit. These leads should be inspected care
fully, for the thin wire often breaks, or corrodes away at the soldered 
joint. A break here can easily be resoldered. If resoldering is 
necessary, be careful to scrape away the enamel insulation and use 
rosin-core solder Oflli,. Never use "acid" or soldering paste fluxes 
as they will corrode the fine wire. If the ohmmeter shows a contin
uous circuit when the coil test is made, but shows that the coil re-
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sistance is extremely low, there is a "short" or "ground" within 
either or both of the coils. The next test will indicate which one 
is faulty. 

As shown at (F), each winding should now be tested separately 
between its terminals, and between each terminal and the case of 
the unit. If a winding is founrl to have an internal short, open, or 
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FIG. 26-10.-A typical iron-diaphragm type loud speaker unit 
disassembled to show its various parts. 
ground, it should be replaced. Each winding should have approx
imately the same resistance. 

This completes all the electrical tests that may be made on 
magnetic units. As we shall see in Art. 26-17, precisely the 
same electrical tests may be made on magnetic speakers of the 
balanced armature type. Any other troubles will be of a mech
anical nature. 

26-16. Repair of Horn-Type Magnetic Speakers.-As has 
already been explained, horn-type magnetic speakers should be 
repaired only when the troubles are of a minor nature or when 
the owner insists on such repairs being made. Major repairs in
volving the removal of one or both of the coil bobbins, etc., usual
ly take considerable time and require skill and patience. The 
parts of such speakers are delicate and crowded close together. 

Replacement with one of the balanced-armature cone type speak
ers which are now available at extremely low cost will usually be 
much less costly and give more satisfactory performance. However, 
if the faulty speaker must be repaired, the service man will have to 
do the work. A brief description of some of the mechanical service 
problems which may be encountered now follows. 

A cross-section view of a typical horn speaker unit of the bal
anced-armature type is shown in Fig. 26-9. A speaker unit of this 
type with the parts disassembled is illustrated in Fig. 26-10. It 
consists, essentially, of a case, two magnet coils mounted over the 
pole pieces of a permanent magnet. and a diaphragm suspended 
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between rubber gaskets and a steel washer. The diaphragm is held 
in the upward position by a wavy spring washer, which is shown at 
the extreme left in Fig. 26-10. Of course, not all units are con
structed exactly as shown here, but the illustration is typical of the 
majority of them, and the following service notes will, in general, 
hold for all types. 

Iron filings or other foreign matter may collect on the pole pieces 
and cause rattling and low volume. The filings around the sides 
may be removed with a pocket knife by working outward and upward 
from between the pole pieces. Those filings on top of the pole pieces 
may be removed by simply wiping them off with a clean cloth. The 
thin varnish-like coating on the pole pieces is used to prevent the 
formation of rust. This coating often peels, so that it is necessary 
from time to time to remove the small flakes of it that collect on 
and about the pole pieces. Rubbing some light mineral oil on the 
pole pieces will assist in preventing the future formation of rust. 

The spring which may loosen its tension and produce insufficient 
pressure against the diaphragm, causing rattling on high volume, 
may be replaced, or all of the bends may be heightened by hand to 
supply the desired pressure. It is important here to be certain that 
all bends have exactly the same height. A simple test is to place 
the spring on a flat table and place the diaphragm on top of it. A 
small level may then be placed on top of the diaphragm. The bends 
may then be adjusted for equal heights. It is wise to test the level 
of the table before bending the spring. 

The rubber gaskets are used to damp the vibration of the dia
phragm at its natural frequency. They may dry out and lose their 
elasticity after some use. This condition will manifest itself by 
rattling at some particular frequency, and by poor tone quality. 
The remedy, of course, is to replace the gaskets with new ones of 
live rubber, as they cannot be repaired. 

The diaphragm may be bent, buckled or dented. If this occurs, 
it should be replaced. In many cases, the underside of the diaphragm 
has rusted, the rust clogging the small air gap between the dia
phragm and the pole pieces. Unless the diaphragm is replaced in 
such cases, the rust spots should be cleaned thoroughly, and a coat 
of thin lacquer or varnish applied to protect the metal. 

,veak magnets give rise to weak and "tinny" reproduction. 
,vhile more elaborate tests may be made, service men usually 
test permanent magnets for strength by touching the magnet 
face or the pole pieces with a screw driver. A tenacious "pull" 
should be felt. Of course, experience teaches how much pull to 
expect for strong magnets and for weak magnets, since the size 
of the magnet should also be considered. If there is only a weak 
pull, or none at all, the permanent magnet is demagnetized and 
should be either replaced, or removed from the unit and re
magnetized by the method described in Art. 26-18. 

26-17. Electrical Tests on Balanced-Armature Magnetic 
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Speakers.-The electrical tests to be made on balanced-arma
ture type magnetic speaker units of either the cone or horn type 
are precisely the same as those outlined in Art. 26-15, and illus
trated in Fig. 26-8, for iron-diaphragm type speakers. First 
the cords, and then the coils are tested for continuity, shorts, 
and grounds by means of an ohmmeter. Any electrical troubles 
revealed by these tests should be eliminated either by repair or 
replacement of the part in question. The service man should 
keep in mind what has already been said in Art. 26-15 about the 
advisability of making major repairs on these speakers. 

26-18. Remagnetizing Permanent Magnets. - If the mag
net test described in the last paragraph of Art. 26-16 reveals the 
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FIG. 26-11.-Construction details of a coil which may be used to 
remagnetize the permanent magnets of loud-speakers and phonograph 
pickups. The winding form for the coil is shown at (A). The method 
of magnetizing is shown at (B). 

permanent magnet of a magnetic-type loudspeaker, or a phono
graph pickup unit, to be weak, it should be remagnetized. Mag
neto and automobile ignition service stations are equipped to 
remagnetize permanent magnets quickly and at small cost. How
ever, if the service man desires to do this work himself, the simple 
arrangement of Fig. 26-11 may be employed. 

The magnetizing coil should be constructed first. A form 
on which the coil is to be wound must be made. The details of 
this form are shown in (A) of the figure. Note that the sides 
of the form are attached to the core of round wood by means 
of wood screws; this is quite essential, as the form is to be 
taken apart after the coil is wound. After the form is made, 
two layers of wrapping paper are wound over the core; then 
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several strips of cotton tape are placed in the trough of the form, 
at intervals around it, as shown at (A), and spot-glued to the 
sides with a little mucilage to keep them in place while winding 
the coil. Now wind 196 turns of No. 16 d.c.c. wire in 14 layers 
of 14 turns per layer; this requires one pound of wire. After 
winding, the cotton tape is bent over the top of the coil to hold 
the turns in place. The end pieces of the form are then removed 
and the core slipped from the center of the coil. If desired, 
additional tape may be wound over the coil to hold the turns 
of wire in place, although impregnating the coil with paraffin 
or pitch will help it to withstand rough usage. 

The magnet to be remagnetized is then slipped through the 
opening in the coil and a "keeper" of cold-rolled steel is placed 
across the terminals, as shown at (B). The coil terminals are 
then connected to a 6-volt storage battery for a few moments 
( the magnetizing process is almost instantaneo'U8). The drain 
on the battery is about 12 amperes, which is well within the 
limits of an ordinary battery used for automobile starting. 
The battery should be well charged I The magnet should be 
struck a few sharp blows with a small hammer while the current 
is turned on. This will aid the molecules to rearrange them
selves to produce the magnetized condition. The coil is then dis
connected, removed from the magnet, and the job is finished. 
This magnetizing coil is adequate to saturate all types of small 
permanent magnets including those of earphones, magnetic 
speakers, phonograph pickups, etc. The coil may be placed at 
any position on either leg of the magnet if necessary; it is not 
essential that it be placed at the bend as shown at (B). Perm
anent magnets should never be allowed to lie around unless a 
soft iron keeper ( which may be an ordinary large iron nail) 
is placed across the poles. 

26-19. Repair of Balanced-Armature Type Magnetic 
Speakers.-Figure 26-12 shows a cut-away view revealing the 
construction details of the typical form of motor unit employed 
in magnetic speakers of the balanced-armature type. The per
manent magnet and its pole pieces have been omitted purposely 
as they would make it impossible to see the coils and the arma
ture. These parts may be seen in the illustration at the right of 
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Fig. 26-13. Two magnet coils containing many turns of fine en
amel-covered wire are wound over an armature which is pivoted 
between the pole pieces of a horseshoe-shaped permanent magnet, 
as shown in Figs. 26-12 and 26-13. The armature connects to 
the thrust lever (Fig. 26-12) through a drive pin, and the thrust 
lever actuates the cone of the speaker through the driving rod. 

The trouble symptoms that may arise in balanced-armature 
type magnetic cone speakers are weak reproduction, no repro
duction, distortion, noise and rattle. There are a number of 
causes for these symptoms, and each cause may give rise to 
more than one symptom. For this reason, the troubles will be 
listed and considered according to their causes and remedies. A 
summary of the common symptoms of trouble which develop in 
balanced-armature type cone speakers, and their causes follows: 

1. No operation: 
(a) open cord 
(b) faulty tip terminal joints 
(c) open coil 
(d) open coil leads to terminals 

2. Weak operation: 
(a) weak magnet 
(b) shorted coil ( partial or complete) 
(c) grounded coil 

3. Noisy operation: 
(a) frayed cord 
(b) internal defect in cord 
(c) poor joints at cord tips 

4. Distortion or rattle: 
(a) armature striking pole pieces 
(b) sticking armature 
(c) foreign matter interfering with armature action 
( d) torn or otherwise damaged cone 
(e) improperly seated cone 
(f) loose thrust lever 
(g) bent drive pin 
(h) loose or bent drive rod 

The first three trouble symptoms have already been con
sidered in Arts. 26-15, 26-16 and 26-18. The troubles which may 
cause the last one, and the remedies for them will now be con
sidered. 

26-20. Recentering the Armature of a Balanced-Armature 
Speaker Unit.-If the armature is not centered correctly be
tween the pole pieces, a very disagreeable rattle and distortion 
may result on loud notes. The space between the armature and 
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each pole piece is different in different makes of speakers, but 
the average is about 0.1-inch. If the armature is misaligned, 
it may be realigned by the following method. Two similar spacer 
tools are required, and may be made up by the service man. 
They are simply pieces of non-magnetic sheet metal cut to the 
proper size and shape and of the proper thickness to be inserted 
between the armature and the pole pieces. A sketch of a typical 
spacer tool is shown at the left of Fig. 26-13. It consists, essen-
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FIG. 26-12.-Cut-away view showing the essential components 
in the motor of a typical balanced-armature type loud speaker unit. 
The permanent magnet and pole pieces have been omitted for clarity. 

tially, of a strip of phosphor bronze or brass having a thickness 
equal to the spacing between the armature and pole pieces and 
about ¼-inch wide and 6 inches long, bent into the form shown. 
The ends should be tapered to a width of 1/8 -inch. 

Two of these tools are necessary when adjusting the armature. 
Insert the prongs of one tool in the spaces between the armature and 
pole pieces at one end of the unit, as shown at the right of Fig. 26-13. 
The other tool should be placed in similar position at the other end 
of the armature--a little to one side in the case in order to clear the 
drive pin which is located at this end. By loosening screws (A) and 
(B), any tension in eitlier direction that may have been on the arm
ature is released, and the spacer tools will provide the correct clear-
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ance or spacing. Now while the spacer tools are in place, a hot 
soldering iron is applied to the drive pin-thrust lever connection 
point (see Fig. 26-12), and the solder is heated sufficiently to allow 
the drive pin to find its normal position with regard to the thrust 
lever. (Smee the solder used at this joint has a low-melting point 
very little heat is necessary.) The iron is now removed. Screws 
(A) and (B) are now tightened and the spacer tools are removed. 

The armature is now correctly aligned and balanced so that 
no abnormal strain is being imposed upon it in any direction, 
and it is correctly centered between the pole pieces so rattling 
should not occur on normal signal volume. 

26-21. Freeing a Sticking Armature.-Very often the arm
ature of a balanced armature speaker is found to be sticking 

FIG. 26-13.-Left: Dim
ensions and form of a 
spacer tool for centering 
the armature of a bal
anced - a r m a t u r e type 
speaker. 

Right: How the tips of 
the spacer tools are in- Courte•v R.0.A.. Victor 
serted ( one at each end 
of the armature) so that the armature is held in a centered position 
between the pole pieces. 

(by magnetic attraction) to the face of one of the pole pieces at 
either end. The repair in such instances is the same as for the 
incorrectly centered condition of Art. 26-20. The assembly must 
be loosened and the armature spaced properly with spacers. Be 
certain that all screws are tight, as a sticking armature may be 
caused by one or more of the tension screws working loose be
cause of vibration and allowing the armature to sag to one side. 

26-22. Removing Foreign Material from the Air Gap. -
Foreign matter lodged between the armature and pole pieces is a 
frequent cause of trouble. This interferes with the movement 
of the armature, resulting in poor reproduction. A visual in-
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spection will reveal this condition. This foreign matter may con
sist of dirt and dust, small pieces of iron filings and peelings from 
the coating on the armature. The armatures of loud speakers 
are usually given a protective coating to prevent the formation of 
rust. In time, especially if the motor temperature becomes high, 
this coating has a tendency to peel, and the small flakes lodge 
between the armature and the pole pieces. This is the equiv
alent of reducing the armature spacing, with the result that the 
armature motion fs reduced and the output is weakened and dis
torted. This foreign matter is best removed by working small 
strips of heavy paper or strips of thin copper or brass back and 
forth between the armature and pole pieces. Every time the 
paper or metal is removed, clean it off before reinserting. The 
spacer tools already described may also be used for this pur
pose. In many instances, recentering of the armature is neces
sary after cleaning. It is also a good idea to rub some light 
mineral oil over the armature to prevent the formation of rust 
after peeling has occurred. 

26-23. Repairing the Cones of Magnetic Speakers.-Very 
of ten, the paper cone is damaged sufficiently to cause distortion or 
paper rattle, but not enough to make its replacement necessary. 
Small holes or tears in the paper may be repaired by cementing 
a small piece of paper over them, using Du Pont Household 
Cement, rubber cement, etc. Opened seams may be repaired 
by coating both surf aces with cement and holding them tightly 
together until the cement sets. 

If a cone has lost its "body" or stiffness at the apex, Dupont 
Household Cement, or a collodion solution ( which may be pur
chased at any drug store) should be soaked into it and allowed 
to harden. This will stiff en the paper and make it as good as 
new. 

26-24. Replacing and Seating Cones.-An improperly 
seated cone will cause a strain to be put on the driving rod, 
resulting in poor reproduction. This is very likely to occur when 
replacing a cone. If a cone is to be replaced, extreme care 
should be exercised in its removal and in the installation of the 
new one. The screw or nut in the apex of the cone should be 
removed carefully, after first removing any sealing wax which 
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may have been used to prevent it from loosening. The 
screws fastening the edge of the cone should be removed next. 

If the speaker has a nut on the side of the cone near the 
thrust lever, it should be loosened (the nut screwed back) and 
the new cone seated. The nut or screw and washer on the out
side of the driving rod should then be attached loosely. The 
holes at the edge of the cone should now be lined up with those 
of the metal frame, the outside ring put in place with the screws, 
and tightened one at a time (and a little at a time) to be sure 
that the entire periphery of the cone has the same tension. 
The back nut on the driving rod (if there is one) should then be 
screwed up until it just meets the apex of the cone. The front 
nut or screw is then tightened and a bit of sealing wax is placed 
over it to prevent the vibration.from loosening it, for, if it loosens, 
considerable buzzing and rattling will result. 

26-25. Tightening the Thrust Lever and Driving Rod.
Rattling and noisy reception are often caused by a loose thrust 
lever, see Fig. 26-12. The remedy for this is simply to tighten 
the screw that holds it to the motor assembly. Any loose screw 
or nut will cause an audible rattle when the speaker operates. 
Be certain that all parts are thoroughly secure, that all screws and 
nuts are tight, and that the cone is properly seated. A cone that 
is not properly seated may cause the drive pin to bend and dis
place the armature. It is best, therefore, to inspect the entire 
assembly before actually beginning to center the armature, if 
it appears to be displaced from its center position. 

The drive pin is soldered to the iron armature with (hard) 
silver solder (see Fig. 26-12). Do not use the ordinary tin-lead 
alloy (soft) solder when this connection must be resoldered, as 
it is too weak mechanically. Silver solder may be procured in 
any jewelry store, and must be applied with a flame of high 
temperature. A special small blow torch is usually used for 
this work. 

26-26. Dynamic Loud Speakers.-By far the most com .. 
monly used type of loud speaker, and the type which the service 
man is called upon to service most frequently, is the dynamic 
or moving coil speaker. In this type, the magnetic excitation 
of the field is secured usually by the use of an electromagnet 
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instead of a permanent magnet, and motion is secured by the 
interaction of this magnetic field and that of the voice coil 
through which the audio signal currents flow. The internal ar
rangement of the various parts of a typical dynamic speaker are 
shown in Fig. 26-13. Common trouble symptoms which develop 
in this type of speaker are: 

1. Weak, or no reproduction 
2. Rattling 
3. Chattering 
4. Harshness 
5. Fuzzy reproduction 
6. Hum 

These troubles and their remedies will now be considered in 
detail. The first thing to do in any case is to make electrical tests 
on all the electrical parts of the speaker, especially if weak or 
no reproduction is obtained. 

26-27. Electrical Tests on Dynamic Speaker Cable.-If 
it is definitely established that the loud speaker is faulty, the 
wires of the speaker cable should be tested first, for continuity 
and short circuits (see Art. 26-15). (For an explanation of the 
standard RMA Color Codes for dynamic loudspeaker cables, see 
the RMA Standard Color Code section in the author's 
Radio Trouble-Shooter's Handbook) . The cable will contain 
two wires leading to the field coil ( three wires if the field 
is tapped) and two or three wire leading to the primary of 
the output transformer ( depending upon whether single, or 
push-pull output tubes are employed). Continuity and resistance 
tests must be made across paired leads, i.e., across the two or 
three leads going to the field coil, across the leads going to the 
output transformer primary, etc. If the cable leads are found 
to be in good condition, it is fairly certain that the trouble liee 
somewhere in the speaker itself. 

26-28. Trouble in the Dynamic Speaker Field Coil.-If 
the speaker cable tests O.K. and it has been definitely decided 
that the trouble lies in the speaker, the field winding should be 
tested for continuity and grounds at once. If it is found to be 
open, it should be replaced or rewound. When a replacement 
cannot be made, the amount of wire t.o be rewound may be 
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determined as follows: Remove the faulty coil intact from the 
core of the unit and strip all tape and other binders from it, 
only the actual wire coil should be left. The size of wire em
ployed may now be determined with a wire gauge and the type 
of insulation noted. The field coil is then weighed. Purchase 
the same weight and size of wire with the same type of insula
tion, and rewind the coil. A winding form should be made for 
this purpose, and removed after the coil is completed. The de
tails of the winding form are 
somewhat the same as for the •~ir@:YNJ!~ifl 
magnetizing coil form illus
trated at (A) of Fig. 26-11. 

If the continuity test in
dicates that the field has a 
definite value of resistance, 
this value should be checked 
with information ( usually 
available in Service Manuals) 
for the particular receiver and 
speaker in question. If the 
resistance is over 10 per cent 
less than the rated value, it is 
possible that a partial short
circuit exists in it. In this 
case, the coil should also be 
rewound or replaced. A re
sistance reading much higher 
than the rated resistance in
dicates a high-resistance con
tact at a soldered connection. 

If the field coil tests satis-
factory, tum the set on and 

FIG. 26-13.-A cross-section 
view of a typical dynamic 
speaker with the field shown cut 
open to illustrate the arrange
ment of the field coil, field core. 
moving coil, cone and frame. 
The input transformer and high 
note filter ( if one is used) are 
shown at the bottom. 

hold a screw driver as near to the pole piece as possible {how near 
the screw driver can be placed depends upon the design of the 
speaker) . The screw driver should be attracted strongly to it. 
If it is not, the current flowing through the field coil is less than 
normal. The next step depends upon the arrangement employed 
for obtaining the field current. If the speaker field is employed 
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as a choke in the B filter system of the receiver, it is possible 
that one or more of the filter condensers are leaky, placing an 
additional load on the rectifier, and robbing the speaker field of 
some of its energizing current. Of course, such condensers should 
be replaced. If the speaker contains its own rectifier of the 
dry-disc or vacuum-tube type, it is possible that this rectifier 
needs replacement, or the filter condenser (if one is used) across 
it is leaky and should be replaced. 

26-29. Troubles in Dry-Disc Rectifier Type Field Supply 
Arrangements.-In order to trace trouble in the field coil cir
cuits of dynamic speakers, it is important to be familiar with the 
various common field supply arrangements which are employed, 
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FIG. 26-14.-One arrangement for supplying low-voltage recti
fied current from the 110-volt a-c line for energizing the field of a 
dynamic speaker. A step-down transformer and low-voltage type 
copper-oxide rectifier are used. A "hum-bucking" coil H reduces the 
line hum. 

for some troubles are traceable directly to this portion of the 
speaker or receiver. 

In the earlier types of a-c dynamic speakers employed in 
radio receivers, the d-c field current is obtained from the 110-volt 
a-c line by feeding the a-c to a step-down transformer whose 
low-voltage secondary is connected to a copper-oxide full-wave 
rectifier which changes the a-c to full-wave rectified d-c. This 
d-c is fed to the speaker field, which in this case is a low
voltage type field composed of fairly thick wire. This arrange
ment is shown in Fig. 26-14. In some cases, the current is 
smoothed by a low-voltage type dry electrolytic condenser of 
about 1,500 mfd. capacity connected directly across the rectifier 
output as shown by the dotted lines. The hum-bucking coil 
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which is shown in place on this speaker will be explained later. 
In some a-c dynamic speakers the circuit arrangement shown 

in Fig. 26-15 is employed for obtaining field current. A field 
coil requiring slightly less than 110 volts d-c for its operation 
is employed. This energizing voltage is supplied by a pair of 
110-volt dry-disc rectifiers suitably connected to form a full
wave rectifier arrangement, as shown. 

When these dry-disc rectifiers have completed their useful 
life, the current through them diminishes and the units must be 
replaced in order to secure the proper and original speaker field 
current and magnetic strength. A certain amount of hum is 
always present in these speakers, but faulty rectifier "stacks" 
will cause an abnormal amount of hum to be heard. Breaking 
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FIG. 26-15.-A high-voltage type dry-disc rectifier arrangement 
for rectifying the a-c voltage from the line so that d-c may be sup
plied to the speaker field. A "shading" ring S is used to prevent line 
hum. 

down of the rectifier in the speaker of Fig. 26-14 will overload the 
step-down transformer-which may eventually cause either the 
primary or secondary winding to burn out. In the speakers em
ploying 110-volt dry-disc rectifiers (Fig. 26-15) partial short-cir
cuiting of the rectifier discs will often cause the line fuse to blow. 
In this type of speaker, the condition of the rectifier stacks may 
be checked by measuring the d-c resistance of each section with 
an ohmmeter (with the line and field disconnected), or by meas
uring the d-c voltage output of the rectifiers with the field coil 
disconnected. The latter test should give a reading of approx
imately 105 to 120 volts; this reading dropping to some value be
tween 90 and 100 volts as soon as the field is reconnected ( since 
it puts a load on the rectifier) . 
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26-30. Troubles in V. T. Rectifier Type Field Supply Ar
rangements.-In some dynamic speakers, a self-contained 
vacuum tube rectifier arrangement is employed to change the 
110-volt a-c line current to d-c current for the field coil supply. 
This arrangement, shown in Fig. 26-16, consists of a power trans
former feeding into a full wave rectifier tube in the usual man
ner. The output current of the rectifier is filtered by the filter 
condenser, F, and the inductance of the speaker field winding 
through which it flows. Of course, when the rectifier tube has 
served its useful life, its output will diminish. This will cause 
the speaker field strength to diminish, with resulting weak and 
distorted reproduction. Obviously, the remedy lies in replacing 
the rectifier tube. 

26-31. Troubles when Speaker Field is Employed as Fil
ter Choke.-The most commonly found dynamic speaker field 
arrangement is that in which the power required for energizing 
the speaker field is taken from the B supply system of the re
ceiver. Economy is secured by this arrangement, for the 
speaker field also acts as a very effective choke in the B-filter 
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FIG. 26-16.-Here a power transformer and full-wave vacuum 
tube rectifier operating from the 110-volt a-c line are used to change 
the a-c to d-c for the field coil of the dynamic speaker. A shading 
ring S prevents line hum. 

system. Two arrangements of this kind are illustrated in Fig. 
26-17. At (A), the speaker field is connected in one leg of the B 
supply circuit, so that the total B current flows through it. At 
(B), a tapped field is employed, and it is connected in the B
return side of the filter system (see also, Figs. 20-9 and 20-10 in 
Chapter XX) so that it serves both as a choke and as a source 
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of grid-bias voltage for the output tubes in the receiver. The 
strength of magnetization of the speaker field in both cases de
pends upon the load current flowing through it. It is evident 
that in these two arrangements, the speaker field current will be 
affected by almost any abnormal receiver circuit condition which 
tends to affect the total B current. Among these may be men-
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FIG. 26-17.-Two circuit arrangements which are employed in 
radio receivers for energizin~ the dynamic speaker field with current 
from the B power supply umt. At (A) the speaker field acts simply 
as a choke; at (B) the speaker field is tapped so that it not only acts 
as a choke but also supplies the negative grid bias for the output 
stage of the receiver. 

tioned, leaky or broken-down filter condensers, a weak rectifier 
tube, weak amplifier tubes in the receiver, leaky plate or screen 
by-pass condensers in the receiver, etc. 

In receivers designed for 110-volt d-c operation, the field of 
the dynamic speaker usually obtains its current direct from the 
line. 

26-32. How Hum Originates in Dynamic Speakers.
,vhenever objectionable hum which has definitely been traced to 
the dynamic speaker is observed, it is caused either by a poorly 
filtered field current or by a faulty hum-bucking coil. 

Whether the fault lies in the speaker, or in the receiver circuit 
proper, can be determined easily by removing the output tube 
( or tubes) from the receiver while the receiver is turned on, so 
that no signal is fed to the voice coil. If the hum disappears, 
or greatly diminishes, it is caused by some trouble in the receiver 
(see Arts. 23-18, 23-19 and 23-20). If the hum persists when 
this is done, it must be originating from the field portion of 
the speaker. 

The field coil is excited by a supposedly-smooth d-c current 
which is obtained from a filter system. The various common 
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field-supply arrangements employed in receivers were discussed 
in Arts. 26-28 to 26-31 inclusive, and are illustrated in 
Figs. 26-14, 26-15, 26-16 and 26-17. As absolutely perfect filter
ing is not provided (for reasons of filter economy), the field cur
rent is never exactly smooth but contains ripples or variations 
of either half or the same frequency as that of the power supply, 
depending upon the type of rectifier system employed. Unless 
the speaker is provided with special features to greatly reduce 
the effect of these slight variations in the field current and field 
magnetism, the resulting variations in the magnetic field react 
on the voice coil, inducing voltages and currents of the same 
frequency in its circuit. This causes motion of the coil, at this 
same frequency, and hence causes a low-frequency (either 60 
or 120-cycle) hum to be produced by the speaker. This hum 
may be drowned out when a musical program is being received, 
but it may be extremely annoying when receiving weak stations, 
speech, or in the lull between station announcements. 

26-33. Hum-Elimination Provisions in Dynamic Speakers. 
-In many dynamic speakers, a hum-reducing arrangement is 
already built into the speaker. These hum reducers are of two 
types, one is an arrangement which bucks out the hum voltage 
induced in the voice coil, the other preverits it from being induced 
there. The hum-bucking arrangement is illustrated in the speaker 
of Fig. 26-14. A flat hum-bucking coil, H, consisting of several 
turns of wire is placed in a space provided for it, usually at the 
end of the field coil. Naturally, a hum voltage, similar to that 
induced in the voice coil, will be induced in this hum-bucking 
coil. The design of the coil and its position in the speaker are 
carefully arranged to make the hum voltage induced in it ex
actly equal to that induced in the voice coil. Therefore, by 
connecting it in series with the voice coil circuit, as shown, so 
that the instantaneous hum voltage polarities of the two coils 
buck each other, the two hum voltages will cancel each other, 
and no hum current will flow in the voice coil circuit. Hence no 
hum is produced. However, there is no effect on the signal 
audio-frequency currents. This arrangement effectively min
imizes the hum. 

The other hum-prevention arrangement consists of a thick-
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copper disc, S, placed between the voice coil and the field coil 
as shown in the speakers of Figs. 26-15 and 26-16. This acts as a 
single-tum coil of extremely low resistance in which strong "eddy 
currents" are induced by any fluctuations of the field magnetism. 
These eddy currents react on the main field, tending to oppose 
and suppress any such fluctuations, thereby preventing them 
from existing and preventing them from inducing any hum volt
age in the voice coil. This disc is often called the shading ring. 
This very simple arrangement is widely used, and is very 
effective. 

26-34. Eliminating Excessive Hum in Dynamic Speakers. 
-Speakers in which the shading ring is used are not sub
ject to as much hum trouble as those in which the hum-bucking 
coil arrangement is employed. The hum-bucking coil, or the 
connecting leads to it, may open, short-circuit, or ground. If the 
hum-bucking coil circuit opens, the entire voice coil circuit be
comes open (since they are in series with each other) and the 
receiver becomes inoperative. If it short-circuits, its bucking 
effect ceases, and a very noticeable hum results, especially when 
the receiver is turned on but no program is being received. ,Vhen 
a program is being received, the output will also be somewhat dis
torted because of the resulting mismatching between the im
pedance of the output transformer secondary and that of the 
voice coil plus the hum-bucking coil. 

If the hum-bucking coil grounds to the speaker core or frame 
in any way, it may ·or may not cause trouble, depending upon 
whether the voice coil circuit of the speaker is already grounded 
to the speaker frame. In some receivers ( as in the Atwater 
Kent sets) the voice coil is purposely grounded to the speaker 
housing. Naturally, if the hum-bucking coil in such speakers 
grounds, it may result in objectionable hum (if part or all of 
this coil is thereby shorted and made ineffective) , or it may re
sult in shorting the voice coil circuit, thereby making the set 
inoperative. What happens in any particular case depends 
upon which end of the hum-bucking coil grounds and which end 
of the voice coil is already grounded. 

Tests for grounds, open-circuits, or short-circuits in the hum
bucking coil can be made very easily by means of an ohmmeter. 
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Occasionally, hum is caused in a dynamic speaker by the 
induction of hum currents into the windings of the output trans
former which is mounted directly on the speaker frame. This 
trouble is rare, for speaker manufacturers are careful to mount 
the output transformers where stray fields from the speaker will 
not affect them. However, it is mentioned here because it is 
usually overlooked as a possible source of speaker hum. 

Although most dynamic speakers in recent models of receivers 
have some effective hum-reducing arrangement incorporated in 
them, the service man is often called upon to service some of the 

110 v. 
A-C 

LINE: 

T 

FIG. 26-18. - How a 
"hum-bucking" potentio
meter can be installed to 
introduce a hum-bucking 
voltage into the voice coil 
circuit of an old dynamic 
speaker not equipped with 
any hum reducing ar
rangement. T is the 
power transformer already 
in the receiver. 

early electric receivers in which no such provisions for hum 
reduction were incorporated. These receivers are notorious for 
their objectionable hum. ,vhile it is not practical to install hum
bucking windings or shading rings in them, because of lack of 
space, etc., a simple external arrangement can be applied for 
accomplishing this result. This is illustrated in Fig. 26-18. A 
potentiometer having a resistance of approximately 20 ohms is 
connected across one of the low-voltage filament windings of 
the power transformer, T, in the receiver; a 2½-volt winding 
is satisfactory. Either one of the leads which connect the voice 
coil to the secondary of the output transformer is now discon
nected at the voice coil terminal. This lead is then connected 
to a fixed tap made to the center of the resistance element of the 
potentiometer. This tap should be made in a way which does 
not interfere with the movement of the contact arm past it. 
The contact arm terminal of the potentiometer is then connected 
to the open terminal of the voice coil. By means of this ar
rangement, a small a-c voltage from the filament winding is fed 
in series with the voice coil circuit in a phase opposite to the 
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hum voltage being induced in it by the speaker field. By mov
ing the arm of the potentiometer to either side of the center tap, 
the proper phase relation for bucking may be secured; by ad
justing its setting on the side at which proper bucking is ob
tained, the exact amount of bucking voltage necessary to bal
ance out the hum voltage in the voice coil can be secured. 

Incidentally, this same arrangement can often be employed 
for bucking out hum voltages induced in other parts of radio 
receivers. In such cases, it is· usually necessary to employ a 
filament winding which is not being used in the receiver, so that 
the circuit conditions will not be disturbed. If a spare winding 
is not available, a small filament-heating transformer, or even 
a small bell-ringing transformer, may be employed to supply 
the hum-bucking voltage. 

26-35. Electrical Troubles in Voice Coils and Output 
Transformers.-If the electrical tests already described indicate 
that the field coil and the hum-bucking coil (if one is used) 
are not faulty, the voice coil and output transformer should be 
tested next. In most dynamic speakers, the output transformer 
is mounted directly on the speaker frame. The voice coil 
should be disconnected from the output transformer secondary 
before testing. Then the voice coil and the output transformer 
secondary winding should be tested separately with an ohm
meter for continuity. The voice coil may be open internally, or 
at the flexible leads. Remember that if a hum-bucking coil is 
employed, its continuity must also be checked, since it is in 
series with the voice coil. 

If the continuity of the voice coil checks satisfactorily, it 
should be tested for possible short-circuits between its turns, 
or between its ends ( especially if they cross over each other) , 
by measuring its resistance with the low-resistance range of an 
ohmmeter. The resistance reading obtained will be very low, 
and it should be compared with the normal resistance specified 
on the manufacturer's data .sheet for the receiver. In the case 
of a speaker employing a single-tum voice coil, the resistance 
is so low that it cannot be measured reliably with an ohmmeter. 
Careful visual inspection must be resorted to in order to locate 
"shorts" which may occur between the ends of such windings. 
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Both the voice coil and the output transformer secondary 
should now be tested for grounds to the frame. Keep in mind 
that some voice coil circuits are purposely grounded (as in 
Atwater Kent receivers, etc.). It is well to carefully move 
the speaker cone in and out with the fingers while the voice 
coil is being tested for grounds, since a ground may occur only 
at certain positions of the cone due to rubbing of the voice coil 
against the pole piece. The repair of faulty voice coils will be 
considered in Art. 26-39. This completes all of the electrical 
tests which may be made on dynamic speakers. Any other 
troubles will be of a mechanical nature. In fact, the majority of 
troubles which arise in dynamic speakers really are mechan
ical troubles occurring in the cone, voice coil, or spider. 

26-36. Cone, Voice Coil and Spider Troubles.-The cone, 
C, is fastened at its outside edge to a flexible leather or cloth 

Oourte111 Atwater Kent 

FIG. 26-19.-Correct 
method of holding the 
speaker frame and 
cone to determine if 
the voice coil scrapes 
against t h e pole 
pieces. The cone is 
gently moved straight 
in and out with the 
thumbs of both hands. 
If a dull scraping 
sound is heard when 
this is done, it indi
cates that the voice 
coil is not properly 
centered and is rub
bing against the metal 
pole piece. The main 
parts of the cone as
sembly are labeled. 

ring, R, which in turn is clamped to the speaker frame, F, as 
shown in Fig. 26-19. At its apex, the cone is cemented to the 
circular voice-coil form. This form and the voice coil wound 
on it, travel back and forth in the small annular air gap sur
rounding the round pole-piece of the field. In most cases, the 
cone is kept aligned to the exact center position by a flexible 
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spider support which is fastened to it either at the inside of its 
small end (later speakers) or around the outside of the outer 
end of the voice coil form ( older speakers) . The spider per
mits more or less unrestricted straight-line movement of the 
voice coil along the axis of the main pole-piece. 

The common causes which are responsible for most dynamic 
speaker mechanical troubles are: 

1. The voice coil may be off center and rubbing against 
the sides of the pole pieces. 

2. The voice coil form may be warped out of round, result
ing in its rubbing against the pole pieces. 

S. The voice coil wires may be loose from the coil form and 
scraping against the outer pole piece. 

4. The cone or spider may become warped, causing the 
voice coil to be off-center and scraping. 

5. A seam on the cone may loosen, the spider may loosen 
from the cone where it is cemented, the voice coil wire 
leads may come loose from the side of the cone to which 
they are cemented. These troubles all cause "rattling". 

6. Chattering may result from broken spiders or spiders 
which are not stiff enough, and from cones which come 
loose at the outer edge where they are clamped by the 
metal ring. 

7. Rattling may occur clue to a loose spider screw, or other 
loose screws in the speaker. 

These troubles and the remedies for them will now be con
sidered in detail. 

26-37. Recentering Voice Coils.-The circular form on 
which the voice coil is wound fits into the circular air gap with 
a very small clearance, and should be centered in it perfectly 
so that it does not touch the metal poles at any point. If the 
coil is not properly centered, the wire of which it is wound rubs 
against the pole pieces. If the friction is sufficient, the insula
tion of the wire wears away and short-circuits occur between 
the various turns, at the scraped surface. Then too, the output 
may be distorted because of the enforced limited movement of 
the coil caused by the excessive friction. There are two types 
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of voice coil centering arrangements: those in which either an 
internal or external spider is employed (see Fig. 26-19 for in
ternal type), and those in which waxed string suspensions are 
used. The former is the most common, and the centering of 
voice coils in speakers employing it will be considered first. 

To find out whether the voice coil needs recentering or not, 
the cone and frame assembly should be grasped in both hands 
exactly as illustrated in Fig. 26-19. The cone should be moved 
straight in and out by pushing gently with both thumbs. If a 
dull scraping or scratching sound is heard, it indicates that the 
coil is off center and is rubbing against the pole piece; conse
quently, recentering is necessary. Care should be taken not 
to push the cone assembly to one side when doing this, for it 
is possible to throw the entire assembly off center so that the 
voice coil scrapes if the cone is pushed on one side only. 

Another method for determining whether the voice coil needs 
recentering is to connect the loud speaker to the receiver and 
tune in a steady signal of low pitch. An excellent low-pitched 
sound may also be obtained by disconnecting one or more of 
the filter condensers in the receiver, and allowing the speaker 
to reproduce the resulting hum. If the receiver is inoperative, the 
primary of the speaker output transformer may be disconnected 
from the receiver and connected to a 110-volt a-c line, in order 
to produce the hum. With the hum as loud as possible, run 
the thumb around the edge of the spider; press firmly and 
listen carefully. The quality of the hum should be the same 
for all positions of the thumb. If it is not, the cone must be 
recentered. 

In order to recenter the voice coil, it is necessary to make 
the spacing between the voice coil and the pole pieces the same 
at every point. To do this, loosen the screw which passes 
through the center of the spider and screws into the center 
core-leg of the field. Now insert three narrow, thin cardboard 
or paper shims, H, of proper thickness in the cut-outs in the 
spider (see Fig. 26-20), so that they fit in between the voice 
coil and the center core-leg. This forces the voice coil to take 
a centered position in the air gap. Now tighten the center 
screw. so as to clamp the spider in this correct position. At 
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this point, it is well to make sure that the screws in the core
clamping ring at the top are tight. Then remove the shims. 

The method of recentering just described is what might 
be called the static method, since no signal is applied and 
the cone is at rest while it is being recentered. Some service men 
prefer the dynamic method. The dynamic method of recenter
ing is to reproduce 
the low-frequency 
hum of the un
filtered power sup
ply, loosen the spi
der centering screw, 
insert t h e shims, 
and, with the hum 
coming in strongly, 
tighten the center
ing screw and re
move the shims. 

S o m e speakers 
have their spiders at 
the rear of the cone 
instead of in front. 
These spiders have 
no centering screw, 
as the spider arms 
are fastened to the 
frame of the speaker 
by screws. In other 
words, the center of 
the spider is fastened 
to the cone, and to 
the voice coil, while 
its individual arms 

Oourte111 Atwater Kent 

FIG. 26-20.-Here the voice-coil centering 
shims, H, are shown in place in the air gap 
while the spider set-screw C is being loos
ened to allow the voice coil, spider, S, and 
cone to assume a "centered" position. 

are fastened to the frame of the speaker by screws. The 
process of centering such cones is the same as for the cen
ter-screw spider type, except that three or four screws or nuts 
must be loosened and tightened instead of one. Since these 
screws are behind the cone, it is usually difficult to get at 
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them and an off-set screwdriver or wrench must usually be em
ployed. The centering shims should be placed at three equally
spaced points 120 degrees apart. 

Instead of using a spider to center the voice coil, a few 
speakers use three thin, waxed strings stretched radially from 
the voice coil and separated evenly-by 120• arcs. The far 
ends of these strings fasten to thumb screws which may be 
tightened or loosened at will. The recentering of these cones 
is accomplished by using shims in the customary manner and 
then tightening or loosening the thumb screws to secure the 
proper position of the voice coil. 

The shims used for recentering voice coils should be about 
¼-inch wide and 2 inches long. Suitable shims may be made 
by cutting strips from an ordinary calling card or other thin 
cardboard, or from stiff paper. Since the air gaps employed 
in dynamic speakers vary to some extent, the serviceman will 
find that three or four shims each of the following thicknesses 
0.125, 0.01, 0.0075 and 0.005 inches will take care of all 
speakers. All the shims of each thickness should be marked 
so they can be identified easily. 

After a voice coil has been recentered carefully by one of 
the foregoing methods, it should be checked by the method of 
Fig. 26-19 to find out if it is properly centered. By listening 
carefully, and by the "feel" of the thumbs, it will be possible 
to determine if the coil still scrapes. 

26-38. Recentering Voice Coil When Cone or Spider is 
Slightly Warped.-lf the voice coil still continues to scrape 
after it has been recentered by one of the methods explained 
in Art. 26-37, it is possible that the cone is slightly warped, or 
that the leather supporting ring is placing an uneven tension 
on the cone edges because it is unevenly stretched. It is some
times possible to correct this trouble by first loosening the 
spider screw ( or screws) and placing the centering shims in 
place. Then loosen all screws around the cone-clamping ring. 
Now tighten them until they just begin to clamp. Then turn 
any one screw a full tum. Now turn the screw diametrically 
opposite to it, a full turn, and then tum one of the screws half 
way between these two, a full tum. Next tum the one dia-
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metrically opposite to this one, a full turn. Continue this until 
all the screws have been turned one full turn. Then repeat the 
operation, in this same order, until all of the screws are tight. 
In this way the outer edge of the cone will be clamped down 
evenly all around, and an even tension will be placed around 
the entire cone edge. Now tighten the spider screw (or screws) 
and remove the shims. 

The cone and voice coil should now be tested for centering 
(see last paragraph of Art. 26-37). If the voice coil still scrapes, 
it is likely that the spider is warped (inspect it carefully; norm
ally it should be perfectly flat), the cone is warped out of 
shape, or the form on which the voice coil is wound is warped 
so that it is no longer round. If this is the case, it is usually 
advisable to replace the entire cone, spider, and voice coil as
sembly with a new one, for repair of these parts is usually a 
tedious, time-consuming job which calls for considerable mech
anical skill. However, if these parts must be repaired, either 
because of emergency or because the owner insists upon repair, 
the work may be done by the service man. 

26-39. Repairing the Voice Coil.-The first step when 
making almost any repair on the cone, voice coil, or spider is 
to remove the entire cone and voice coil assembly. Every step 
should be performed carefully so as not to damage either the 
cone or the voice coil form or winding. The speaker should be 
laid on its back with the cone pointing straight up. First the 
screws should be removed from the ring which clamps the outer 
rim of the cone to the frame. In many of the recent loud 
speakers, the cone is cemented to the rim. In order to remove 
this cement (it cannot be removed with water or ordinary 
solvents), the cemented portion should be saturated with "lac
quer thinner" which can be purcbased at any paint store. When 
the cement dissolves (it usually requires 5 to 10 minutes), the 
edge of the cone may be freed. Then the voice coil leads 
should be disconnected, and the spider set-screw (or screws) 
removed. The cone should now be lifted from the speaker 
frame carefully so as not to damage either the voice coil or 
the cone. 

The voice coil should now be examined carefully. If the 
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form is out of round, it may be repaired by inserting a round, tap
ered cork of the proper size into its open end---exactly as you 
would in the neck of a bottle. Do not stretch the coil form
just push the cork in snugly enough to fill the coil-form dia
meter. Now test for perfect roundness by means of a pair of 
calipers. Alter the position of the cork a little here and there, 
as requirements dictate, in order to make the coil form round. 
Now coat the coil with a very thin solution of a good grade 
of collodion or cement that will not warp the coil when it dries. 
No lumps or thick spots of cement should be left on the coil, 
for they will prevent ·its insertion into the small air gap later. 
While you are at it, it is a good plan to re-cement all the seams 
in the cone, and the cemented parts of the spider. This will 
strengthen them and repair any seam which contains cracked 
cement that is not visible. After at least 1 hour (when all the 
cement is thoroughly dry) , remove the cork from the voice coil 
form, test again for roundness, and install the cone. It should be 
recentered with shims (Art. 26-37) 1 and the spider set-screws 
tightened. The outer rim should then be re-cemented, the ring 
put back in place, and the shims removed after the job is com
plete. The voice coil leads should now be connected properly, 
and the speaker tested (see Fig. 26-19). 

Very often, an inspection of the voice coil (after the cone 
has been removed from the speaker) will reveal that the voice 
coil winding has become loose. This will cause a peculiar buzz 
or a rapid rattle. It may have rubbed against the pole piece 
and scraped some of the enamel insulation off its outside sur
f ace. If the damage is slight it may be repaired by scraping 
the burrs off the copper wire with a sharp penk:nif e, and then 
coating the surface of the scraped wire with a thin varnish or 
household cement. However I if the damage is serious, the cone 
and voice coil should be replaced with a new one. 

26-40. Repairing the Spider.-It is possible for the spider 
to warp and become out of true. If this happens, it is prac
tically impossible to properly center a voice coil. In other cases, 
the spider causes chattering, rasping, or high-pitched reproduc
tion. Spiders that are not stiff enough will also cause chatter
ing. A new spider (or a spider, voice coil, and cone assembly) 
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should be installed, but if one is not available, another may be 
cut from thin sheet bakelite or fibre having the proper degree 
of flexibility. In order to do this, remove the cone-spider assem
bly (see Art. 26-39) and place it cone-up, on a table. With 
a good grade of solvent (lacquer thinner will do) , remove the 
cement that holds the spider to the cone. In some speakers 
the spider is cemented to the cone at the back of the speaker, 
in which case the cone should be placed with the large-dia
meter end on the table. When the solvent has loosened the 
cement,, carefully remove the spider from the cone with the aid 
of a safety-razor blade. 

Remove the voice coil from the spider in a similar manner. 
Now, using the old spider as a template, cut out a new spider 
from the thin bakelite or fibre. A simple expedient is to 
cut out the old spider with a razor blade, leaving a ¼-inch 
flange of this spider remaining stuck to the con·e. Then, using 
this spider as a template, cut out a new spider from a dis
carded cone whose diameter is about ¼-inch larger than the 
opening it is to cover. Cement the new spider to the ¼-inch 
flange, and allow it to dry. The voice coil is then recentered 
in the usual manner. 

An annoying rattle very often develops due to excessive 
vibration of one of the legs of the spider. The guilty member 
may be located by placing the finger lightly on each leg in 
turn until the rattle stops when one is touched. A thin piece 
of leather or felt is then glued over this leg to dampen its vibra
tion. 

26-41. Eliminating Paper Rattle. -Although the voice coil 
and spider may be in good condition, a high-pitched rattle 
may be heard-a rattle that sounds more like the rustle 
of leaves than a metallic noise. This is due to some 
section of the cone proper vibrating in an abnormal manner. 
The most frequent cause of this paper rattle is a faulty seam 
in the cone. The edges of this seam must be stuck together 
tightly from end to end; any opening will cause paper rattle. 
It is usually best to open the entire seam with a good grade 
of solvent and re-cement the entire length. The stiffness of the 
entire seam will then be uniform throughout its length. 
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Paper rattle can also be caused by a tear in the cone itself. 
The best procedure here is to cement the seam o'lly, if the tear 
is slight and the edges overlap. Under any other conditions, the 
cone must be replaced, as the paper rattle will be particularly 
bothersome because of the vibration of the edges. Thin strips 
of paper cemented on both sides of the cone to cover the seam 
can be resorted to in some cases, though it is not particularly 
recommended if the tear is very large, because the stiffness of the 
cone is then changed and the quality of the reproduction impaired. 

26-42. Repair of Leather Suspension Ring.-In most dy
namic speakers, the outside edge of the cone is cemented to a 
flexible chamois, leather, or cloth suspension ring for support. This 
is in turn clamped to the frame of the speaker. If leather is used, 
it has a tendency to dry out and harden in time. This results 
either in a "fuzzy" sort of sound similar to paper rattle, or, poor 
low-frequency reproduction results. Often, it dries out and har
dens unevenly at certain spots, resulting in poor reproduction. 
It is often possible to soften a stiff leather cone-edge by care
fully applying and rubbing in a small quantity of mineral oil 
or a good leather dressing such as Neatsfoot oil. When this does 
not soften it sufficiently, or when the leather or cloth ring is 
worn or cracked, the entire cone and voice-coil assembly should 
be replaced. 

In the event that the leather or cloth ring loses its "body" 
and becomes flabby, insufficient support is given to the cone 
and it may work out of alignment, and cause rattling. In this 
case, the entire assembly should be replaced. 

The ring which clamps the leather cone edge to the frame 
of the speaker should always be screwed down tightly, for, if it 
loosens, rattling_ will result. It is often necessary to insert paper 
or cardboard ring washers between here in order to prevent 
rattling. 

26-43. Removing Iron and Dust Particles from Air Gap. 
-The presence of small iron and dust particles in the gap be
tween the voice-coil form and the central pole-piece frequently 
causes "raspy" and "rattly" reproduction. In some cases, this 
may be eliminated by placing the speaker in an inverted position 
and gently moving the cone backward and forward, so that these 
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particles may fall out. Usually, however, it will be necessary 
to dismantle the speaker and wipe the voice coil and pole piece 
clean with a wad of soft cloth. Speakers of recent manufacture 
are constructed with the air gap entirely enclosed so that iron 
particles and other foreign matter cannot enter it. 

26-44. Repair of Permanent-Magnet Type Dynamic 
Speakers.-While most dynamic speakers employ an electro
magnet for supplying the field magnetism, this type of speaker 
is also constructed with a permanent magnet field-the usual 
movable voice coil, spider and cone construction being retained. 
All of the troubles, and their remedies, which have already been 
described for the voice coils, spiders and cones of electromagnet 
type dynamic speakers hold for these units also. The only 
trouble experienced with the permanent magnets is that of loss 
of magnetic strength. These may be remagnetized (see Art. 
26-18) by the service man, but it is preferable to have them 
remagnetized strongly by an automobile ignition repair shop 
which possesses a large electromagnet for remagnetizing the mag
nets of magnetos. 

26-45. Repair of Condenser-Type Loud Speakers.-An
other form of loud speaker which was employed in at least one 
make of receiver in the United States several years ago (the 
Peerless receivers which were made by the United Reproducers 
Corp.) is the electrostatic or condenser type speaker (for details 
of its construction and operation see Ghirardi's Radio Physics 
Course). The construction of this type of speaker is extremely 
simple. Each section consists of a stationary plate of perforated 
metal and a movable plate consisting of a thin tinfoil sheet ap
proximately 0.0001 inch thick. Between these, and stuck to the 
movable tinfoil sheet, is a thin insulating sheet of rubber com
pound which acts as the dielectric. The movable plate acts as 
the diaphragm, vibrating in accordance with the signal and im
parting its motion directly to the air, resulting in sound waves. 
A high d-c polarizing voltage ( about 500 volts) is used. The 
complete speaker is made up of several 8 x 12-inch units of this 
type. 

The main trouble which occurs in this type of speaker is that 
of deterioration of the rubber dielectric, followed by its break-
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down due to the high polarizing voltage which must be applied 
across it. When the dielectric becomes punctured, it should be 
replaced, but replacement of this dielectric is extremely difficult 
and not lasting. In fact, so far as the author is aware, it is 
no longer possible to secure this material. Perhaps the most 
practical thing to do if called upon to service a speaker of this 
type in a Peerless receiver is to replace it with a dynamic speaker. 
A speaker having a push-pull output transformer designed to 
work out of push-pull '45 tubes should be employed. Its field 
resistance should be approximately 500 ohms. The connections 
in the receiver should be changed so that the plates of the '45 
output tubes go direct to the two outside ends of the speaker 
output transformer primary. Connect its center-tap to the B 
plus lead. Remove the choke in the output of the filter circuit 
and connect the 500-ohm field coil of the dynamic speaker in 
its place. Remove all the apparatus which was employed for 
securing the d-c polarizing voltage for the condenser speaker. 
The receiver is now ready for operation with its new dynamic 
speaker. 

26-46. Phonograph Pickups. - A magnetic type phono
graph pickup (sometimes called a reproducer) is a carefully as
sembled device that must be handled delicately and with patience. 
Though similar in construction to the motor unit of a balanced
armature magnetic speaker, its parts are much smaller, and of ten 
times proper spacing and adjustment must be carried out with 
the aid of a small pocket-size magnifying glass. There are many 
types of phonograph reproducers in use, but the magnetic type 
is very widely used for home radio-phono combinations and can 
be easily repaired. The copper-oxide, oil damped, crystal, and 
other types are subject to misalignment and wear, but their con
struction is such that the average service man does not have the 
necessary facilities for making satisfactory repairs on them. 
One of the most common troubles encountered in the "crystal" 
type of pickup is that due to the snapping of the leads to the 
crystal unit. It is not always possible to repair such a fracture. 

26-4 7. Construction of the Magnetic Phono Pickup. -
Figure 26-21 shows three interior views of a typical magnetic 
pickup. Essentially, it consists of chromium steel magnet, two 
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thin pole pieces, a mechanism support and bracket, a coil and an 
armature that is damped by means of an anchored rubber damp
ing block. The needle holder is pivoted in rubber pivots. Move
ment of the needle in the grooves of the record changes the 
magnetic flux in the center of the coil, and a voltage is gener
ated which is proportional to the rate of change of flux. The 
damping block is used to prevent excessive vibration at the re
sonant frequency of the mechanical system. 

26-48. Center-
ing the Phono Pick
up Armature.-The 
complaint of weak 
and distorted phono
graph reproduction, 
such as would be 
obtained if the grid 
bias were removed 
from an audio-am
plifier tube, is fre-
quently due to the 
armature of t h e 
pickup being off-cen
ter. In most pickups, 
the armature is cen
tered by means of a 
small clamp which 
fits tightly over the 
r u b b e r damping 
blocks. The two 
screws, A & B (Fig. 
26-21) , that hold 
this clamp in place 
should be loosened 
and the plate so ad

ARMATURE 

A 

Courtt'II RO.i Victor 

FIG. 26-21.-Details of the assembly of a 
typical phonograph pickup unit of the mag
netic type. 

justed that the armature is centered between the pole pieces of 
the magnet. To determine whether or not the armature is correct
ly adjusted, the pick-up should be re-assembled and the phono
graph set up for operation. With the phonograph volume con-
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trol turned up full, the needle in the armature should be moved 
back and forth with the finger. Unless the same response is 
heard in the speaker when the needle is pushed to the right and 
to the left, the armature is not properly centered. The armature 
should then be centered by moving the damping block plate, 
after loosening the mounting screws, in the direction opposite to 
the side at which the weak response was heard. 

26-49. Replacing Rubber Damping Block and Pivots in 
the Pickup.-The symptoms of weak reproduction accompanied 
by blasting on low-frequency notes, and rattles on the high fre
quencies, are generally caused by the hardening or deterioration 
of the rubber damping blocks and rubber pivot supports. The 
test for this failure may be made by moving the needle in the 
pickup first to the right and then to the left. It should take 
as much force to move the needle in either direction. If it is 
found that the armature is more easily moved in one direction 
than the other, it will be necessary to replace the rubber damping 
block and pivot supports. This usually necessitates dismantling 
of the entire mechanism. 

26-50. Remagnetizing the Magnet in the Pickup. - In 
certain types of pickups it is often necessary to remove the per
manent magnet in order to make any adjustments or replace
ments. If this is necessary, a steel or iron "keeper" (such as a 
large nail) must be placed across the poles of the magnet before 
it is removed from the pole pieces. Failure to do this will result in 
a weakened magnet. This keeper should not be taken off until 
after the magnet is placed back on the pole pieces in the pickup. 
If the magnet is found to be weak ( this may be determined by 
testing its magnetic attraction with a screwdriver), it will be 
necessary to remagnetize it in accordance with the remagnetiz
ing procedure explained in Art. 26-18. It is preferable to check 
the magnetic polarity of the pickup magnet and to re-magnetize 
it so that the same polarity is maintained. 

26-51. Removing Foreign Material from the Pickup Air
gap.-A fuzzy, crackling noise which is heard during the play
ing of a record is often caused by the presence of small iron 
particles which are attracted by the magnet to the base of the 
pickup near the stylus. These particles may be removed 
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easily with the aid of a small stiff brush, such as a toothbrush, 
or may be blown away, or picked off with small tweezers. 

26-52. Repair of Open Phono Pickup Coil.-Total inop
eration of a magnetic pickup is often caused by an open-circuited 
coil which must be replaced or rewound. In some instances, weak 
response may be due to a coil winding that has become short
circuited, partially short-circuited, or grounded to one of the 
pole pieces or to the armature. This condition may be checked 
readily by the use of an ohmmeter. Should the pickup coil be 
found to be short-circuited to the pole piece or armature, thin 
strips of empire cloth may be used to insulate it. A practical, 
quick test for determining the condition of a pickup may be made 
by connecting a pair of headphones directly across its terminals. 
When the needle in the pickup is moved back and forth with the 
finger, a clicking sound should be heard. If the needle is played 
in the groove of the phonograph record, the recording should be 
heard clearly in the earphones. 

26-53. Repair of Phonograph Turntables.--One of the 
most common troubles with phonograph reproduction is that of 
distortion. Although this condition may be caused by trouble in 
the pickup, it is more frequently due to incorrect speed of the 
turntable. A "wow" sound caused by variations in the speed of 
the turntable, is evidenced by distortion on long, sustained notes, 
especially on long playing records. As the first step toward 
eliminating complaints of this nature, the speed of the turntable 
should be checked. The correct speed for standard records is 78 
revolutions per minute while the record is being played with 
the needle of the pickup in position on it. Although the speed 
may be determined by counting the number of revolutions made 
in a minute by a small strip of ordinary white paper inserted 
between the record and the turntable, it is preferable to regulate 
the speed with the aid of a stroboscope disc. A stroboscope is 
a circular cardboard disc with lines so drawn and spaced that 
when the disc is placed on a record which is being played, and 
the disc is illuminated by an ordinary incandescent ( or pref er
ably a neon) lamp bulb Ughted by an a-c supply of specified 
frequency ( 60 cycle will do), the lines appear to stand still when 
the speed of the record is correct. If the lines appear to be 
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traveling forward, the speed of the turntable is too fast, and, 
when the lines appear to travel backward, the turntable is reg
ulated at too slow a speed, and it should be adjusted. 

The speed of most turntables is regulated easily by a screw 
or lever adjustment which controls the action of the governor 
operating in conjunction with the phonograph motor. Many 
of the new phonograph motors are equipped for two-speed oper
ation of the turntable, one for the playing of 78-r.p.m. records, 
and the other for the 33½-r.p.m. records. 

Fluctuation in the speed of the turntable, or "wow," is usual
ly caused by the hardening of the leather, soft rubber, or felt 
washer, upon which the turntable rests. Replacement of the 
washer or washers is of ten all that is necessary to correct this 
condition. In some instances, the entire motor must be over
hauled, oiled, greased, and each electrical connection checked 
and resoldered. When the motor is of the commutator-brush 
type, the commutator and brushes must be carefully cleaned 
with fine sandpaper (not emery cloth) and fitted properly. 

Speed variation may be noticed only on certain types of 
records, especially those of the long-playing kind. This will be 
found to be due to excess pressure of the pickup in many cases. 
It may be counteracted by the adjustment of the counter bal
ance fastened to the far end of the pickup arm or by the installa
tion of a light spring between the motor board and the pickup 
arm to reduce the pressure of the pickup upon the record. 

26-54. Repair of Phonograph Motors.-The phonograph 
motors employed in combination radio-phonograph receivers are 
usually sturdily constructed and seldom require attention, except 
for periodic oiling and greasing. However, when induction 
motors are encountered which cannot be made to operate at cor
rect speed or are sluggish in operation, the trouble may be due 
to the turntable shaft which has become slightly "frozen" at the 
point where it passes through the motor assembly. This con
dition may be rectified by working the sbaf t loose with the aid 
of some light mineral oil. In cases where the motor is sluggish, 
or bas a tendency to stall or lose power, a drop or two of machine 
oil should be applied to the bearings. In the commutator type 
of phonograph motor, this latter condition may be overcome by 
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cleaning the commutator with a strip of fine sandpaper and 
resurfacing and fitting the carbon brushes tsee Art. 27-40). 

A large number of radio-phonograph combinations employ 
an induction disc-type motor. These motors have two sets of 
field coils, or inductors, each of which consists of three coils and 
five polu. The magnetic field produced between the poles by 
the passage of alternating curent through the inductors causes 
the non-magnetic rotor disc, which fits in the narrow gap between 
the poles of each inductor, to rotate. Because of the high cur
rent passing through these coils, one or more of them may bum 
out or become partially short-circuited if the motor is operated 
continuously for any length of time. When it becomes necessary 
to replace these coils, care should be exercised to connect them 
in exactly the same manner as previously found, otherwise the 
disc and turntable will be found to be "running backward". 

26-55. Eliminating Hum Caused by Phonograph Motor. 
-Very often, phonograph reproduction is accompanied by an
noying hum. In such cases, the pickup arm and motor frame 
should first be grounded. The pickup leads should also be 
shielded with grounded shield covering. If these remedies do not 
eliminate the hum, a plate of soft iron approximately 0.1 inch 
thick and 10 inches _in diameter should be screwed to the top of 
the motor board, under the turntable. This will act as a mag
netic shield preventing the stray magnetic field of the phono
graph motor from inducing hum current in the coil of the pickup. 

In one make of magnetic pickup, a "hum-bucking" or "hum
neutralizing" coil (see Art. 26-33) has been incorporated in the 
pickup (connected in series with the regular coil) to buck out 
the hum current which may be induced in the regular pickup 
coil by the motor field or any other stray magnetic fields. 
Of course this makes the iron plate shield unnecessary. 

26-56. Automatic Record Changers.-Because of the fact 
that the design and construction of automatic record-changing 
mechanisms are so varied and more or less complicated, no at
tempt will be made here to discuss their troubles and the rem
edies which apply to them. Some of the trouble symptoms which 
occur in a few of these devices, and the remedies which will cor
rect them, have been listed in the compilation of Symptoms and 
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Remedies for Troubles in Home Receivers, which will be found 
in the Radio Field Service Data and Answer Book Supplement to 
Modern Radio Servicing. The reader would do well to consult also 
the instruction and service literature of the manufacturer of the 
particular record-changer in cases where trouble is experienced. 

26-57. Adding Phonograph Pickups to Radio Receivers. 
-There are instances when it is desired to add to an existing 
radio receiver, facilities for making phonograph reproduction 
possible. In such cases, the installation must be made in as 
simple and direct a way as possible, and at low expense. This 
means that, aside from the mechanical problems of locating the 
turntable and reproducer, the electrical connections to the re
ceiver must be considered. Of course, they must be kept as 
simple as possible, consistent witli satisfactory performance. 
Methods of adding phonograph pickups of the "crystal" and 
"magnetic" types to receivers by making simple circuit connec
tions to the receivers will be considered fi:,;st. Then, an entirely 
different method which makes use of a modulated oscillator ar
rangement will be described in Art. 26-65. Although this work 
cannot really be classed as repair work, it is presented here for 
lack of a more appropriate place to put it in this book. It does 
however, entail reconnection of a few circµits in the receiver. 

The service man must decide first to which part of the radio 
receiver it will be best to connect the pickup. This, of course, 
depends on the circuit arrangement of the particular receiver. 
In receivers which employ but one audio stage following the 
second detector, the volume will usually be insufficient for satis
factory phonograph reproduction if an average pickup is con
nected to the input of the a-f ampli~er (after the detector). It 
is better to connect it to the input side of the second detector 
and make the necessary circuit changes to decrease the control
grid bias on this tube so that it operates as an amplifier when the 
pickup is connected for phonograph reproduction. If this is 
done, two stages of amplification are available for amplifying 
the output of the pickup-which is ample for good volume. 

In receivers which employ at least two stages of a-f ampli
fication, the phono pickup may be connected to the input circuit 
of the first audio stage, although in this case too, it is often 
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connected into the input side of the detector stage when it is to 
be used. Since several different detector circuit and tube ar
rangements have been used widely in receivers during the past 
few years, it is essential that the service man who attempts to 
install magnetic type phonograph pickups in existing receivers 
be familiar with the proper method of connection for each com
mon detector circuit arrangement. 

Also, suitable switching arrangements must be provided for con
necting the phono pickup to tne circuit at will, and preventing the 
radio signals from feeding through along with the phonograph re
production. For convenience, it should only be necessary to flip one 
switch for changing from radio to phono reproduction. 

Pickup circuit arrangements to meet the various circuit con
ditions usually encountered will now be considered. 

26-57 A. Adding "Asta tic" Crystal Phono Pickups to Radio 
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FIG. 26-22.-(A) Method of connecting a phonograph pickup 
to the detector input circuit of a receiver employing grid-leak detection. 

(B) Method of connection when the receiver employs grid-bias 
detection. In each case, the additional pickup and other wiring is 
shown dotted. 

Receivers.-Because of their high impedance, "astatic" crystal 
type phono-pickups may be connected directly between any of 
the points in the receiver to which a magnetic type pickup may 
be connected (see Figs. 26-22, 26-23, 26-24 and 26-28)-but pre
ferably between the control-grid and B-minus of the first audio 
amplifier input tube. 

The average voltage output of this type of pickup is over 2 volts 
when shunted by the usual 0.6_ meg. potentiometer-type volume con
trol used with it (see (A) of Fig. 26-26), so the tube grid should 
be operated at from 4 to 6 volts negative to prevent distortion at this 
point. 

26-58. Connecting Phono Pickup to Input of Grid Leak 
and Condenser Detector.-If the receiver the pickup is to be 
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operated with contains a detector of the grid leak and condenser 
type, it may be connected to the input circuit of the detector tube 
when used, as shown at (A) of Fig. 26-22. In order to connect 
a bias voltage into the circuit automatically when the pickup is 
used, so that the tube will operate as a linear amplifier, bias re
sistor, B, (of the proper value) and its by-pass condenser, C, 
are connected in the cathode circuit as shown. When switch S, 
(which consists of one side of a d.p.d.t. switch) is thrown to 
position, R, for radio reception, the bias resistor is short-circuited 
through the chassis ground circuit so the tube operates as a de
tector. At the same time, switch S,, which forms the other side 
of a single double-pole-double-throw toggle switch which is em
ployed for both switching purposes, switches the grid of the tube 
to the grid leak and condenser to complete the circuit. When the 
switch is thrown to the P position for phonograph reproduction, 
switch S, connects one end of the phono pickup to the grid of 
the tube. In doing this, it automatically disconnects the grid 
from the tuning coil circuit in order to prevent any radio signal 
from feeding through the audio amplifier along with the phono
graph pickup impulses. At the same time, switch S1 opens its 
circuit, thereby putting bias resistor B and condenser C into the 
cathode-return circuit. The pickup is now connected directly 
across the input circuit of the tube, which is being operated as 
an amplifier. 

Several other circuit connections and arrangements for connect
ing a phono pickup to a detector circuit of this kind can be employed, 
but this one has the distinct advantages of completely eliminating the 
radio signal when the pickup is used, operating the detector tube as 
an amplifier along with the a-f amplifier for phonograph reproduc
tion so that additional amplification is obtained, and eliminating the 
necessity for having any long leads from the grid of the tube to the 
phonograph pickup in the circuit when radio reception is desired. 
Such leads often cause annoying feedback and resulting oscillation 
in the receiver. 

26-59. Connecting Phono Pickups to the Input of a Biased 
Detector.-If a simple grid-bias triode or screen-grid detector 
is employed in the receiver, the phonograph pickup can be con
nected to its input by employing the arrangement shown at (B) 
of Fig. 26-22. Resistor B and by-pass condenser C are the 
units which were originally in the receiver (reconnected as shown 
of course) . Resistor A is an additional new bias resistor of the 
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proper value which will cause the tube to operate as a linear 
amplifier. The operation of switches S1 and S,, which form 
the two sides of a d.p.d.t. toggle switch may be understood from 
a study of the diagram. For radio reception, high-bias resistor 
B is put into the circuit; for phono reproduction, lower-biae 
resistor A is switched in. In either case, by-pass condenser C 
connects across the bias resistor being employed. With this 
arrangement only a simple toggle switch and a single-bias re
sistor of proper value need be added to the receiver. The proper 
value of bias resistor, A, to use, is that which makes the tube 
operate as a linear amplifier (see Chart of Grid-Bias Resistors in 
Radio Field Service Data and Answer Book supplement to Mod
ern Radio Servicing). 

26-60. Connection of Phono Pickup in Detector Circuits 
vs. Connection in A-F Amplifier.-In many cases (aside from 
those where diode detectors are used) it is desirable to connect 
the phono pickup into the input circuit of the audio amplifier 
instead of into that of the detector. This is usually the case 
when a diode detector is employed (since the diode produces 
no amplification), or when the circuit of the receiver is not 
known or available. It is also the case when the receiver con
tains plenty of a-f amplification. In such receivers, too much 
volume is obtained when the phono pickup is connected ahead 
of the detector tube. It makes little difference as regards 
"quality" whether the phono pickup is connected into the detec
tor, or the audio input circuit (so long as the detector tube is 
operated as a linear amplifier when the pickup is used) ; the 
main difference lies in the volume obtained. When plenty of 
volume is required, or, when the receiver contains only one audio 
stage, it is usually best to connect the phono pickup into the 
detector input circuit. When the receiver circuit is complicated 
and is not known, or when it contains two good audio stages, 
it is usually simpler to connect it into the a-f amplifier circuit. 
Whenever possible, this arrangement is to be preferred. 

26-61. Connecting Phono Pickups to Duplex-Diode De
tectors.-Many broadcast receivers employ a duplex-diode tri
ode tube which combines the functions of automatic volume con
trol, detection and audio amplification. A typical circuit ar-
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rangement for a composite circuit of this type is shown at (A) 
of Fig. 26-23. The heater, cathode, two diode plates and triode 
(or pentode) grid and plate are in the same tube. The signal 
input to the tube connects between the diode and cathode, as 
shown, through volume-control potentiometer R. The arm of 
R may connect to the control grid of the audio triode ( or pen
tode) section directly, or through some sort of resistance-coupled 
arrangement. 

The tube connections other than those shown here are not 
important for our consideration. The phono pickup is simply 
connected across the volume-control resistor of the receiver, this 
volume control then serving for both radio and phonograph 
operation. This connects it to the input circuit of the triode 

55 75 OR 85 OUPLEX
DIODE TRIODES OR 287 
g, 6 B 7 DUPLEX-DIODE 

PENTODES-s--.. 

] ] 

<B• 

FIG. 26-23.-Two methods of connecting a phonograph pickup to 
receivers employing a duplex-diode triode (or duplex-diode pentode) 
tube. The pickup is connected to the input of the audio triode (or 
pentode) amplifier section of the tube. 

portion of the tube (there is no point in connecting phono pick
ups to the diode sections of diode detectors since these detectors 
do not amplify). Switch S1 cuts the phono pickup in or out. 
Another switch, S,, may be connected across the input tuning 
coil for short-circuiting the input to the detector so that no radio 
programs will be reproduced while the phonograph is operating. 
Switch S1 and this switch can both form part of a single d.p.s.t. 
toggle switch. 

Another arrangement which may be used in receivers which 
employ a duplex-diode triode (or duplex-diode pentode) tube is 
shown at (B) of Fig. 26-23. This arrangment is also useful if 
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the receiver does not contain two a-f amplifier stages-the de
tector feeds directly into an output stage-and if the circuits 
already described are not applicable for one reason or another. 
A conventional detector circuit employing a duplex-diode triode 
tube is shown. The same arrangement to be described is also 
satisfactory if a duplex-diode pentode tube is employed. The 
s.p.d.t. toggle switch Si is connected so that when thrown to the 
R side the grid of the audio section of the tube is connected for 
normal radio reception; when connected to the P side, this grid 
is connected to the phonograph pickup and the radio circuit is 
disconnected. When making this type of phonograph pickup 
connection, care should be exercised to make the lead from the 
grid of the triode section of the tube to switch Si, and that from 
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FIG. 26-24.-Two methods of connecting a phonograph pickup to 
the input of the receiver audio amplifier when independent a-f am
plifier tubes are employed in the receiver. 

(A) The pickup is connected to the primary of the first a-f 
transformer when the a-f amplifier is transformer-coupled. 

(B) The pickup is connected to the grid circuit of the first a-f 
tube when the a-f amplifier is resistance coupled. 

S, to the arm of the volume control, as short and direct as pos
sible to prevent possible coupling between these leads and the 
input side of the diode. In some cases, it may be necess&--y to 
shield these leads with a grounded shield. In the circuit arrange
ments of (A) and (B), the volume control resistor of the receiver 
must have a large resistance compared to the impedance of the 
phonograph pickup. 

26-62. Connecting Phono Pickups to Simple Audio Cir
cuits.-In receivers in which simple audio circuits having inde
pendent audio tubes are employed, the phono pickup may be 
connected to the input of the first audio tube. If the first audio 
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tube is transformer-coupled to the detector, the pickup may be 
connected across the primary winding of the audio input trans
former, as shown at (A) of Fig. 26-24. A simple s.p.d.t. toggle 
switch is employed for connecting the primary of the a-f trans
former to either the phono-pickup or the detector tube. In this 
way, either the phonograph or the radio can be used without 
interfering with each other. 

If the first audio tube is resistance-coupled to the detector, 
VOLUME 

---~ CONTROL 
i 

TO 
RECEIVER 

LOW 
IMPED. 

PICK-UP 

VOLUM~ 
CONTROL 

,,7 

TO 
RECEWEF\ 
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FIG. 26-25.-(A) Connection of a volume control potentiometer 
to a high-impedance magnetic type pickup, or an "astatic" crystal 
type pickup. 

(B) Connection of a low-impedance magnetic type pickup to its 
impedance-matching transformer and volume control potentiometer. 

the phono pickup may be switched into the circuit (as shown in 
(B) of Fig. 26-24) by means of s.p.d.t. toggle switch S1 em
ploying the circuit arrangement shown. When the switch is iu 
the R position, the radio is in use and the phono pickup is dis
connected. When it is in the P position, the radio is disconnected 
and the phonograph pickup is connected directly to the input ter
minals of the audio tube. Resistor R 1 is the grid-leak resistor in 
the receiver (usually a 2-megohm resistor). 

26-63. Volume Controls for Phonograph Pickups.-In 
the circuit arrangements of (A) and (B) of Fig. 26-23, the 
volume control resistor of the receiver acts also as the volume 
control when the phono pickup is in operation. However, in the 
circuit arrangements of Figs. 26-22 and 26-24, it is very likely 
that the volume control of the receiver would be in either the 
r-f or detector circuits where it could not serve for control of 
the phono pickup volume. If the phono pickup employed is not 
already provided with a built-in volume control of its own, an 
external volume control must be added to it in these cases. This 
volume control (which may consist of a 50,000-ohm potentio
meter in the case of a magnetic pickup, or a 0.5 meg. potentio
meter in the case of an "astatic" crystal type pickup), should be 
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connected with its full resistance across the output of the pickup. 
The arm and one end of the potentiometer should be connected 
to the receiver, as shown at (A) of Fig. 26-25. Fig. 26-26 illus
trates two typical magnetic type phonograph pickups. That at 
the left does not contain a volume control. The one at the right 
has a volume control built into the base. Its control knob is visible I 

26-64. High-Impedance and Low-Impedance Pickups.
If the pickup to be employed is of the high-impedance type (im
pedance is several thousand ohms), it may be connected directly 
into the most suitable point in the receiver circuit (see Fig. 
26-22) without additional accessories. However, if a low-im
pedance type pickup is used (impedance is only several hundred 
ohms), for proper energy transfer, its impedance must be matched 
approximately to that of the circuit it is connected to. An im
pedance-matching transformer must be connected between the 
pickup and receiver for this purpose. The proper turns ratio of 
such a transformer is equal to the square root of the impedance 
ratio required. Proper impedance-matching transformers to op
erate with low-impedance pickups are available in a number of 
standard impedance ratios. The connection of an impedance
matching transformer of this kind ( together with an external 

FIG. 26-26.-(Le/t) A typical magnetic type phonograph pickup 
unit complete with its tone arm and base. 

(Right) A similar pickup which has a volume control built into 
its base. The volume cc.ntrol knob can be seen at the lower right. 

volume control) to a low-impedance magnetic pickup is shown 
at (B) of Fig. 26-25. "Astatic" crystal type pickups are of the 
high-impedance type. 

26-65. Adapting a Phono Pickup to a Receiver by means 
of a Phonograph Oscillator.-In all of the phonograph pickup 
arrangements considered up to this point, the pickup is connected 
directly into the circuits of the radio receiver. From what has al-
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ready been said, it must be apparent that the job of connecting 
phonograph pickups into the circuits of all sorts of existing radio 
receivers is not a very simple one for the service man, if satis
factory results are to be obtained. The connection arrangement 
employed depends upon the number of audio stages employed 
by the receiver, the types of audio tubes, the type of detector 
tube, the type of detector circuit, etc. Another method, which 
feeds the output of the pickup to the receiver in an indirect way, 
but which is simple to adapt to practically any type of a-c 
electric receiver manufactured during the past five years, will 
now be described. The installation work can be completed in 
about fin minutes, for, since no changes whatsoever are made 

FIG. 26-27. - A modulated 
oscillator unit for connecting 
a phonograph pickup unit to 
any existing radio receiver 
without need for making any 
wiring changes in the re
ceiver circuits proper. Its 
circuit diagram is shown in 
Fig. 26-28. (Model RK-24) 

Oourt~ltJI ROA Vietor 

in the wiring of the receiver, the receiver chassis does not need 
to be removed from the cabinet. 

The entire adapter unit, which may be mounted anywhere 
inside ( or in back of) the receiver cabinet, is illustrated in Fig. 
26-27. Its complete schematic circuit diagram is shown in Fig. 
26-28. The unit is really a miniature broadcast transmitter 
which is energized from the power supply of the receiver and 
modulated by the phonograph pickup. It consists of either a 6A7 
or a 2A7 tube-the type of tube used depending upon whether 
the receiver to which the unit is connected employs 2.5-volt 
tubes (in which case the 2A 7 is used) or 6.3-volt tubes (in which 
case the 6A7 is used). The tube, which is a pentagrid converter 
designed to perform simultaneously the function of an oscillator 
tube and a mixer tube, is connected with its triode portion act
ing in an r-f oscillator circuit of the Hartley type, having an ad-



CH. XXVI REPAIRING INDIVIDUAL RADIO COMPONENTS 869 

justable frequency from 1,400 kc to 1,700 kc. The phonograph 
pickup is permanently connected across the control-grid and 
cathode of the pentode section of the tube, the pentode section 
functioning as the modulator. Suppressor grid modulation is 
employed. The phonograph pickup modulates the r-f signal of 
the oscillator, in other words, the tube is used in much the same 
manner as the combination mixer-oscillator in a superhetero-

FIG. 26-28. - Schematic 
circuit diagram of the 
modulated phonograph os
cillator of Fig. 26-27. It 
is in reality a miniature 
broadcasting station whose 

4MFD 

output signal is modulated PICKT~~MINAL 
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Produces it through the ~ 'EXT GND CH 

C P 
IANT BINDING 

loud speaker. -~:u __ .J POST 

dyne receiver. The modulated output signal from pickup coil 
L~ is fed directly to the antenna and ground terminals of the 
receiver. When the receiver is tuned exactly to the carrier fre
quency of the output signal of the oscillator, the receiver am
plifies and demodulates this signal just as it does any signal re
ceived from a broadcasting station. The result is that the phono
graph recording is reproduced by the loudspeaker of the receiver. 
The volume control of the receiver acts as the volume control 
for the phonograph reproduction also. 

In order that no internal connections need be made to the 
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receiver, three adapter lugs are provided for direct connection to 
tube prongs of two of the tubes in the receiver. These are 
labeled in Fig. 26-28. One lug is slipped over one of the fila
ment prongs of the rectifier in the receiver for providing the 
necessary plate and screen voltages for the tube in the oscillation 
unit. The other two lugs which are slipped over the heater 
prongs of one of the tubes in the receiver, supply heater current 
for the tube in the oscillator unit. 

A double-pole double-throw toggle switch is employed for 
changing from radio to phonograph. This is so connected that, 
when thrown to the "Phono" position, the antenna is discon-

HEATER PRONGS 
OF ANY TUBE 
EXCEPT REC.T-

flER 

TO 
ANTENNA 

TWISTED LAMP CORO 
BE SUPPLIED BY PUR
CHASER.MAY BE UP TOI 

FIFTY fEET LO/G. 

EITHER flLAMENT 
PRONG OF RECTIFIER 

'><-e<:,:,.cc~~~"l 

-PHONOGRAPH UNIT 
TO BE PLACED AT 
ANY CONVENIENT 

LOCATION 

Courte111 BOA. Victor 

FIG. 26-29.-Typical installation of the phonograph oscillator 
unit of Figs. 26-27 and 26-28. The method of slipping the lugs over 
the heater prongs of a tube in the receiver for filament current supply 
is shown at the left. 

nected from the receiver, the heater supply to the 'A7 tube is 
closed, and the output coil L4 of the phonograph oscillator is 
connected to the antenna post of the receiver. When it is thrown 
to the "Radio" position, the antenna is connected to the receiver 
and the supply to the heater of the 'A7 is opened. A pictorial 
view showing the phonograph oscillator unit mounted inside of 
a receiver cabinet, and the various connections which must be 
made, is shown in Fig. 26-29. The detailed view at the left 
shows how the two adapter lugs for the heater circuit are placed 
on the beater prongs of one of the receiver tubes. If a low-im
pedance type magnetic pickup is used, an impedance matching 
transformer must be connected between it and the input term-
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inals of the oscillator unit. If a high-impedance magnetic type 
(or an "astatic" crystal type) pickup is used, no impedance
matching transformer is necessary. 

26-66. Repairing and Refinishing Damaged Receiver 
Cabinets.-The refinishing, and repair of minor damages, to 
receiver cabinets is a very important part of radio repair work, 
for the service man who is able to do this work himself can save 
the cost of complaints, returning scratched or damaged cabinets 
to the factory, and having marred cabinets spoil the chances of 
making a sale. In addition, he can refinish and repair the re
ceiver cabinets of his customers at regular service rates. 

OourlUJI Radio Betailiftg .ll1111u,M 

FIG. 26-30.-How burning-in shellac is filled into a deep scratch 
or minor dent in a radio receiver cabinet with a small penknife to 
bring the surface up to the level of the rest of the wood. 

There are five common types of damages which occur in 
radio receiver cabinets. These can be repaired easily after a bit 
of experience has been obtained. They are: press marks 
(bruises due to improper packing); scratches (deep and surface); 
dents; rubbed edges and fractures. The tools and materials re
quired for their repair are: % quart of crude oil thinned with 
½ quart of benzine; 1 small can of furniture glue; very fine steel 
wool, No. 0000 pumice stone powder; walnut stain; No. 0000 
sand paper; an alcohol lamp; a stick of transparent, burning-in 
shellac; a small pen knife or scapel. All of these supplies may be 
obtained at any paint supply store for approximately one dollar. 
The alcohol lamp can be made by cutting off the small end of 
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a machine oil can spout and inserting a wick into it so that it 
dips into the alcohol contained inside. A lamp of this kind may 
be seen in Fig. 26-30. 

If the cabinet has a "press mark" or surface scratches, first 
rub it down well with the crude oil and benzine mixture. Then 
follow with pumice stone over the entire surf ace and finish with 
a soft dry rag. The pumice is applied by dipping a rag or small 
piece of felt soaked in the crude oil, into the pumice powder. 

If the cabinet has deep scratches, minor dents, or other 
marks, they must first be filled in with the burning-in shellac. 
To do this, light the alcohol lamp, soften the shellac stick in the 
flame and get a piece of this transparent shellac on the side of 
the rubbing-in knife. Fill the indentation by carefully pressing 
the softened shellac in with the knife, as shown in Fig. 26-30. 
Build it up until the surf ace comes slightly above that of the 
cabinet. After the indentation is completely filled, sandpaper 
the projecting rough surface flush with the wood. Then finish 
the job with pumice and oil in the same manner as already ex
plained for "press marks". 

Deep dents may sometimes be swollen flush by the applica
tion of hot water or steam. However, this process requires con
siderable care, or the glue under the top layer of veneer will be
come moist and the veneer will peel. 

Rubbed edges are very common, and give the cabinet a shab
by, shopworn look. Generally, alcohol (colored with walnut, 
oak or mahogany stain according to the finish of the set) ap
plied along these edges with a piece of felt will suffice. Bottles 
of these various stains should be kept at hand. 

Fractures in radio receiver cabinets may be caused by ex
tremely rough handling during shipment. Splitting and check
ing may sometimes be caused by the use of improperly seasoned 
wood in cheap cabinets or by subjecting the cabinet to extreme 
temperature changes during shipment. Very often, these may 
be repaired by smearing the surfaces of the split portions with 
a good grade of furniture glue and clamping them together 
properly until the glue has set. After the clamps have been put 
in place, any excess glue should be wiped off carefully with a 
cloth moistened with hot water. Be careful to insert blocks of 
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soft wood between the clamps and the polished surf aces of the 
receiver cabinet to prevent denting by the jaws of the clamps 
when they are tightened. Two or three five-foot adjustable iron 
rack-type "C" clamps supplemented by a few of the smaller 
wooden "C" clamps are excellent for this purpose. 

REVIEW QUESTIONS 

1. Explain in detail how you would proceed to repair a 2,000-ohm 
wire-wound resistor in which the resistance wire has broken near 
one of the end terminals. 

2. You require a moulded carbon type resistor of 2,500 ohms, but 
you have only one of 2,000 ohms on hand. Explain what you 
would do to increase the 2,000-ohm unit to 2,500 ohms. How 
would you know when you had the correct resistance? 

3. Suppose you needed a 1,500-ohm resistor and you had a 2,000-ohm 
wire-wound unit on hand; what would you do to it to make it 
serve the purpose satisfactorily? 

4. Explain how you would proceed to repair a variable wire-wound 
volume control resistor which is responsible for noisy operation 
of a radio receiver. 

5. How would you proceed to re-wind an r-f coil in a t-r-f receiver 
employing a 3-gang tuning condenser? 

6. How would you match the coil with the others in the receiver, 
so that the tuning would track satisfactorily over the entire dial? 

7. Explain with the aid of sketches, how you would test an i-f 
transformer unit to determine and locate the following troubles: 
(a.) short between the primary and secondary windings; ( b) 
open primary; (c) shorted primary tuning condenser; (d) 
ground between the shield can and one of the coils. 

8. A filter choke is burned out near its center so that its resistance 
cannot be measured. How would you determine the amount of 
wire that must be purchased to rewind the choke? The size 
of the wire? 

9. How would you make sure to have the same air-gap length in 
the core of the choke of Question 8, after it is rewound, as was 
present before? 

10. Explain how you would remove a choke coil from its housing, if 
it is sealed in with pitch. 

11. Ohmmeter tests show that one of the low-voltage filament wind
ings of a power transformer is burned out because of overload
ing. Explain in detail, how you would proceed to repair this 
transformer if the winding is the 3rd winding from the outside 
one, and it is not desired to disturb any of the outside windings. 
How would you determine the size wire and number of turns 
to use for the replacement coil? 

12. Name the various insulating materials that are employed to 
insulate the windings of filter chokes and power transformers 
from themselves and the core, stating the particular applica
tions for which each material is best suited and your reasons 
for same. 
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11. A condenser block containing three filter and four by-pass con
densers of the paper-type, with a common grounded terminal 
throughout, is to be tested for opens, shorts, leakage and grounds. 
Explain how you would make each test, and what instruments 
you would use in each case. 

14. One of the 2-mfd. filter condensers in the condenser block of 
Question 13 is found to be leaky. All of the condensers are 
sealed in pitch in a metal container. Explain how you would 
proceed to remove this condenser from the block and connect and 
seal another similar one in its place. 

16. How could the receiver which employs the condenser block of 
Question 13 be put back into normal operating condition if it is 
not desired to bother sealing a new condenser into the block! 

16. An electrolytic condenser of the wet type breaks down because 
it is accidentally connected across a voltage greater than its 
maximum rated value. How would you go about re-forming the 
plates? 

17. A variable condenser is noisy. After cleaning the wiping con
tact, it is still noisy. What expedients would you resort to, in 
order to eliminate the noise? 

18. Explain how you would make complete electrical tests on the 
speaker cord of a balanced-armature cone speaker. Illustrate 
your explanation with a sketch for each test. 

19. Assuming that the tests of Question 18 indicate that the speaker 
cord is perfect, how would you proceed to locate possible electri
cal troubles existing in the coils of the speaker? 

20. Explain how you would test the permanent magnet of the 
speaker in Question 19 for strength. How would you remag
netize it? 

21. Can a-c be used for remagnetizing a permanent magnet? Why? 
22. A balanced armature magnetic speaker is noisy. Upon inves

tigation, it is found that foreign matter is clogging up the air 
gap and the armature is not centered. How would you go 
about repairing it? 

23. The cone of the speaker of Question 22 is not properly seated. 
How would you reseat it? 

24. (a) How would you repair a tear in the paper cone of a loud 
speaker? 
(b) How would you repair a seam which has opened up? 

25. What kind of current should be supplied to the field coil of a 
dynamic speaker? What will be the effect on the reproduction 
of the speaker in each case if the following types of currents 
are supplied: (a) a-c; (b) pulsating d-c; (c) smooth d-c? 

26. Describe 4 different ways in which the dynamic speaker field 
current can be obtained in practice in a common a-c line-operated 
radio receiver. Illustrate your description with circuit sketches. 

27. Explain how excessive leakage in the dry electrolytic filter con
denser employed in the speaker field circuit of Fig. 26-14 would 
affect the operation of the speaker. Would the hum be increased 
by this condenser condition? Why? 

28. The field coil of a dynamic speaker obtains its current from a 
full-wave rectifier system operating from the 60-cycle line. The 
speaker does not contain any provisions for reducing hum. Ex-
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plain how hum that will be heard in the speaker output will be 
produced. What will be the frequency of this hum? Explain! 

29. A dynamic speaker is equipped with a hum-bucking coil to 
reduce hum. Explain how this coil operates to reduce the bum. 

30. What effects will be noted if the hum-bucking coil should open
circuit? If it should short-circuit? 

31. Explain the purpose of the copper shading ring in some dynamic 
speakers. How does it accomplish this purpose? Why is it 
made of copper? 

32. The voice coil of a dynamic speaker is not properly centered. 
The spider and cone are in good condition, but the voice coil is 
"out of round." How would you attempt to repair and recenter 
the coil? 

33. What effect, on the operation of a dynamic speaker, would 
several loose turns on the voice coil have? How would you 
proceed to repair this trouble? 

34. The internal spider of a dynamic speaker is broken, although it 
is cemented rigidly to the cone. What two methods may be 
used for repairing the spider? 

35. State 5 causes for raspy and distorted reproduction in a dynamic 
speaker. The receiver is perfect and the voice coil of the speaker 
is properly centered. 

36. The output of a loud speaker sounds "fuzzy." The spider and 
voice coil look normal and properly aligned. What would you 
look for in the speaker, as the possible cause of trouble? 

37. What would be the audible result, in each case, if the following 
trouble were present in a dynamic speaker: (a) loose soldered 
joint on input cord tip terminal; ( b) output transformer prim
ary or secondary open; (c) output transformer primary or 
secondary shorted; ( d) open voice coil; ( e) shorted voice coil; 
(/) open hum-bucking coil; (g) shorted hum-bucking coil; (h) 
open field winding or connecting leads; ( i) voice coil off center; 
(j) loose cone edge? 

38. What is the most common trouble which occurs in condenser 
type speakers? What causes this trouble? 

39. How does a magnetic phonograph pick-up operate? Explain! 
40. What will cause the complaint of weak and distorted reproduc

tion from a magnetic pick-up? What will cause "blastmg"? 
41. How would you go about recentering the armature of a mag

netic phonograph pickup of conventional construction? 
42. What precaution would you observe when removing and replac

ing the permanent magnet of a magnetic pickup? Why? 
48. Reproduction from a phonograph is distorted. The pickup is 

tested and found to be normal, but the turntable is turning too 
slowly. What means would you use to adjust the turntable 
speed? 

44. What is the effect on the entire "pitch" of the reproduction from 
a phonograph record if: (a) the turntable rotates at hi~her 
than normal speed; ( b) rotates at lower than normal speed. 

46. Discuss 6 causes for the complaint of "wow" during record 
reproduction. 

48. How would you proceed to eliminate excessive hum in a phono-
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radio installation, the hum being present only when the pick-up 
is operated. Grounding the components, and shielding the pick
up leads do not help matters. Explain! 

47. A high-impedance phono pickup is to be installed in the input side 
of the detector circuit of a receiver. The receiver uses a grid 
leak-condenser detector with no bias. Draw a circuit sketch 
showing how you would connect the pickup into the receiver 
circuit so that either radio or phono reproduction may be ob
tained at will by flipping a single toggle switch. 

48. If the pickup of Question 47 is of the low-impedance type, what 
other piece of equipment will be needed for satisfactory oper
ation? Why? Draw it in its proper position in the circuit 
sketch you drew for Question 4 7. 

49. You are called upon to install a low-impedance magnetic phono
graph pickup in the receiver whose circuit diagram is shown 
in Fig. 21-12 (Chapter XXI). Decide where you would connect 
it for good volume, and draw a simple circuit sketch showing 
the connections as you would make them. 

50. Explain the idea involved in, and the operation of, the phono
graph oscillator shown in Figs. 26-27 and 26-28. What are 
the advantages of this method of phonograph pickup connection? 

51. Explain how you would proceed to repair a deep scratch which 
was made in an expensive walnut radio cabinet. 
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CHAPTER XXVII 

INSTALLING AND SERVICING AUTO-RADIO 
RECEIVERS 

27-1. Introduction.-The auto-radio receiver has become 
such· a widely accepted off spring of the home radio set that little 
need be said regarding its increasing popularity as a convenient 
source of entertainment and information in automobiles. From 
the standpoint of the radio service man, it is sufficient to know 
that the sale of auto-radio receivers has increased at a very 
rapid pace and that the season at which most auto-radio work is 
done occurs just at the time when the servicing of home receivers 
is usually at a low ebb, so that auto-radio work helps to fill in 
the otherwise dull months of the year. Millions of these receivers 
will be sold and installed every year, and millions of them will 
require some servicing. 

As every service man knows, the satisfactory installation of 
auto-radio receivers involves a great deal more work than the 
mere drilling of a few mounting holes for the receiver, and its 
connection to the car battery. If this were not the case, there 
would be no need for a special chapter on the subject in this book. 
There are many auto-radio installation and servicing problems 
which are unknown in home-receiver installations. For example, 
the receiver must be mounted in a location which is almost always 
very cramped and hardly accessible. Unless the car is already 
equipped with a built-in antenna system, an aerial must be 
installed in (or on) the roof, under the running boards or chassis 
of the car, or in some other location. Portions of the upholstery 
may have to be removed and put back later in order to 
do this. Considerable attention must also be given to the igni
tion and other electrical wiring of the car in order to eliminate 
all electrical interference which it produces in the receiver. Sup
pressor resistances must usually be installed in the high-tension 

889 
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wmng; by-pass condensers (and often chokes) must be put in 
at various places in the low-tension wiring; brake rods and other 
control rods may have to be bonded to the chassis; and it is often 
necessary to shield, re-route, or make other changes in the car 
wiring itself before satisfactory noise-free operation is obtained. 
The increased sensitivity engineered into modern auto radios 
and the growing tendency to eliminate individual spark-plug 
suppressors have thrown the burden of noise elimination where 
it should be-on expert installation work. 

An itemized list of the operations involved is presented here, 
so that· a general idea of what the installation of auto-radio 
receivers really involves may be had before the various problems 
are considered in detail. 

1. The receiver must be mounted in the most suitable place. 
2. The tuning-control unit (if one separate from the re

ceiver is provided) must be mounted on the steering 
column or the instrument panel. 

3. The loud speaker (if one separate from the receiver is 
employed) must be mounted. 

4. The receiver must be connected to the car storage bat
tery. The battery terminals may first have to be cleaned 
thoroughly. 

5. If an aerial is not already provided in the car, a suitable 
one must be installed. 

6. The charging rate of the generator must usually be in
creased to compensate for the increased battery drain 
caused by the radio set ( unless the car is already pro
vided with automatic charging-rate regulation). 

7. By-pass condensers must be connected at the generator 
terminals and very likely at other places in the car to 
reduce electrical interference. 

8. The spark plug gaps and breaker points may have to be 
cleaned and adjusted, or the distributor rotor-arm 
peened, in order to clear up electrical interference. 

9. In many installations, suppressor resistors must be in
stalled at the spark plugs and the distributor. 
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10. l\liscellaneous shielding of wires, bonding of control-rods 
and wire-shields to ground, and by-passing may have 
to be done in order to eliminate troublesome electrical 
interference. 

11. In some cases, certain wires in the ignition system of the 
car may have to be re-routed, and the ignition coil may 
have to be re-located in order to minimize interference. 

In the face of all these installation problems, it is no wonder 
that auto-radio installation and service work has often been found 
unprofitable by the uninitiated or poorly-equipped service man 
who does not have sufficient knowledge of the electrical systems 
of automobiles, or the many possible causes for electrical dis
turbances which may be set up by them, to locate and remedy 
such troubles r~pidly and directly. 

It is unfortunate that automobile owners do not realize that 
when an auto-radio installed in their car gives noisy reception, 
it is usually the fault of the car and not the radio receiver. 
They do not realize that the noise problem depends not only 
upon the make and model of car but also upon its age and the 
condition of its ignition system. The radio service man is often 
forced to recondition the entire ignition system of the car before 
he can make the radio installation (which may be perfect in 
every respect) operate to the entire satisfaction of the owner. 
Usually, the owner is not willing to pay extra for this service. 
He is often quick to point out that an auto-radio set installed in 
a friend's car of the same make and model gives perfect recep
tion, while his does not-being unaware of the fact that the elec
trical and ignition systems of his particular car may be in ex
tremely poor condition, and further that it is usually easier to 
make a high-grade receiver give excellent performance than it 
is to do so with a cheap one whose 11engineering" has been 
skimped to meet price competition. High-grade auto-radio 
receivers are usually double-shielded to prevent direct pickup by 
the internal wiring of the receiver and are provided with an array 
of chokes and by-pass condensers which filter out all noise cur
rents from the battery and control wiring. These features are 
often omitted in the cheaper receivers, with the result that more 
elaborate measures have to be taken with the wiring of the car 
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itself to eliminate all noise. Naturally, this takes more time, 
and it is on just such jobs as these, where a very inexpensive 
set is being installed, that the owner is not willing to pay much 
for the installation work. These are but a few of the conditions 
which the service man must contend with and overcome success
fully if he is to do this branch of radio work satisfactorily. 

It is to thoroughly acquaint the reader with modem auto
radio service problems and their solution that this chapter is 
included. The information contained herein represents the prac
tical findings resulting from the experience of the author and 
many others engaged in this work. Its purpose is to make clear 
most of the problems that confront the service man in this branch 
of work, and to specify direct, rapid solutions to most of them.* 

27-2. Qualifications and Equipment for Auto-Radio Ser
vice W ork.-N o special training is required to install and ser
vice the average auto-radio receiver. The usual thorough know
ledge of radio circuits and theory-which is essential for any 
sort of radio service work-some knowledge of the electrical 
wiring systems of automobilest, and the ability to follow direc
tions carefully, are all the essentials required. Once installed, 
the receiver must be freed from the various types of noise inter
ference, and it is here that the specialized knowledge contained 
in this chapter is of importance. 

The equipment required for the installation and servicing of 
auto-radio receivers is not greatly different from that required 
for home receivers. In addition to the usual set analyzer, tube 
tester, hand tools, etc., a vibrator tester, a hack saw, an electric 
drill, socket, monkey and off-set wrenches, and a heavy-duty sol
dering iron are quite sufficient for all ordinary purposes. In addi
tion, accurate thickness or "feeler" gauges for adjusting the break
er points, the spark-gap points, and the distributor; sand paper 
for cleaning the commutator of the oharging generator and other 
incidental motors that may be used, plus a few additional small 
*NOTE: Definite remedies for stubborn cases of noisy auto-radio 
operation in the various makes and models of American cars are 
presented in the author's Radio Trouble-Shooter's Handbook. 
tNOTE: The wiring diagrams for the electrical systems of recent 
model American automobiles will also be found in the Radio Trouble
Shooter's Hamlbook. 
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items completes the tools of the auto-radio installation and 
service man. A supply of shielded loom, wire-shielding, flexible 
copper bonding braid, etc., will also be required. These will be 
considered at the proper places later. 

A word or two about the size and location of the shop. If pos
sible the shop should be large enough, and so located that the cus
tomer can drive the car into it. Experience has shown that best 
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FIG. 27-1.-An auto-radio test room arrangement whereby the 
car and auto-radio receiver under test (as well as all test equipment) 
is completely shielded from all outside sources of electrical interfer
ence. The operator is shown here about to complete the shielding of 
the car by pulling cables which lower the screen door at the front. 

service can be rendered, and the customer more easily and com
pletely satisfied, when the work is done inside the shop than when 
conditions are such that the car must be left in the open, over 
night perhaps, while the installation is being made or the repair 
effected. More important than this, however, is the fact that 
external interference from other passing vehicles and all electrical 
devices in the vicinity is minimized when the car with the re
ceiver under test is brought into a closed, and preferably shielded 
test space whenever it is necessary. 

Figure 27-1 is an interesting photograph of a modern auto
radio installation and service station showing a car driven into 
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the special screened cage, having its radio receiver tested. The 
test enclosure consists of a massive copper screen cage which 
completely surrounds the car being tested and keeps out man
made static and other extraneous disturbances. The entire cage, 
including the floor immediately under it is thoroughly grounded, 
and the repair shop is in the cage as well. An installation of 

Court~•II Radio Ora.ft Jlagcui,w 

FIG. 27-2.-A modern test bench for auto-radio service work. A. 
direct-reading tube checker is at the center. The test panel also 
contains a test oscillator, set analyzer, volt-ohm-milliammeter, conden
ser tester, etc. Notice the neat straightforward arrangement of all 
the equipment, and the free bench space for working. This test bench 
is located within the test cage shown in Fig. 27-1. 

this kind makes it possible to provide proper test conditions at 
all times. Of course, it is rather elaborate, but in congested 
areas troubled with excessive noise interference, such an ar
rangement may be absolutely necessary. 

Figure 27-2 is an illustration of a modern auto-radio test 
bench showing the neat layout of the test oscillator, analyzer, 
tube checker and other test instruments arranged on a vertical 
panel in back out of the way so as not to interfere with the service 
work proper. This test bench is actually located within the 
shielded test cage shown in Fig. 27-1. It should be emphasized, 
however, that even more important than a good, suitably-
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equipped shop is a thorough understanding of auto-radio re
ceivers. Their construction, installation, relation to the elec
trical system of the car, the methods to be employed in tracking 
down and eliminating all sources of electrical interference which 
make them noisy, and their repair are vital points that the auto
radio service man must know all about, if he is to be successful. 

27-3. Mechanical Requirements and Construction Fea
tures of Auto-Radio Receivers.-The auto-radio receiver differs 
from the home receiver in some important mechanical and elec
trical details which are necessarily caused by its different en
vironment. The home receiver is intended for operation in a 
location relatively free from wide atmospheric anQ temperature 
ehanges, dust and mechanical vibration. It is also assumed that 
it is fairly well removed from sources of disturbing electrical 
interference so as to be reasonably free from such disturbances, 
and that most of any noise that is heard must come either from 
the power line or from the antenna system. Of course, all coils and 
most of the critical wiring are shielded to prevent as much of the 
direct pickup as possible. If the natural environment of the 
receiver is not conducive to such noise-free operation, suitable 
measures can be taken to make it quiet (see Chapter XXX). 

The auto-radio receiver, however, must contend with much 
worse conditions. It must withstand the almost constant vibra
tion and jarring of the car-even if it travels over the roughest 
country roads---it must be compact enough to enable convenient 
location out of the way, of both driver and passengers; the tuning 
control system must be so arranged that it can be manipulated 
from a point remote from the receiver in most cases; the design 
of the housing should be such that the receiver may be mounted 
and dismounted with ease whenever servicing becomes necessary. 

Mechanical rigidity is secured by mounting all components 
firmly and permanently. Metal chassis are used, and the tube 
socket contacts are made to grip the tube prongs firmly to pro
vide good contact in spite of severe mechanical vibration. The 
outer casing of heavy metal protects the components against 
dust and the elements, provides a means for mounting the receiver 
securely in the car, and also acts as a shield to reduce direct 
pickup of radiations by the wiring or other parts of the receiver. 
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Compactness is very essential in an auto-radio receiver. As 
will be shown in a later section of this chapter, difficulty is some
times experienced in finding sufficient clear space where it may 
be mounted near the driver. The steering-wheel post, brake 
and clutch pedals, the emergency brake and additional equip
ment such as a car heater, etc. (all on the passenger side of the 
bulkhead) reduce the available room left in the car for the 
receiver. One trouble with the older auto-radio receivers was 
that they were so large that they could not fit into the available 
spaces in those locations which were best suited for them. The 
development of the new combination high-gain tubes has been the 
largest contributing factor toward making the auto-radio receiver 
more compact, and therefore easier to install. 

Ease of installation depends upon the type of receiver and 
car; no specific rules can be given. But regardless of the method 
of mounting, the important thing is that an auto-radio receiver 
should be designed so that it can be installed easily and with 
the least amount of mechanical labor. It is important to dis
tinguish between ease of installation and the amount of mech
anical work involved. Certain receivers may be easily installed, 
themselves, but only after a considerable amount of drilling of 
holes and moving of other parts in the car proper has been ac
complished. Other receivers may be installed with little mechan
ical work, but what there is of it is tedious and difficult. 

Most auto-radio receivers have a built-in B-power supply 
unit which operates from the car storage battery. However, 
some of the older receivers employ a separate power unit which 
is mounted at some convenient place away from the receiver 
proper-often in the floor of the car. The same applies to the 
loud speaker. Some auto-radio receivers have built-in speakers, 
while others use separate speaker units. Each type has its own 
advantages and disadvantages, a discussion of which does not 
come within the scope of this book. Suffice it to say, however, 
that both types are in general use, and the raaio man should 
know how to install and service both types. 

Ease of service means that the receiver must be so designed 
that the set can be removed from its moorings in a few minutes 
without detaching any of the equipment not associated with it. 
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Several means by which this can be accomplished will be de
scribed in Art. 27-8. The ease with which a receiver can be 
serviced depends, among other things, upon its mechanical de
sign. The tests of the circuits of the receiver and the servicing 
procedure are practically identical with those described for home 
receivers, in previous chapters of this book. The main excep
tion lies in the power supply unit. Since this is somewhat differ
ent from the usual type encountered in home receivers, it will be 
discussed at length in Arts. 27-53, 27-54, etc. 

27-4. Tuning Control Arrangements Employed.-There 
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FIG. 27-3.-A typical modern auto-radio receiver with self-con
tained loud speaker at the front. The remote-control tuning head and 
cable are shown at the right. The speaker grille is plainly visible at 
the front of the set. 

are several general types of auto-radio receivers in use. These 
are distinguished from each other mainly by the tuning control 
and mounting arrangement used, rather than by the electrical cir
cuits employed ( all employ the usual superheterodyne circuit) . 

Several tuning arrangements are employed in these receivers 
-all bringing this control within convenient reach of the driver. 
In the earliest, and still the most popular one, the on-off switch, 
volume and tuning controls are placed in a housing called 
the control-head, which is mounted at a convenient location a 
short distance away from the receiver proper. A typical modem 
auto-radio receiver with built-in loud speaker is shown in Fig. 
27-3. The remote-tuning control head and cable are shown at the 



878 MODERN RADIO SERVICING CH.XXVII 

right. These controls are connected to the receh·er proper by 
flexible drive shafts between the control head and the receiver. 
These drive shafts consist of special "dental cables" composed 
of as many as 45 fine steel wirestwisted in a special way to form 
a flexible shaft about ¼-inch in diameter (see Fig. 27-10)-one 
that can transmit twisting effort in either direction with very 
little torsional deflection. These shafts run in flexible metallic 

00t1rt~.,, Radio Ora.ft .lla.ga.iin, 

FIG. 27-4.-How the remote tuning contra} head of an auto-radio 
receiver is mounted on the steering column within convenient reach 
of the driver. The flexible cables run down from the control head, 
down along the steering column to the radio receiver mounted under 
the dashboard out of the way. 

casings similar to speedometer cable housing. Their ends are 
swaged into square or hexagonal shape to facilitate their mech
anical connection to the driving controls at one end, and driven 
units at the other. 

Figures 27-4 and 27-5 show two different methods of mount
ing these remote tuning-control heads. In the former, the con
trol head is mounted on the steering-wheel column (see Fig. 27-9 
also), and in the latter the control head is built into the center of 
the dashboard or instrument panel of the automobile. In either 
case, tuning and other control is accomplished by this flexible 
"mechanical" drive between the control knobs and the receiver. 

Dashboard control such as shown in Fig. 27-5 is easily in
stalled in most recent models of cars, because the instrument 
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panels of the cars are designed to receive the "control heads". 
Special tuning-head escutcheon plates which "match" the finish, 
color, and design of the instrument panels of all popular cars 
are available. Notice how well, the radio tuning control escut
cheon plate at the center of the instrument panel in Fig. 27-5 
harmonizes with everything else. 

A second method of obtaining dashboard control is provided 
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FIG. 27-5.-An auto-radio installation in which the tuning and 
volume control unit is built into the center of the instrument panel 
of the car. The tuning and volume control knobs, as well as the 
tuning dial window, may be seen here. The flexible control cables 
run from this unit down behind the instrument panel to the receiver 
mounted on the bulkhead behind. 

by the type of receiver illustrated in Fig. 27-6. This has the 
tuning and volume controls built directly into one end of the 
receiver case. Note that this receiver is completely self-con
tained-the loud speaker, tuning control, power unit and radio 
receiver proper are housed in a single compact case. The re
ceiver is designed to be mounted directly under the cowl, between 
the bulkhead and the dashboard, and to have the control units 
protrude conveniently from under the front of the dash, as 
shown. In one variation of this method, the extremely com
pact receiver is placed in one of the glove compartments of the 
dashboard. Operation is effected by merely opening the door 
of the compartment and manipulating the controls. 
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A third control scheme which was used in the past, but which 
has now lost favor, is to place the r-f and oscillator tubes in a 
small box mounted on the steering-wheel column and connecting 
the i-f output (a superheterodyne circuit is used) to the rest of 
the receiver placed in some convenient part of the car. This 
method has the advantage that the i-f amplifier, second detector, 
and audio amplifier unit is very small, and may be tucked in 
almost any convenient corner of the car, since flexible shafts are 
not required. However, it has many other practical disadvan
tages. 

In many limousines which are driven by chauff ers, it is desir
able to have the tuning control in the rear of the car where the 
passengers may have convenient access to it. A special installs-
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FIG. 27-6.-A single-unit auto-radio receiver designed for dash
board mounting and dashboard control. The tuning and volume con
trols are built directly into the receiver proper as shown. 

tion of this type, in which the tuning control is built into the 
arm rest of the rear seat of the car, is illustrated in Fig. 27-7. 

27-5. Electrical Features of Auto-Radio Receivers. -
Thorough shielding is one of the primary electrical considera
tions in the design of an auto-radio receiver. Although the 
necessity for mechanical rigidity and electrical shielding are 
closely allied, nevertheless the receiver could be designed for less 
efficient shielding with the same mechanical rigidity. Good elec
trical shielding demands that all seams be tightly closed, all 
covers make good electrical as well as mechanical contact, all 
bushings be tight and snug, and all wires leading to the receiver 
be thoroughly shielded, and the shielding grounded. 
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Although the ave systems used in auto-radio receivers ac
complish the same general function that they do in home re
ceivers, they are employed here for a somewhat different purpose. 
As pointed out in Chapter XIX, the main purpose of the ave sys
tem in home receivers is to prevent overloading of the audio 
stages on loud signals and to maintain the output at some sub
stantially constant level ( depending upon the setting of the man
ual volume control) for different stations that may be tuned in. 
The fundamental purpose of the ave system in the auto-radio in-

FIG. 27-7.-An unusual 
auto-radio installation in 
which the tuning contr~l 
head is built into the arm 
rest of the rear seat of the 
car. A close-up view of 
the tuning unit installa
tion is shown in the insert. 
The loud speaker is placed 
in one of the rear doors 
and concealed with uphol
stery material. Wires to 
the speaker are carried 
through the door-cheek 
strap. The radio chassis 
is in a waterproof box be
neath the floor boards. 

Oourte8J1 Radio Ora.ft .ttavuin, 

stallation is to prevent noticeable decrease in audio output as 
the car passes through signal fields of various strengths during 
its travels. 

Since the auto-radio receiver is used while the car is in motion, 
it is therefore natural to expect that the signal strength will 
vary as the car passes through good and poor locations. The 
change in signal strength may be very rapid-and very extreme. 
The proximity of bridges, surf ace cars, trucks, steel buildings, 
trees, and other large electrical conductors often lowers (and 
sometimes raises) the signal strength. It is the purpose of the 
ave system in the auto-radio receiver to automatically increase 
or decrease the sensitivity of the receiver sufficiently to maintain 
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the output level substantially constant. Those who have oper
ated auto-radio receivers which were not provided with sufficient 
ave are aware of the widely fluctuating output levels which can 
result, and can appreciate the necessary wide range over which 
the ave system must work. In practice, this range should be 
about 40 db, which corresponds to signal level changes of 100; 
in other words, the signal received can vary between 10 and 
1,000 microvolts per meter and the ave system should maintain 
the audio output level substantially constant (provided the re
ceiver sensitivity is sufficient to provide sufficient output with the 
low-level input). 

In order for the audio output level to be sufficiently strong 
with an· input of 10 microvolts per meter, the sensitivity of the 
receiver must be high enough to amplify this small input suffi
ciently. The modern auto-radio receiver can do this easily, and 
is substantially as sensitive as the majority of home-installed 
receivers. This is contrary to a somewhat general impression 
that auto-radio receivers are insensitive; those built several 
years ago were relatively insensitive, but those manufactured 
at present are not. They must be extremely sensitive because 
of the entremely poor antenna systems they are forced to operate 
from and the fact that the signal field strength is comparatively 
weak in the city streets in which they may be operated. 

Practically all auto-radio receivers employ the superhetero
dyne circuit, because of its many important advantages. The 
only great difference between these receivers and those employed 
in the home lies in the power units which are employed in them 
for converting the 6-volt d-c potential of the car storage bat
tery into smooth high-voltage potentials for the plate and screen 
circuits of the tubes. In some receivers, vibrator arrangements 
(see Art. 27-53) are employed; in others a rotating power supply 
unit is used. These will be considered later. The tubes employed 
are those of the 6.3-volt indirect heater type-their filaments 
being connected in parallel with each other and operated directly 
from the car storage battery. The incoming filament-supply line 
from the battery is filtered through several chokes and by-passed 
to ground by a number of condensers so as to reduce the amount 
of interference ("hash") which would otherwise be conducted 
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into the radio-frequency circuits by the current supply wiring. 
Due to their extremely compact construction, it is often diffi

cult to get to the tube sockets of these receivers for test and an
alysis purposes unless the receiver chassis is first removed from 
the case. The same holds true for the power unit and speaker, 
if they are built as integral units in the main receiver case. 

27-6. Specialization in Auto-Radio Work.-Most service 
men who do auto-radio work specialize in the installation of one 
or two types of receivers. These receivers, in their opinion, 
yield the most profit for the amount of installation and service 
work required. It is for this reason that the preceding details 
are given. Before a service man selects a particular make of 
receiver for his special attention, these details should be inves
tigated thoroughly. 

It may seem strange that mechanical details are usually of 
greater importance than electrical characteristics. The reason 
is that the circuits employed in most auto-radio receivers are 
about the same, and about the same types of troubles occur in 
them. The important problems confronting the service man are 
more of a mechanical nature-especially those concerning the 
ease of installation of the receiver and the ability of its electrical 
components such as filter and bypass condensers, resistors, vibra
tors, etc., to stand up under the vibration and temperature con
ditions existing in the car; the electrical problems such as ignition 
noise are perhaps more a function of the type and construction 
of the car than the circuit used in the receiver. 

27-7. Locating the Receiver in the Car.-Perhaps the first 
thing to be done when a new receiver is to be installed is to study 
the layout of the portion of the car where the receiver is to be 
mounted. There is no standard location for the receiver proper 
if it is of the remote-control type. Of course, if it is of the direct 
tuned type, the only suitable location is under the cowl on the 
driver's side of the bulkhead; it can only be placed where it can 
be tuned by either the driver or a front-seat passenger. The 
presence of other wires or rods, especially the speedometer cable 
and the instruments on the dashboard may require that the re• 
ceiver be moved to the right or left of the "ideal" location, 
but the general location of the receiver will be more or less 
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determined or "fixed" by its size and construction. 
Clearance must be allowed for cowl-ventilator levers, term

inal strips, fuse blocks, or hot-water heaters, and special care 
must be taken not to kink the speedometer cable. It will be 
found that a car possessing a hot-water heater usually has little 
room left for the receiver proper, and a great deal of patient 
figuring may be required before a suitable "spot" for the set 
can be found. Under no circumstances should an auto-radio 
receiver ever be mounted where any metal parts of the car will 
make intermittent or imperfect contact with the receiver case. 
This is certain to cause noise when the car is in motion. Bare 
choke rods, speedometer cables, copper tubing, etc., should never 
touch the case. If this cannot be avoided, they should be well 
taped where they are apt to touch the case, so that they will be 
insulated from it. This condition is especially important when a 
directly-tuned receiver that must be tuned from the dash is in
stalled. In many cases it may be necessary to move the heater 
a few inches to secure sufficient room. 

Indirectly (remote) tuned sets have more leeway in installa
tion, although there is a definite practical limit to the maximum 
distance the control head can be placed away from the receiver. 
There are several possible locations for the receiver, once the 
control head position has been decided upon. 

Most modern auto-radio receivers are designed so that the 
speaker, power unit and receiver proper are encased in a single 
housing; in the alternative construction, the speaker is a sep
arate unit. In either case, the same rules for locating the proper 
position of the receiver hold. Care must be taken that the re
ceiver ( and the separate speaker) do not obstruct any apparatus 
on either the engine or driver side of the bulkhead. In some in
stances it may be necessary to shift the position of heaters, igni
tion coils, and certain wiring to fit the receiver in place. 

It is an excellent idea to hold the receiver against the bulk
head in what seems to be a good position and mark off its loca
tion with a piece of chalk. Then, on the engine side, locate the 
same area and note carefully if it is obstructed by apparatus. 
Once a good location for the receiver has been determined, the 
set should be taken into the shop for a thorough test before 
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actual installation begins. It is best to test the receiver just 
before the actual installation, as it excludes the possibility of 
anything going wrong while locating the proper place for it. 

The placement of parts on the bulkhead on older model cars 
are such that difficulty may be had in finding a location for the 
receiver. This condition existed because car manufacturers did 
not have radio in mind when the cars were designed. However, 
most recent cars are constructed so that sufficient space 
is left somewhere on the dashboard or bulkhead for the 
radio receiver. It is wise to attempt to determine where the 
manufacturer intended a receiver to be placed, before proceeding 
with the installation, as it will be found that, in most cases; that 
location will result in less noise after the installation is finished. 

It is unfortunate that no additional specific data can be given 
regarding the selection of the proper location of the receiver, 
since the design of the car and set must be considered for specific 
data to be of value. 

27-8. Mounting the Receiver and Loud Speaker.-Once 
the location has been determined, the next step is to mount the 
set in accordance with the instructions of the manufacturer. 
Here again, very little speci~c information can be given, since 
because of the numerous mounting arrangements employed, the 
exact procedure is different for almost every set. However, there 
are several general rules that may be followed in all cases. 

Modern auto-radio receivers are constructed so that they 
mount on the vertical part of the dashboard (on the bulkhead) 
with hook-bolts, studs, or some similar fastening. First, one or 
more holes are drilled in the bulkhead, the location and spacing 
of these holes being specified by the set manufacturer. A drilling 
template is usually furnished with the receiver. Then the receiver 
may be fastened directly to the bulkhead, or, a plate is fastened 
to the bulkhead and the receiver proper is "hung" on this plate. 
This mounting arrangement is not the same for every receiver
it is mentioned here merely to supply some idea of the general 
arrangement. Those who have attempted to install early auto
radio receivers are well aware of the large number of mechan
ical problems that had to be solved before a good installation 
could be made. This is in direct contrast to the recent receivers, 
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many of which may be mounted with a single bolt, as shown in 
Fig. 27-8. This simplifies and speeds up the installation work. 

Some idea of a typical 1-bolt mounting arrangement can be 
gained from a study of Fig. 27-8. To mount such a receiver, 
the location is first determined and the area of the rear of the 
receiver case is marked off on the bulkhead with a piece of chalk 
or pencil. Then the center of the are.:\ is determined by draw
ing diagonals (lines between opposite corners) and marking their 
intersection. A ½-inch hole is drilled here. The small "dash
support" plate is loosely mounted with the carriage bolt through 
this hole, and the nut and lock-nut are screwed on loosely 
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on the engine side of the bulkhead. The set is hooked on over 
the head of the carriage bolt, is straightened, and then the two 
nuts on the engine side of the carriage bolt are tightened, holding 
the dash support plate and the receiver case tightly to the bulk
head. If the receiver is to be removed at any time for test or 
repair, the single nut and lock nut are simply loosened, and the 
entire receiver case is slid up off the head of the carriage bolt. 

In other receivers the method of mounting is slightly differ
ent, but most all of them make use of a template of one sort 
or another. In the receiver just described, the "template" 1s 
easily drawn on the bulkhead by the service man himself. 
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If the receiver contains a separate loud speaker, this should 
be mounted next. These speakers are usually designed for single
bolt mounting and are very simple to fasten to the bulkhead. In 
most instances, the best location for the speaker is on the bulk
head, to the left of, or above, the steering column. Enough room 
should be left for unobstructed foot action on the brake and 
clutch pedals. The loud speaker cable should then be connected 

Fm. 27-9.-A modern auto-radio control head designed for easy 
steering-column mounting is shown at the left. At the right, a special 
type of push-button tuning control box is shown mounted in place on 
the steering column. 

properly to the receiver in accordance with the manufacturer's 
instructions. 

27-9. Mounting the Tuning Control Unit.-After the re
ceiver and loud speaker have been mounted securely, the tuning 
control unit should be fastened in place (if a separate one is em
ployed). If it is designed to be mounted directly on the instru
ment panel (see Fig. 27-5), a suitable hole may have to be cut 
for it. If it is to be mounted on the steering column it should 
be located a short distance under the steering wheel (see Fig. 
27-4) so as to be easily accessible, and it should not obstruct the 
driver's view of the instrument panel. A detailed view of a 
modem control-head designed for easy steering-column mount
ing is shown at the left of Fig. 27-9. At the right, a special 
type of push-button tuning control box is shown mounted in 
place on the steering column. 

In many of the older steering-column type control heads, a 
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clamp bracket and circular strap are fitted to the steering 
column, and the necessary bolts are put in place and tightened. 
Steering columns vary in diameter, the usual sizes being 1½, lo/s, 
1 ¾, 1 % and 2 inches in diameter. In some units, an additional 
hole must be drilled in the strap to permit clamping it to a 
2-inch column. The proper location of this hole may be deter
mined after one or two trials by clamping the strap tightly with 
the hand and estimating the correct location of the new hole. 

The flexible drive-shaft ( or shafts) between the tuning 
control unit and the receiver are installed next. The shaft must 
be so run to the receiver that there are no sharp kinks or bends 

-------------33¼·------------+-i I' - -24f·--

~~~Cs'SJNG JOlllT (>0"""5) 

s-· --- -------

FIG. 27-10.-Detailed cross-section view of a typical flexible drive 
shaft used between the receiver and its remote tuning control unit 
in auto-radio installations. This shaft may be cut at any of the 
swaged joints to facilitate installation when a shaft of shorter length 
than that provided is required. In this way, four different cable 
lengths are made available. 

in it, and so that it does not obstruct the action of the feet in man
ipulating the foot pedals of the car. It is usually run down the 
steering column and fastened to it with small clamp straps pro
vided for the purpose. It is then bent gradually until it reaches 
the receiver. One or two such flexible shafts may be used, de
pending upon whether the volume control resistor and battery 
switch are built into the tuning control unit, or whether they are 
built into the receiver and operated by a flexible cable from the 
tuning unit. The procedure for mounting a unit having one drive 
shaft is usually the same as for units having two, and the manu
facturer's data sheet should be examined for specific details on 
the shafts used in the particular receiver. 

One widely used form of flexible drive shaft contains a slotted 
end, as shown in Fig. 27-10, which is inserted into the corres-
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ponding slot in the receiver and rotated until it engages with a 
pin in the tuning mechanism in the receiver. ,vhen it engages, the 
shaft is slid forward the maximum amount. Then the opposite 
end of the shaft is pushed through a bushing in the remote 
control unit and the set-screw tightened. After the proper ad
justment is secured, the remaining set-screws are tightened firmly, 
making for good electrical as well as mechanical contact. 

In many installations, it is not possible to utilize the full 
length of the shaft. Of course, a shorter shaft may be procured; 
but when this is not feasible, the existing shaft may be cut to 
the correct length. As shown in Fig. 27-10, the flexible shaft 
usually contains several sections, the end of each section 
being a suitable place, for cutting. In order to be cut, the shaft 
proper must be removed from its outer casing by removing the 
slotted coupling shown to the extreme left of the sketch. The 
shaft is then cut only at the center of the swaged joint, selecting 
that joint which allows at least the required shaft length. Then 
the outer casing of the shaft is cut to the same length as the 
cable, and the shaft is replaced in the casing. The slotted coup
ling is resoldered to the end of the shaft for insertion in the re
ceiver bushing. Thus, it may be seen that this form of shaft 
can easily be cut to a length of 121/s, 181/s, or 24'1/s inches, 
or may be used at its full length of 331/s inches. 

After the receiver is properly installed and the shaft con
nected, the tuning knob should be turned and the position of the 
dial when the tuning com:lenser of the set is turned to either 
end of its travel should be noted. Readjustment of the flexible 
shaft may be necessary if the tuning dial position does not cor
respond properly with the end position of the tuning condenser. 

A pictorial view of a complete single-unit auto-radio receiver 
with its tuning-control head, A-battery lead and mounting bolts, 
is shown in Fig. 27-1. The receiver is of the single-unit type 
having two flexible drive shaft~ and a control head for mounting 
on the instrument panel of the car. An A-battery lead is pro
vided for direct connection to the car ammeter post. The re
ceiver "bolts" on to the car bulkhead by means of the mounting 
bolts shown. 

Many receivers have a fuse in the battery cable to provide 
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proper "overload" and "trouble" protection in the battery line. 
In the receiver of Fig. 27-11, a fuse is provided as shown (inside 
the removable rubber sleeve) in the battery cable between the 
receiver and control head. This may be renewed easily when
ever necessary. 

RECEIVER 

BATTERY CABLE 

INSTALLATION a WIRING 

CONTROL HEAD 

TO AlilMETER POST 
Oourt~8JI G~mral El~ctrio Oc, 

FIG. 27-11.-Looking down on a typical auto-radio installation, 
showing the location of the various main units. Note especially the 
method of mounting the receiver by bolting it to the car bulkhead. 
The tuning-control head and two flexible shafts running to it are 
also shown. The "fused" battery cable and the "hot" A-lead which 
goes to the car ammeter post are at the lower left. 

27-10. Connecting to the Car Storage Battery.-After the 
receiver (with the loud speaker) and tuning control head have 
been mounted, and connected together properly, the electrical 
connections to the car storage battery should be made. Several 
important precautions must be observed when making them. 

The electrical systems of all cars are such that one terminal 
of the storage battery is "grounded" to the chassis and the other 
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side connects to the ignition and lighting systems. One side of 
these systems is also "grounded" to the car chassis to complete 
the electrical circuits (see Fig. 27-57). The "grounded" term
inal of the battery is connected to the chassis by a short, thick 
flexible copper braid or strap. One end of this strap is provided 
with a large lug which clamps over the terminal post of the bat
tery; the other end is bolted to the channel-iron frame of the 
chassis. It is essential that clean, tight connections be main
tained both at the battery terminals and the chassis if the full 
battery voltage is to be available and interference noise is to be 
kept at minimum value. If these terminals are found to be dirty, 
they should be dismantled and cleaned thoroughly with emery 
cloth. The battery terminal posts and the insides of the lug holes 
should then be coated with a thin film of white vaseline ( do not 
use ordinary car grease) before assembling. Then they should be 
put back in place securely, connecting the battery leads from 
the receiver properly in place with them, with due consideration 
being given to the following important points. 

Either the positive or the negative terminal of the battery 
may be the one grounded to the frame of the car-depending 
entirely upon the make of the car.* It is usually import.ant to 
know which system is used, for in auto-radio receivers which 
employ a "synchronous" type vibrator (see Art. 27-55), either 
the receiver will not operate at all or trouble may be exper
ienced if the battery polarity is wrong. In most receivers of 
this type, a simple means is provided in the receiver itself for 
correcting the polarity of the input to the receiver B-voltage 
vibrator (such as by having the vibrator reversible so that it may 
be inserted in two possible positions, etc.). On a car having 
"negative ground" it is necessary to withdraw the vibrator unit, 
rotate it 180 degrees, and re-insert it in the new position. If the 
car-battery polarity data is not at hand,* the service man may 
check the battery polarity with the low-reading scale of the d-c 
voltmeter in his set analyzer. This is recommended as a check in 

•NoTE: A complete tabulation showing just which side of the 
car battery is grounded in all models of the popular makes of Ameri
can cars manufactured from 1933 to date, will be found in Section 
8 of the author's Radio Trouble-Shooter's Handbook (Radio & Tech
nical Publishing Co.). 
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all cases anyway when installing those auto-radio receivers which 
require a definite battery polarity for successful operation. 

In some receivers, two battery leads are provided; one is to 
be connected directly to the chassis of the car, the other one 
is to be connected to the "hot" side of the battery. The "hot" 
side of the storage battiery is always understood to be the side 
that is NOT grounded, regardless of the polarity of that side. 
In other cases, one lead connects to the "hot" terminal of the 
battery, the other is fastened under the head of the same bolt 
which fastens the lug of the battery-grounding strap to the 
chassis. 

In still other cases, one of the battery leads of the set is 
to be connected directly to the car frame, and the other con
nects to one terminal of the ammeter on the instrument panel 
of the car. The procedure in any case is simple. If the set 
manufacturer's instructions are followed, correct operation will 
result. The effects that a storage battery which is in poor con
dition will have on the operation of the receiver will be discussed 
in Art. 27-34. The adjustment of the charging rate of the car 
generator to compensate for the increased current drain caused 
by the auto-radio set will be discussed in Art. 27-36. 

After the receiver has been connected properly to the car 
battery, it should be turned on to see if the dial lights up properly 
and if the set functions. A slight vibration should be felt when 
the hand is held on the receiver case, and a slight hum should 
be heard in the speaker. 

27-11. Installation in Cars Provided with Built-In Anten
na System.-After the receiver has been installed and connected 
to the car battery, attention may be directed to the installation 
of the antenna system, if one has not already been provided as 
standard equipment by the car manufacturer. If the car al
ready contains an antenna, no further antenna installation is 
necessary, provided the one already on the car has a sufficiently 
high signal to-noise ratio to give satisfactory reception with the 
particular receiver being installed. 

The lead-in wire should be located (since it is usually run 
down through one of the hollow corner posts of the car, it will 
usually be found on the right or left band side behind the in-
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strument panel).* In order to make certain that the antenna is 
not grounded to the chassis at any point, it is well to test for a 
"direct" or "high-resistance" ground between the wire of the 
lead-in and a "clean" spot on the car body. If a "ground" does 
exist, it must be cleared up before the antenna is used. Other
wise, the lead-in may be connected to the antenna terminal of the 
receiver with a piece of shielded wire, as will be explained later 
in Art. 27-16. Any surplus wire should be clipped off. In this 
case the next step will be to clear up all ignition noises, as ex
plained in Arts. 27-40 to 27-51. 

27-12. Installation in Cars Not Provided with a Built-In 
Antenna.-Recent cars having all-steel (so-called "turret-top") 
type roofs, open touring cars, roadsters, and most cars manu
factured previous to 1932 are not provided with a built-in an
tenna. If a radio set is to be installed in these cars, a suitable 
antenna system must be installed by the radio service man, at 
the time the set is put in. He should therefore know all about 
this phase of the work. 

Although there is no question but that a suitably-installed 
roof-type aerial is the ideal type from the point of view of elec
trical efficiency (except in those cars which have all-steel roofs), 
its installation is not always possible nor desirable. For 
this reason, several other types of car aerials have been 
developed, but the type used in any case depends almost 
entirely upon several construction features of the car itself. 
Since the success of the auto-radio installation depends in a 
large measure upon the antenna system, we will digress some
what from our discussion of the actual installation procedure 
for auto-radio receivers in order to consider the various auto
radio antenna systems and their installation in some detail. 

27-13. Requirements of a good Auto-Radio Antenna Sys
tem.-Regardless of how or where the antenna system is placed 
in the car, there are several important facts which should be 

*NOTE: Most of the sedan models made since 1934 (excepting those 
having all-steel roofs) are provided with a roof-type antenna built 
in at the factory. A chart which lists the various makes and models 
of American cars manufactured during the past few years, and tells 
whether or not they are equipped with roof antennas, will be found 
in Section 8 of the author's Radio Trouble-Shooter's Handbook (Radio 
& Technical Publisiling Co.). 
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known about the factors which influence its operation. The main 
requirements for a good auto-radio antenna system are: 

1. Large signal pickup. 
2. Ease of Installation. 
3. Small noise pickup. 
4. Ease of servicing. 
5. Durability. 

( 1) There are a limited number of suitable places in which 
the aerial portion of the car antenna may be located. This limi
tation is necessarily imposed by the construction features of the 
car and the location of the engine with its interfering ignition 
system wiring. Regardless of the type of antenna used, one im
portant factor is its height. In general, all other things being 
equal, the higher the aerial, the stronger is the signal, for the sig
nal voltage across the primary of the antenna coil is equal to the 
product of the field strength in microvolts per meter times the ef
fective height of the aerial in meters.• Perhaps the ideal car aerial 
would consist of one or more wires strung between two upright 
masts mounted on the front and rear bumpers, but, for rather 
obvious reasons, this arrangement is not suitable for ordinary 
use. The next best compromise is the installation of the antenna 
in the car roof. When this is not feasible or desirable for one 
reason or another, one or two metal plates, rods, or tubes mounted 
under the running boards (see Fig. 27-24), an "undercar" wire 
aerial mounted under the chassis of the car (see Fig. 27-27), or 
metal rods of various sizes and shapes mounted in various posi
tions around the outside of the car (see Fig. 27-23A for a wide 
assortment of "under-car" and "outside-of-car" aerials which 
are now in use) may be used. Of course, the "under-car" types 
of aerials have weaker signal pickup than do most of the "roof" 
and "outside" types. 

(2) Ease of installation is important when an aerial system 
•NoTE: It is interesting to note that the effective height of the aver
age roof-type car aerial is about ¼ meter, as contrasted with 4 meters 
for the average home aerial; thus 1/16 the signal voltage would be 
obtained with the car aerial if the signal field strengths were the 
same. However, since the radio field strength in city streets is 
much lower than on the tops of the roofs of the buildings, it is evident 
that the signal pickup of the car aerial (which is in the street) suffers 
even more in comparison with the pickup of the home roof-top aerial. 
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has to be installed in a car after the car itself is finished. Some 
older types of aerials require removal of the roof upholstery 
and placement of a screen netting between the roof and the 
upholstery; others require drilling holes in the comer posts and 
other parts of the car to obtain a neat job. Then, too, the cost 
of an installation rises as the difficulty of installation rises, 
since more time is required. Therefore, the service man must 
consider the cost of antenna installation as an important factor 
in determining the total cost of installing a receiver. This item 
should be listed separately in the estimate and called to the 
attention of the car owner. 

(3) The question of small noise pickup by the antenna 
system is an important consideration that is too often over
looked by the service man. Interference pickup by the lead-in 
wire can be almost entirely prevented by proper location and 
shielding. However, if the aerial portion of the antenna picks 
up considerable interference from the ignition system, it cannot 
be shielded, for this would also eliminate the signal. Hence, the 
interference must be tolerated unless elaborate measures are 
to be taken to completely suppress all interference at its source 
in the car. In many cases, the service man can save himself a 
great deal of time and annoyance if he uses an under-car aerial 
instead of a roof-type aerial when installing auto-radio re
ceivers in makes of cars which he knows from past experience 
are notoriously difficult to t'quiet down". Even though the sig
nal pickup will not be quite as great, the noise pickup may be 
greatly reduced, so that better overall performance will be 
obtained because of a higher "signal-noise" ratio. 

(4) Ease of servicing usually goes hand in hand with ease 
of installation. An aerial that is easily installed is usually the 
easiest to service. After the wires of an aerial have been ex
posed to the elements for some time, connections may become 
poor unless they have been well soldered, and reception weakens. 
This is especially true in under-car types of aerials. A poor 
antenna system causes proportionately greater reduction in sig
nal strength in an auto-radio installation than it does in home 
installations, for the signal strength is so low to begin with that 
any decrease is immediately apparent. In many instances ( es-
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pecially in the case of under-car aerials) it is desirable to re
place the entire aerial rather than attempt to repair it. 

(5) Durability is another important consideration. The in
sulation between the wire proper and the shielding braid on the 
lead-in is sometimes exposed to the elements, especially in under
car antennas which are splashed with water, mud and slush from 
the wheels of the car. This deteriorates it! The moisture and 
grime cling to the shielding and lodge between the fine wires of 
which the shielding is composed. As a result, the electrical con
tact between these individual wires of the shield becomes poor, the 
shielding action decreases, and reception may become noisy after 
a time. When copper mesh is used for a roof-type aerial, the 
individual fine copper wires may corrode after a time, the con
tact resistance between them gradually increases. Finally, the 
aerial resistance becomes so high that reception is weakened. 

Running-board aerials are particularly subject to physical 
damage caused by driving the car close over corner curbstones, 
the concrete "islands" around the gasoline pumps at filling 
stations, through snow and ice-choked streets, and over rocky 
country roads. The chassis of modern automobiles are slung so 
low to the ground that under-car aerials of both the running 
board type and the wire type strung under the chassis are im
practical in rural sections where the car must of ten be driven 
over rocky country roads, or roads having deep wheel ruts and a 
high "crown". They are too often ripped off the car by some such 
projecting obstruction to be practical under these conditions. 
For city driving there is no particular objection to them from 
this point of view. 

27-14. Types of Car-Top Construction.-Since the type 
of aerial to be installed in a car depends to a degree upon the 
construction of its "top", the service man should be familiar 
with the various forms of "top" construction employed in cars 
-especially from the point of view of possible aerial installation 
in them. Typical arrangements which have been used in Amer
ican cars will be considered here first. Then, details concerning 
the methods of installing the different forms of roof-type 
aerials in them will be present. The top of a car is gen-
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erally understood to mean that part of the "head" construction 
upon which the roof rests and to which the interior upholstery 
of the car is attached. It corresponds, in general, to the roof 
beams and preliminary roof sheathing of a house. 

There are six general types of top construction used in auto-
mobiles today. These may be classified as follows: 

1. Slat tops. 
2. Poultry-wire tops. 
3. Fabric tops. 
4. Metal bow and cross-braced tops. 
5. Folding tops. 
6. "Turret" or all-metal tops. 

These will now be described in the order in which they appear 
above. While the folding tops do not fall strictly within the 
definition of car "top" stated above, they have been included 
here for the sake of completeness. 

(1) Slat Type Tops: These car tops are constructed of 
wood bows running transversely (as shown in Figs. 27-13 and 
27-14), with wooden slats running longitudinally (parallel to the 
length of the car) and fastened to the bows. The top padding 
and waterproof roof material, as well as the interior upholstery, 
are supported by the slats. 

(S) Poultry-Wire Tops: In these tops, the slats are re
placed by ordinary poultry (chicken) wire which is stretched 
tightly over the bows and fastened to the roof rails (the wooden 
rails around the edge of the roof) . The waterproof roof material 
and roof padding in this case are laid over the poultry wire, 
and the upholstery (headlining) is fastened to its under side. 

(!J) Fabric Tops: These tops are similar to the slat-type 
tops except that strips of muslin or similar cloth are stretched 
over the wooden bows to support the waterproof material, pad
ding and upholstery. No wooden slats are used. In some cases, 
these lengthwise cloth strips are tacked to the top bows at the 
front and rear of the car only-in others, they are tacked to 
each bow. 

( 4) Metal Bow and Cross-Braced Tops: These tops are 
strengthened by two diagonal cross-braces running from comer 
to comer, and fastened together at the middle. These metal 
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braces are almost always "grounded", being attached to the 
wooden frame of the body at the back, and to the metal frame 
at the front. 

(5) Folding Tops: Roadsters, touring cars, convertible 
coupes and convertible sport sedans employ a folding top con
struction in which canvass or some other suitable waterproof 
material is stretched and supported on wooden or metal cross 
braces which may be folded down. No interior upholstery is 
used in the tops of these cars. 

(6) "Turret" or all-metal Tops: Beginning with the 1935 
models, many makes of cars are have been made with "all-steel" 
tops. In bodies built by Fisher, the entire f:ront end, from the in
strument panel forward, including the corner posts at either side 
of the windshield, is a single steel assembly without any back 
panel. The one piece steel roof is brought down to form the top 
of the steel frame around an enclosed luggage compartment. 
Quarter panels are curved to form the s;des. The steel floor with 
the necessary moulding is the bottom. This is ref erred to as a 
"turret" top. All sections are electrically welded together. An
other method of all-steel construction flanges the sides of the 
top, and laps the flanges so that the welded connection forms 
a box trough around the entire roof. It will be noted that both 
these methods of steel construction effectively shield any radio 
aerial that may be placed inside of the top itself. This makes it 
necessary to locate the aerial at some other more favorable place 
on the car, such as under the running boards, under the chassis, 
on the side, or rear, or top of the body, etc. Further discussion 
of these aerials will be deferred to Art. 27-24. \Ve will now con
sider the methods of installing aerials in cars having various 
types of non-metal tops, assuming that the car does not come 
already equipped with an aerial. 

27-15. Installing an Aerial in a Slat-Type Top.-Perhaps 
the best type of aerial to be installed in closed cars having slat
type tops is the wi.re-mesh aerial. This consists of a piece of 
copper screen, or galvanized iron screen that has been tinned or 
galvanized after weaving. It is tacked to the bows in the top, 
a space being left between it and the metal apron of the car, as 
shown in Figs. 27-13 and 27-14. The lead-in wire is soldered 
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to the edge nearest the side at which the set is to be mounted. 
To install an aerial of this type, it is first necessary to remove 

the headliner ( top upholstery cloth) . This is usually done by 
first removing the front moulding over the windshield, which is 
usually held in place by a few screws. The side moldings, 
which are tacked, or sometimes glued, to the side of the top, are 
then removed carefully, starting from the front and working 
toward the rear. They usually run to the back of the rear door. 

Finally, the headlining must be removed. This is held to the 

Oourte-,, "Jl otor" 

FIG. 27-12.-How the front moulding and side mouldings may be 
stripped back in a car in order to allow the headlining (at the top) 
to be removed for the installation of the aerial screen in the space 
above it. In this illustration, the stripping of the mouldings has been 
started at the front left post of the car. 

top by tacks on alternate bows and on all four sides of the car. 
These tacks must be removed carefully if the headlining is to 
be preserved. Again, work from the front to the rear of the car. 
These various parts are shown pulled out at the left front corner 
of a car in Fig. 27-12 in order to illustrate just how they are ar
ranged. 

The antenna screen which should consists of a piece of copper 
screen (or galvanized iron screen) that has been tinned or galvan
ized after weaving, should have from 8 to 16 meshes per inch and 
should be about 36 inches wide. Some service men attempt to 
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use ordinary screening which has not been tinned or galvanized. 
The result is that oxidization occurs, high-resistance contact.a 
between the individual strands develop, and the aerial resistance 
increases rapidly with age. Measure the length of screening 

SOLDE:R 

DOME LIGHT WIRES 
MUST BE BROUGHT 
TO DOME IN THIS 
rASHION 

KEEP MESH AT 
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WIRING AND DOME LIGHTS 

DOME LIGHT 
WIRES\ 

"VTOP VIEW or CAR TOP.., 
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KE:EP AERIAL MESH 
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FIG. 27-13.-Method of installing a screen mesh aerial in a slat
type car top. Top and side views of the car top with the screen 
aerial installed in place are shown here. 

needed and cut it to that length, plus an additional eighteen 
inches for bending up to the sides of the bows. If the car has a 
dome light, a hole about 8 or 10 inches in diameter must be cut 
in the screen so that the dome-light fixture comes at the center 
of the hole with plenty of clearance all around it, as shown in 
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Fig. 27-13. The screen around the edges of this hole should be 
bent up and over to prevent the ragged edges from projecting 
through the headliner later. If a better job is desired, the edges 
of the screen should be trimmed with shears and all the edges 
soldered with a large hot iron. This bonds them together elec
trically. The dome-light wires should be separated from the 
aerial screen by several inches. This means that the dome-light 
wires should be tacked along the upper part of the nearest bow, 
(near the roof) or the screen may be cut away, parallel to the 

FIG. 27-14.-How the screen 
aerial is tacked around the 
under side of the wood bows, 
B, and then folded up tight 
against the roof fa bric to 
keep it as high and as far 
away from the metal of the 
car as possible. The longi
tudinal slats, resting on top 
of the bows are clearly visible 
here. The lead-in wire is sol
dered to the screen at L. The 
screen aerial is S. The head
lining, (interior upholstery), 
H, has been pulled back to 
reveal the screen aerial. 

Oourte.,, Bwio Betailiflg Jl1111uine 

bows, and the wiring run to the dome light in this cut-away. 
The former method is simpler, and is shown in Fig. 27-13. It 
may be necessary to lengthen and re-route this dome-light wir
ing before the screen is installed. The main object is to have 
as little magnetic or capacitive coupling between the dome-light 
wires and the antenna screen as possible. 

Start tacking the screen from the rear of the car toward the 
front. Tack the screen to the bow furthest back that will allow 
at least a 3 inch clearance between its rear edge and the metal 
apron. Tack the screen to the underside of each bow 
(excepting those bows to which the headlining strips are fastened) 
and fold it up tight against the roof fabric in the spaces between 
bows, as shown in the lower part of Fig. 27-13, and in the illus-
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tration of Fig. 27-14. This gives the screen almost an extra inch 
of height. Work toward the front of the car, tacking the screen 
to the undersides of the bows, and folding it up between the 
bows, until the front bow is reached. 

After the aerial screen has been tacked in place securely, the 
lead-in should be soldered to its front edge nearest the side of 
the car at which the receiver is mounted. It should be soldered 

(A) (B) 

Courte•11 Lem ElacC. Mf11. O•. 

FIG. 27-15.- (A) Shielded low-capacity weatherproof tubing 
(loom). The insulated wire to be shielded is pulled through the hole 
in the center. 

(B) Shielded low-capacity cable. This cable is already suppli~d 
with an insulated, stranded conductor through its center. The shield
ing is on the outside. 

Both make excellent shielded lead-ins because of the low cap
acity which exists between the inside conductor (the lead-in) and 
the outside shielding braid. This capacity is only approximately 
16.5 mmfd. per foot for this particular make of cable 

to a large area of the screening, as shown in Figs. 27-13, and 
27-14. If ordinary single-conductor stranded, insulated wire is 
used for the lead-jn, it should be inserted into a piece of a good 
grade of shielded low-capacity weatherproof tubing (loom) such 
as is illustrated at (A) of Fig. 27-15. Otherwise, shielded low
capacity cable (which comes with the wire already inside of it), 
as illustrated at (B) should be employed. Low-capacity shielded 
loom or cable has a very closely-woven shielding which surrounds 
a rather thick-walled insulating tubing. Since this thick-walled 
tubing introduces quite a separation between the inside wire and 
the shielding, the capacity between them is much smaller than 
it would be if the shielding fitted closely over the thin insulation 
of the wire itself. 

The shielding on the lead-in should now be stripped for a 
distance of about 1 inch from the soldered end and securely 
taped in place to prevent any possibility of its grounding to the 
lead-in wire or screen aerial in the future. A point on this shield 
(near the screen aerial end) should be grounded to the body of 
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the car, and the shielded lead-in should then be run down to the 
receiver. 

27-16. Installing the Lead-In for a Roof-Type Aerial.
The shielded lead-in may be run down to the receiver in several 
ways. The front comer posts of many cars are hollow. These 
present a convenient and efficient duct for the shielded lead
in. If they are to be ultilized, the learl-in is pushed down into the 
top of the comer post near the point where it is soldered to the 
screen aerial, and is pulled out at the bottom, near the point 
where it connects to the receiver. If the comer post is not hol
low, and is of wood, then the wire may be run down the side of 
the post (as shown in Fig. 27-16) and tacked to it with large, 
insulated staples. If the comer post is of metal, then the shield of 
the lead-in may be stretched tightly down the length of the post 
and supported at two points-near the top where the shield 
grounds to the frame of the car,· and near the bottom, where the 
shield should be grounded again to the frame of the car or to 
the instrument panel. If the instrument panel is not already 
grounded ( this can be checked quickly with an ohmmeter) , 

SHIELDING OVER LE'AD-IN 
STRIPPED BACK AND 
"GROUNDED" TO METAL 
FRAMEWOPK OF CAR -

LEAD-IN .SOLDERED 
TO SCREEN AERIAL 

FIG. 27-16.-How the shielded lead-in may be connected to tl,e 
aerial and run down the side of a front post of the car. 

grounding the lead-in shield to it may introduce motor noises. 
In this event, either the instrument panel should be grounded 
to the chassis by means of flexible copper bonding braid, or 
else the shield should be insulated with tape at the place where 
it will pass the instrument panel, and it should be grounded 
directly to the chassis of the car. 

The lead-in should be clipped off near the Ant. terminal of 
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the receiver, and the shielding should be stripped back for a dis
tance of about 1 inch and securely taped to prevent future 
unravelling. The lead-in wire should then be connected to the 
receiver. In all cases, the lead-in wire should be made as short 
as possible. 

In those cars which are already equipped with a built-in aerial 
and a short lead-in inside one front comer post, the lead-in must 
be extended to the radio set by adding on a piece of properly
soldered shielded lead-in cable. The shield of both the original 

ORIGINAL. SHIE:LDED LCAD• 
IN WIRE RUN INSIDE: OF' 
CORNER PO.ST 

BOTH SHIELDING 8RAIP~ GROUNDED 
TO CAR fRAMt 

ADDED PIECf OF' 
5HIELOE:D LE:AD· IN 
WIAC 

FIG. 27-17.-Splicing a short piece of shielded wire to an existing 
lead-in already installed in the front right post of the car. The 
shielding braid is grounded to the car frame at the instrument panel. 
If the original lead-in wire has a shielding braid, this braid must be 
"bonded" to that of the new piece. 

cable (if it has a shield) and that of the new piece must be bonded 
together by means of well-soldered copper-braid bond, and 
grounded. This is illustrated in Fig. 27-17. 

Some interesting statistics regarding the effect of the location 
of the lead-in wire in auto-radio installations upon the noise 
voltage picked up from the engine wiring have been compiled 
by Browning and Haskins. The results of their work are shown 
graphically in Fig. 27-18. These graphs show the relation be
tween the "noise voltage" (in microvolts) induced in the lead-in 
and its distance in feet from the spark plugs of the engine. Note 
how the noise level decreases as the distance between the lead-in 
and the spark plugs is increased. These curves emphasize t.be 
advisability of keeping the aerial lead-in as far back from the 



CH. XXVIJ AUTO-RADIO RECEIVERS 906 

engine as possible. Moving it back from the front to the rear 
of the car will greatly reduce any interference picked up by it, 
but of course it is not always feasible to keep it at the rear of the 
car. Incidentally, the graphs also show the noise level at three 
different broadcast-band frequencies. The fact that the level is 
about the same throughout the tuning range of the receiver, 

FIG, 27-18.-Graphs 
showing how the in
terference radiated 
from the high-tension 
system diminishes as 
the distance from the 
spark plugs increases. 
The radiation at three 
different frequencies 
is shown. Notice that 
the relation is prac
tically the same for 
e a c h frequency -
showing that the 
noise is of the "shock
excita tion" type. 
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shows that the radiation from the high-tension system of the car 
is of the "shock excitation" type, and, therefore, cannot easily be 
"tuned out" completely in any simple way from the signal input 
to the receiver (see Art. 27-41). 

27-17. Finishing the Aerial Installation in the Slat-Type 
Top.-After the lead-in has been installed properly and the 
screen aerial is securely in place, the edges should be inspected. 
Any projections should be bent up out of the way. The final 
installation should be such that about 3 inches of clearance 
exists between the screen aerial and all of the inside metal 
framework of the car; at least a few inches clearance should 
exist between the dome-light wiring and the aerial and between 
the dome-light fixture and the aerial, and at least ½ inch be
tween the roof top and the aerial. A test for possible "grounds'' 
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should be made between the free end of the lead-in wire (before 
it is connected to the receiver) and a clean spot on the car chassis. 
This checks both the lead-in wire and the aerial at once. A high
resistance ohmmeter should be used for this test, so that any 
possible high-resistance leakage that may exist will be discovered. 
The headlining should then be replaced in a manner opposite to 
the way in which it was removed (see Art. 27-15) and the job is 
finished so far as the aerial installation is concerned. 

Since the advent of the auto-radio receiver, several "roof
type" aerials have been developed in attempts to provide ease of 

Court,·•y Filhwielt RGdio Oo. 

FIG. 27-18A.-A typical flat type auto-top aerial which may be 
inserted above the headlining in the top of a sedan. Here it is shown 
flat-coiled to a dimension of 9 x 36 inches. When it is uncoiled and 
spread out flat, it has an area of 3 x 5 feet. 

installation and good signal pickup. ]\lost of these aerials are con
structed in ways which simplify their installation in the roof of 
the car without the necessity for removing the entire headliner, 
tacking wire screens in place, insulating metal braces, etc. They 
are usually made flat and consist of either fine-mesh screening 
or many turns of wire wound on a form-the entire assembly 
being insulated by an enclosure of some sort. They may be in
serted above the headlining of a car after the front moulding 
has been removed and the headlining has been loosened suffi
ciently at the front to permit the aerial to be slipped in above 
it. A typical aerial of this type is illustrated in Fig. 27-ISA. 

27-18. Installing an Aerial in a Poultry-Wire Top.-The 
poultry wire used in the construction of this type of automobile 
top is not unlike the wire which is used for screen aerials; as a 
matter of fact, this same poultry wire may actually be utilized as 
the aerial for the auto-radio receiver. Since it is usually 
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grounded to the metal apron of the car, and of ten to the dome
light wiring, a test for grounds should first be made between the 
poultry wire and a clean spot on the chassis of the car, by means 
of an ohmmeter. If the poultry wire is not grounded, it is only 
necessary to solder the lead-in wire to it (as already described 
for the case of the slat-type roof) to use it as the aerial. 

If it is found to be grounded, it must first be freed from all 
grounds. This is done by removing the headliner (see Art. 
27-15) and cutting a 3-inch strip of the poultry wire away around 
the four sides. The section around the dome light should also be 
cut away so that a clearance of at least 3 inches exists between 
the dome light and the poultry wire all around (see Fig. 27-13). 
The 3-inch strips cut away should be removed, but the remaining 
rim of poultry wire should be allowed to remain fastened. Now 
the part to be used should be checked again with the ohmmeter 
to be sure it is free of grounds. It should then be laced to the 
narrow portions remaining attached to the car with strong 
waxed cord or fish line in two or three places on each of the four 
sides, so as to support it. The cord should be pulled tight to 
hold the center portion of the screen up so as to prevent the 
top from sagging. 

The lead-in is installed in the same manner as described for 
the wire-mesh aerial (Art 27-16) and run to the receiver as 
described. A high-resistance ohmmeter should be used to test the 
entire system for grounds. The test should be made between 
the aerial and frame of the car and between the "set" end of the 
lead-in and the frame of the car. After the test is completed, the 
headlining should be replaced, in a manner opposite to the way 
in which it was removed (see Art. 27-15). 

27-19. Installing an Aerial in a Fabric Top.-The fabric
tops in cars are similar in construction to the slat tops, the only 
difference being in the use of strips of muslin instead of wooden 
slats running longitudinally, parallel to the length of the car. 
In some cases, the muslin strips are tacked to the bows at the 
front and back of the car only. In such cases, the wire screen 
which is to be used as the aerial is slipped between the muslin 
strips and the bows, after it has been cut to the proper length 
and width and its edges properly soldered. Of course, the dome-
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light cut-out should be made. If the muslin strips are tacked 
to the top of each bow, then the wire mesh is installed under 
these strips and the bows in exactly the same way as was de
scribed for slat tops in Art. 27-15 (see Figs. 27-13 and 27-14). 

The lead-in installation and the tests for grounds should be 
made exactly as explained in Art. 27-16. It will be found, how
ever, that relatively few cars are equipped with fabric tops. 

27-20. Installing an Aerial in a Metal Bow Top.-If the 
bows of the top are entirely of metal and bonded securely to the 
frame of the car, it is not desirable to attempt to insulate them 
from the car frame because the structure of the roof will be weak
ened materially. In such cases, it is also not advisable to at
tempt to install an individual wire-mesh aerial between each two 
bows, because the amount of bonding which would be required 
for connecting all the sections together, and the close proximity 
to the many grounded bows, would impair the signal pick-up 
efficiency of the aerial. 

It is preferable to use a "strung" wire aerial in tops of this 
kind. The headlining is removed as previously described (Art. 27-
15) and the top cleared of all other padding that may be used. 
Then, screw eyes should be securely fastened to the inside sides of 
the wooden top frame of the car, as shown in Fig. 27-19. These 
screw eyes should be kept at least 3 inches away from the metal 
bows, and spaced about 2 inches apart. Now, starting at that 
corner from which the lead-in is to be taken (see Fig. 27-19), 
thread the end of a coil of No. 18 rubber-covered wire through 
the first screw eye and make a small knot to hold the end fixed. 
The other end of the coil is then laced through the other screw 
eyes in turn, as shown in the sketch, until the far end is reached. 
The wire is pulled taut and another knot made at the far end. 
The shielded lead-in is then soldered to the beginning of the aerial 
in the usual manner. Insulated staples may be used instead of 
screw eyes. In this case the wire is simply tacked to the wooden 
top frame as shown. The use of staples saves time since they are 
put in more quickly. 

The screw eyes or staples must be tight, or else the entire aerial 
will become loose in a short time. After the lead-in is soldered 
and in place, the system should be tested for grounds, and, if 
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it is found to be ungrounded, the headlining should be replaced 
as previously directed. 

27-21. Installing an Aerial in a Metal-Braced Top.
There are a few cars whose tops are strengthened by metal 
diagonal cross-braces running from corner to corner. They are 
fastened together at the point of intersection. These braces are 
usually grounded, being attached to the wooden frame of the 
car at the rear and to the metal frame of the car at the front. 

KNOT ENp 
or WIRE 

AERIAL -----===::ll-----7i 
WIRE 

MtTAL 
APRON 

ENO or 
WI Rt 

FIG. 27-19.-A "strung" wire aerial suitable for use in cloaed 
cars having all-metal bows in their tops. The insulated wire is 
strung back and forth across the top of the car through screw eyes 
or insulated staples fastened to the wooden top frame. 

To obtain even reasonably good reception, the grounds must be 
removed from the fronts of the braces before installing an 
aerial in such tops. This can be accomplished by first removing 
the headlining as previously directed (Art. 27-15) and releas
ing the braces from the front of the car. The holes in the front 
brackets which hold the diagonal cross-braces to the metal 
frame of the car should be reamed out to enable the insertion 
of fibre washers and insulating sleeves. With the bolt removed, 
the insulating sleeve is slipped over it and the fibre washers are 
used to insulate the bolt head and the nut. 

The metal braces should be tested for grounds after insulat
ing them. If they are found to be ungrounded, a wire mesh aerial 
may be slipped between the bows and the metal diagonals; the 
wire mesh aerial should be soldered to the metal braces at several 
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places to insure positive contact so that intermittent contact, and 
resulting noise, will not occur due to vibration when the car ia 
in motion on the road. 

In some cars the metal brace consists of a single transverse 
brace replacing one of the wooden bows. In this case it is not 
possible to insulate the metal bow, as this would weaken the 
structure materially. In such cases, the wire mesh must be cut 
in two, and one half installed on either side of the metal brace, 
just as if the other did not exist. The two parts of the aerial 
should not come closer than 3 inches from either the side of the 
car or the metal brace, otherwise the capacity of the aerial to 
ground will be excessive and this will cause the signal strength to 
drop appreciably. The two aerials are then connected together 
with well-insulated jumpers in several places, the lead-in is in
stalled, and the headlining is replaced as previously described. 

27 -22. Installing Tape Aerials.-A special type of aerial 
tape has been developed for certain types of installations in cars 
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Fie. 27-20.-Location of the lead-in hole drilled in the roof of a 
car when a tape aerial is installed as shown in Fig. 27-21. The lead-in 
wire is brought into the car through this hole. 

which have slat-type or insulated poultry-wire type tops and 
where it is not desired to remove the headlining from the roof 
for some reason. The tape is ¼-inch wide and is rolled with a 
solder lug at the start end. Essentially, it consists of a thin 
strip of copper or aluminum foil with an adhesive backing. 
Contrary to the other types of roof aerials thus far described, 
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this type aerial is designed to be installed outside of the car, on 
the outside surf ace of the roof fa bric. It is installed as follows: 

The outside surf ace of the roof material of the car is first 
thoroughly cleaned of all moisture and dirt ( using gasoline) 
and is left to dry (this aerial should not be installed on all-steel 
roofs). A hole large enough for the shielded lead-in wire is 

SOLDER LEAD-IN 
WIRE TO LUG O"N 
AERIAL TAPE. 

AERIAL TAPE 
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OVER AERIAL -

Z I 
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OF' ROOF 
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FIG. 27-21.-Method of laying the tape aerial on the roof of the 
car. The lead-in is brought up through a small hole in the roof, as 
shown in Fig. 27-20. The hole should be filled and sealed with or
dinary plastic roofing cement to prevent water leakage. 

then drilled in the roof of the car. This hole is drilled in the 
roof on that side of the car at which the receiver has been 
mounted, (see Figs. 27-20 and 27-21). Now, starting with the 
hole in the roof, the tape is unrolled and layed on the roof of the 
car to form the pattern illustrated in Fig. 27-21. The tape 
should be kept at least 3 inches away from the metal apron of 
the car (the standard distance for separation in auto-radio 
installations). After the tape is layed in the pattern shown, 
the lead-in is brought up through the hole in the roof and sol
dered to the lug provided at the start of the roll. The soldered 
connection should be made as flat as possible to avoid the form
ation of a large· lump at the point of connection. 

After the aerial is layed in this manner, it is covered with long 
strips of adhesive tape, 1-inch wide, and flattened against the 
tape. Ordinary friction tape should not be used here as it will 
quickly dry out and strip off. Adhesive tape is much more 
satisfactory. It is necessary that all seams be tight, or else mois
ture and dirt will enter, the aerial will deteriorate with age and 
the resistance of the antenna system will increase appreciably. It 
may even loosen from the roof. The hole where the lead-in is 
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brought through the roof should be filled up with plastic roofing 
cement to prevent any leakage of rain through it later. After this 
cement has set, the connection near the corner post where the 
lead-in wire is soldered to the aerial should be covered with ad
hesive tape. Finally, the sections of the roof covered by the tape 
should be given two coats of weatherproof top dressing to prevent 
deterioration of the adhesive tape. 

This type of aerial system is not quite as good as the wire 
mesh aerial, but is easier to install and costs less. It has the 
disadvantage that it cannot be used in those tops which have 
grounded poultry wire, metal bows or braces, as the close prox
imity of these braces reduces the "effective height" of the aerial 
considerably I which reduces signal strength. If the tape aerial 
is desired in cars with such grounded structures, it is necessary to 
insulate the grounded parts in them for good results. However, 
in order to insulate these parts it is usually necessary to remove 
the headlining from the interior of the roof in order to reach 
them. If this must be done, the service man might just as well 
install a screen or wire aerial as directed in Arts. 27-15 to 27-18, 
for either of these aerials will give better results. 

27-23. Installing an Aerial in a Folding Top.-The tops 
of roadsters, touring cars, convertible coupes and convertible 
sedans are designed to fold back. Therefore any aerial which 
is installed in them must be sufficiently flexible so as not to in
terfere with this folding. For this reason, wire screen aerials are 
not commonly used in these tops. Either a wire aerial consist
ing of a long length of flexible insulated wire tucked away under 
the "pads" of the canvas top, an under-car aerial, or a "buggy
whip" or 11fishpole 11 aerial may be employed in~tead (see Fig. 
27-23A). 

A roof aerial is not satisfactory in those cars whose tops fold 
into a metal compartment when "down", because the aerial is 
effectively shielded by this metal compartment when the top is 
folded down with the result that the reception is greatly weak
ened. In these cars the other aerials are more satisfactory. 

The installation of a roof-type aerial in a folding top does 
not involve as much mechanical labor as is necessary in closed 
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cars, because there is no headlining and trimming to be taken 
out and put back. The tacks that fasten the top material to the 
front bow over the windshield should be removed first. The top 
material should then be laid back, leaving the bows exposed 

MUSLIN CLOTH AND 
AERIAL WIPE 

_SIDE_ 
VIEW 

SECUAE ENO OF 

CAR TOP CCM~RING 

~ 'I 
I 

AERIAL~Wl~R~E:~--------::;::::=~----

FIG. 27-22.-Method of installing a wire-type roof aerial in a 
car having a folding type top. Side and top views of the method of 
installation are shown here. 

The cloth pads ( quarter-deck pads) on each side of the top 
will also be exposed. Another piece of top material which matches 
that just removed should be obtained. It should be fastened in 
place over the bows and over the flaps. Next, a piece of drill cloth 
(or muslin) about 3 inches narrower than the width of the top, 
and just about as long, is obtained. Holes should be punched in 
the drill cloth in rows which are 3 inches apart, as shown in the 
lower part of Fig. 27-22. The holes should be spaced about 10 
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inches apart in each row. Now a coil of No. 18 rubber-covered 
stranded wire is woven in and out through the holes, back and 
forth, until all the holes have been utilized, as shown. The mus
lin (or drill cloth) is then fastened only to the front and rear 
bows, otherwise difficulty will be had in lowering the top. 

The side view in the illustration of Fig. 27-22 shows the suc
cessive layers of cloth used in this type of aerial. The covering 
resting against the bows from underneath, is the new material 

LEAD-IN 

UNSHIELDED 
PORTION or 
LEAD-IN 

SHIELDING 
STARTS 1:IERE 

TO AERIAL 
IN TOP. 

SHIELDED 
LEAD-IN TO 

RADIO RECEIVER. 

FIG. 27-23.-How the partly-shielded lead-in is run down along 
the side of the seat and along the floor of the car when a wire aerial 
is installed in a car having a folding top. 

which matches that already on the car so as to hide the aerial; 
the center material is the drill cloth or muslin into which the 
aerial wire is woven; the top material is the original top material 
of the car. Thus, the aerial is protected on top and bottom by 
this additional material. The drill cloth is used merely as a 
convenient form on which the wire is supported. 

The aerial should finish up at the rear of the top, on the same 
side of the car as that at which the radio receiver has been in
stalled. The rear end of the aerial wire should be carried down 
along that rear corner of the top ( inside of the car) and stuck in 
along the side of the seat as shown in Fig. 27-23. At the point 
where it reaches the floor, the shielding should start; the wire 
may be inserted in shielded low-capacity tubing or loom (see (A) 
of Fig. 27-15). The lead-in is to be shielded from the point 
where it reaches the floor right up to the receiver, t'17o or three 
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places on the shield being grounded to the chassis to reduce noise 
pickup. The shielded wire may be run along the edge of the 
door opening and fastened with staples as shown in Fig. 27-23, 
from there it is run under the edge of the floor mat to the receiver. 
The top material and any disturbed trim should then be put 
back in place carefully. 

Of course, this type of aerial is more efficient when the top 
is up than when it is folded down, for in the latter case its 
"effective" height is reduced since it folds down close to the 
metal car body (which is the "ground" for the receiver). 

27-24. Aerials for Cars with "Turret" or Other All-Metal 
Tops.-In the "Turret" or other all-steel top construction (see 
Art. 27-14) a single sheet steel stamping replaces the wood slat 

FIG. 27-23A. -
Twelve different 
types of auto
r a d i o aerials 
which are in pop
ular use. All but 
the "screen" and 
"open" types are 
used on cars hav
i n g "all-steel" 
tops, since they 
are mounted on 
the outside of the 
car proper. This 
makes a wide var
iety of aerials to 
choose from. 

( Courte.,, BCMUe 
Retailing Jlai,Clfflle) 

and bow, poultry-wire, fabric, and felt combinations which have 
been used for car tops, making the top of the body literally a 
complete steel enclosure. Naturally, any form of aerial installed 
inside of a top of this kind will be effectively shielded from all sur
rounding radio signal fields and will have extremely poor pickup. 
Therefore, some form of aerial which is mounted outside of the 
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body-or under the running boards or the chassis-must be em
ployed for these cars. A variety of aerials of this type will be 
found illustrated in Fig. 27-23A. They will now be studied. 

27-25. Under-Car Aerials.-The installation of a roof aerial 
is not always possible or desirable. From the descriptions of 
the roof aerials given in the preceding sections, it is clear that 
the cost of installation and the time consumed may not be war
ranted in view of the current market price of the car. Then, 
too, the car owner might not want an expensive permanent in
stallation as far as the aerial is concerned because he may con
template purchasing a new car in a few months or a year; in the 
meantime, however, he wants radio reception in it.* 

In those cases where an aerial must be installed, but it is not 
desirable for one reason or another to install a roof-type aerial, 
one may be installed somewhere under, or on the outside of the 
car. Although all types of aerials which are installed under the 
car can properly be called "under-car" aerials, it has become 
common to reserve this name for a special wire-type aerial which 

FIG. 27-24.-The location of the running board type aerial with 
respect to the running board, radio receiver and the rest of the car. 

is suspended under the chassis in some way. The type of aerial 
which consists of a metal plate, rod, or tube mounted under the 

*NOTE: These problems do not confront most owners of those 
1933 to 1935 cars which do not have all-metal tops, because most 
closed cars manufactured in those years were equipped with a roof 
aerial at the factory. Of course, in these cases, all that the auto
radio service man needs to do is to install the receiver proper and 
run a short length of shielded wire to the already shielded lead-in 
(see Fig. 27-17). 
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running board is usually called a "running board" aerial. \Ve 
will discuss these types separately. 

27-26. Installing a Running Board Aerial.-A running 
board aerial usually consists of either a sheet of flat metal (pre
ferably copper measuring about 8 by 40 inches), a metal rod, or 
metal tubing, fastened to insulating supports which are m 

FIG. 27-25.-A 
modern under
the-ruuning-board 
aerial mounted in 
position. One of 
these sections is 
mounted u n d e r 
e a c h running 
board, the two are 
connected to
gether. Each sec
tion consists of 
galvanized heavy
steel tubular rods 
bonded together 
at one end. 

(Courtui, Philco 

Radio & Telev. Corp.) 
) ~'--· _,/ f---__....-..;;;:~-----, 

turn clamped or otherwise fastened to the underside of the run
ning board, or to the channel iron, of the car. The location of 
this type of aerial with respect to the running board is shown 
in Fig. 27-24. A shielded lead-in wire is run from the radio 
receiver to this aerial, the shield being grounded near each end 
to the chassis of the car. In view of its relatively high "aerial 
to ground" capacity, it is often called a capacitor-plate aerial. 
For greater pickup, one such aerial may be used under each 
running board, both being connected together with a heavily in
sulated weatherproof wire at the rear. Several good forms of 
these running-board type aerials are now available (see Figs. 
27-23A, 27-25 and 27-26). They come already equipped with a 
shielded lead-in wire, and some are encased in rubber, or water
proof fabric for protection. 

There are a number of wire-wound versions of the metal-plate 
running board aerial available. Some consist of flat forms of 
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insulating material upon which as much as 300 to 900 feet of 
insulated wire is wound. All these variations have the same 
fundamental idea-they tend to expose as large a conductive sur
f ace as possible to the signal wave. 

The relative signal-pickup efficiency and the desirability of 
running board aerial systems as compared to the other types 
will be discussed in some detail in Art. 27-28. 

AERIAL 

\ 

J.OJIISTA8~f

-----ZfT ::-TO 3½ FT, 

Oourt~1111 BOA. Ma.nufacturing Oo. 

FIG. 27-26.-A popular type of "Di-Pole" aerial shown installed 
in position under the running board of the car. Notice its "adjust
able construction". The lead-in connection is taken off from the 
"U"-bend end of the tubing (as shown here). 

27-27. Installing a Wire-Type Under-Car Aerial.-As has 
already been mentioned in Art. 27-25, wires strung under the 
chassis of the car may be used as aerials. These a.re especially 
advantageous in cars having all-steel tops. The wire in the un
der-car aerial is usually strung in the form of an "open-end" 
triangle, and is suspended by special brackets and insulators from 
the flywheel housing and each end of the rear axle of the car, as 
shown in Fig. 27-27. A spring tension adjuster keeps the entire 
assembly taught. About 20 feet of wire is employed for the 
aerial.* Of course specially designed brackets and insulators must 
be used with a system of this kind if the service man is to be 
able to install it quickly. 

*NOTE: The performance of this type of antenna is greatly im
proved if a correctly-designed shielded transmission line with proper 
impedance-matching transformers is used between the aerial and 
the receiver. One manufacturer furnishes this equipment as a com
plete kit of parts for the aerial installation. One transformer is in
stalled at the aerial end of the lead-in to match the impedance of the 
aerial to that of the transmission line. The other is installed at the 
receiver and to match the impedance of the receiver to that of the 
line. In this way, the losses usually associated with long shielded 
lead-ins are greatly reduced. The noise pickup of the lead-in is also 
reduced. 
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27-28. Comparison of Auto-Radio Aerial Systems.-There 
is always some question about which type of aerial works best in 
a car. In the average sedan which does not have an all-metal 
top, a good roof type aerial installed properly with a satisfactory 
lead-in gives greatest signal pickup and is to be preferred. How
ever, in cars having "all-metal" tops, one of the other types, 
which are less efficient and desirable (but which must be used 
nevertheless), must be resorted to (see Fig. 27-23A). Best es
timates place the efficiency of the average under-car aerial at 
about 75 per cent of that achieved by the average top-type 
under similar conditions; however, this value v~ries. 

Some disadvantages of under-car imd running board types 
of aerials, from the point of view of durability, have already 
been outlined in section (5) of Art. 27-13. The efficiency of 
the under-chassis types is almost directly proportional to their 
"effective" area, effective distance from the chassis, and close
ness to the road. The underside contour of the car strongly af
fects the signal potential difference which may be developed 

r·7 F'LYWHE:E:L 

/ !YING 
I= INSULATORS 

I 

OourteaJt Arthur B. LJ,nch. Inc. 

FIG. 27-27.-An under-car aerial system which employs a single 
copper wire arranged in triangular form and suspended by insul
ators and special brackets from the flywheel housing and the ends 
of the rear axle of the car. 

between the under-car or running-board types of antenna and 
the chassis of the car. These antennas usually have poor signal 
pickup when installed on cars which have "transmission" or 
"body" projections that extend down quite close to the street 
surface. Since cars are now being designed with fenders, running 
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boards, and chassis closer and closer to the ground, the signal 
pickup of under-car aerials installed on them is often unsatis
factory, due to the shielding effect which these large "grounded" 
masses of metal have on them. 

The general trend to all-steel tops in automobiles, and the 
use of large, low fenders and running boards has resulted in 
widespread use of a variety of aerial systems external to the 
car body* (see Fig. 27-23A). Among these, first choice may be 
given to aerials of the type installed on top of the car and 
running back from the windshield. The signal pickup of these 
aerials, especially if they are mounted 4 to 6 inches above the 
surface of the car top, is approximately the same as with a "fish
pole" type aerial, but their signal-to-noise ratio is better. The 
signal-to-noise ratio of the "whip" type aerial is usually about 
the same as that of the "fish-pole" type, though its signal pick
up is slightly less. However, its simple installation, and the 
short transmission line necessary with it, make it preferable. 

27-29. Interference N oise.-After a satisfactory aerial and 
lead-in wire have been made available, the lead-in should be 
connected to the "Ant." terminal of the receiver. The set is 
automatically "grounded" to the chassis of the car through the 
battery lead which connects to the grounded terminal of the 
storage battery. In some auto-radio receivers (but not all of 
them) the case is also grounded. The receiver is now ready for 
its first "air test". When it is turned on with the engine of the 
car at rest, it may be tested for signal pickup, selectivity, etc. 
In most receivers, an antenna-compensating condenser in the 
receiver must be adjusted in accordance with the manufacturer's 
instructions at this point, in order to match the input circuit of 

*NOTE: Several novel methods of picking up radio signals in an 
automobile without installing any of the common forms of aerials 
have been used. The front and rear bumpers (after being properly 
insulated from the chassis proper) may be used as an aerial; the 
trunk rack and the metal trunk itself may be used as an aerial if it 
is insulated from the chassis; and even metal tire covers have been 
insulated, bonded, and used as aerials. Some of these expedients 
detract from the mechanical rigidity of the car only slightly. How
ever, these aerials are directional in their receiving characteristics 
because they are usually low and on one side of the car only. The 
metal body of the car (being close to them) shields them from radio 
signals in at least one or two directions. This is annoying! 
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the receiver to the constants of the antenna system installed. 
If the receiver is turned on with the engine in operation, re

ception will most likely be extremely noisy due to interference 
set up by the electrical ignition system of the car. In order to 
obtain quiet reception, certain steps must now be taken to min
imize this interference at is source. The complete elimination 
of interference from an auto-radio installation is by no means a 
simple matter in every case, for, due to the differences in the 
wiring and physical layout of the ignition system parts, the 
expedients that work satisfactorily in one make of car are not 
always satisfactory in another. As a matter of fact, so many 
conditions in the individual car itself may cause interference, 
that very often remedies which work perfectly satisfactorily in 
one car are insufficient in another of the same make and model I 

Fortunately, there are certain standard methods of interference 
suppression which do all that is necessary to eliminate the ignition 
system interference in most cars, but some cars (especially the older 
ones manufactured a few years ago) require, at times, numerous ex
tra special treatments which must be resorted to in order to clear up 
all noise. Bonding of certain parts may have to be resorted to, cer
tain ignition wires may have to be re-routed, others may have to be 
shielded, etc. For this reason, a complete study of the problem will 
be presented here step by step. Each possible cause of interference 
will be analyzed in detail, and the most effective suppression method 
for it will be given. The causes which are most common will be 
treated first, then consideration will be given to the more "difficult" 
ones which are found only in certain models of cars, or "occasionally" 
in particular individual cars which prove to be exceptions. 

The elimination of interference is probably the most difficult 
problem which the service man encounters in the installation of 
auto-radio receivers. So many of the problems which arise are 
intimately tied up with the entire electrical system of the car, 
that it is extremely important for him to be on intimate terms 
with the entire system both as regards its general theory of 
operation, its actual construction, and the effects which changes 
he may have to make on it {in order to eliminate all interfer
ence in the radio receiver) will have on its performance.• It is 

*NOTE: In Section 10 of the author's Radio Trouble-Shooter'• 
Handbook, the complete electric wiring diagrams for many models 
of various American cars are presented for reference purposes. An 
analysis of these diagrams will prove to be a very instructive and 
helpful supplementary study to the data which will now be presented 
here, since they show not only the wiring of the ignition system, but 
all other electrical wiring on the various cars. 
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for this reason, that considerable space will be devoted here to 
a presentation of the elements of common automobile ignition 
system arrangements, their operation, and care. 

27-30. External Interference.-Interference may be caused 
both by sources within the car and others external to it. The 
former may be termed "internal interference" and will be dis
cussed in detail in the following sections; the latter requires little 
comment, as nothing much can be done about it by the service 
man. Assuming that a receiver is working normally in a given 
installation, it may be noisy at intervals because of interference 
picked up by the antenna system from the ignition systems of 
other passing vehicles (especially trucks and busses), electric 
signs, electric surface cars, electric subway systems under the 
street, leaky insulators in various types of power lines in the 
vicinity, etc. In fact, any device that can cause interference in 
a home-installed receiver will create interference in an auto
radio installation if its interference radiations reach the antenna 
system of the auto-radio receiver with sufficient strength. 

As mentioned previously, nothing much can be done about 
this condition by the service man. In most cases, this external 
interference picked up is of a temporary nature, since it is as
sumed that the car is in motion and will move away from the 
source of interference in a short time. All that the service man 
may be interested in, is testing to find out definitely whether in
terference which is present in an auto-radio installation is due to 
external sources such as these or to some source within the car it
self. Two tests for determining this will be discussed in Art. 
27-49. For the present, we will assume that the radio receiver 
with its tuning control, and the aerial and lead-in have been 
properly installed, and that the set is found to be very noisy when 
the car engine is running. The next step is to suppress the inter
ference created by all the usual electrical disturbances within the 
car itself. We will now consider the sources of these disturbances, 
starting with the ignition system of the automobile. 

27-31. Operation of the Gasoline Engine.-The operation 
of gasoline engines such as are used in all modem automobiles 
is based upon the fact that when a mixture of gasoline vapor and 
air is compressed and ignited, the burning gases become highly 



CH.XXVII AUTO-RADIO RECEIVERS 923 

heated, and tend to expand suddenly ( an explosion really takes 
place). If they are confined within a suitable container while 
doing so, they exert a considerable pressure which can be utilized 
to do work. Since the heating or combustion takes place inside 
the engine, it is called an internal combustion engine. If the 
gases are compressed into a small space before being ignited, 
much more power is produced due to their expansion when igni
tion occurs. 

In the automobile engine, there are a number of specially con
structed cylinders (4-, 6-, 8-, 12-, 16-, etc.) in which this com
pression, ignition and consequent expansion of the gases is made 
to take place in a definite sequence so that the power produced 
may be directed to do the greatest amount of useful work. A 
simplified cross-section view of one of these is shown in Fig. 
27-28. It consists of a strong metal cylinder C (a water jacket 
surrounds it for cooling) which is open at its lower end. Inside 
of this is a close-fitting metal piston, P, which is free to slide up 
and down while remaining tight against any leakage of gas 
past it (through the use of expanding piston rings, R). The 
cylinder is mounted on a base or crankcase, K, in which is a 
crankshaft, S, which is arranged to rotate in bearings. A crank, 
F, forms a part of this shaft. To the crank is attached a con
necting rod, H, the lower end of which is free to turn on the 
crank. The upper end of the connecting rod is pivoted to the 
piston by the wrist-pin W. A spark plug, P, screwed into the 
upper closed end of the cylinder contains two electrodes sep
arated from each other by a short gap, and insulated from each 
other (see Fig. 27-50). One of these electrodes grounds to the 
metal of the cylinder. An inlet valve, I, is provided for allow
ing the fresh mixture of air and gasoline vapor to enter the cylin
der; an exhaust valve, E, allows the burned gases to escape after 
they have expanded sufficiently. 

Let us assume that the engine is to be started. The self
starter motor causes the crankshaft to turn. Assume that the 
piston is on its way down to start its "intake" stroke. Inlet 
valve I opens automatically and allows the suction created by 
the receding piston to draw in a mixture of gasoline vapor and 
air which has been mixed in the proper proportions by the car-
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buretor to form a highly-explosive mixture. This is the intake 
or suction stroke. 

,vhen the piston reaches its lowest position in the cylinder, 
the inlet valve closes. The piston then travels up to a point close 
to, but not quite touching, the "head" of the cylinder, thereby 
greatly compressing the gas mixture so that only a flame or spark 
of some kind is required to explode it. This is the compres.ciion, 
stroke. At the instant that the piston reaches its top position I or 
a fraction of a second before this position is reached), 

INTAKE COMPRESSION C (XPLOSION) 
POWER 

(XHAUST 

FIG. 27-28.-Cross-section view of a cylinder of an automobile 
engine showing the main parts. The positions of the valves and pis
ton are shown for the four main strokes of the piston which are 
necessary to complete one full cycle of events. An electric spark, 
properly timed, is necessary to ignit:e the compressed gas. It is the 
electrical apparatus used on the car to generate and time this spark 
that causes most of the electrical interference in the auto-radio set. 

a high-voltage electric current is sent to the spark plug by the 
electrical ignition system of the car, causing an electric spark to 
jump the short gap between the two electrodes of the spark plug. 

This spark ignites the highly compressed gas mixture, causing it 
to explode and expand with terrific force. Since the walls of the 
cylinder are built to stand this explosive force, the only thing 
that can move is the piston. This does move down, forcibly, 
driving the crankshaft around while doing so. 

,vhen the piston has reached the end of this power stroke 
it is "driven" up again by the influence of the inertia which has 
been stored in the fly-wheel of the engine on the "downstroke". 
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The exhaust valve, E, opens automatically, allowing the piston 
to push the burned gases out through it. At the end of the ex
haust stroke, the exhaust valve closes, the inlet valve opens, 
and the process or "cycle" repeats itself over and over again. It 
is evident that four individual strokes of the piston (two down, 
and two up) go to make up the full cycle of events. Hence it is 
called a four-stroke cycle engine. This piston makes four strokes 
(the crankshaft makes two revolutions) for one discharge of the 
spark plug in any cylinder. The entire series of events, admis
sion--compression-explosion (expansion)-and exhaust take 
place in a very short time in an automobile engine running at 
normal speed. For instance, in an engine running at 3,600 revo
lutions per minute, each spark plug fires 1,800 times a minute, 
or 30 times every second! 

The automobile engine actually has a number of these cylin
ders, all similar and all operating together continuously. How
ever, in order to get a smoothly distributed power output, all of 
the cylinders do not go through the same parts of their cycles 
simultaneously. Thus, while cylinder No. l is firing, cylinder No. 
2 may be completing its compression stroke, cylinder No. 5 may 
be exhausting, etc. The order in which the cylinders fire is 
called the "firing order". The common "firing orders" employed 
in modern automobile engines are as follows: 4-cylinder engines 
1-3-4-2; IJ-cylinder engines 1-5-3-6-2-4; 8-cylinder engines 1-6-
2-5-8-3-7-4, or 1-5-4-8-6-3-7-2, or 1-4-7-3-8-5-2-6, or 1L-4R-4L-
2L-3R-3L-2R-1R; 12-cylinder engines 1L-2R-5L-4R-3L-1R-6L-
5R-2L-3R-4L-6R, or 1R-6L-5R-2L-3R-4L-6R-1L-2R-5L-4R-
3L; 16-cylinder engines 1L-2R-5L-6R-2L-8R-6L-4R-8L-7R-4L-
3R-7L-1R-3L-5R. 

From this simple discussion, it is evident that the electrical 
ignition system performs a very vital function in the operation of the 
engine. Its duty is to supply a high-voltage current to the various 
spark plugs in the engine (in turn), in the proper firing order, and 
at the exact instant that the piston in the cylinder in which the 
explosion is to occur has reached the top of its compression stroke. 
If the spark occurs in a cylinder appreciably before the piston reaches 
the end of this stroke, the force of the explosion will tend to drive 
the piston back against its natural motion; if the spark occurs after 
the piston has reached the end of the compression stroke and has 
already started moving downward, the gas in the cylinder will have 
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already expanded somewhat by the time the spark occurs, with the 
result that less power will be derived from the explosion. Hence, 
the necessity for correct split-second timing of the spark, and for 
proper distribution of the high-tension spark current to the various 
plugs in the proper firing order. The exact "timing" is accomplished 
by the combined action of the timing gears, breaker pointa and 
breaker-point cam; the "distribution" of the high-tension spark cur
rent to the spark plugs in the proper firing sequence is performed 
by the distributor. These names should be remembered, as they 
will be referred to repeatedly. 

27-32. Operation of the Automobile Ignition System.
A high voltage is required for "jumping" across the gap between 
the electrodes in the spark plugs in order to "fire" the compressed 
charges of gas in the cylinders. The only source of current 
supply on the car is the 6- or 12-volt storage battery. Con
sequently, this low-voltage d-c must be stepped up to the high 
voltage necessary. This is accomplished by a mechanical circuit 
interrupter mechanism ( called the "breaker") connected in series 
with the storage battery, ignition switch and the primary wind
ing of a step-up transformer called the "ignition coil". The fun
damental circuit arrangement is shown in Fig. 27-29. The car 
chassis acts as the "ground return" circuit for the current to 
return to one terminal of the battery. 

The interrupter or breaker mechanism is important. One con
tact point is mounted on a metal arm, and is held normally closed 
against another adjustable contact point by a tension spring on 
the arm. At the center is a cam which is rotated by the engine in 
synchronism with the crankshaft. \Vhen the cam rotates, its lobes 
(corners) press against a rubbing block of insulating material 
fastened to one side of the breaker arm, pushing it out and caus
ing the two contacts to separate quickly, thus rapidly interrupting 
the primary circuit of the ignition coil. When the flat faces of 
the cam rest against the rubbing-block, the arm is not pushed 
out, and the breaker contacts touC'h each other, thus closing 
the circuit. This rapid interruption of the low-voltage battery 
current which flows through the primary winding, P, of the igni
tion coil, causes a very high voltage to be induced in the second
ary winding, S, by "transformer action". Since the secondary 
winding contains thousands of times as many turns of wire as 
does the primary, there is a great step-up in voltage. In this 
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way, a current of sufficient voltage to jump the gap in the spark 
plug is obtained from the 6- or 12-volt battery in the car. A 
small condenser, C, able to withstand high voltage is connected 
directly across the breaker points. It serves to greatly intensify 
the voltage induced in the secondary winding, and also reduces 
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FIG. 27-29.-Fundamental circuit arrangement of an ignition 
system for a 6-cylinder car. The breaker points and distributor are 
actually built into the same housing-one above the other. The 
breaker cam and distributor arm are rotated by the same shaft. 

the sparking which occurs at the breaker points due to the open
ing and closing of the primary circuit. 

The secondary or "high-tension" circuit of the ignition coil 
contains a rotor arm, R, and distributor cap which is made of 
bakelite. The cap has moulded into it a number of contact 
points (similar to switch points used in radio)-one for every 
cylinder in the engine. The rotor arm connects to the high
tension end of the secondary winding, S, of the ignition coil, and 
each distributor point connects to the top terminal of a spark 
plug in the engine. The other end of the spark plug is grounded 
through the frame, and the other end of the secondary winding 
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is grounded through the battery circuit. Thus, the rotor arm and 
each distributor contact, in turn, are in series with the high volt
age and a spark plug, in turn. Stated in another way, the rotor 
makes contact with one point at a time while it is being rotated 
by the engine, and the spark plug which is connected to a par
ticular point is the one that receives the high voltage at that 
instant. The function of the rotor arm, therefore, is to distribute 
the high voltage necessary for the firing of the plugs to them at 
the proper instants and in the proper firing order. The spark 
plugs and distributor terminals are marked with numerals in Fig. 
27-29 to correspond with each other. 

The motion and position of the breaker arm and the dis
tributor rotor arm are so related that, at the instant when the 
breaker arm and breaker points open the primary circuit and 
so induce a voltage in the secondary, the distributor rotor arm 
is making contact with the particular contact point which leads 
to the spark plug that is to be fired at that instant. The in
duced current then flows into that particular spark-plug and the 
gas is ignited in that cylinder. 

The general theory of operation, then, may be summarized as 

I-RON 
CORE 

METAL 
CASE 

INSULATING HEAD 

HIGH-TENSION 
CCUPJ TERMINAL 

FIG. 27-30.-Interior of a typical automobile ignition coil. Sev
eral external connection arrangements which are employed are shown 
in Fig. 27-31 to 27-35 inclusive. 

follows. The ignition switch is closed and the motor is turning 
over. This means that the breaker arm is opening and closing 
the breaker contacts at a certain, predetermined rate. When the 
breaker points open the primary circuit, the primary current in 
the ignition coil drops; this induces a high voltage in the sec
ondary. At this same instant, the rotor arm is in position to 
touch a certain contact point connected to a spark plug; this 
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spark plug therefore receives the high voltage generated by the 
secondary, and it fires the compressed gas in that cylinder. 

The interior arrangement of a typical ignition coil is illus
trated schematically in Fig. 27-30. It consists, essentially, of a 
laminated iron core on which is wound a primary coil of rela-

BREAKER ARM 

.TO 
IGNITION SWITCH 

FIG. 27-31.-The simplest type of automobile ignition system is 
shown here. A single ignition coil and a breaker cam having as many 
lobes as there are cylinders ( six in this case) are employed. 

tively few turns of thick insulated wire (to have low resistance) 
whose ends are brought out to two terminals. Over this, is a 
secondary winding consisting of thousands of turns of very fine 
wire wound in layers insulated from each other by waxed paper. 
One end is brought out to a "cup" terminal on the head of in
sulating material at one end of the coil. The other end goes to 
the common low-tension terminal which leads to the battery 
and eventually to the chassis. The entire coil assembly is im
pregnated and sealed into a waterproof metal case, as shown. 

27-33. Typical Ignition System Arrangements.--Several 
breaker and distributor arrangements are employed in American 
cars. Of course, the order of the connections between the dis
tributor cap and the spark plugs depends on the firing order 
employed-this, in turn, depends upon the number of cylinders 
in the car. Several typical breaker, coil and distributor circuit 
arrangements which the auto-radio service man will encounter 
are illustrated in Figs. 27-31 to 27-35 inclusive. These will now 
be analyzed in detail. 
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The system shown in Fig. 27-31 is the simplest type. The 
breaker cam has six lobes, one for each cylinder, and one breaker 
arm. For a 4-cylinder car there would be four lobes, for an 
8-cylinder car there would be eight, etc. This is the simple 
straightforward arrangement shown schematically in Fig. 27-29. 

In the arrangement shown in Fig. 27-32, the breaker cam 
has as many lobes as there are cylinders, but there are two 
breaker arms. They are connected in parallel but are set so 
that one opens slightly later than the other. Therefore one 
breaker opens the circuit each time and the other one does the 
closing. This system is advantageous in cars having high engine 
speeds. It allows the ignition coil a little more time to build up 
the high voltage, and gives better performance at the high engine 

FIG. 27-32. -
The ignition sys
tem shown here 
uses a breaker 
cam having as 
many lobes a e 
there are cylin
ders ( eight i n 
this case) and 
two breaker arms 
in parallel. One 
s e t of breaker 
p o i n t s opens 
slightly 1 a t e r 
and closes an in
stant later than 
the other. 

... 
CII ..., 

TO 
IGNITION SWITCH 

HIGH.•TENSION 
CIRCUIT 

speeds where the breaker points are openmg and closing very 
rapidly. 

The arrangement shown in Fig. 27-33 is similar to the one 
just described, in that two breaker arms are used, but it differs 
in that there are only half as many lobes on the breaker cam 
as there are cylinders in the engine. In this system, the breaker 
arms operate alternately, one arm opens and closes the coil 
circuit for firing one cylinder, the other arm does likewise for 
the next cylinder. Thus one arm opens and closes its breaker 
points for half the cylinders and the other arm does likewise 
for the other half. With this arrangement, each arm only makes 
half as many movements, and each set of breaker contacts oper-
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ate only half as frequently as in the other two systems already 
described. 

In the system shown in Fig. 27-34, the breaker cam has half 
as many lobes as there are cylinders, and there are two breaker 

TO 
IGNITION 
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HIGH-TCNSION 
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IGNITION 
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FIG. 27-33.-Two 
breaker arms are 
used in this ignition 
system. There are 
half as many lobes 
on the breaker cam 
as there are cylin
ders. One breaker 
arm fires half the 
cylinders; the other 
arm fires the other 
half. 

arms. Two ignition coils are also used, one for each set of 
breaker contacts. This system is really similar to the one just 
described, excepting that the two coils are used instead of one. 
Here, each coil and each set of breaker points serves for half the 

FIG. 27-34. - An 
ignition system in 
which two ignition 
coils are employed
one for each set of 
breaker p o i n t s. 
There are half as 
many lobes on the 
cam as there are 
cylinders. Each of 
the two high-tension 
circuits serves half 
the cylinders in the 
engine. 
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cylinders in the engine. The arrangement shown here is that 
for a 12-cylinder engine. 

The arrangement shown in Fig. 27-35 is used for dual-igni
tion systems, i.e., systems in which each cylinder contains two 
spark plugs which fire simultaneously. The breaker cam has as 
many lobes as there are cylinders, and the two sets of breaker 
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points are set to operate simultaneously. However, they are 
connected to separate ignition coils. The high-voltage secon
daries of the coils lead out to two rotor arms in the distributor 
head. These rotate together but are insulated from each other, 
so that the current from each coil is led into a separate contact 
in the distributor cap. The contacts are so arranged (16 con
tacts for an 8-cylinder engine are shown here) that the two 
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FIG. 27-35.-An 
ignition system 
similar to that 
shown in Fig. 

- ~ 1 27-34, excepting 
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that the breaker 
cam has as many 
lobes as there are 
cylinders, and the 
breaker p o i n t s 
o p e n simultan-
eously. A double
arm distributor 
rotor is used. Two 
plugs in each cyl
inder fire simul-
taneously. This 
arrangement is 
used in '"dual" 
ignition systems. 

spark plugs in each cylinder are fired simultaneously, each being 
supplied with current from a separate ignition coil. 

27-34. The Car Storage Battery.-The storage battery in 
the car has many duties to perform. Its primary functions Ille 
to operate the self-starter motor and to operate the ignition sys
tem of the car when the engine is running at low speed ( at high 
speed the generator supplies this current). During recent years, 
however, a number of secondary functions such as the operation 
of the various lights, horns, cigar lighters, electric windshield 
wipers, electric defrosters, electric gas and oil indicators, heaters, 
etc., have been forced upon it. In addition to these, it performs 
the important function of supplying both A and B power for 
the operation of the auto-radio receiver. 

All of these functions impose a severe drain on the battery, 
especially during the winter months when the lights, heaters, 
etc., are used more, and less opportunity is afforded the battery 
for re-charging because the car is driven less. It is unfortunate 
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that modern automobiles are not provided with larger generators 
and batteries--units of sufficient capacity to meet the increased 
current drain now imposed on them. When it is considered that 
the average car battery has a capacity of about 100 ampere-hours, 
and that the radio receiver alone draws about six or seven am
peres (six or seven ampere-hours per hour), it will be readily 
appreciated that precautions must be taken to keep the battery 
fully charged at all times. A storage battery is generally con
sidered as requiring charging when about 50 % of its capacity 
has been used up; this leaves about 50 ampere hours available 
for all purposes. Furthermore, in cold weather, when the en
gine is cold and stiff and must be turned over a number of 
times before it starts, the battery must be at least 80 % fully 
charged to deliver the necessary 100 to 200 amperes required to 
operate the self-starter motor. If the battery is allowed to be
come fairly well discharged, especially if it is an old battery, 
its internal resistance will increase greatly. This often causes 
coupling effects which result in noisy operation of an auto-radio 
receiver that may be normally quiet in operation when the 
battery is well charged. The battery terminals should always 
be kept clean, and its cells should be kept filled with distilled 
water to a level ½-inch above the tops of the plates. 

27-35. The Generator and the Cut-Out.-Naturally, the 
storage battery must be maintained as consistently near the fully
charged condition as possible, despite the many current drains on 
it. The source of charging current is the generator, which is 
driven by the engine. This usually produces a potential of 6 to 8 
volts d-c, and a current as high as about 20 amperes. This gen
erator is of the shunt type and contains a fixed field electromag
net and a revolving armature having 3 brushes resting against 
its commutator ( the reader is ref erred to the Radio Physi.cs 
Course by Ghirardi, or to any electrical textbook for a discussion 
of the theory of operation and construction of d-c generators). 
Two of the brushes are used for the d-c voltage for charging the 
battery; the third is used for altering the charging rate (voltage 
output) of the machine. The schematic circuit diagram of a 
generator of this type is shown in Fig. 27-36. 

When the car travels very slowly, the engine and generator 
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rotate slowly and the voltage of the generator falls below that of 
the battery. When the engine is stopped altogether, the voltage 
of the generator is zero. Under these conditions, the battery 
would discharge back into both the armature and field coils of 
the generator (thereby discharging itself and possibly ruining the 

THIRD BRUSH 

f"IELD 
COIL 

INSULATED 
MAIN BRUSH 

FIG. 27-36.-The low-tension battery and generator circuit of 
an automobile. The location of the main brushes and the third brush 
of the generator is shown. The cut-out relay is mounted on top of 
the generator. 

generator) if it were not for an automatic switch, called the cut
out which is connected in the circuit between the generator and 
the battery to close the circuit when the generator voltage is high
er than that of the battery, and to open the circuit when the gen
erator voltage falls below that of the battery. This protects 
both the battery and the generator. As shown in Fig. 27-36, the 
cut-out consists of a heavy current-coil and a pair of contacts 
connected in series with the circuit between the ungrounded main 
brush of the generator and the ungrounded terminal of the 
storage battery. There is another shunt coil composed of a 
larger number of turns of fine wire shunted across the generator 
output circuit. The magnetism of both of these coils acts on the 
magnetic arm which carries one of the contacts. As long as cur
rent flows from the generator to the battery the magnetism of 
both coils is of such polarity that they aid one another and the 
contact arm is held down, thereby keeping the circuit between the 
battery and generator closed. As soon as the battery attempts 
to discharge back into the generator, the current through the 
current-coil reverses and the polarity of its magnetism is now 
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such that it bucks that of the shunt coil ( whose current is still 
in the same direction) thereby releasing the contact arm which 
is pulled away by a spring-opening the contacts. As soon as 
the generator voltage gets high enough, the shunt coil pulls the 
arm down again and the generator current flows through the con
tacts into the battery. Thus, the cutout acts as an automatic 
switch. When its contacts are open, the battery operates the 
ignition system, auto-radio receiver, etc., and the ammeter on the 
dashboard indicates "discharge". When its contacts are closed, 
part of the current from the generator operates these devices, and 
the rest charges the battery. The ammeter then indicates "charge". 

27-36. Increasing the Generator Charging Rate.-After 
the auto-radio receiver has been mounted in the car and con
nected, the generator charging rate must be increased by 
the radio service man to compensate as nearly as possible for 
the increased current drain imposed on the storage battery by 
the receiver. The ideal charging rate is the lowest rate which 
will maintain the battery fully charged on an average. Over
charging the battery is undesirable, as it will greatly shorten its 
life and at the same time tend to overheat the generator. Of 
course the correct charging rate which will maintain the battery 
in fully-charged condition depends upon how much the radio set 
is used, the mileage driven, the speed (fast, or in traffic), the 
time (day or night) when most driving is usually done, and the 
season (summer or winter). The charging rate must also be 
changed to suit the summer and winter operating conditions 
of the car (higher charging rate in the winter). 

The radio service man must make an approximate guess as 
to the correct value required ( after questioning the owner re
garding the foregoing driving habits) and re-adjust it later if it 
proves to be too high or too low. A 10-ampere charging rate is 
the normal value for average driving conditions before an auto
radio set is installed. After its installation, the rate should be 
increased to about 15 amperes. Since most cars employ the 
"third brush method" of voltage regulation to keep the gen
erator voltage sensibly constant over quite a wide range of 
speed, this type of generator will now be considered-especially 
since the charging rate of the battery has to be adjusted by 
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adjusting the position of this third brush with the commutator. 
The third brush method of regulation is universally used 

because of its simplicity and because of the lack of any moving 
parts. The theory of operation is not difficult. The third brush, 
located between the two main brushes, as shown in Fig. 27-36, 
picks off part of the generated d-c voltage by virtue of its con
tact with the commutator. As the engine speed increases, the 
voltage generated by the armature increases, and, consequently, 
the voltage between the third brush and ground also increases. The 
increased current flowing through the third brush circuit in the 
armature creates a magnetic field in the armature which bucks 
the field caused by the main field coils, thus decreasing the gen
erated voltage. Thus, at some definite speed, the generated volt
age stops increasing, and keeps practically constant over a con
siderable range of speed. At much higher speeds, it starts to 
decrease. Continued increase of the voltage is thus prevented. 

The holder for the third brush is mounted on a movable plate 
located inside the commutator-end portion of the generator 
housing. This plate is usually held in place by a clamp which 
is tightened by a small locking screw located either inside or 
outside of the generator housing. To increase the rate of charge 
of the battery, this locking screw should be loosened and the 
movable plate, on which the third brush is mounted, should be 
moved in the direction of rotation of the commutator. To de
crease the charging rate, the plate should be moved in the direc
tion opposite to that of rotation. The locking screw should then 
be tightened to prevent the third brush from "creeping" around 
the commutator when the car is in operation. 

It is best to make adjustments with a good ammeter con
nected in the circuit between the cut-out and the battery (see 
Fig. 27-36). Although the car ammeter may be used, better 
results will be obtained with an accurate external meter, as those 
found on cars are not made to be extremely accurate since their 
purpose is more to indicate approrimate charging and discharg
ing rates than the correct amount of current that is flowing. A 
good rule to remember regarding this adjustment is that, with 
the car going at approximately 40 miles per hour, there 
should be no charge or discharge indicated on the ammeter with 



CH. XXVIJ AUTO-RADIO RECEIVERS 937 

the dim headlights and radio set turned on. This rule, 
however, is not valid for all cases. The best course to 
pursue is to check the condition of the battery with a hydro
meter; then advance the charging rate as per the instructions 
given and allow the owner to use the car and auto-radio set 
normally for about two weeks. After that period, the condition 
of the battery should be checked again with a battery-testing 
hydrometer and the rate of charge increased or decreased as 
conditions dictate. One other precaution should be kept in 
mind-the charging rate should never be set to exceed that speci
fied for the particular generator used. On the other hand, if it 
is not possible to bring the charging rate up to that required to 
keep the battery charged, even though the full output of the 
generator has not been exceeded, then the small series resistor 
(usually about one ohm) which will usually be found connected 
in series with the field coil should be removed. If, upon remov
ing this resistor, the charging rate is too high, then it should be 
replaced by another of about one-half ohm and having sufficient 
current-carrying capacity. 

Suppression of interference that is created by the generator, 
the cleaning of the commutator, and re-fitting of its brushes will 
be considered in Arts. 27-39 and 27-40. 

27-37. Automatic Generator Voltage Regulation.-With 
the increased use of heaters, electric fans, cigar lighters, auto
radios, etc., the load imposed on the car battery has in
creased considerably in the last few years. As a result, the simple 
third-brush system of control of the charging rate used on most 
inexpensive cars has been found to be inadequate. The charging 
rate which is often set by a repairman who does not know the 
requirements, will probably be either too high or too low, and the 
battery will either be overcharged or allowed to run down. Thus, 
an increase in the charging rate when the battery is low and a 
decrease when the battery is high has become important. This 
should be performed automatically by a device in the generator. 

There is a method of accomplishing this end (by "voltage 
regulation") which was used in some of the first generators. A 
contact cuts a resistance in and out of the field circuit rapidly 
enough to maintain a constant voltage. If the voltage of the 
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generator is kept constant, the rate of charge of the battery will 
automatically increase when the battery is low, because the bat
tery voltage (which bucks the generator voltage) is lower; and 
the rate of charge decreases when the battery charge is high, 
because the voltage of the battery is higher. Therefore, if the 
current drawn from the battery is not greater than the capacity 
of the generator, the generator will keep the battery up. Some 
models of Hudson, Chrysler, De Soto, Dodge, Plymouth De 
Luxe, Hupmobile 8, and Terraplane have employed this system. 

Another system which has been used employs the third brush 
principle supplemented by a bi-metal thermostat. When a pre
determined temperature of 165° F or 200° F is reached in the 
generator, the thermostat opens, cutting a resistance into the 
shunt-field circuit, thus decreasing the current output and there
by protecting the generator from overheating. Resistances of 
½, ¾, 1 or 1½ ohms are used for this purpose, the size depend
ing upon the type of operation to which the generator is to be 
adapted. As soon as the temperature drops to normal, the con
tacts of the thermostat close, thus shorting out the resistance. 
This system allows a high charging rate when the car is driven 
over short distances, especially in cold weather. The thermostatic 
cutout has been used on Auburn 12, Buick, Cadillac, Duesenberg, 
Franklin, Marmon, Packard, Pierce-Arrow, Reo, Studebaker 
Commander 8, Studebaker President, and Stutz cars. 

In a third system, called the "lamp-load control," a resistance 
unit in series with the shunt-field is cut out of the circuit by the 
headlight switch, so as to increase the current from the generator 
when the headlights are turned on. This system has been used 
on Oldsmobile and Chevrolet Master 6 cars. 

There are several types of automatic devices available which, 
when connected to the car generator, increase the charging rate 
automatically when the radio set is in operation and which re
duce this rate to normal when the receiver is shut off. These 
devices usually consist essentially of a resistor and relay switch. 
When the receiver is off, the resistor is connected in the circuit 
and the charging rate is reduced to about 12 amperes. With the 
receiver on, the resistor is automatically short-circuited and the 
charging rate is increased to about 18 amperes. The 6-ampere 
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increase is equal to the current drawn by the average receiver. 
This device, then, automatically adjusts the charging rate so 
that the power for the radio set is obtained from the gene .. a.tor 
rather than from the battery. Of course, this holds true only 
while the car is in operation at normal driving speed. If the 
radio set is operated while the car is at rest, all the current for 
its operation is drained from the battery. The switch may be 
either a current- or voltage-operated device, current-operated by 
the A-battery drain of the set or voltage-operated by connect
ing it across the A-battery leads of the set. 

27-38. Interference Created by the Electrical System of 
the Car.-We are now ready to consider the interference which 
the various parts of the electrical system of the car may cause 
in the auto-radio receiver. After the nature of this interference 
and the various ways in which it may be caused are understood, 
we will be better prepared to understand the various remedies 
which must be employed for suppressing it to a level which will 
make it inaudible in the loud speaker. 

The main sources where interference may originate in the 
average car are: 

1. At the generator brushes. 
2. At the breaker points. 
3. In the low-tension wiring. 
4. In the high-tension .lead between the ignition coil and 

the distributor. 
5. At the high-tension distributor contacts. 
6. In the wiring leading from the distributor cap to the 

spark plugs. 
7. In electrical appliances on the car (heater, fan motors, 

horn vibrators, etc.). 
8. In loose contacts in the electrical system on the car. 

A study of these interference sources reveals that the first six 
cause interference only when the engine is running. The sev
enth group of sources cause trouble only when the particular 
appliance in question is turned on. The eighth is usually noticed 
only when the car is in motion-especially if it is travelling over 
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bumpy roads. The interference need not be conducted from 
these sources to the auto-radio receiver directly-it may reach it 
by any of the many indirect means or paths which exist in the car. 
The three main ways in which interference may get to the set are: 

1. By direct radiation from the source ot interference to 
the antenna system employed with the radio set. 

2. By conduction along some metallic path to the receiver 
proper, similar to the ordinary flow of current through 
a conducting circuit. 

3. By re-radiation from a metallic path which has had 
noise currents induced in it by the direct radiation of the 
noise source. 

We will now consider these important points in detail, starting 
with the low-tension circuits, and finishing with the high-tension 
circuits. 

27-39. How the Generator Causes Intederence.-The gen
erator may cause interference for two reasons: (a) its voltage 
output is pulsating; ( b) sparking occurs at its brushes. Since 

RESULTANT VOLTAGE 

VOLTAGES OF SEPARATE COILS +-+ Oi,o.a.r.,1.&a&a.&&.1~ ........ ......,o 

FIG. 27-37. - The "resultant 
voltage" graph shows the ·•ripply" 
nature of the output current of a 
d-c generator due to the fact that 
this current is really the sum of 
the various rectified sine-wave cur
rents of the individual coils on the 
arhiature as shown below. 

the armature of the generator is composed of a number of in
dividual coils, each one of which has a varying voltage gener
ated in it due to its rotation in the magnetic field, the output 
voltage of the generator (which is the algebraic sum of the 
various coil voltages at each instant) is a pulsating d-c voltage 
as shown in Fig. 27-37. This causes the charging current which 
flows in the circuit between the generator and battery, and the 
current fed to the ignition circuit, lights, etc., to be pulsating 
in nature. When this current flows in the network of wires com
prising these circuits, see Fig. 27-38, pulsating induction mag
netic fields are created around them, spreading out in all direc
tions. These induction fields (which are distinct from the 
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radiated fields from the high-tension ignition circuits) are al
most certain to reach the antenna system of the car radio, and 
will induce noise voltages in it. Although these voltages may be 
very feeble, the extremely high amplification of the receiver am
plifies them sufficiently to make them heard as interference in 
the received radio program. Generator interference is easily 
distinguished from that caused by the high-tension circuits be
cause it results in a whirring or whining sound in the loud 
speaker instead of the staccato noises caused by the latter. 
Moreover, the whining sound increases in pitch as the engine is 
speeded up, because the generator armature rotates faster, and 
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FIG. 27-38.-How electromagnetic "induction" fields are set up 
around the low-tension wiring of the ignition and battery-charging 
circuits, spreading out in all directions. 

the current pulsations are produced more rapidly (see Fig. 
27-37) , i.e., more are produced per second. 

Interference may also be produced by sparking which occurs 
between the brushes and the commutator of the generator. Al
though this sparking is small in a machine which is in good op
erating condition and is adjusted properly, the impulses created 
by this sparking are of high frequency and if they are allowed 
to be conducted into the live lead from the generator cut-out 
and from there into the low-tension circuits which the generator 
feeds, they will create radiation helds which will be induced in the 
antenna circuit and cause interference. If the auto-radio receiver 
is not provided with an effective r-f filter system in its battery-
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supply circuit, these disturbances will also be conducted directly 
into these circuits of the receiver by the battery wires. As most 
auto-radio receivers are now provided with such filters built 
into the receiver chassis, no trouble is usually experienced from 
this source. 

27-40. How Generator Interference is Eliminated.-Re
gardless of what means are to be used to suppress generator in
terference, any excessive sparking at the brushes should first 
be reduced to a minimum. Minimum sparking will only 
exist when the commutator surface is clean and true, when the 
contact surfaces of the brushes are clean and fit the commutator 

Mica Should Be Undercut To A Depth Of 1/32• 

~ 
HackH'lf Blade 

fastened In Handle 

(A) 

Mli:A~ilffS 

.-:~~HT~:~~ 
MICA MU&T 81!: C:UT AWAY CLtAN 

lltTWEEN SEGMENTS 

WK:A~ 

~;~NC.~;~~ 

MICA MU$T NOT IIE: LEF'T WITH A 
THIN EOC.E NEXT TO Sl!:C.MENTft, 

(B) 
OourtHV Delco Product. Oof'P. 

FIG. 27-39.-(A) Method of holding the generator armature in 
a stand while the mica between the commutator segments is undercut 
with a ground-down hacksaw blade. 

(B) Right (top) and wrong (bottom) ways of undercutting 
the mica between the commutator segments. 

contour exactly, and when the brushes press against the com
mutator with sufficient force to make good contact. 

The commutator surface may be cleaned by first removing 
the cover band which covers the opening at the commutator 
end of the generator housing. Then a narrow strip of No. 00 · 
sandpaper (never use emery cloth) is held against the commuta
tor surface while the engine is running and the generator arma
ture is in motion. If the commutator is eccentric, or has grooves 
worn into it by the brushes, it should be turned down carefully 
in a lathe to true it up. The truing up should be done at fairly 
high speed and a light cut should be taken with a sharp tool. 
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The mica between the bars should then be undercut to a depth 
of 1/32 inch below the surf ace of the commutator bars by means 
of a piece of a hacksaw blade insert into a file handle. (Fig. 
27-39 shows how this is done.) The blade should have the sides of 
its teeth ground down until it is of proper thickness. After 
undercutting, the burrs on the copper commutator segments 
should be removed with sandpaper and all particles of copper 
should be cleaned out thoroughly with an air blast if possible. 

The brushes and brush holders should be cleaned free of all 
grease, etc., with gasoline. In order to clean the contact sur
faces of the brushes and seat them properly against the commu-

FIG. 27-40.-This illustra
tion shows the method of in
serting a strip of fine sand
paper around the periphery of 
the generator commutator for 
wearing down the contact sur
face of the brushes until they 
fit the commutator contour 
perfectly. This is often neces
sary to prevent excessive 
sparking and interference. 

(Court~8JI Delco Product• Oorp.) 

fu.,,r RaiH1 B,,..h W~en P,P"r lo Sl,d Fo~ .,4 
ftn,.,- Holdi Dnu~ Down When Pa~r h PaUed Ovt 

tator surface, the engine should be shut off and a strip of No. 00 
sandpaper (never use emery cloth) %. inch wide and about 8 
inches long should be wrapped around the commutator ( under 
the brushes) as shown in Fig. 27-40, with the sanded side against 
the brushes. It should then be drawn out by pulling it around 
the commutator. This causes it to wear away the contact sur
face of the brushes, thus cleaning them, while the brushes are 
pressing against the commutator. Hence the curve of the brush 
is bound to be the same as the contour of the commutator sur
f ace, so it will fit it perfectly when the sandpaper is removed. 
The sandpaper should be re-inserted and pulled around several 
times until the brushes fit properly. 

If the brush spring tension is weak, sparking and burning at 
the commutator occurs, and decreased and irregular charging will 
result. In this case, the tension must be increased-but not to 
the point where excessive brush friction will result, for this will 
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cause the commutator and brushes to wear faster. If the brushes 
squeak, it most likely is caused by a hard or glazed spot on at 
least one of the brushes, although a poorly seated brush or im
proper spring tension will also cause this trouble. The remedies 
are obvious. 

The interference created by both the brush sparking and the 

FIG. 27-41.-Two by-pass condensers 
designed to be connected across the gen
erator output to suppress all interfer
ence from it. The one at the left is a 
½-mfd. unit; that at the right is 1 mfd. 
They are impregnated with a special 
compound able to withstand tempera
tures up to 160 degrees Fahrenheit. 

Oourt,q A,rovo:z: Oar,. 

current ripple of the generator may be effectively suppressed by 
by-passing the live lead which comes from the cut-out, directly 
to the generator housing by means of a ½-mfd. or 1-mfd. con
denser. (This is condenser C in Fig. 27-38.) Condensers sealed 
in metal cans, with one terminal grounded to the can and the 
other terminal brought out by a flexible lead terminating in a 

0o1'rt,q ".llotor" Lighting Switth 
Terminal 

FIG. 27-42.-Two typical generator by-pass condenser installa
tions. The illustration at the left shows the usual installation in 
which a single condenser is connected between the battery terminal 
of the cut-out and the frame of the generator. The one at the right 
illustrates the use of a 2-section by-pass condenser which is necessary 
on some cars which have a "light-switch" terminal on the generator. 
One by-passes the "lighting switch" terminal, and the other by-passes 
the "battery" terminal of the generator. 

lug, are made especially for this purpose, as illustrated in Fig. 
27-41. The mounting lug of the by-pass condenser should be 
fastened under the head of the fastening screw which holds the 
cut-out to the generator housing, (as shown at the left of Fig. 
27-42) after all paint has been scraped from both this lug and 
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the metal it is to make contact with. The flexible lead of the 
condenser should be made as short as possible (so that it does 
not radiate interference energy) and should be connected to the 
''battery" terminal of the cut-out in all cars excepting the Chev
rolet models which have a "light-switch" terminal on the gen
erator. In these cars, since both the battery line and the light
switch line must be filtered, a dual condenser with a common 
terminal grounded to its case is employed. One condenser term
inal is connected to the light-switch terminal of the generator, 
and the other is connected to its battery terminal, as shown at 
the right of Fig. 27-42. 

Condensers used for by-passing generators or ignition coils 
must have certain characteristics. They must be able to with
stand the voltages to which they are subjected; they must be 
able to maintain low leakage even under high temperature flue-
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FIG. 27-43.-A typ
ical automobile ignition 
system is drawn here 
in simplified schematic 
form for the purpose 
of analysis. Only one 
of the spark-plug gaps 
rs shown. 

tuations; they must be non-inductive; and they must be able to 
withstand the high temperatures which exist under the engine 
hood ( especially during the summer time) . 

27-41. How the Ignition Circuits Cause Interference. -
The essential parts comprising a typical automobile ignition sys
tem are shown in the simplified schematic circuit diagram of Fig. 
27-43. The generator and battery are G and B respectively; 
R is the resistance of the connecting leads, primary coil, etc.; 
Pis the primary winding of the ignition coil, Sis the secondary. 
The spark gap of only one plug is shown. When the breaker 
contacts close, the primary current cannot build up instantane
ously to the value determined by the applied voltage E and the 
resistance R of the circuit. Due to the fact that the primary 
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winding of the ordinary ignition coil has an inductance of from 
5 to 10 millihenries, the current takes a definite time to build 
up, (as shown in Fig. 27-44) increasing from zero value to a to 
its definite E/R value at bin about the way shown by the graph. 
The condenser C also charges during this time. At a certain 
point b, the breaker opens, thereby breaking the circuit. When 
this happens, the voltage across the primary of the coil goes up 
considerably above the 6-volts of the battery (due to self-in
duction). The peak value of this voltage may reach as high as 
200 volts for an instant! This self-inductive effect tends to 
keep the current flowing across the gap in the form of a spark, 
even though the breaker points have separated. Therefore, the 
current does not drop instantaneously at b, but falls somewhat 
as shown by the curve b-c. Condenser C now discharges through 
the primary coil in a direction opposite to the normal flow of 
battery current and quickly reduces the magnetism to zero. Due 
to the step-up ratio of the windings in the ignition coil, this in
duces a high voltage (3,000 volts or more) in the secondary 8. 

At the instant that the breaker gap opens and the high-volt
age is induced in the secondary, the distributor rotor closes the 
circuit to a spark plug. The spark plug gap breaks down, its 
resistance dropping practically to zero, while the high-voltage 
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FIG. 27-44. - How the 
primary current of the igni
tion coil increases ( a to b) 
when the breaker points close 
(at a), and falls (b to c) 
when they open (at c). 

spark jumps across it. The distributed capacity C4 of the sec
ondary coil also discharges and its current leaks through the 
spark plug gap to ground and into the condenser C which is 
across the breaker points ( these are in the return path of the 
secondary circuit). The discharge of the condenser C sets up 
comparatively heavy currents in both the primary and sec
ondary circuits. 

The important point is that when the spark plug gap breaks 
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down and the spark jumps across it, the gas between the elec
trodes becomes ionized and its resistance drops almost to zero 
for this small interval of time. If L represents the inductance 
of the secondary circuit, then we have here a case of a condenser 
discharging through an inductance and a spark gap. This forms 
an oscillatory circuit (as shown at (A) of Fig. 27-45) similar to 
that employed in the old spark transmitters used in the early 
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FIG. 27-45.-(A) The oscillatory circuit which is formed by the 
spark plug circuit. 

(B) Character of the oscillating currents, 0, which are set up 
in the spark plug circuit when a plug fires. The current not only var
ies in strength but also in frequency. 

days of radio. The discharge is logarithmic in nature, the cur
rent increasing as shown by curve M in (B) of Fig. 27-45, 
so long as the resistance of the circuit is greater than 
2\/LC, but if R is less than 2yLC, the discharge of the conden
ser is oscillatory in nature, as shown by curve O, the frequency 
of the oscillations depending upon L, R and C. In the usual 
automobile ignition system the latter is the case, ::o that an 
oscillatory current flows back and forth in the high-tension 
leads and across the spark plug gap every time a spark plug 
fires. Since the resistance of the spark-plug gap changes 
progressively with the amount of current across the gap (as the 
degree of ionization changes) the resistance of the entire oscil
latory circuit is changing up and down. This causes the fre
quency of the oscillations, as well as their strength, to vary. The 
frequency then changes from its high ( open gap) value pro
gressively all the way down to practically zero each time a spark 
plug fires. The oscillations produced might be pictured as shown 
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by curve O at (B) of Fig. 27-45. The spark gap breaks down 
at instant a. The current through it increases from a to b, then 
decreases from b to c, increases from c to d, etc. These oscilla
tory currents flowing in the ignition wiring will induce currents 
of this same wave-form in any nearby conductors (including the 
antenna conductors of the radio receiver) as long as the spark 
plugs are firing. Naturally, this will cause interference in the 
radio set-this interference being characterized by its "staccato" 
nature. In effect, each spark plug circuit acts as a small but 
troublesome radio transmitter whose frequency from instant to 
instant is determined by the electrical constants of the circuit. 

Since the spark plugs fire in rapid succession, and the circuits 
of each one radiate these disturbances, many of these oscillatory 
discharges occur each second. Since the intensity and duration 
of the oscillations generated depend upon the resistance of the 
individual circuits, the radiations will cover a very broad range 
of frequencies and can be picked up by the aerial and exposed 
wiring of the car, regardless of the frequency to which the re
ceiver is tuned. Furthermore, each individual spark plug cir
cuit radiates energy, and if the periods of the various circuits 
are different, more than one noise voltage will be received. As 
a matter of fact, very complex interfering currents ranging all 
the way from audio to high radio frequencies, and of wave form 
equal to the summation of the many wave forms radiated, 
will be induced in the aerial and lead-in. This means that it 
may not be possible to obtain a peak of noise on the receiver at 
all. It is interesting to note that one amateur radio operator 
was able to find a definite noise peak in the ignition-system inter
ference created by a Ford Model A car at the frequency of 60 
megacycles, even though this same interference was distinctly 
audible on the 500-1500 kc broadcast band. This illustrates 
how wide a band of frequencies such disturbances may cover. 
Consequently, the noise cannot be filtered out of the auto-radio 
antenna system because it is not of any particular frequency. 
It is really caused by "shock excitation". 

27-42. Possible Methods of Eliminating Ignition System 
Interference.-It is evident that one method of eliminating the 
interference generated by ignition and accessory systems is to 
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shield every wire and part comprising the entire ignition sys
tem. This is actually what is done in airplane radio installa
tions. However, with present automobile engine designs it is 
not a practical remedy for auto-radio installations. In order 
for such shielding to be effective, it is necessary that the tubular 
shielding be large so that the capacity between it and the con
ductors is kept small. Also, all wires, except those which it is 
absolutely necessary to keep free, must be enclosed in the 
shielding and all shielding must be thoroughly grounded. With 
automobile engines designed as they are at present, servicing of 
the engine would be extremely difficult if such total shield
ing were used, and the shielding would soon become grease
soaked, making it less effective. Such shielding would be ex
tremely costly-more so than the simple suppression methods now 
in use, and it would also be difficult to keep it from shorting live 
wires. Then too, unless the shielding were thorough and effec
tive, it would serve only to change the frequency of the radiated 
energy (because of the added capacity)-not eliminate it entirely. 

Another noise elimination method which has been used, but 
which has not attained any great degree of popularity, is the use 
of an anti-resonant circuit in the high-frequency leads to reduce 
the efficiency of the radiating system over a given band at which 
the impedance of the anti-resonant circuit is high. This method 
is inexpensive, because only a small coil is required so that it is 
anti-resonant with its own distributed capacity. The field is thus 
small and the spark intensity is not reduced. These coils are 
normally of a 20-millihenry value reson~ted at about 700 kilo
cycles. However, radiations above and below the band are not 
prevented. They are merely reduced. 

The only other logical method of minimizing the interference 
is to suppress the disturbing radiations at their source. Then, 
assuming that the receiver is equipped with shielded and filtered 
battery cables and other external leads, little, if any, energy can 
be picked up by the set, provided that the exposed aerial wire is 
placed in a location where it is not affected by whatever weak 
radiations may still exist. This is the practice resorted to in 
most auto-radio installations. Since oscillations will only be 
set up in the spark plug circuit (see curve O in (B) of Fig. 
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27-45) if the total resistance of the circuit is less than 2yLC, 
( otherwise the discharge currents will be logarithmic in nature, 
as shown by curve M in (B) of Fig. 27-45), the oscillations can 
be prevented by the simple but effective expedient of connecting 
sufficient resistance into each spark-plug circuit to damp the 
oscillations by making the resistance of the circuit greater than 
2yLC when the spark plug gap breaks down and its own resist
ance is zero. Special resistor units designed to be attached direct
ly to the center terminal of the spark plugs (see Figs. 27-48 and 
27-49) are made for this purpose. A resistor is used for each 
spark plug, and is mounted as close to the plug as possible 
(usually directly on it) so that radiation will not occur from any 
length of wire between the gap in the spark plug and the resistor, 
for such leads have distributed capacity and inductance. Since 
these resistors suppress the interference, they are called sup
pressor resistors. 

27-43. Use of Spark Plug Suppressor Resistors. - The 
spark plug suppressor resistors should have high enough resist
ance to suppress the oscillations, but on the other hand should 
not be so high as to impair the operation of the ignition system. 
In cars which are a few years old, the interference is so great that 
suppressors having a value of as high as 25,000 ohms each must 
usually be used. During the past few years automotive engineers 
have recognized the auto-radio problem and have taken some 
pains to alter the position of the car wiring and ignition apparatus 
so that the interference radiations which reach the antenna sys
tem have been reduced greatly. In one car, the ignition coil 
was moved off the bulkhead, and mounted close to the distributor 
to minimize the length of the high-tension lead. In another, the 
high and low-tension ignition leads have been run so that they 
are well separated, in others, the spark-plug leads have been 
shortened. At this writing, at least one laboratory is experi
menting with distributor rotors having built-in suppressors. At 
any rate, these improvements, and those made in the shielding 
in auto radio receivers have been so effective that in at least half 
of the newer cars no spark plug suppressors are required at all; 
a single suppressor in the short high-tension lead between the 
ignition coil and the center of the distributor cap is all that is 
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necessary. In those recent cars which do require spark plug sup
pressors, a value of from 8,000 to 12,000 ohms is sufficient. 

Suppressor resistors are commonly made with a carbon com
position resistor element encased in a bakelite or isolantite hous
ing and provided with proper terminals for rapid connection 
into the circuit. The internal construction of a typical suppres
sor resistor unit is illustrated in Fig. 27-46. A suppressor re
sistor should have certain characteristics. It must be able to 
withstand the high temperatures exist
ing under the engine hood without ap
preciable change in resistance or break
down of its insulation; the resistor ele-

Fm. 27-46.-Internal construction of a 
typical elbow-type suppressor resistor. 
The complete resistor is shown at the top. 
The moulded carbon resistor element is 
under it. Next is the contact spring and 
screw-type ignition cable terminal. A 
cross-section view of the completely as
sembled suppressor is shown at the bot
tom. 

Court•'II Brie Reriator Oor,,. 

ment should be long and narrow to re
duce the capacity between the term
inals; it should be constructed so 
that firm and unvarying contact is established between the 
resistor element and the terminals; its surfaces must not 
tend to accumulate excessive grease and dust which will 
cause high surf ace-leakage between the terminals; its voltage 
coefficient (see Art. 22-11) should be low so that its resistance 
remains practically unchanged at the peak of the discharge of 
the spark plug (the current is maximum at this instant). 

Suppressor resistors are made in two general shapes, the elbow 
and the straight types. Typical examples of each type are illus
trated in Fig. 27-47. Elbow types are used when the spark plug 
wires emerge from the cable duct almost at the level of the 
spark plug terminals. The use of elbow-type suppressors in such 
cases makes it possible to keep the spark plug leads short. 
Typical installations of these suppressors on the spark plugs are 
shown at (A) of Fig. 27-48 and in Fig. 27-49. The straight type 
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is more suitable for some installations. The vertical method of 
mounting the suppressor is illustrated at (B) of Fig. 27-48. 

Several types of terminals are employed on these suppressors. 
In any installation, it is essential that the end terminal of the 
spark-plug suppressor be of a type suitable for the spark plug 
arrangement and the types of spark-plug cable terminals in use 
on the car, so that time will be saved in the installation work. 
In the elbow suppressor (shown in Fig. 27-46 and again at (A) 
of Fig. 27-47) a screw type terminal is employed for connecting 
to the spark-plug lead. The screw is simply screwed into the 

FIG. 27-47.-(A) A typical 
"elbow" type spark plug sup
pressor. 

(B) A typical "straight" 
type suppressor with a U ter-
minal which enables it to be (B) 

(C) 

Oourteq Ocmtinetltal 
Carbon Oo. 

mounted either vertically, or horizontally, on the spark plug terminal. 
(C) A "straight" suppressor with a brass threaded insert at its 

lower end. This may be screwed directly on to the spark plug ter
minal screw. 

wires of the cable, after the end of the cable has been squared 
off. In the suppressors illustrated at (B) and (C) of Fig. 27-47 > 

a ferrule terminal is used. The spark plug lead must be equipped 
with a spade terminal which clips on to the ferrule terminal of 
the suppressor. In dual-ignition systems where two spark plugs 
are employed for each cylinder, a suppressor must be installed on 
each plug. 

27-44. Spark Plugs Having Built-In Suppressors.-The 
closer the suppressor resistor is to the spark plug, the more ef
fective is the oscillation-suppressing action. This has led to the 
development of specially constructed spark plugs having the 
suppressor resistor built directly into the center of the porcelain 
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insulation as an integral part of the plug. An external (left) 
and cross-section view (right) of a spark plug of this type is 
illustrated in Fig. 27-50. The position of the suppressor resistor 
R is shown. While this arrangement is very effective, it has not 

tlbow Suppressor 

Spark Plug 

(A) 

FIG. 27-48. - (A) Method of 
mounting an "elbow" type suppres
sor on a spark plug. 

(B) Method of mounting a 
"straight" type suppressor ver
tically on a spark plug. 
Oov.rteq "Jl otor" (B) 

Suppressor 

Spark 
Plug 

attained great popularity mainly because of the fact that the car 
owner must discard his entire set of spark plugs (which may still 

FIG. 27-49.
A typical in
stallation of 
"elbow" type 
spark p 1 u g 
suppressors on 
an 8-cylinder 
automobile en
g in e. The 
spark plug 
leads emerge 
from the wire 
ciuct almost on 
a level with 
the tops of the 
plugs. 

O,w,ru.,, Btw Beriffin' Corp. 

be in good working condition) when these plugs are installed. 
27-45. Use of a Suppressor Resistor at the Distributor.

The distributor rotor arm ( or arms) does not actually touch the 
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electrodes which are moulded into the distributor cover, and 
which lead to the various spark plug circuits. Since the arm is 
rotating very rapidly, a gap of a few thousandths of an inch is 
provided between its end and these 
electrodes for mechanical clear
ance. Therefore, a tiny spark 
occurs across this clearance gap 

FIG. 27-60.-External and cross
section views of a special type of 
spark plug having a suppressor 
resistor R built into the center of the 
insulating core as an integral part of 
the plug. 

when the rotor arm comes around 
to each electrode, in tum. This 
spark tends to set up oscillations 
in the wire between the ignition 
coil and the distributor cover. These 

R 

Courteau Champion SpM"lc Plu, Oo. 

oscillations, in turn, radiate interference energy to the rest of the 
wiring of the car and to the antenna system of the auto-radio re
ceiver. This interference from the distributor may be eliminated, 
or at least minimized to a large extent, by the insertion of a sup
pressor resistor in series with the high-tension lead to the rotor 

(A) (B) 

arm. The resistor introduces 

FIG. 27-51.-(A) A distribu
tor suppressor having a split 
tubular end for insertion into 
the center terminal of the dis
tributor cover, as shown at (A) 
of Fig. 27-52. 

(B) A "screw" type of dis
tributor suppressor designed to 
be cut into the high-tension lead 
between the ignition coil and 
the distributor, as shown at (B) 
of Fig. 27-52. 

Court~au Continental Remtor Oof'p. sufficient resistance in the cir
cuit so that forced oscillations cannot occur and radiation of the 
oscillating energy is thus prevented. The value of the resistance 
required is less than that used at the spark plugs. A resistance 
of 3,000 to 5,000 ohms is usually sufficient for this purpose. 
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Two typical forms of suppressors designed especially for the 
distributor lead are illustrated in Fig. 27-51. The one at (A) 
is provided with a tubular split prong at one end, which fits 
snugly into the cup terminal at the top of the distributor cover. 
The other end has a screw type terminal which screws into the 

(A) 

Oisuibutor 
Suppressor 

Distributor 
Block 

; 
(B) 

Screw-Type 
Suppressor 

Ooure,.,, "Jl.oeo .. " 

FIG. 27-52.-Typical distributor suppressor installation arranr,
ments. The "plug" type is shown at (A) ; the "screw" or "splice-in" 
type is shown at (B). 

wires of the high-tension lead between the ignition coil and the 
distributor cover. The method of installing this type of sup
pressor is illustrated at (A) of Fig. 27-52. The suppressor at 
(B) is designed to be used where the suppressor must be inserted 
in the lead itself. It is provided with a screw-type terminal at 

FIG. 27-53.-"Elbow" type dis
tributor suppressor mounted in 
place on the cover or "block" of 
the distributor. This type must 
be used in installations on some 
cars. 
(Covrlt'JI "llotor") 

O,stributor 
Block 

Suppressor 

=-:. 

each end. The high tension lead is cut near the distributor cover 
and the suppressor is screwed firmly into the wires of the two 
cut ends as shown. There are several cars which require an 
"elbow" type suppressor in the distributor lead. The method 
of installing a suppressor of this type is illustrated in Fig. 27-53. 
In those cars which employ two ignition coils (see Figs. 27-34 
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and 27-35), a separate suppressor must be installed in the high
tension lead of each coil, as near to the distributor cover as 
possible. In all cases, even though a suppressor is installed, 
the high-tension lead between the ignition coil and the distrib
utor should be made as short as possible. If this lead happens to 
be run through the same conduit as the spark-plug wires, it 
should be removed and re-routed. If the distributor housing is 
manually retractable for timing, connect the two parts together 
with flexible copper braiding to assure good electrical connection 
between them. 

27-46. Effect of Suppressors on Engine Performance.
A great many conflicting statements have been published re
garding the effect which the spark-plug and distributor suppres
sor resistors have on the performance of the engine. Some have 
maintained that the addition of suppressors causes undesirable 
effects on the performance; others claim that they do not affect 
it at all. Exhaustive tests made by responsible ignition and auto
motive experts have revealed that the engine operation is not 
affected by the addition of the suppressors, provided that: (1) 
the engine is in good operating condition to start with, (!) the 
spark plug su-ppressors are of less than S0,000 ohms resistance 
each, and (3) that the distributor suppressor is of 6,000 ohms re
sistance or less. 

One explanation offered for this experimentally proved fact 
is as follows: \Vhen the spark gap (in the plug) breaks down, 
the gas in the cylinder ignites and the piston is forced down. 
Now the compressed gas really ignites before the full voltage 
has been built up across the spark gap. Therefore, even if sup
pressors are used, and even though they undoubtedly decrease 
the intensity of the spark somewhat because of their resistance, 
the full spark intensity is not required. 

On the other hand, if the motor is not properly timed, if the 
plugs are fouled, or if the carburetor is improperly adjusted, the 
suppressors may decrease the engine efficiency ( resulting in 
somewhat increased gasoline consumption), affect the operation 
at both low idling speeds and full top speeds, and cause hard 
starting in cold weather if they are of very high resistance. When 
the motor is idling and not properly adjusted, the effect of the sup-
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pressors 1s to cause misfiring. The main point, however, is that 
with a properly adjusted motor, correct suppressors do not make 
any detectable difference in motor action or efficiency. 

27-47. By-passing the Low-Tension Circuits at the Am
meter and Ignition Switch.-Ignition-system disturbances are 
apt to come into the battery circuit through the wire leading from 
the ignition switch to the ignition coil (this is common to both the 
primary and secondary circuits). In order to show clearly how 
this may occur, a portion of the electrical circuit of a typical auto
mobile has been reproduced schematically in Fig. 27-54. This 
common wire has been labeled A. Any radiated disturbances 

FIG. 27-54.-Part of 
the low-tension electri
cal system of an auto
mobile, showing how all 
the low-tension circuits 
converge to the am
meter. The proper con
nection of an ammeter 
by-pass condenser C 
and ignition switch by
pass C 1 are shown. 

TO 

RECEIVER 
•f---e 

TO 
DISTRIBUTOR 

may also be picked up by other wiring in the car, such as the 
wiring to lights, horns, etc. Since all of these lines feed into 
the battery, disturbances in them may find their way into the 
battery leads of the receiver, or they may re-radiate to the an
tenna system. Since all of tbese lines join at the ammeter, it is 
a convenient place at which to by-pass them to the car chassis 
by means of a ½- or 1-mfd. by-pass condenser C. This should 
be connected to the "battery'' terminal of the ammeter as shown, 
in order to minimize these disturbances. The by-pass condenser 
may be mounted back of the dashboard near the ammeter so its 
case and its "ground" terminal ground to the dash. The flexible 
lead of the condenser should be connected to the battery term
inal of the ammeter, as shown at (A) of Fig. 27-55. 

The circuit leading from the battery to the ignition coil may 
also be by-passed conveniently at the ignition switch by means 
of a ½- or 1-mfd. by-pass condenser C 1, This condenser is also 
mounted on the rear of the dash so it grounds to it, and its 
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flexible lead is connected to the battery terminal of the igni
tion switch as shown at (B) of Fig. 27-55. In some installations, 
it will be found that this condenser is more effective if connected 

Grounded 
to Dosh 

Ignition 
Switc.h 

(B) 
Oource-., "Jlotor" 

FIG. 27-55.-(A) How the "ammeter by-pass" condenser is 
mounted back of the dashboard and connected to the "battery term
inal" of the ammeter. 

(B) How the "ignition switch by-pass" condenser is mounted 
back of the dashboard and connected to the "battery terminal" of 
the ignition switch. 

directly between the battery terminal of the ignition coil and the 
grounded coil-mounting bracket instead, as shown in Fig. 27-56. 

27-48. Cases where Additional Interference Prevention 
Measures are Necessary.-In general, the foregoing measures 
will reduce ignition interference to a negligible level and they 

may be regarded as the "standard" 
measures to take when installing a mod
ern auto-radio receiver in a modem car. 
Not all cars require the extensive filter
ing and suppression described-some re
quire more. Some cars require but a 
single distributor suppressor and no 
spark plug suppressor--others require 
suppressors on all spark plugs. Some 

Condenser 
oourte'JI "Motor" require a by-pass condenser only across 

Fie. 27-56.-How the the generator output, others require ad
"coil by-pass" conden-
ser is mounted on the ditional by-passing at the ammeter, igni-
ignition coil bracket tion switch, battery terminal of the igni
and connected to the 
''battery terminal" of tion coil and other places. The auto-radio 
the primary. service man will of ten come across many 
cars in which the foregoing measures do not suffice, that is, after 
they have all been applied, annoying interference still persists. 
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No specific directions can be given for the procedure to fol
low from this point on, for the simple reason that the cause of 
the trouble may be rather an obscure one which will require 
a considerable amount of hunting down. However, a number of 
additional preventative measures which are commonly necessary 

GENERATOR 

H.T. 

DISTRIBUTOR 
SUPPRESSOR 

= / LOW-TENSION WIRING 
~~~~~ HIGH-TENSION WIRING GNO. 

"'='-TO CHASSIS-= 

FIG. 27-57.-Complete schematic wiring diagram of the ignition 
wiring on a typical 8-cylinder automobile. C1 , C, and C, are the 
added generator, coil and ammeter by-pass condensers respectively. 
The distributor and spark plug suppressors are shown installed in 
place. This represents the "standard" suppression measures which 
are sufficient for interference suppression on about half of the cars 
encountered. Additional measures must be taken in the others. 

in some cars will now be presented. They will be considered in 
the order of the frequency in which they are necessary. 

27-49. Tests to Determine by what Path Interference is 
Reaching the Receiver.-It is assumed at this point that the 
receiver is in proper working order and is properly installed. 
It is also assumed that the "standard" interference-suppression 
measures which have already been described have been applied, 
as shown in Fig. 27-57, but do not succeed in eliminating the 
interference completely. If such is the case, the first thing tea do 
is to determine definitely whether the interference comes from a 
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source outside of the car or from a source within the car. If it 
comes from within the car, it is important to find out how it is 
reaching the receiver. It may either get to the receiver via the 
antenna, or it may also find its way in through direct pickup by 
the receiver battery wires or through the shielding of the set it
self. When this is known definitely, it will furnish some clue to 
the most effective steps to be taken next. Of course, if the inter
ference appears only intermittently and disappears as soon as the 
car has travelled to another location, it is most likely of external 
origin. However, there are many cases where the radio receiver 
is steadily noisy due to external interference when operated any
where in a location of very wide area-possibly an entire town. 
This is very often the condition in rural communities having 
electric light transmission lines with leaky insulators, or having 
lines which pick up excessive atmospheric radiations and re
radiate the impulses (see Chapter XXX). In such cases, the 
auto-radio set may be noisy when operated anywhere in the 
town, yet the entire installation may be entirely blameless of 
itself. In such cases, and others, the service man probably knows 
of the fact but he must have some method of determining defin
itely whether interference which is heard in a new auto-radio 
installation (or an old one which is to be serviced) is of external 
or internal origin. There are two conditions under which a test 
to determine this may be made. They are: 

1. Test the set in the noisy location, to determine whether 
the operation of the car and all electrical appliances on 
it makes any difference in the noise intensity. 

2. Test in a spot free from all external electrical disturb
ances, to see if the operation of the engine and all elec
trical appliances on the car cause any noise in the re
ceiver. 

We will now consider these tests in the foregoing order. 
(1) Test in Noisy Location: If the service man is not 

equipped with a shielded cage into which he can run the entire 
car ( see Fig. 27-1) , and the vicinity of his shop is not entirely 
free from electrical disturbances, he must make the test under 
noisy conditions. The receiver should be turned on ( without the 
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car engine running), and with the volume control turned all the 
way up. If any noise which is heard is "tunable," the receiver 
should be tuned to bring in with greatest volume whatever noise is 
present. However, this should be a point where no broadcasting 
signal is heard. The noise should be observed carefully so that 
its intensity may be remembered fairly accurately for comparison 
later. 

(a) The lead-in wire should now be disconnected from the 
receiver. If this makes the noise disappear, or greatly reduces 
its intensity, it is undoubtedly due to interference originating 
outside of the car being picked up by the aerial wire and fed to 
the receiver. In this case, nothing much can be done about it. 
On the other hand, if the noise still persists undiminished in 
intensity when this is done, it indicates that the receiver itself is 
probably noisy. In this case loose connections, a faulty rectifier 
or vibrator, etc., should be looked for in the set. 

(b) The engine should now be started (with the lead-in 
still disconnected from the receiver) . If the receiver is more 
noisy than it was with the engine shut off it indicates that inter
ference from the ignition system of the car is reaching the set 
by way of its battery wires or through the chassis. Receiver 
designers have done much of late to eliminate this form of noise 
pickup, by thoroughly filtering the battery leads and thoroughly 
shielding the receiver chassis. 

( c) With the engine still running, the various electrical ap
pliances on the car (heater motor, electric windshield wiper, 
lights, etc.) should be turned on, one at a time, and the effect of 
each one on the noise should be noted. Any appliance that in
creases the noise requires a by-pass condenser and possible 
shielding of its leads. The engine should now be shut off. 

(d) The lead-in wire should now be re-connected to the re
ceiver and the noise noted. Then the engine should be started. 
If the noise increases greatly, it indicates that high-frequency 
interference from the ignition system is reaching the aerial 
(assuming that the lead-in is well shielded). 

(e) Now, to complete the test, the car should be run for 
several blocks with the set turned on. Notice whether the noise 
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increases when the car is in motion. If it does, it indicates that 
static discharges are being generated by the front wheel, the 
tires or the brake linings. It is well to run the car over bumpy 
cobblestone streets or a bumpy road during part of the test, so 
that any noises which may be caused by loose connections either 
in the set or in the car will also be revealed. 

(2) Test in Location Free From External Disturbances: 
If a shielded test cage into which the car can be run (see Fig. 
27-1) is available, a test may be made to find out directly 
whether the operation of the engine and any of the electrical 
appliances on the car are causing interference. To do this, the 
car is run into the cage, and the cage is closed so as to com
pletely shield the entire car from any external electrical dis
turbances. 

(a) Now the set is turned on with the volume control full 
"on" and the engine shut off. If noise is heard, since neither 
the engine nor any external source is producing it, the set should 
be checked for noises. 

(b) If all is quiet (except for the slight hum due to the B 
power vibrator unit in the receiver) the engine should be started. 
Any noise which is now heard, is due to the ignition system of 
the car. 

(c) The lead-in wire should now be disconnected from the 
receiver. If this eliminates the noise, the high-frequency inter
ference radiations from the ignition system were being picked 
up by the aerial. If this only reduces the noise somewhat, then 
the pickup is partly through the aerial and partly through the 
battery leads of the receiver on the chassis. If it has no effect 
on the noise, the pickup is entirely through the battery leads or 
the chassis of the receiver. 

(d) With the lead-in connected to the receiver, the various 
electrical appliances on the car should be turned on, one at a 
time, and their effect on the noise level noted. 

( e) If the noise level increases greatly as the car is run out 
of the shielded test cage, it is safe to assume that the increase is 
due to external interference reaching the aerial. 

27-50. Procedure for Eliminating Receiver Wiring or 
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Chassis Pickup.-A step-by-step procedure which will be found 
useful when attempting to eliminate all remaining interference 
which may still be present after the "standard" suppression 
methods have been applied and the tests outlined in Art. 27-49 
have been made will now be presented. Pickup by the receiver 
wiring, or the chassis, will be considered first. 

1. If the tests of Art. 27-49 indicate that the interference 
is finding its way into the receiver by way of the receiver bat
tery leads or shielding, go over all ground connections and make 
sure that they are clean and tight. Remember that painted or rust
ed surf aces, "parkerized" lock washers, etc., do not permit good 
electrical contacts to be made. All metal contact surfaces should 
be scraped clean and bright with emery cloth or a suitable file. 
If the receiver does not contain an effective battery line filter, 
a small choke coil consisting of 10 to 20 turns of No. 18 bell 
wire wound on a ½ or ¾ inch form and connected in series with 
the hot "A" lead between the set and the battery is often effective. 

2. Excessive noise is very often caused by an imperfect 
grounding contact between the receiver chassis and the car frame. 
When the receiver is bolted to the bulkhead or fire-wall between 
the engine and driver's compartments ( or to the instrument 
panel) it is important that all paint be scraped off at the area 
of contact and that all bolts be tightened firmly to assure good 
electrical contact between the receiver case and the metal of 
the car. 

3. lnterf erence may be picked up by the battery leads of 
the receiver if they are run through the engine compartment. 
They should be re-routed through the driver's compartment 
instead. In some receivers, a single flexible lead runs from the 
receiver to the remote tuning control unit to supply current for 
the tuning dial light. This dial light lead may be picking up 
interference and leading it into the receiver. If this is the 
case, it may cause the noise heard when the receiver antenna 
lead is disconnected. If the interference is reduced when this 
wire is disconnected at the set chassis, it should be shielded with 
copper shielding braid slipped over it to prevent this pick-up; 
the shield, of course, being grounded both at the receiver and at 
the remote control end. Also try grounding the tuning and 
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volume control cable sheaths to the receiver case by means of a 
screw driver. If this reduces the interference, these sheaths 
should be bonded to the receiver case with copper shielding braid. 

4. If a separate speaker is used, the shield of the cable be
tween it and the chassis should be well grounded at both ends. 
If an unshielded cable between radio chassis and speaker is used, 
proper filters should have been built into the radio set to elim
inate motor interference. It is well to check the efficiency of 
these filters by connecting a 0.01 mf d. condenser between each 
lead in succession and the ground. If the condenser reduces the 
interference it should be permanently installed. 

27-51. Procedure for Suppressing Remaining Interference 
Reaching the Antenna.-The case where persistent interfer
ence gets to the antenna will now be considered. 

1. First be sure that the aerial lead-in wire is properly shielded 
right from the receiver case to within 1-inch of the aerial itself (see 
Art. 27-16) and that this shield is properly grounded at both ends. 

2. If the interference still continues, the next step is to deter
mine whether it is caused by the high-tension or the low-tension 
circuits. Remove the high tension lead between the ignition coil and 
the distributor (remove both leads if two coils are used), turn on the 
ignition switch, and turn the motor over by hand (with the radio 
set turned on). Do not use the self-starter for this purpose, as 
both the sound it makes and the electrical disturbances it will set up 
may prevent you from hearing the "clicks" which are to be heard. 
If 'clicking" from the breaker point interruptions is heard in the 
loud speaker, the indication is that part of the interference at least 
is from the low-tension circuits or breaker points. If no "clicking" 
is heard, the low-tension circuit may be removed from suspicion. In 
this case, pass on to test No. 3. 

If "clicking" is heard, remove the primary lead running from the 
ignition coil to the breaker points on the distributor (see Fig. 27-57) 
and either shield it with shielding braid or replace it with a piece of 
No. 14 shielded low-tension cable. The shield of this cable should 
be grounded in two places with connections as short as possible. If 
necessary, either shield or replace the lead from the ignition switch 
to the ignition coil with No. 14 shielded low-tension cable, making 
good soldered ground connections to the shielding. Care must be 
taken with the shielded leads so that the connections to the coil switch 
or distributor are not grounded by them. Never use a by-pass con
denser on the "breaker side" of the primary of the coil, as the 
operation of the engine ~ill be affected. If one must be used, connect 
it to the battery terminal of the coil (condenser C1 in Fig. 27-57). 

The breaker points should be inspected. If they are badly burned 
and pitted, or dirty, they should be filed flat with a special thin file 
or stone made for this purpose, and should be adjusted for the proper 
gap (in accordance with the car manufacturer's instructions) so 
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that a clean "break" is obtained.* The test for "clicking" should 
now be made again to make certain that all of the interference orig
inating in the low-tension circuit has been completely eliminated. 

3. If interference is still present after the low-tension circuits 
have been attended to and the "clicking" test gives a negative in
dication, the high-tension circuits must be considered next. The igni
tion circuit should first be put in good order. The spark plugs should 
be removed from the cylinder head and inspected. If they are fouled, 
they should be cleaned-new ones should be substituted if necessary. 
Otherwise, the gap should be checked with a thickness gauge and 
adjusted if necessary. The gap separation should be about 0.025 
inch for low-compression engines and about 0.020 inch for high
compression engine. t The spacing of the spark plug electrodes is 
important, since the greater the gap resistance is, the greater is the 
tendency to reduce the high-frequency oscillations (see Art. 27-42). 
However, if larger gaps than these are used the interference will 
increase. 

All high-tension ignition cables should be inspected next. Grease 
and dirt should be cleaned off. If their rubber insulation is brittle 
and badly cracked, it will be "leaky" at radio frequencies, and new 
wires should be installed. All connections to the suppressors and 
plugs should be tight and secure. The distributor cap should 
also be inspected and cleaned. If it is cracked at any spot it should 
be replaced, for leakage will occur between the contact studs. 

4. If interference is still present, the location of all high-tension 
wires should be studied. All low-tension wires which run parallel to, 
or in the field of, the high-tension circuits act as carriers and they 
should either be moved whenever possible, or the high-tension wires 
re-routed. In cases where the high-tension duct is used to house low
tension wires, the removal of the low-tension wires from the duct 
will usually be found sufficient. 

In cars where the ignition coil is mounted behind the instrument 
panel or elsewhere under the cowl, one of two procedures should be 
followed. First, shield the high-tension lead from the coil to the 
diatributor. This may be done by covering the lead with shielded 
flexible loom (see (B) of Fig. 27-15). The shield should be grounded 
to the frame of the coil at one end and to the motor block or high
tension cable duct at the other. This lead should be run as directly 
as possible from the coil to the motor compartment, even if it neces
sitates drilling a new hole in the dash. 

If the interference still persists, it may be necessary to move 
the ignition coil ( or coils) into the motor compartment on account 
of coupling of the electromagnetic field of the coil with the receiver 
apparatus. Mount the coil on the motor block as near as possible 
to the distributor, making sure that a good grounding contact is 
obtained. If it is necessary to mount the coil above the motor, make 
sure that a location is selected where the coil will stay sufficiently 
cool. The new primary wires required should be of No. 14 shielded 

*NOTE: A chart giving the correct breaker-gaps for all models 
of American cars will be found in Section 8 of the author's Radio 
Trouble-Shooter's Handbook. 

tNOTE: A chart giving the correct spark plug gaps for all 
models of American cars will be found in Section 8 of the author's 
Radio Trouble-Shooter's Handbook. 
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low-tension cable. These wires should not be run too close to the 
high-tension leads, and the shields should be well grounded. 

In some automobiles the ignition switch is built in as an integral 
part of the ignition coil. If this is the case, a separate ignition 
switch may be installed on the instrument panel. The new switch 
should be connected to the coil with heavy-duty, well insulated wire 
in a properly grounded shield. The original key should be placed 
into the ignition coil and soldered to keep it in place. Another method 
is to "short" the primary of the original ignition coil, and connect 
its circuit to the primary of the new coil placed in the engine com
partment. The original ignition switch and key can then be used. 

Moving the ignition coil is impractieal in many instances and 
undesirable in others. If it has been definitely established that inter
ference is caused by the magnetic field around the ignition coil, the 
coil may be thoroughly shielded instead of moving it. This may btl 
accomplished by covering the entire upper end of the coil with a 
metal can which has had a hole drilled in its end to admit the 
shielded loom-covered high-tension lead. The shield over this loom 
should be soldered to the can. Slots must also be cut into the can 
to admit the low-tension wires to the coil. The can should fit snugly 
over the coil and should be taped into place securely so it will not 
shift. The can must be well grounded either to the instrument board 
or to the body of the car. This type of trouble is usually encountered 
when the ignition coil is encased in a bakelite container instead of 
the more common metal case. 

5. As mentioned previously ( Art. 27-45), the rotor arm of the 
distributor does not make actual contact with the distributor points 
--except in a very few cases-for a very good reason. The small air 
gap of a few thousandths of an inch provides mechanical clearance 
and prevents the flow of current to the spark plug for a very short 
time in order to allow the secondary voltage to build up to the proper 
value. If the gap is more than between 0.001 to 0.004 inches, 
the amount of interference that may be generated is large, and the 
gap must be reduced, but care must be taken that the rotor does not 
brush any of the contacts. 

This may be done by removing the rotor arm from the distributor 
and placing one side on a flat steel plate. Then lightly pound (with 
a small machinist's ball-peen hammer) the end of the rotor arm 
that approaches the points, until it is elongated slightly. Dress the 
end of the rotor with a file, to its original shape. The judging of 
the correct amount of lengthening of the rotor arm may be done by 
putting a heavy chalk mark on each of the contacts. After the arm 
is lengthened, the distributor is assembled and the motor turned 
oYer by hand so that the arm makes a complete revolution. The 
cap is then removed and the end of the arm examined for traces of 
chalk. If a mark is found, the contacts are examined to determine 
which one has close spacing and the arm filed to clear it (or them). 
If the distributor head is considerably "off center", it may be neces
sary to replace it. If there is evidence of the rotor touching the con
tacts, file off about .001 inch and recheck. If the rotor is double 
ended, both ends should be treated in the same manner. The opera
tion should be completed on one end before doing the other. The 
spacing should be reduced to about 0.002 inch. Do not space it 
closer, as the rotor elongates slightly at high speeds because of 
centrifugal force, and there is a possibility of its hitting the contact 
points and either snapping- itself or ripping the entire distributor 
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cap apart. Elongating the rotor arm by pounding is known as 
peening the rotor. Building up the rotor arm with solder (instead 
of peening it), is not recommended, for the heat of the spark soon 
burns the solder away. Peening of the rotor must be done with 
extreme caution, to prevent damaging the distributor, and should 
best be left to one who is experienced in doing it correctly. 

6. Interference may be conveyed to an auto-radio receiver sys
tem by three distinct paths: 

1. By direct radiation from the source of interference and 
associated wiring, similar to the radiation which occurs 
from radio transmitting to receiving antennas. 

2. By conduction along some metallic path to the receiver 
proper ( similar to the ordinary flow of current through a 
conductor. 

3. By re-radiation. 
The first two methods are self-explanatory. The third means that 
radiation from the interference source is picked up by some other 
wire (such as the tail-light wire for instance) or other metallic cur
rent path (such as a copper oil-pipe line coming through the engine 
bulkhead) which acts just like a radio receiving aerial. An inter-

FIG. 27-58. - Flexible copper 
bonding braid. This is made in 
stock sizes from 1/8 to 11/16 inches 
wide. Since it is really tubular, 
it may also be slipped over in
sulated wires to shield them. Oourt,av L,,.. Bleotrio Jlfg. Oo. 

ference or "noise" voltage is thereby generated in this conducting 
circuit, and a noise current may flow in it. This current flowing 
through the conductor causes a radiation of energy from it ( re-radia
tion) of the same, or some other, frequency. This re-radiated energy 
may reach the aerial or other wiring of the auto-radio installation, 
causing interference to be set up in it. The process is cumulative, 
so that in many cases a number of parts and wires in the car seem 
to be the source of noise, when they are actually re-radiating elec
trical disturbances received from some other source in the car. This 
makes it difficult to locate the actual source of the interference. 

Conveyance of interference by the second and third methods 
may be effectively minimized by electrically bonding the conducting 
or re-radiating conductor to the chassis of the car. Low-resistance 
flexible copper braid of the general type illustrated in Fig. 27-58 
is employed extensively for this purpose. This braid ui really a 
tubular copper braid which may be used either for shielding wires 
or as a bonding braid. 

7. In order to test quickly whether bonding certain members 
reduces the interference, it is convenient to make up a few test 
bonding leads composed of 18-inch pieces of shielded bonding braid 
terminating at each end in a large size battery clip for quickly 
clipping one end of the braid to the member in question and the other 
end to the car chassis. These temporary bonds may be clipped in 
place, one at a time, where experience has shown that trouble exists, 
and then removed, one at a time, until one is found whose removal 
increases the motor interference. This should then be replaced with 
a permanent bond of copper t.raid soldered or otherwise securely fas-
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tened in place. Several by-pass condensers of 0.5- or 1-mfd. cap
acity may also be provided with leads and battery clips of smaller 
size to assist in locating points in the various car wiring circuits that 
require by-pass condensers. Places where these condensers should 
be tried and where they frequently result in reduction of motor 
interference, are: on the battery side of the ignition coil, on one 
electric clock lead, on the cigar lighter lead, on the electric wind
shield wiper load, on the dome light lead and, if an under car antenna 
is employed, on the rear light leads and on the other wires running 
under the car, such as electric gasoline gauge leads, etc. 

8. The dome light wire running from the ammeter over to the 
door post often picks up considerable interference, and because it 
re-radiates it, it is a frequent source of noise when a roof type 
antenna is being used. Usually, the interference caused by this 
wire may cease when the dome light is turned on. In order to find 
out whether it is causing interference, disconnect the dome light feed 
wire from the point of connection ( usually behind the instrument 
panel). If this lessens the interference heard in the loud speaker, 
replace the lead and try a ½- or 1-mfd. by-pass condenser from this 
point to the car ground. If the by-pass condenser does not reduce 
the interference, insert a 20-turn choke coil wound with No. 18 bell 
wire on a ½- or %-inch wooden form, in series with this dome light 
lead, and close to the hot battery lead feeding the dome light circuit. 
Leave the by-pass condenser connected on the battery side of the 
choke coil. It is often necessary to move the dome light switch to a 
point on the instrument panel, close to the ammeter. 

9. The establishment of good electrical contact between the 
motor block, motor bulkhead, instrument panel, chassis and body of 
the car where such contact does not already exist, is essential in 
eliminating interference. In many cases a good electrical contact 
between the motor block, dash, and frame of the car will eliminate 
much of the interference. These electrical connections may be made 
by connecting together the parts with short pieces of copper braid. 
Such bonding is particularly necessary on those cars incorporating 
"floating power," in which the engine is mounted on rubber blocks. 
These metal parts of the car must be maintained at a common ground 
potential by bonding them together. In such cars the bonds from the 
motor block must be long enough to allow for vibration. A good 
connection between the instrument panel and the body and frame of 
the car may aid materially in reducing noises. Special attention 
should be paid to the thorough grounding of the bodies of cars which 
employ a wooden body sill, for very often these bodies are not well 
grounded to the chassis. 

10. A good deal of the noise encountered in automotive receiver 
installations is due to ignition circuit interference being conducted 
into the driver's compartment from the engine compartment by way 
of choke and spark control rods, copper-tubing oil lines, cowl ventilator 
levers, and other controls. From the driver's compartment it may be 
re-radiated to the antenna system. Every wire, control-rod, or pipe 
that runs from the motor compartment through the dash may re
radiate interference and it should be grounded to the dash, (wires 
should be shielded and the shields grounded). Use heavy flexible copper 
conductor or braid to ground them to the dash, allowing for any 
necessary movement of the rods. The method of bonding all pipe 
lines together and to the dash is illustrated in Fig. 27-59. If the 
iron rods are rusty, scrape them clean so that the copper bonding 
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conductor may be securely soldered or clamped to them. The wire 
conduit that runs to the base of the distributor in some cars should 
also be grounded in the same manner. Sufficient slack should be left 
in the bonding of all control rods so that the greatest normal move
ment of the rods will not tear the bonding loose. 

11. On some of the recent cars, the steering column is not well 
grounded, since it is mounted on rubber to absorb road shocks. Such 
steering columns may be veritable "racetracks" for interference cur
rents unless they are well bonded to the bulkhead or chassis with cop
per braid of low resistance (preferably soldered for perfect connec
tion). 

12. Some interference may also be caused by changes in the 
resistance between the receiver case and ground, when another ground
ed conductor, such as the choke rod, free-wheeling control, speedometer 
cable, or steering column, touches or rubs against the receiver. These 
controls and cables should not be allowed to touch or rub against 
the receiver case. In some receivers, the remote tuning-control 
cables are grounded to the receiver chassis, an inch or so beyond 
the point where they actually enter the chassis. This may cause 
interference, and it is best to bond all remote tuning cables to the out
side of the chassis to be sure that they are at the same potential. 

13. In some cases, the interference being heard is intermittent 
and is caused by loose electrical contacts in the electrical wiring of 
the car. Connections to all lights, No.14 Stronded ond 
horn button and horn, cigar light- Tinned Copper Wire 
ers, etc., should be checked to see 
that the contacts are clean and the 
wire connections are tight. It is a 
good plan to install lock-washers 
on all loose connections. Loose con
nections will usually cause exces
sive "scratchy" noises in the loud 
speaker when the car is jolting 
over a rough road. 

14. In a few cases it may be 
noticed that interference is present 
only when a passenger is in the 
front seat of the car. This type of 
interference is caused by the fact Oouru,y "Jlotor" 
that some automobiles have wooden FIG. 27-59.-How the var-
toe boards, or floor boards, and if ious metal tubes which are 
some high-tension wiring runs near brought through the dash may 
the bottom of the engine compart- be bonded together and to the 
ment, the body of the driver or metal framework of the car 
passenger transmits the interfer- by means of copper wire or 
ence from it to the antenna system. "bonding braid" soldered to 
This condition may be checked by them 
getting in and out of the front · 
seat and noticing whether the interference varies in strength. It 
may be eliminated by placing a piece of copper screening under the 
floor mat (it may be tacked to the floor board) and grounding the 
screening securely to the body or chassis of the car. When a wooden 
bulkhead is encountered, this must also be shielded with copper 
screening and grounded, or the same interference will be experienced. 

16. In those installations where a running-board antenna is 



970 MODERN RADIO SERVICING CH. XXVII 

employed, a rather unusual form of interference may be experienced. 
It may be found that a peculiar "clicking" sound that is not caused 
by the electrical system of the car is heard in the receiver while the 
car is in motion. This may be checked easily by tuning the receiver 
between two stations with the car in motion, but with the ignition 
turned off (coa,sting down kill). The noise will usually cease as soon 
as the brakes are applied. In some cases, the interference is due 
to friction between the brake drum and the brake lining at some 
point, creating a charge of static electricity. The application of 
"brake-juice" will usually remedy this condition since it makes the 
lining a better conductor. However, its use depends on the brake ad
justment and the kind of brake lining used and may not always be 
desirable. The noise may be eliminated by bonding the brake rods and 
brake assembly to the body of the car with heavy flexible braid with 
sufficient slack provided so that their movements will not be inter-

(A) 
FIG. 27-60.-(A) commercial 

phosphor-bronze helical c o i l 
spring for "grounding" the hub 
of the front wheel to the front 
"axle" in order to eliminate 
front tire "static". 

(B) The method of mounting 
the spring in the front wheel 
hub cap. 
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fered with. Should this prove ineffective or impractical, the only 
remaining solution is to install an aerial in the roof of the car
away from the source of noise. 

16. "Tire static" is another cause of interference. Noise is 
obtained which is not due to the electrical system of the car or to the 
brakes. It is evident only when the car is in motion on a bard sur
face road, and ceases when the car is stationary. 

Tire static is due to the generation of static electricity by the 
friction between the rubber tires and the road surface. The electrical 
charges produced cause intermittent discharges to take place. 
These produce radiations which are heard in the radio receiver as 
noise. If the wheels have wooden spokes, especially if large air
cushion tires are used, the static charges generated on the tire 
cannot get to the metal wheel hub and axle since the wood acts as 
an effective insulator. In such cases, it may be necessary to bond 
the metal tire rims to the metal wheel hubs with flexible copper 
bonding braid. However if wire or metal-disc wheels are used, this 
trouble is not usually experienced in the rear wheels, since these con
duct the static charges directly to the chassis of the car via the hub, 
the rear axle to which it is rigidly fastened, and the springs. 
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In the case of the front wheels, static charges may accumulate 
even if the wheels are of metal, because the grease used to lubricate 
the front wheel bearings may form effective insulat1ng or high
resistance films between the front-wheel bearings and the axle, thus 
presenting a high-resistance path for the static charges to leak 
through intermittently to the axle and car chassis. One remedy for this 
condition is to mix some graphite (an electrical conductor) with the 
front-wheel grease so as to make it a better electrical conductor. 
A more permanent remedy though, is to use two coiled springs, as 
shown at (A) of Fig. 27-60, and insert each one between the axle and 
the hub cap of each front wheel, as shown at (B) of the figure. The 
spring should be about 1 ½ inches in diameter. Its starting end is in
serted in the centering hole which will be found in the end of the axle. 
It will make positive electrical contact between the rotating metal hub 
cap and the stationary front axle. If the wheel is of metal, the static 
charges will be conducted from the tire rim through it to the hub and 
axle and so will be discharged. If the wheels are of wood, the tire 
rim may have to be bonded to the metal hub. When an under-car 
aerial is used, tire static may become particularly annoying. 

17. When an under-car or running board type aerial is em
ployed, the treatment of all wires and unbonded parts of the car 
near the aerial and the lead-in become very important. Stop-light 
and tail-light leads may have to be shielded and by-passed to ground 
with ½-mfd. condensers. Since the gasoline feed lines, brake rod,, 
etc., may conduct high-frequency interference currents back from the 
engine compartment and re-radiate this interference to the aerial, 
they should be properly bonded to the metal frame of the car. 

A study of the foregoing instructions for minimizing ignition 
interference shows that a considerable number of factors must 
be considered in this work. While it is rarely necessary to go 
through every one of the steps presented here and to apply every 
one of these remedies when installing modern sets in recent cars, 
it is a fact that the suppression of ignition noise to an allowable 
level is a very difficult task in some cars-especially old ones. 
Experience provides very tangible and definite assistance in this 
work.• 

27-52. Auto-Radio Receiver Troubles.-The superhetero
dyne circuit is employed exclusively in auto-radio receivers at 
the present time, since its extreme sensitivity is a very valuable 
feature in automobile work. Automatic volume control is a very 
necessary requisite to good auto-radio reception, so it is incor-

*N oTE: For this reason, there has been presented in Sections 8 
and 9 of the author's Radio Trouble-Shooter'• Handbook, a compila
tion of numerous definite special measures which have been found to 
be effective in suppressing the ignition interference encountered in 
particular models of popular American cars. It is hoped that this 
information will prove helpful to those who may have occasion to 
install auto-radio in these cars. 
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porated in these receivers. Aside from the extreme compactness 
and the use of remote tuning controls, the power unit which 
supplies the plate and grid voltages for the tubes is perhaps the 
only part of the auto-radio receiver which is radically different 
from the ordinary home receiver. Since these sets are occassion
ally afflicted with exactly the same troubles that we have already 
studied for home receivers, they will not be considered again here. 
Suffice it to say that the same methods of analyzing them for 
trouble, and the same repair and aligning methods are used with 
them. However, since the power-supply unit is different and 
presents special service problems, it will now be considered. 

27-53. Plate Power Supply for Auto-Radio Receivers.
The power units employed to convert the 6-volt d-c current of 
the car storage battery to the higher d-c potentials (180 volts 
or more) required for the plate circuits of auto-radio receivers 
are of two general types: rotating and vibratory. In the rotary 
type, two forms must be distinguished. In the first one, a per
manent magnet is used for supplying the magnetic field; in the 
second, the field is furnished by electromagnets energized by cur
rent from the car storage battery. These will be considered in 
Art. 27-57. The vibrator type will be studied first. 

The vibrator type B-power supply unit is the most widely 
used type employed in auto-radio receivers, mainly because it 
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FIG. 27-61.-A simple auto-radio vibrator and half-wave tube 
rectifier circuit. 

is less costly than the other types. In this type, a rapidly
vibrating reed interrupter rapidly interrupts the battery current 
to produce a pulsating direct current. When this is fed through 
the primary of a suitable power transformer, it produces a high
voltage a-c in its secondary. This may be rectified either by 
some type of half-wave or full-wave tube rectifier, or by a mech
anical synchronous-rectifier arrangement on the vibrator, the 
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rectified output being filtered and finally applied to the plates of 
the tubes of the auto-radio receiver. It is in the arrangement 
used for rectification of the high-voltage a-c output of the trans
former that various makes of vibrator-type power supply units 
differ. Several common arrangements employed for this purpose 
will now be considered. 

27-54. The Vibrator Type B-Power Unit with Tube 
Rectifier.-A very simple vibrator and rectifier arrangement 
is shown in Fig. 27-61. Its operation is as follows: 

"A" HOT 

'"A"HOT 

+ 
TO FILTER CIRCUIT 

e,. RECEIVER 

FIG. 27-62.-Left: Circuit arrangement of an 
auto-radio vibrator employing a full-wave recti
fier tube. 

Right: A typical auto-radio vibrator unit of this type. 

Contact A is normally held closed by the spring action of the vibrator 
reed. A small coiled spring S is shown here to represent the 
"springiness" of the reed. When the receiver is turned on, current 
from the car battery flows through the primary P of the trans
former, through contact A, and through magnet coil L. This induces 
a voltage pulse in the secondary winding S. Since the secondary 
has a much greater number of turns than the primary, it steps up 
the voltage, so that between 200 and 250 volts are induced in it. 
Meanwhile, coil L magnetizes its iron core. Its magnetism attracts 
the magnetic reed, thus quickly opening contact A and interrupting 
the primary current. This induces another high-voltage pulse in the 
secondary, but of opposite polarity from the previous one. As soon 
as the primary current is interrupted, L loses its magnetism and re
leases the reed. This closes contact A, and the primary current 
flows again. The complete cycle of events is established and is re
peated over and over, the reed vibrating back and forth rapidly. 
Meanwhile, a high-voltage a-c is induced in the secondary winding S. 
This may be applied to a conventional half-wave rectifier tube as 
shown, and the output filtered to obtain a smooth d-c voltage for the 
plate and screen circuits of the receiver. 

Of course, this arrangement has all of the undesirable f ea
tures associated with half-wave rectifier systems. 
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A typical full-wave system employing a full-wave rectifier 
tube is shown in Fig. 27-62. The vibrating reed in this case em
ploys three contacts A, B and C, arranged as shown. Contact 
A, actuating magnet coil L and resistor R serve merely to cause 
the reed to vibrate rapidly, the action being the same as already 
explained. Resistor R acts merely as a current-limiting resistor 
for the primary circuit. The operation is as follows: 

When the reed is up so that contact A is closed, contact B is 
also closed. The battery current then flows through the upper half 
of the primary winding, through contact B, through the reed to the 
end, and finally to the grounded A minus terminal and through the 
battery completing its circuit. Its path is shown by the dotted ar
rows. When the reed is down, contact B is open and contact C is 
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FIG. 27-63.-A "synchronous" auto-radio vibrator circuit ar
rangement in which full-wave rectification is accomplished by the use 
of synchronous contacts D and E. No rectifier tube is necessary in 
this system. 

closed. The current then flows through the lower half of the prim
ary winding (in a direction opposite to its flow before), through con
tact C, through the reed, and down to A minus, as shown by the 
solid arrows. In this manner, the current flows through half of the 
primary in one direction for a length of time equal to the time con
tact A and B are closed, and through the other half of the primary 
in the opposite direction for a time equal to that for which contact 
A is open and C is closed. This rapid reversal of the current through 
part of the primary induces a higher alternating voltage in the sec
ondary by transformer action. The secondary is center-tapped and 
connected to a full-wave rectifier tube and filter in the usual manner. 

This, in general, is the operation of this form of vibrator ar
rangement. Notice that a separate rectifier tube must be used 
with each of the two types described. 

27-55. The Synchronous Vibrator-Rectifier B-Power Unit. 
-It is possible to combine the vibrator and the rectifier actions 
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in a single vibrating reed, making the rectifier action mechanical 
instead of electrical, and synchronized with the action of the con
tacts in the primary circuit. In order to do this, another set of 
contacts, D-E (shown in Fig. 27-63) which are added to the reed, 
are connected to the secondary winding, as shown. The 
purpose of these contacts is to automatically switch the connec
tions between the secondary winding and the filter circuit each 
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FIG. 27-64.-Simplified diagram showing the direction of 1low 
of the primary and secondary current, and the circuit connections 
which exist when the vibrator reed in Fig. 27-63 is "up". 

time the induced secondary voltage reverses. The voltage ap
plied to the filter circuit and the receiver will then be unidirec
tional. The operation is as follows: 

The coil L, current-limiting resistor R and contact A serve the 
same purpose described previously-to cause rapid vibration of the 
reed. When the reed is "up" so that contacts A, B and D are "closed", 
the circuit conditions are as drawn in Fig. 27-64. Current 1lows 
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FIG. 27-65.-Simplified diagram showing the circuit conditions 
when the vibrator reed is "down". 

through the lower half of the primary winding (drawn dark) and 
through contact B to ground, as shown by the solid arrows. This 
induces voltage in the upper half of the secondary winding; let us say 
the polarity is such as to make the top end negative and the center ta~ 
positive, as indicated. Then since the connection to the bottom end is 
open at contact E, no current flows through the lower half of the 
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winding so it is shown open for simplicity. The center-tap is then 
positive with respect to the upper end, so current flows out of it to the 
filter circuit and receiver, returns through the A-minus terminal, 
through contact D and down through the upper half of the winding 
(which is drawn dark because it is in operation), as shown by the 
dotted arrows. 

The conditions at the next instant when the reed is "down", and 
contacts C and E are "closed" (B and D are "open") are shown in 
Fig. 27-65. The upper half of the primary, and the lower half of 
the secondary, are now in action. The path of the primary current 
is shown by the solid arrows; that of the secondary current is shown 
by the dotted arrows. It is evident that although the polarity of the 
induced secondary voltage has now reversed (the center tap or top 
terminal of the secondary is now positive and the bottom end is 
negative), contacts D and E have switched the connections so that 
the current still flows into the filter and receiver in the same direction 
as before--i.e., rectification has been accomplished. Notice that the 
center tap of the secondary is positive with respect to either end, 
in turn, and is solidly connected to the filter circuit and receiver. 
Therefore, all that contacts D and E do is to select the proper 
secondary terminal which happens to be negative at each half cycle, 
and switch it to the filter circuit. 

Since the contacts operate in synchronism with the voltage 
reversals, this is called a synchronous vibrator arrangement. 
The advantage of this system over that of Fig. 27-62 is that no 
rectifier tube is required. 

The vibrator circuits shown thus far contain only the ele
ments necessary to explain their operation. In actual practice, 
additional components are employed in them. The secondary is 
of ten shunted by a resistor and condensers, the primary lead is 
by-passed with condensers, and the battery leads have r-f chokes 
inserted in them-all to prevent the transmission of any inter
ference ( caused by the interrupted currents, and the sparking 
at the contacts) to the radio receiver. Fig. 27-66 shows a typ
ical circuit arrangement used in a power unit of this kind when 
installed in an auto-radio receiver. The various chokes, by-pass 
condensers, etc., are drawn in their proper places. The connec
tion of the speaker field, pilot light, and heater circuit of the re
ceiver are also shown. Notice the liberal use of r-f chokes and 
by-pass condensers to prevent interference disturbances from 
entering the heater, screen grid, or plate circuits of the receiver. 

27-56. Servicing Vibrator U nits.-It is usually not advis
able to attempt to service, adjust or repair a vibrator after it 
has given its normal period of service. Experience shows that re
paired or adjusted vibrators seldom give satisfactory, depend-
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able service for any length of time, unless the repair or adjust
ment is a minor one. Replacement with a new vibrator unit is 
usually the least expensive and most satisfactory course to fol
low when a vibrator gives serious trouble. Proper adjustment of 
many designs of these vibrators can only be made with special 
equipment which the service man does not possess-in fact many 
manufacturers try to insure freedom from tampering etc., by 
sealing the vibrator in such a manner that adjustment cannot 
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Fm. 27-66.-A typical complete synchronous vibrator and filter 
circuit in a commercial auto-radio receiver. Note that several r-f 
filter chokes and by-pass condensers are included in the battery cir
-cuit to prevent the transmission of interference from the vibrator 
unit to the radio receiver by way of the common battery circuit. 

be made without breaking the seal {which automatically voids 
the guarantee). For those service men desiring to attempt to 
repair vibrator units, the following may prove helpful:• 

One simple way to che k an auto-radio receiver to determine 
if the vibrator is operating satisfactorily, is to measure the 
total plate and screen current {in the main positive lead of the 
B-filter) when the receiver is turned on. The current indication 
on the milliammeter should be steady and no appreciable flutter 
of the pointer should be noticed. If the vibrator contacts are 

*NOTE: Auto-radio vibrator testers are available to service men 
either as independent units or built-into certain makes of tube 
eheckers. 
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out of adjustment or sticking, the current output will be "jumpy". 
The contact points of the vibrator give more trouble than any 

other part. They become oxidized, and pitted due to the current 
passing through them and the spark which occurs at their sur
faces. When they are in this condition, their operation is noisy 
and erratic and they often stick together. If they are not too 
badly pitted, they may be dressed down with a thin automobile 
breaker-point file, being careful to keep the surf aces square and 
parallel. Never file one surface at a time, for it will surely be 
rounded. Insert the file between the two surf aces, and pressing 
them together lightly, clean both at once. This will insure their 
being parallel and meeting each other squarely when making con
tact. Since the air gap varies in different makes of vibrators, no 
definite figure can be given for it, but about 0.005 of an inch is a 
fair average. It shoul9 be checked with accurate "feeler" gauges. 
The stationary points should be adjusted to be spaced equally 
distant from the reed contacts. Alignment of the points is gen
erally controlled by the position of one or more springs. These 
may be adjusted either by bending carefully at the base of the 
spring with a pair of long nose pliers, or by adjusting special 
screws which are provided for the purpose. A set of feel er gauges 
and a thin breaker-point file for this work may be purchased at 
any automobile supply store. 

If the vibrator fails to start when the receiver is switched 
on, faulty vibrator contacts should be suspected. Quite frequent
ly two contacts become "oxidized", "stuck", or "welded" together 
at their contact surfaces, this failure being caused by excessive 
sparking. They should be filed flat and the springs adjusted. 

Low battery voltage may also prevent the vibrator from 
functioning properly, despite the fact that the receiver tubes may 
light up visibly. This low voltage may be due either to a weak 
battery or high-resistance connections. The set connection should 
be made to the battery side of the ammeter, otherwise the resist
ance of the ammeter may be sufficient to reduce the voltage at the 
vibrator to such a degree that it will fail to start. If any doubt 
exists, measure the voltage between the "A" hot connection of the 
ammeter and ground with the set turned "on". 

Vibrator-type B-units sometimes cause interference noise 
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in the auto-radio receiver. This sounds exactly like that 
from the ignition system of the car; the difference is that the 
vibrator noise can still be heard when the car engine is shut off, 
whereas ignition system interference cannot. lnterf erence of 
this sort, called "vibrator hash," may be due to imperfect bond
ing between the battery-cable shield and the receiver; this shield 
must be grounded in several places (see Art. 27-51). It may also 
be caused by coupling to the set output transformer, in which 
case a large capacity (about 4 mfd.) must be connected between 
positive B lead and ground. 

When checking for trouble in vibrator unit filter circuits, it 
is well to remember to "open" the closed contacts of the vibrator by 
inserting a small strip of insulating material between the contacts 
(a piece of paper will do), to avoid a great deal of "clipping" or 
unsoldering of wires to isolate an "apparent short" of the filter sup
ply. Unless this is done, an ohmmeter test across the output of the 
vibrator will disclose a reading of only several hundred ohms (the 
d-c resistance of one-half the power transformer secondary) leading 
one to suspect short-circuited or leaky filter condensers. When the 
vibrator unit is sealed, as many are, the insulating strip cannot be 
inserted between the closed contacts, and it will be necessary to 
unsolder the vibrator leads. In some instances, the vibrator is of 
the plug-in type (similar to a tube socket) in which case, it may be 
removed to permit further tests to be made. 

Occasionally, low d-c output from a full-wave vibrator unit 
may be traced to the failure of the secondary vibrator contacts 
to open, making the unit operate as a half-wave rectifier. When 
a "shorted output" is encountered with the tube-rectifier vibrator 
unit, test the rectifier tube before checking for short-circuited or 
leaky filter condensers. Leakage between cathode and heater 
will result in decreased output voltage, or "shorted output" in the 
case of a direct short-circuit between cathode and heater of the 
rectifier tube. "Leaky" or "shorted" buffer condensers will also 
cause trouble.* 

27-57. Generator Type B-Power Supply Units.-Genera
tor type B-power units which employ a permanent magnet field 

•NoTE: Vibrators are not all designed to operate at the same 
vibration frequency. Therefore, they require buffer condensers of dif
ferent capacities. Consequently, when replacing a faulty buffer con
denser, install a new one of the proper capacity - exactly the 
same capacity as the one originally used. Unless this is done, the 
vibrator contacts will arc badly. (Arcing with the new condenser in 
place may be worse than with the old one.) Don't substitute a new 
1.0 mfd. condenser for a 0.1 mfd. faulty one, etc. 
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( called a "magmotor") usually require very little servicing or 
attention. The magnets must be kept fully magnetized, the 
bearings oiled at long intervals and all wiping contacts cleaned. 

Motor-generator or converter units which employ electro
magnets for the field magnetism are also particularly free from 
annoying troubles as a rule. A typical compact unit of this kind 
is illustrated in Fig. 27-67. The entire unit is so compact that 
it is housed in a metal case that may be held in the palm of a 
hand. Its schematic circuit arrangement is shown in Fig. 27-68. 

FIG. 27-67.-A typical "generator" type 
B power supply unit for auto-radio re
ceivers. The unit is shown here with the 
cover removed so that the field core, field 
coil, and terminal arrangement may be 
seen. These units are so compact that 
they may be held in the palm of the hand. 

Gou.rte-,, Pionur Gen-B-Jlotor OO'l'p. 

The field coils F-F, as well as the motor portion, M, of the 
rotating armature operate from the car battery. The single arm
ature shaft is equipped with two separate windings and two separ
ate commutators. Into the motor armature M is fed 6-volt current 
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FIG. 27-68.-The circuit arrangement of the "generator" type auto
radio B power unit illustrated above. Both the r-f choke and B-filter 
systems are built into the unit. 

from the car battery. The other armature ( containing a larger 
number of turns of fine wire) is connected to commutator, G. 
This delivers generated d-c at a voltage suitable for operating 
the plate and screen grid circuits of the auto-radio receiver. The 
current is taken from the generator commutator by the two 
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brushes shown. Since the generator output is somewhat "ripply", 
it is filtered by the "B" choke and filter condensers shown. R-F 
chokes and by-pass condensers are connected in both the input 
and output leads to the unit to prevent any interference from 
leaving it and entering the receiver by either the A or the B 
circuits. 

Perhaps the only servicing which units of this type require 
after very long periods of operation ( unless burnouts of any of 
the windings occur) is that of attention to the two commutators 
and four brushes. The commutators and brushes should be kept 
clean, and the brushes should fit the contour of the commutator 
surface perfectly. The same procedure for cleaning the com
mutators and fitting the brushes that was explained in Art. 27-40. 
for car generators applies for these units also, so it will not be 
repeated here. 

REVIEW QUESTIONS 

1. List in consecutive order, at least 8 steps which must be taken 
to install a single-unit automobile-radio receiver having remote 
tuning control, in a car with a "turret" top. The car is not 
already provided with an aerial. 

2. What tools is it desirable for the automobile service man to have, 
in addition to his regular testing equipment, for the rapid 
installation of auto-radio receivers? State some uses for each 
of these tools. 

3. State and explain some of the mechanical requirements whfoh 
should be met in the design of a modern automobile radio receiver. 

4. State and explain some of the electrical requirements for the 
above. 

6. What two main functions does the automatic volume control in 
auto-radio receivers accomplish? 

6. How many types of tuning controls are employed in auto-radio 
receivers? Describe each type, and state the car or installation 
condition under which it possesses advantages. 

7. How is remote tuning and volume control accomplished between 
the radio receiver, and the remote-control unit on the steering 
column? Explain! 

8. How would you proceed to reduce the length of a remote-control 
flexible shaft? 

9. What precautions must be observed when seeking a location for 
an auto-radio receiver? State the reason for each, and tell 
what might happen if these precautions are not observed. 

10. When a satisfactory location for the receiver has been found, 
what is the general procedure for its installation in the car? 

11. Which is the "hot terminal" of a car storage battery? 
12. What would you do if you found the battery terminals corroded 
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13. 

14. 
15. 
16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26. 
27. 

28. 

29. 

30. 

31. 

32. 

33. 
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when making the battery connection for an auto-radio receiver? 
Explain! What would be the effect of this corroded condition! 
Discuss at least five main requirements for a good auto-radio 
antenna system. 
What are the six different types of car top construction? 
Describe each type named in Question 14. 
Describe in detail the method of installing a wire-mesh aerial 
in a car of slat-top construction. 
Explain how the lead-in should be installed for the aerial in 
Question 16. 
What precautions should be taken, when using the poultry wire 
which is already in the top of the car for an aerial? 
What kind of an aerial would you install in a car having an all
steel roof? Why? 
Explain how you would install the aerial of Question 19. 
What are some of the disadvantages of the under-car wire-type 
aerial? What are its advantages? 
What are some of the disadvantages of the running board type 
aerial? What are its advantages! 
Why is it desirable for an automobile-radio service man to be 
familiar with the circuit a·rrangement, operation, and care of 
all common automobile ignition systems? 
Explain the four parts of the complete cycle of an internal com
bustion engine. At what point in the cycle does the spark plug 
fire? 
What is the purpose of .the spark plug in the cylinder? How is 
it constructed? 
What does "firing order" mean? 
Why are the cylinders in an automobile engine not made to 
fire in consecutive order according to their positions in the 
engine block! 
What is the chief purpose of the ignition system on an auto
mobile? 
An 8-cylinder engine has the following firing order; 1-3-6-8-7-5-
4-2. Draw the 8 spark plugs, and number them consecutively, 
1-2-3-4-5-6-7-8. Now draw the proper connections from the di21-
tributor cap terminals to the spark plugs of this engine, and 
number them. 
How is a voltage of several thousand volts obtained for the firing 
of the spark plugs in an automobile engine, when the only 21ource 
of current on the car is the 6- or 12-volt storage battery ( or car 
generator)? Explain fully! 
What is the purpose of the circuit breaker? How is it con
structed! 
What is the purpose of the circuit-breaker-cam? What are the 
"lobes" on the cam? Illustrate your answer with a sketch. 
Why must the breaker points be kept clean, and their surfaces 
kept flat and parallel? 
Why must the gap between them be kept adjusted to the proper 
value? What will happen if the gap is too small; if it is too 
large? 
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36. What is the purpose of the distributor? How is it constructed'! 
What does it distribute? 

36. Why must the spark plugs be kept clean? Why must the gap 
be adjusted to the proper value? What will happen if the gap 
is too small; if it is too large? 

37. Describe the construction of a typical ignition coil. What 
feature of its construction is responsible for its ability to greatly 
step up the voltage supplied to its primary coil? 

38. What will happen to the ignition system of an automobile, if the 
condenser across the breaker points: (a) open-circuits; ( b) 
short-circuits. What effect will it have on the operation of the 
car in each case? 

39. Draw the circuit diagram of the ignition coil, circuit breaker 
arm and points, cam, and distributor rotor and points, for a 
6-cylinder engine in which a single breaker arm, and single 
ignition coil are used. 

40. Draw the same if a double breaker arm and single coil are used. 
(The cam has as many lobes as there are cylinders.) 

41. Draw the same if a double breaker arm, and two ignition coils 
are used. 

42. Draw the same for a 6-cylinder engine having a "dual ignition" 
system. 

43. What is the purpose of the car storage battery? Why must it be 
kept in a charged condition? 

44. What precautions would you take to keep the car storage battery 
fully charged, if you have installed an auto-radio set in the car? 

46. How would the electrical system of a car be affected, if the car 
were not equipped with a generator? 

46. What type of generator is used in modern cars? 
47. Explain in detail how the third brush maintains the generator 

voltage fairly constant even though its speed varies over a wide 
range when the car is driven ~t various speeds. 

48. How would you proceed to: (a) increase the charging rate of the 
generator; (b) decrease it. How would you find out e:x:actl11 
what the charging rate was at any time? 

49. What is the purpose of the cut-out on the generator? How would 
the electrical system of a car be affected if: (a) the cut-out 
failed to close at the proper time; ( b) if it failed to open at 
the proper time! 

50. When does the generator supply the electrical system of the car 
with current? When does the battery supply it? Explain! 

51. Name six possible sources of electrical interference set up by the 
ignition and electrical system of a modern automobile. 

52. State (and explain) three ways in which the interference from 
these sources may reach the radio receiver installation. 

53. (a) Explain how the car generator may cause interference in 
the auto-radio receiver. ( b) Explain how this interference may 
be eliminated. 

54. Explain how you would clean the commutator of a car generator. 
55. Explain how you would re-seat the brushes of a car generator. 
66. Explain how interference is set up by the high-tension circuits 

of the ignition system. 
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57. Explain how this interference may be suppressed effectively, and 
simply. What is the theory of suppression by this method? 

58. Describe the construction of a typical "suppressor" resistor. 
59. How would you determine the type of suppressors to use for a 

certain type of car? 
60. Describe the construction of a typical spark plug provided with 

a built-in suppressor. What are its advantages; disadvantages? 
61. Explain why the suppressor is needed in the high-tension lead, 

between the ignition coil, and the distributor. 
62. What is the purpose of the by-pass condenser which must be 

connected at the ammeter of the car? 
63. If the auto-radio receiver is still noisy after the "standard" 

suppression methods have been applied to the car, how would 
you determine whether the interference is coming from the 
electrical system of the car, or from some source entirely ex
ternal to the car? 

64. If your test shows that the interference is coming from the 
electrical system of the car, how would you determine definitely 
whether it is being picked up by the antenna circuit, or whether 
it is entering through the battery supply circuit through the 
receiver? 

65. In the former case, (Question 64) how would you proceed to 
eliminate the interference? 

66. In the latter case (Question 64) what would you do 
67. What is meant by "electrical bonding?" What is its purpose, 

and how does it accomplish this purpose? 
68. How would you determine whether or not a particular electrical 

accessory on a car was causing interference in the auto-radio re
ceiver? 

69. Why is it that we connect resistors in the high-tension circuits 
to suppress ignition interference, but connect condensers in the 
low tension circuits to suppress interference? Explain! 

70. Explain how the dome light wiring is apt to cause interference 
in the auto-radio receiver, if a roof type aerial is used. 

71. How would you proceed to find out definitely whether the dome 
light wiring is causing the interference? 

72. Why is it often necessary to move an ignition coil from its posi
tion under the instrument panel to a point close to the distributor 
in the engine compartment when an auto-radio receiver is in
stalled? When is mere shielding of the high tension lead to the 
distributor sufficient to eliminate interference from this cause? 

73. List as many miscellaneous causes of noise in auto-radio in
stallations, as you can think of. 

74. Describe two different forms of vibrator B units used in auto
radio installations ( one using a tube rectifier and one employing 
a mechanical rectifier). Explain the operation of each. 

75. Explain how you would test a vibrator unit in an auto-radio 
receiver in order to determine if it is in good operating condition. 

76. Explain how you would proceed to clean and adjust the contact 
points in a unit of this kind. 

77. What attention does a rotary type auto-radio B power unit 
require? 



CHAPTER XXVIII 

SERVICING ALL-WA VE RECEIVERS 

28-1. Introduction.-The all-wave receiver has dominated 
the receiving field to such an extent that it may now be con
sidered the most popular type of home receiver. It must not be 
supposed from this statement, however, that it is the most med 
type of set, for all-wave reception has been popularized for only a 
relatively short time, while the single-band set has been in use for 
many years and millions of them are still in use. Nevertheless, 
these older receivers are being replaced rapidly, and before many 
years have passed, all-wave receivers will undoubtedly form a 
large majority of the receivers in use. The servicing of these sets 
is already calling for a large proportion of radio service men's 
time and skill. 

Practically all all-wave home type receivers are superhetero
dynes. They may or may not have a tuned r-f stage preceding 
the mixer, but they all contain the usual oscillator, mixer, i-f 
amplifier, second detector and audio amplifier. The fundamen
tal circuit and principle of operation of the all-wave receiver is 
therefore identically the same as for the standard broadcast band 
receivers which we have already discussed, and the service man 
should expect radical differences in their design. However, because 
of the switching systems and the relatively high frequencies in
volved, the requirements for successful operation-and hence for 
succeesf ul servicing-are much more rigid than they are for 
standard broadcast band receivers. However, the procedure to 
be fallowed when testing and servicing an all-wave receiver 
is sensibly the same as for a standard broadcast band receiver, 
and no great deviations from standard practice should be ex-

981S 
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pected. The same analyzers, tube checkers, measuring instru
ments, etc., are employed; the only important point in this re
spect being that the test oscillator must be of the all-wave type 
capable of operating over the complete range of all-wave band 
frequencies (see Art. 16-1). 

All-wave receivers, however, do have several important spec
ial features in their construction and have several peculiar char
acteristics which are not found in standard broadcast band re
ceivers. Since the service man must be familiar with them, this 
chapter will be devoted to discuss them and present the special 
troubles (and their remedies) that arise because of them. It is 
fortunate, however, that it is not necessary to resort to special 
test methods for their localization, the usual testing routine will 
reveal them. 

28-2. RMA Receiver Designations.-With the increased 
popularity of receivers affording short-wave reception facilities, 
a great deal of misconception and misunderstanding has arisen 
concerning the proper designations of the various types of radio 
receivers, particularly with respect to the particular wave band 
which they cover. 

Numerous cases of misleading advertising by manufacturers 
who provided limited short-wave tuning facilities ( down to about 
175 meters) in their receivers (by incorporating in them a simple 
switching arrangement which decreases the inductance of the 
tuned circuit for short-wave reception by tapping it at the proper 
point so that police station signals could be brought in) has also 
added to this confused condition. These manufacturers adver
tised their sets as "all-wave" receivers, and in many instances 
the owners of these sets really believe they have purchased all
wave receivers and cannot understand why they are unable to 
tune in important short wave broadcasts which friends who own 
real all-wave receivers are able to get. Service men are often 
called in to service such receivers because the owners think some
thing has gone wrong with them-when in reality the sets are 
working perfectly (but of course only on the bands they were 
designed for) . 

In order to clarify this situation the RMA (on Nov. 12, 1934) 
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defined the following radio receiver designations as standard in 
the United States. 

I. A Standard Broadcast Receiver is one which will respond 
to the entire broadcast frequency range of 540 kc ( 555.2 
meters) to 1,600 kc ( 187 meters) . 

2. An All-Wave Receiver is one whose tuning ranges will re
spond to all frequencies between 540 kc ( 555.2 meters) and 
18,000 kc (16.6 meters). 

The term "dual-wave" receiver which was used for some time to 
designate receivers covering the "standard" range between 540 
and 1,600 kc, and also the continuous "short-wave" band between 
4,000 and 20,000 kc, has been officially discontinued by the RMA. 

28-3. Use of Terms "Kilocycle", "Megacycle" and 
"Meters".-When speaking of the "short wave" channels, it ia 
sometimes convenient to use the term megacycles (abbreviated 
me) instead of kilocycles or wave length. The frequencies in
volved are so high that it is much easier to conceive of frequency 
in terms of megacycles than in terms of kilocycles. (It is well 
to remember that 300 divided by the wavelength in meters is 
equal to the frequency in megacycles.) 

There are one or two exceptions to this general rule: when a 
much used short-wave broadcast band involves a wavelength 
which is an odd figure that does not divide evenly or convenient
ly into 300 ( the frequency of which is therefore an odd number 
which is inconvenient to remember) the wavelength is gener
ally specified instead of the frequency. For example, the 49-
meter band is a "standard" short-wave broadcast band; it could 
be expressed in terms of frequency (6.123 megacycles), but this 
is such an inconvenient number to remember, that in common 
practice it is always ref erred to it in terms of wavelength. 
Throughout this chapter we will use that designation which is 
most convenient for a quick comprehension of the quantity in
volved. 

28-4. The Radio Spectrum.-In view of the wide frequency 
range covered by the all-wave receiver, it is important to have 
a fairly accurate idea of what can be heard on the various bands 
so that receiver reception tests can be carried on intelligently. 
The Standard American Broadcast ( 540 to 1,600 kc) anrl the 
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Police Call (1,600 to 1,720 kc and 2,300 to 2,500 kc) bands are 
well-standardized, and most service men are aware of what is 
and what is not available for either entertainment or test pur
poses on them. But, below the so-called Police Band there are 
short-wave bands of somewhat confused assignments, both 
national and international. 

The service man should become well acquainted with the 
general divisions of the short-wave region and the times of the 
day when programs are most likely to be heard from the various 
short-wave broadcast stations operating on the various bands in 
it ( due allowance being made for time differences, the geograph
ical location of the transmitting station, etc.). 

28-5. Short-Wave Transmission Peculiarities.-The ser
vice man should also acquaint himself with some of the more 
important transmission characteristics and peculiarities of short
wave signals. Among these are "fading", "skip", etc. (see Ghir
ardi's Radio Physics Course). The following information con
cerning the transmission characteristics of the various common 
short-wave bands on which short-wave broadcasts of an enter
taining type will be found will prove helpful when making actual 
receiver reception tests on these bands. 

13-Meter band (21,450 to 21,850 kc): Stations operating in this 
band are best heard when the area traversed by the signal lies within 
the daylight period. 

16-Meter band (17,750 to 17,850 kc): Stations operating in this 
band are best heard when the area traversed by the signal lies within 
the daylight period. 

19-Meter band (15,100 to 15,350 kc): Stations operating on this 
band are heard best when the distance between the transmitter and 
receiver is greater than 1,500 miles, and when the area traversed by 
the signal lies within the daylight period. Reception on this band is 
unreliable when a considerable portion of the traversed area is in 
darkness. 

25-Meter band (11,700 to 11,900 kc): Broadcast transmission on 
these wavelengths is usually well received at distances exceeding 1,000 
miles. At distances less than 2,000 miles best reception will be ob
tained during the daylight hours. With favorable conditions the more 
distant stations can be received during the early hours of darkness. 

31-Meter band (9,500 to 9,700 kc): Stations included in this wave 
band area offer reliable service during both the day and the night in 
localities situated more than 800 miles from the transmitter. 

49-Meter band (6,000 to 6,200 kc): Transmission on wavelengths 
in this part of the short-wave spectrum is best received when the dis
tance between the transmitter and the receiver is 300 miles or more. 
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For reliable reception at location~ 1,500 miles or more from the sta
tion, it is usually necessary that a considerable portion of the area 
traversed by the signal be in darkness (nightfall). 

28-6. The Audio and Power System in All-Wave Re
ceivers.-The all-wave receiver of today is of the superhetero
dyne type (with rare exceptions). It consists, therefore, of one 
or two tuned r-f stages, a mixer, an i-f amplifier, a second de
tector, an audio amplifier, and a power unit. Since the audio 
amplifier and power unit are similar in every respect to those 
used in standard-band receivers, no further comment regarding 
them is necessary here. They are tested, serviced and repaired 
in the manner described in previous chapters in this book. The 
reader is ref erred to them for further details. 

28-7. The 1-F Amplifier.-The i-f amplifier in the all-wave 
receiver differs somewhat from that in a standard-band set. 
The circuit arrangement is usually the same, but the electrical 
characteristics are different. First of all, the i-f used is high
much higher than in a standard-band receiver. 472.5, 465, 460, 
456 and 450 kc are commonly used intermediate frequencies in 
all-wave receivers.• 

It is necessary that the i-f be high in order to minimize 
"image frequency" interference (see Art. 23-13). (The fre
quency of the "image" signal is higher than that of the "desired" 
signal by an amount numerically equal to twice the i-f employed 
in the receiver.) The reason why a high i-f reduces the image 
frequency interference in an all-wave receiver may be understood 
from the following consideration. Let us consider the effect for 
a "standard" broadcast band signal of 1,000 kc first. At a 
receiver dial setting of 1,000 kc and with an i-f of 175 kc, the 
frequency of the "image" signal is (1,000 + [2 X 175] ) = 1,350 
kc. Now a 1,350 kc signal differs from the desired signal (1,000 kc) 
by 350/1,000 X 100, or 35% of the desired signal frequency. 
If the i-f were higher (say 450 kc), the new image signal (1,900 
kc) would differ from the desired signal (1,000 kc) by 900/1,000 
X 100, or by 90% of the desired signal frequency. The advantage 

*NOTE: The reader is referred to Section 2 of the author's Radio 
Trouble-Shooter's Handbook for a complete list of the intermediate 
frequencies use<l in both all-wave and standard-band receivers. 
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of using the higher i-f is apparent, for it is much easier for the 
tuned circuits of the receiver to eliminate the image interfering 
signal if its frequency differs from that of the wanted signal by 
90 o/o than it is if the frequency difference is only 35 o/o • This 
illustrates the advantage of using a high i-f in order to reduce 
"image frequency" interference insofar as reception of signals 
in the standard broadcast band is concerned. 

Now let us consider the effect of a high i-f when short-wave 
signals are being received. Consider the case for the reception 
of a 15,000 kc signal. If the same low i-f (175 kc) were used, 
and the receiver were tuned to this 15,000 kc signal, the fre
quency of the image signal would differ from that of the desired 
signal by 350/15,000 X 100, or by only 2.33 o/o of the desired 
signal frequency. If a higher i-f of 450 kc is employed instead, 
the frequency of the "image interfering signal" differs from that 
of the desired signal by 900/15,000 X 100 or by 6 o/o of the desired 
signal frequency. Hence the amplifier tuned circuits are better able 
to discriminate against the unwanted "image signal", although 
with only 6 o/o frequency separation the pre-selector r-f stages 
ahead of the mixer must be relied upon for most of this signal sep
aration. This is the condition which exists in all-wave receivers. 

These simple calculations are sufficient to show that image 
interference will occur in all-wave receivers unless special pre
cautions are taken to increase the selectivity of the r-f stages 
ahead of the mixer, or some other effective precaution is taken. 
It is evident that if a single i-f is used for both short-wave and 
broadcast band reception some compromise must be effected. The 
image interference problem dictates that a very high i-f be used 
for its solution. However, it is not advisable to employ a very 
high i-f for standard broadcast band reception because the i-f 
will then fall within the standard broadcast band range. The 
compromise i-f frequencies which are therefore being used in all
wave receivers lie in the region between about 450 and 472.5 kc. 

28-8. The AVC System.-The ave system is used for a 
slightly different purpose in the all-wave receiver than in the 
standard-band set. Signal fading is very common on the high 
frequencies, and it is one of the functions of the ave system to 
vary the sensitivity of the receiver in inverse proportion to the 
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signal strength ( which varies because of fading) . The prevention 
of overloading of the audio amplifier, the main requisite of the 
ave system in the standard-band set, is of secondary importance 
in the all-wave receiver. To the service man, therefore, this state 
of affairs means that the values of the components used in the ave 
system must be exactly as specified by the receiver manu
facturer. 

The service problems involved in the i-f amplifier are not 
different from those encountered in standard-band receivers, and 
the reader is referred to Chapters XIX and XXV for complete 
details on ave systems and superheterodynes, respectively. 

28-9. The Mixer Stage.-The mixer tube (first detector) 
circuit of the all-wave receiver is of ten different from that 
used in a standard broadcast band set because of the higher fre
quencies involved on the majority of its bands. Mixer stages 
may be classified according to the tube used: those having a 
combination oscillator first detector, and those using separate 
tubes for these purposes. 

As shown in Chapter XXV, receivers using separate oscillator 
and first-detector tubes must provide for some coupling arrange
ment between the first detector and oscillator. This coupling may 
be magnetic, electrostatic, resistive or electronic. The details of 
the first three systems have already been covered and will not 
be repeated here; the electron-coupled system used between os
cillator and first-detector when a separate oscillator tube is em
ployed will be explained shortly. Combination oscillator and 
first-detector tubes also have been referred to in Chapter XXV, 
and the details will not be repeated again. However, there are 
several characteristics of this system that are of small import
ance on the standard band but which assume appreciable signi
ficance as the frequency is increased. 

Figure 28-1 is the schematic circuit diagram of a typical 
oscillator first-detector circuit. L. and L,, are the grid-plate 
coils of the oscillator section, and they connect to G, and G, of 
the tube, respectively. G4 is the signal grid, which is shielded 
from the oscillator section and the plate by G, and G,. Now, 
the oscillator section is distinct from the signal section, so that 
the triode portion of the tube, composed of the cathode, G,, and 
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G,, generates oscillations in the usual manner. Mixing of the 
signal and the oscillator is accomplished because the oscillator 
plate, G,, (as well as the grid) is in the path between cathode and 
output plate. Therefore, it varies the electron stream and in 
addition the signal grid, G,, varies the electron stream; thereby 
"mixing" the two signals. This is known as electron coupling. 

Now it is evident that at the very high frequencies encoun
tered in short-wave work, a certain amount of capacity does exist 
between G,, and G, in spite of the shield Gi, with the result that 
the signal, if strong enough, can induce a voltage on the oscil-

ff 
1-F" TRANS. FIG. 28-1.-Schem

atic diagram showing 
the circuit arrange
ment of a typical os
cillator-first-detector 
circuit employed in 
superheterodyne re
ceivers. A single 2A 7 
or 6A 7 combination 
tube performs both 
functions. 

lator plate, G,, and so cause the oscillator frequency to shift. 
This frequency shift becomes greater as the signal and oscillator 
frequencies approach equal magnitudes. Of course, under these 
conditions perfect alignment of the circuits is not possible regard
less of the care used in the alignment, because the frequency of 
the oscillator is a function of the signal voltage. Although the 
amount of frequency shift is not large; however, in some cases 
it may become large enough to be important. 

Still another possibility exists I Since the plate voltage of 
the oscillator is varying (see Chapter XV), the oscillator can 
induce a voltage on the signal grid, because the capacity between 
the two grids becomes appreciable at high frequencies. This 
means that the signal grid now has a voltage on it of the same 
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frequency as the oscillator. This voltage can react on the os
cillator plate and cause shifting of the frequency. The induced 
voltage on the signal grid depends upon the impedance in the 
signal-grid circuit: if it is large, the induced voltage is large; 
and if it is small, the induced voltage is small. This means that, 
if the signal and oscillator frequencies are close <low i-f), 
oscillator instability will occur. 

A practical method of minimizing this undesirable condition 
is to use a separate oscillator tube and couple its output to one 
of the grids in the converter tube, as shown in Fig. 28-2. G, 
is now grounded to the cathode, and, therefore, acts like a pen
tode grid in an ordinary output tube. The capacity between G 1 

FIG. 28-2.-Electron 
coupling between the 
oscillator and mixer 
sections of the tube to 
minimize shifting of 
the oscillator fre
quency. 

,-----1-F' TRANSF'. 
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SEPARATE 
OSCILLATOR 

and G, is reduced to a small value, and the frequency of oscilla
tion cannot change materially because it is determined by a 
separate tube in which the grid G,. of the converter tube plays a 
small part. G,., therefore, is nothing but a means of coupling the 
oscillator voltage to the mixer tube (first detector). 

This system has the further advantage that increased output 
voltage is obtained on the high frequencies, as it has been found 
that the triode portion of converter tubes are not strong oscill
ators on the high frequencies. It will sometimes be found that 
another tube is connected in parallel with the triode section of the 
converter tube to increase the oscillator output if an external 
oscillator is not employed. 

The method of coupling the oscillator to the first-detector 
shown by Fig. 28-2 is not used in single-band sets because on 
these receivers the oscillator frequency always differs from the 
signal frequency by a relatively high per cent. Furthermore, the 
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capacity between the signal and oscillator grids (or plate) is 
comparatively ineffective at the relatively low frequencies 
which are encountered in standard-band receivers. 

28-10. The Oscillator.-Any of the oscillator circuits shown 
in Chapter XV are suitable for use in superheterodynes, although 
some are better high-frequency oscillators than others. In gen
eral, those oscillators which depend upon plate-to-grid capacity 
for feedback are not desirable because of the possibility of fre
quency shift caused by varying loads. Modernized variations 
of the standard electron-coupled tickler circuit shown in Fig. 
15-22 are now the most widely used. One of them is shown in 
Fig. 28-1. Coil L, may be regarded as the tickler coil and L, as 
the grid coil. Adaptations of the electron-coupled Hartley cir
cuit shown in Fig. 15-21 will also be found in many receivers. 

Stability and intense oscillation are important in a high
frequency oscillator. If the i-f of a receiver is 450 kc, then 
only a 1 % shift in the i-f is sufficient to detune it by 4.5 kc. 
The signal will be reduced greatly if this occurs, for response 
of a sharply-tuned i-f transformer is small if it is 4.5 kc off re
sonance. The necessity, therefore, for maintaining extreme 
stability cannot be overemphasized. Intensity is important be
cause the i-f output is dependent upon the magnitude of· the 
oscillator voltage: the greater the oscillator voltage, the greater 
the i-f output. High-frequency signals are usually weak, so that 
the oscillator should have a large output to maintain a reason
able i-f voltage-a voltage sufficiently high to override tube and 
circuit noises. 

The service man will find that trouble occurs occasionally 
in all-wave superheterodynes due to difficulty in getting the os
cillator to function either at all or over a part of the tuning 
range. In such cases, it is necessary to determine first whether 
the oscillator is functioning or not-on all parts of each band. 
One simple way to check this is to first connect a milliammeter 
into the plate circuit and observe the steady plate current. Now 
steps should be taken to insure that the oscillator cannot possibly 
function. This may be done by short-circuiting the tuned cir
cuit of the oscillator coil with a short piece of wire. If the 
oscillator has been functioning, a change in the plate current will 
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occur when this is done; otherwise no change will be noticed. 
Whether the current increases or decreases depends upon the 
type of oscillator. Almost invariably, one which functions with 
a grid leak will show a rise in current when it stops oscillating, 
whereas one which has a low resistance grid-cathode path and is 
biased by a battery or by a cathode resistance will show a de
crease in current. A normal oscillating condition is also in
dicated by a steady small variation of the plate current as the 
tuning condenser is rotated. 

If the foregoing test shows that satisfactory oscillation is 
not being obtained, the tube should be checked and another sim
ilar one tried. If this fails to reveal the trouble, the connections 
to all grid and plate coils in the oscillator circuit should be 
checked for open-circuits and short-circuits. All by-pass and 
grid condensers should also be tested for leakage, opens, and 
shorts. Resistors which may possibly be the cause of trouble 
should also be tested. In some cases, a few turns must be added 
to the feedback coil, but this is not usually the case since it is as
sumed that the set was properly designed and operated satis
factorily when new. 

28-11. The Oscillator Padding Circuit.-The most radical 
difference between the oscillator design in standard broadcast 
receivers and that used in all-wave receivers lies in the padding 
circuit. As pointed out in Art. 25-17 of Chapter XXV, proper 
"tracking" of the oscillator frequency with that of the signal 
circuits in standard broadcast receivers is often accomplished 
by designing the oscillator tuning condenser plates so they have 
a different shape than those used for tuning the r-f circuits. It 
was also pointed out that this arrangement is not satisfactory 
when different coils are used for tuning to the different bands, 
as one plate shape is suitable only for one set of coils. There
fore, in all-wave receivers, it is necessary to resort only to the use 
of padding condensers to maintain proper "tracking" between the 
oscillator frequency and that to which the signal circuits are 
tuned. 

Figure 28-3 shows three types of padding circuits in common 
use; together with a common signal tuning circuit at (A) for 
comparison. The oscillator tuninF; and padding circuits are 
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shown at (B), (C) and (D). In all of these circuits C is the 
main tuning condenser, which is used on all the bands for all the 
tuning; C, is used to adjust the distributed and stray capacities 
of the oscillator and signal circuits to equal values; the remain
ing condensers are used for correct "tracking" adjustment. Since 
the theory of operation of these circuits was presented in Art. 
25-17, and the method of adjusting them for correct "tracking" 
was given in detail in Art. 25-18; it will not be repeated here. 
The main point to bear in mind is that in all-wave receivers 
there is a separate signal circuit coil and trimmer condenser as-

R-f l SIGNAL) 
CIRCUIT 

CA> 

OSCILLATOR CIRCUITS 

CB1 

FIG. 28-3.-Comparison of the signal circuit and three types of 
oscillator tuning circuits used in all-wave receivers. 

sembly and a separate oscillator coil and padder circuit con
denser assembly for each waveband the receiver is designed for. 
Therefore, when aligning the oscillator and signal circuits of the 
receiver, adjustment of the proper trimmer and padding con
densers for the particular coils used for the band must be per
formed-and this mmt be done for each separate band. Some 
idea of the number of coils which are employed in a 3-band all
wave receiver employing a stage of t-r-f amplification ahead of 
the mixer may be gained from an inspection of the illustration 
of Fig. 28-8, which shows the tuner section of the chassis of a 
typical all-wave receiver with the coil shields removed. There 
is an r-f, mixer and oscillator circuit coil for each band-9 coils 
in all. The condensers which must be adjusted are built into the 
bases of the individual coils. 

As far as the service man is concerned, this means that one 
wave band requires 2 or more adjustments for the mixer and 
oscillator, and if there are four bands, 8 or more adjustments 
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will be required. If there is a stage of tuned r-f ahead of the 
mixer, then four more adjustments are required, making a total 
of twelve or more. Two stages of i-f use three transformers, 
and since each usually has two adjustments ( one for the prim
ary and the other for the secondary) , six more are added, mak
ing a grand total of 18 or more adjustments for the alignment 
of this particular all-wave receiver. Some receivers having this 
many stages and wave bands require even more adjustments. 

The same type of oscillator padding circuit is not used on all 
bands in every case. In some receivers, the standard band may 
use circuit ( C) of Fig. 28-3, the first short-wave band circuit 
(D) and the remaining high-frequency bands circuit (C). This 
arrangement is not universally used; many sets employ others. 

28-12. Line-Up Frequencies and Procedure for All-Wave 
Receivers.-There are definite frequencies at which the various 
circuits of an all-wave receiver are aligned. Common frequencies 
at which alignment is performed are, 600 kc, 1,400 kc, 4,800 kc 
and 15,000 kc, and the i-f employed in the receiver. The 600-
and 1,400-kc points are for the standard band, the 4,800-kc point 
is for the first short-wave band, the 15,000-kc point is for the 
second short-wave band, and there may or may not be a line-up 
point for the final band. The exact line-up frequencies for a 
given set must be obtained from manufacturer's data, as few 
receivers cover precisely the same band for each position of the 
wave changing switch; hence each make of set must be lined up 
at different frequencies. 

In general, it will be found that the highest frequency band 
requires no adjustment at all because, for this band, large changes 
in the padding condensers make small differences in the resulting 
i-f, so that once a fixed unit has been installed, and adjusted at 
the factory, no further adjustment is usually required. 

As has been mentioned, the procedure to follow for alignment is 
sensibly the same as for the standard-band receiver described in 
Chapter XXV (with the exception that the r-f, mixer and oscil
lator stages are adjusted on each band), and the reader is referred 
to it for further details. Of course, the test oscillator used for 
aligning the set must cover the desired frequency range with 
sufficient output; in some cases it is desirable to also measure the 
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image response on the higher frequencies (see Art. 28-14); the 
test oscillator described in Chapter XVI, and most of those de
scribed in Chapter XVII, are suitable for this purpose. For any 
alignment procedure that is different than that described in the 
general data already given in this book, the service notes of the 
receiver manufacturer should be consulted. 

In order to give the reader some idea of the number of ad
justments, what they are, and the order in which they must be 
made in order to completely align a modem all-wave receiver, 
the manufacturer's alignment instructions for a typical 3-band 
all-wave receiver of popular make are reproduced here (by cour
tesy of the RCA Mfg. Co., Inc.). Of course these instructions 
do not apply exactly for other receivers. 
(1) Checking with the tuning wand: 

Before making any r-f oscillator, or first detector adjustments, 
the accuracy of the existing adjustments may be checked with a tun
ing wand (see Arts. 23-5 and 25-18). This wand consists of a bake
lite rod having a brass cylinder at one end and a special finely 
divided iron insert at the other end. Inserting the cylinder into the 
center of a coil lowers its inductance, while inserting the iron end 
increases its inductance. From this, it is seen that unless the trim
mer for a particular coil is properly aligned, the wand may increase 
the output of the receiver. A perfect adjustment is evidenced by a 
lowered output when either end of the wand is inserted into a coil. 

The shield over each r-f coil assembly has a hole at its top for 
entrance of the tuning wand. An example of the proper manner of 
using the tuning wand would be to assume the test oscillator were 
set at 1,720, the signal tuned in, and the output indicator connected 
across the voice coil of the loudspeaker. (Note: A cathode-ray os
cilloscope properly connected may be used as a visual output in
dicator, as explained in Arts. 25-38 to 25-42.) Then the tuning wand 
should be inserted, first one end and then the other end, into the top 
of the three transformers at the left of the r-f assembly, facing the 
front of the chassis. A perfect adjustment of the trimmer would be 
evidenced by a reduction in output when each end of the wand is 
inserted into each of the three transformers. If one end-for ex
ample, the iron end-when inserted in one coil caused an increase 
in ouput, then that circuit is high. An increase in the trimmer cap
acitance would be the proper remedy. 
(2) 1-F Tuning Capacitor adjustments: 

Since this receiver has one i-f stage, there are two i-f trans
formers, each having two adjustable capacitors requiring adjustment. 
The transformers are all peaked, being tuned to 460 kc. 

The detailed procedure for making the i-f stage adjustments 
follows: 

(a) Connect the output of the test oscillator operating at 460 kc 
between the first detector grid and ground. Connect the out
put indicator across the voice coil of the loudspeaker. 

(b) Place the receiver in operation and adjust the station selector 
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until a point is reached where no signals are heard. Then turn 
the volume control to its maximum position. Reduce the test 
oscillator output until a slight indication is obtained in the 
receiver output indicator. 

(c) Adjust the trimmers of the i-f transformers until a maximum 
output is obtained. Go over the adjustments a second time! 

This completes the i-f adjustments. It is good practice to follow 
the i-f adjustments with the r-f and oscillator adjustments due to 
interlocking which often occurs between the two. 

(3) R-F, oscillator and first detector adjustments: 
Four r-f oscillator and first detector adjustments are required in 

band "A". Three are required in bands "B" and "C". 
To properly align the various bands, each must be aligned in

dividually in the order given. This is, "A," "B" and "C". The pre
liminary set-up requires that the test oscillator be connected between 
the antenna and ground terminals of the receiver and the output 
indicator be connected across the voice coil of the loudspeaker. The 
volume control must be at its maximum position and the output of the 
test oscillator must be at the minimum value possible to get an out
put indication under these conditions. In the high frequency bands, 
it may be necessary to disconnect the test oscillator from the receiver 
and place it at a distance in order to get a sufficiently low input 
to the receiver. 

The dial pointer must be properly set before starting actual 
adjustments. This is done by turning the variable capacitor until 
it is at its "maximum capacity" position. One end of the pointer 
should point exactly at the horizontal line at the lowest frequency end 
of band "A", while the other end should point to within 1/64 inch of 
the horizontal line at the highest frequency end of band "A". 

Band "A" 
Care must be exercued to adjust only those trimm,ers in the 

band under adjustment in each case. 
(a) Set the band switch at "A". 
(b) The oscillator series capacitor, located on the rear apron of 

the chassis, should be set at about the center of its range. 
(c) Tune the test oscillator to 1,720 kc, set the pointer at 1,720 

kc and adjust the oscillator, detector and r-f trimmers for 
maximum output. 

(d) Shift the test oscillator frequency to 600 kc. Tune in the 
600 kc signal, irrespective of scale calibration, and adjust 
the series trimmers, located on the rear apron of the chassis, 
for maximum output, at the same time rocking the variable 
tuning capacitor. Then readjust at 1,720 kc as described 
in (c). 

(a) 
(b) 

(c) 

(d) 

Band "B" 
Set the band switch at "B". 
The detector and antenna trimmers should first be tightenP.d 
to approximately ll-i maximum capacity (turned % inch). 
Tune the test oscillator to 5,160 kc, set the pointer at 5,160 
kc. Adjust the set oscillator trimmer for maximum output. 
The trimmer should be set at the first peak obtained when 
increasing the trimmer capacitor from minimum to maximum. 
Check for the image signal, which will be received at ap
proximately 4,240 kc on the dial, if the trimmer is set prop-
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erly in accordance with (c). It may be necessary to increase 
the test oscillator output for this check. 

(e) Reduce the capacity of the detector trimmer, while rocking 
the tuning capacitor, until the signal disappears. The fi.rat 
detector circuit is then aligned with the oscillato,- circuit 
and the 6A7 mixer tube is blocked. Then increase the cap
acity of the detector trimmer, while rocking the tuning con
denser, until the signal is "peaked" for maximum output. 

(f) The antenna trimmer should now be peaked for maximum 
output. It is not necessary to rock the main tuning cap
acitor while making this adjustment. 

Band "C" 
(a) Set the band switch at "C". 
(b) The detector and antenna trimmers should first be tightened 

to approximately ¾ maximum capacity (turned ¾. in.) 
(c) Tune the test oscillator to 18,000 kc, set the pointer at 18 Mc. 

Adjust the set oscillator trimmer for maximum output. The 
trimmer should be set at the first peak obtained when in
creasing the trimmer capacitor from minimum to maximum. 

(d) Check for the image signal, which will be received at ap
proximately 17,080 on the dial, if (c) has been properly 
done. It may be necessary to increase the test oscillator out
put for this check. 

( e) Reduce the capacity of the detector trimmer, while rocking 
the tuning capacitor, until the signal disappears. The first 
detector circuit is then aligned with the oscillator circuit and 
the 6A7 mixer tube is blocked. Then increase the capacity 
of the detector trimmer, while rocking the tuning capacitor, 
until the signal is peaked for maximum output. 

(f) The antenna trimmer should now be peaked for maximum 
output. It is not necessary to rock the main tuning capacitor 
while making this adjustment. 

A comparison of these alignment instructions with those pre
sented in Arts. 25-13 to 25-19 for standard broadcast band re
ceiver alignment, will show the reader that the essential differ
ence between the alignment procedures for these two general 
types of receivers is simply one of detail-since the r-f, mixer 
and oscillator circuits of all-wave receivers must be adjusted on 
each band, a larger total number of adjustments must be made. 

28-13. Use of Low Test-Oscillator Signal Level During 
Alignment.-A word of caution regarding the test oscillator 
signal employed for the alignment of all-wave receivers is im
portant. It is advisable to use the lowest possible power from 
the test oscillator, which will permit the alignment procedure 
to be started. This is especially important when aligning the 
"short-wave" bapds of most all-wave receivers. If the test os
cillator is set to deliver a powerful output signal, its harmonics 
will be comparatively strong and will be fed into the receiver 
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along with the desired frequency. For example, if the test os
cillator were set at a frequency of 800 kc and adjusted to deliver 
a powerful output signal, its 1,600-kc second harmonic, 2,400-kc 
third harmonic, and 3,200-kc fourth harmonic would have ap
preciable strength and be fed to the receiver. Since a large 
number of all-wave receivers (especially the "midget" types) 
do not user-for "pre-selector" circuits in their short wave bands, 
the selectivity on these bands is not adequate to prevent image
frequency response if the image-frequency signal is fairly strong. 
In such cases, the receiver will respond to a number of these test 
oscillator "harmonic" frequencies at points above the funda
mental frequency to which the oscillator dial has been set. These 
harmonic frequencies will be received at receiver dial settings 
corresponding to "even" multiples of the test oscillator funda
mental frequency. There is, of course, no particular harm in a 
test oscillator signal level which produces audible harmonics, ex
cept the possibility of setting the receiver dial in error to the 
frequency of a harmonic instead of to the fundamental frequency 
at which the test oscillator dial has been set. Of course the 
image-frequency responses are usually much less audible than 
the true frequency responses, but they should be avoided. 

Reducing the test oscillator output control to a satisfactory 
minimum will result in a signal level sufficiently low to prevent 
receiver response to a great number of the test oscillator har
monics and the true signal will be received at the correct point 
on the receiver dial. If the test oscillator level cannot be brought 
down low enough, it may be necessary to disconnect the test os
cillator from the receiver entirely and place it at a distance in 
order to get a sufficiently low input to the receiver. From the 
foregoing comments, it can be seen that attention must be given 
to using the lowest possible (minimum) test oscillator signal at 
which alignment of the receiver can be started. Also, if the align
ment work has progressed with an improvement in receiver re
sponse, the signal should again be retarded to a lower value 
before proceeding with the alignment in order to secure greater 
receiver sensitivity. 

28-14. Checking the Image Response of the Receiver.
After lining up the r-f, oscillator and first detector circuits of 
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a particular band of an all-wave receiver, it is desirable to 
check the image response of the receiver on that particular 
band. The procedure for doing this will be described for a 
single band; it may be repeated for any other desired band. 

Suppose the circuits have been lined-up at 15,000 kc. The 
test oscillator is set to this frequency and its output control is 
then set so that the output indicator used on the receiver in
dicates as near "maximum" as possible. This reading should be 
taken. The frequency of the test oscillator is then increased by 
a value numerically equal to twice the i-f of the receiver; and 
the reading of the output meter is noted again. If the test 
oscillator output signal has the same strength for the two settings, 
and if the output meter is calibrated in volts, the ratio of the 
two readings is the "image ratio" of the receiver. 

For example, if the reading of the output meter is 10 volts 
for the 15,000 kc setting and is 0.25 volt for the second setting 
of the test oscillator (15,900 kc for a receiver having an i-f of 
450 kc), the "image ratio" is 10/.25 or 40. An image-frequency 
interfering signal will then be received with an intensity of 1/40 
that of the desired signal (if they both have equal strength to 
start with). 

The test must be made in a different manner [see (d) in the 
instructions for lining up Band "B" in Art. 28-12] if the test 
oscillator is such that its output varies with the frequency it is 
adjusted to produce. In this case, tune both the receiver and the 
test oscillator to a line-up point, say 15,000 kc. Leave the test 
oscillator alone and tune the receiver to 14,100 kc (15,000 minus 
2 X 450) and read the output meter. The ratio of the first to 
the second reading is the image ratio of the receiver at that point. 
Note that with the receiver tuned to 14,100 kc the oscillator in 
the set is working at 14,550 kc (assuming a 450 kc i-f); the 
test oscillator frequency is then 450 kc higher than that of the 
receiver oscillator and 900 kc higher than the frequency to which 
the receiver is tuned, which is the requirement for the reception 
of an image signal. It is wise to check the image response on all 
but the standard band. A poor (low) image ratio is a good in
dication that the tuned circuits are not lined up properly, and 
they should be rechecked. 
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If the test oscillator output must be increased to obtain a 
reading on the meter, then the range of the output meter must 
be lowered or else the test oscillator must have its attenuator 
calibrated in volts. For the general run of service work, though, 
an actual figure representing the image ratio is not required as 
long as it is certain that the image interference is negligible. 

28-1S. How to Determine the Frequency to which the I-F 
Amplifier is "Actually" Tuned.-An excellent test that may be 
made to determine the actual frequency at which the i-f trans
formers are lined-up in any receiver brought in for test or repair 
involves the reception of the image frequency. Tune the re
ceiver to some convenient point near the low-frequency end of a 
short-wave band and tune the test oscillator to resonance with 
it. Note the test oscillator frequency setting. Now increase the 
frequency of the test oscillator slowly (with its intensity control 
full on) until the signal is heard again. Note its frequency 
setting again. This is the image-frequency signal. Continue to 
tum the test oscillator slowly and note whether or not the read
ing of the output meter connected to the receiver decreases and 
continues to decrease. If it does, then the i-f to which the i-f 
amplifier of the receiver happens to be actually tuned (not the 
value stated by the manufacturer) is the difference between the 
frequencies corresponding to the two oscillator settings that gave 
the audible signals, divided by 2. Thus, if the initial reading of 
the test oscillator at which the signal is heard is 15,000 kc and 
it is next heard at 15,930 kc, the i-f of the receiver is 

15,930 - 15,000 930 
---, or 465 kc. 

2 - 2 
If it is possible to obtain more than one image point, the 

others will be very close to the first. This may be due to mis
alignment of ·the i-f transformers, that is, one may be peaked at 
465 kc, the second at 470 kc and the third at, perhaps, 460 kc. 
It is clear that a different image frequency will be obtained for 
each i-f peak frequency. 

Then, too, if the i-f transformers have a flat-top response 
curve, as in high-fidelity receivers, the test oscillator may be 
rotated over twice the frequency width of the i-f transformers 
at the image point without any change in output. Thus, suppose 
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the response of the i-f transformers is fiat from 450 to 465 kc and 
that the signal circuits are tuned to 15,000 kc. The image signal 
will begin to be heard at 15,900 kc and will remain until 15,930 
kc. The width of the image band is then 30 kc, twice the width 
of the i-f transformers. If this small difference can be read on 
the test oscillator dial, the width of the response of the i-f trans
formers can be measured conveniently. 

28-16. The Signal Circuits.-The signal circuits of the 
typical all-wave receiver are conventional in every respect, with 
the exception that distinct tuning circuits are employed for each 
band. Each coil in the band has its own trimmer condenser 
which is adjusted for that band alone. The connections of the 
tuning coils for a particular band are no different than ordinarily 
used. 

28-17. Coil-Switching Systems U sed.-Means must be 
provided for the selection of any of the bands used in the re
ceiver. Band selection may be accomplished by changing the 
coils themseives, in which case the system is referred to as a 
plug-in coil arrangement, or a switch may be provided to auto
matically cut in and out a desired group of coils. These comprise
the tuning coils in the r-f, oscillator and first detector circuits of 
the receiver. The former arrangement is used to some extent in 
specialized receivers intended for use by amateurs, while the 
latter is employed almost exclusively in receivers intended for 
general short-wave reception in the home. Since the plug-in 
coil arrangement is not used in all-wave receivers for the home, 
we will confine our attention solely to the switching systems which 
are employed. (For a detailed description of plug-in coil systems, 
the reader is referred to the Radio Physics Course by Ghirardi,• 
and the Short Wave Handbook by Denton.*) 

To understand the common switching systems used, it must 
be remembered that the same tuning condenser must be used oil 
all bands, and that the shift toward the high signal frequencies 
is therefore obtainable by lowering the coil inductance. For a 
given tuning inductance, the frequency ratio covered between 
the "maximum" and "minimum" positions of the tuning con-

*NOTE: Published by the Radio & Technical Publishing Co., 
46 Astor Place., New York, N. Y. 
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denser is equal to the square root of the ratio of the maximum 
and minimum capacities of the entire tuned circuit. Thus, a 
certain tuning condenser may have a minimum capacity of 11 
mmfd., and the total stray and distributed capacities of the cir
cuit may be about 20 mmf d. The total minimum capacity is 
then 31 mmf d. The maximum capacity of the condenser may be 
450 mmfd., and when this is added to the 20-mmfd. stray and 
distributed capacities, the total maximum capacity in the cir
cuit is then 470 mmfd. The capacity ratio is then 470/31, or 
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FIG. 28-4.-Three methods for reducing the tuning inductance 
for changing wave bands in the signal circuits of all-wave receivers. 
(A) and (B) are most suitable for "extended-band" receivers. 

about 15 to 1. The frequency ratio is the square root of 15, or 
only about 3.9 to 1. With these tuning circuit constants, the 
minimum frequency of each band is then multiplied by about 
3.9 to obtain the maximum frequency in that band. 

There are several ways by which the inductance of a circuit 
may be lowered. All of them have been employed in all-wave 
receivers. A single coil may be tapped; two or more coils may 
be connected in parallel (coupled or uncoupled); or a separate 
and distinct coil may be used in each circuit for each band. 
Figure 28-4 shows the switching arrangement used in each case. 

The system at (A) utilizes a single coil tapped as shown, 
for each tuning circuit. The switch shorts out part of the tuning 
coil for each higher frequency band so that only the small section 
is used for the highest-frequency band. Thus, coil section L, is 
for the highest frequency band, L 1 + L, is for the next band, 
L 1 + L, + L, are for the next band, and the entire coil is for 
the lowest-frequency band. 
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In the arrangement shown here, the switch S short-circuits 
the preceding (unused) portions of the coil in addition to select
ing the desired coil tap. This is to prevent "dead" spots due to 
the absorption effects caused by the unused portion of the coil, 
the natural period of which (if the tuning condenser were dis
connected from it entirely) would fall in the next higher fre
quency band. In some receivers, the portion of the oscillator 
coil which is unused when the switch is in the "highest-frequency" 
position is not shorted, because of the possible difficulty in mak
ing the tube oscillate. Since separate padding condensers are 
used for each band this can be compensated for by the padding 
condenser used for this band. Also, in some cases the switch 
arm is in the "grid" end instead of in the "ground" end of the 
coil circuit, but the principle remains the same. 

Good contact is essential in this mode of switching, because 
if an appreciable resistance should develop between the switch 
arm and a contact, the unused portion of the coil will not be 
well short-circuited, and absorption, with consequent drop in 
signal strength, will take place. Also, this resistance will be 
directly in series with the tuned circuit, resulting in reduction of 
the signal current at resonance, and broadness of tuning. Be 
certain that the contacts are clean and that the tension of the 
spring is sufficient t.o maintain good contact. In the average all
wave receiver which has been in use for some time, probably 
more noise is caused by dirty coil-switch contacts than by any 
other part. 

The system shown at (A) is in general use only in extended 
band receivers which have a limited short-wave tuning range 
(see Art. 28-2). Then, only one coil tap is used, though the 
principle which has just been described remains the same. 

In the arrangement shown at (B) of Fig. 28-4, small coils 
L 1, L,, etc., are switched in parallel with the regular standard 
broadcast band coil L4 by means of a "fan" switch S (see Fig. 
28-7) which "shorts" the upper coil terminals together. Induct
ances in parallel with each other (if they are not coupled to
gether magnetically) act to reduce the overall inductance, just 
as resistors in parallel act to reduce the overall resistance ( the 
same formula may be used to calculate the net inductance in 
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the circuit). In the diagram, the coils are shown permanently 
connected to ground with the switch in the grid side. In some 
receivers this is reversed, the switch being put in the ground 
side instead. 

This arrangement is a simple one to use, since it is only 
necessary to connect simple, small coils of about 25 turns 
wound on a 'Vs or 1-inch forms, in parallel with each of the sig
nal circuit secondaries, a somewhat smaller coil of about 20 
turns in shunt with the oscillator secondary, and a switch. The 
primary is usually coupled to the large secondary coil (L.). This 
coupling will be sufficient for the short-wave band since this large 
secondary is still part of the grid coil when the short-wave bands 
are used. In some receivers, the shunting coils are wound at one 
end of the same form on which the standard broadcast band coil 
is wound. In this case, the inductance of the small coil is ad
justed to take care of the mutual inductance between it and the 
regular standard broadcast band secondary. Incidentally, the 
first arrangement [ (A) of Fig. 28-4] may be employed very 
conveniently by radio service men for extending the high-fre
quency tuning range of existing standard broadcast band re
ceivers to incorporate "police1

' band reception. 
As in the case of arrangement (A), the parallel-coil arrange

ment of (B) is used extensively only on extended-band receivers 
(those which have a limited short-wave tuning range), since the 
necessity for the use of a number of coils when several short
wave bands are to be provided, makes the use of the separate
coil system of (C) instead more desirable. 

The coil-switching arrangement sh9wn at (C) of Fig. 28-4 
is the one most commonly used in present day all-wave receivers. 
Here, entirely separate coils ( each one of the proper inductance 
for the frequency of the band over which it is to be used) are 
switched into the circuit by switch S. One coil is used for each 
tuned cir~uit for each band. It is common to provide each sec
ondary coil with its own primary winding, the separate primaries 
also being switched in and out with their respective secondaries 
by means of a multiple tap switch "ganged" with the grid circuit 
switch. A typical circuit arrangement of this kind between the 
r-f tube and the combination first detector and oscillator tube is 
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shown in Fig. 28-5 (for a 3-band receiver). The broadcast band 
coil is A, the first short-wave coil is B and the highest frequency 
coil is C. Rotary switch S1 selects the primary windings of the 
coils. Switch S1 selects the corresponding secondary windings 
simultaneously. 

In addition to selecting the proper coil system for the band 
desired, another switch 81 is provided for short-circuiting the 
preceding lower frequency secondary coil. This is to prevent 

TO Al'jT. 
TUNING 
CIRCUITS 

B+ 
SCREEN 

8+ --i 
"i" 

s+ 
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FIG. 28-6.-0ne signal-circuit stage of a modern all-wave receiver 
showing the tuning coil switching system in which separate primary 
and secondary coils are used for each wave-band. They are selected 
simultaneously by the switches shown. Switch S1 short-circuits the 
preceding lower-frequency secondary coil to prevent absorption and 
"dead-spots". All of the switches are ganged together. 

"dead" spots (spots where the receiver is weak or totally in
operative) due to absorption effects caused by the resonating of 
the unused coils, the natural period of which, with the tuning con
denser disconnected, falls. in the next higher frequency band. For 
instance, when the switches are set on contacts B for band B, 
the main tuning condenser C is connected across the secondary 
winding of coil B and tunes it. Meanwhile, the arm of switch 
S, in touching its contact B short-circuits the secondary of the 
"next lower frequency" coil A in order to prevent absorption by 
it. The secondary of the "next higher frequency" coil C is left 
open for this position of the switches. 

The use of separate coils for each band in each variably
tuned circuit is, without doubt, the most suitable arrangement 
( although it is the most costly), and will be found in most re-
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ceivers which provide complete all-wave tuning coverage. The 
arrangement of a bank of tuning coils of this kind in a 3-band 
receiver is illustrated in Fig. 28-8. Each coil may be removed, 
tested, repaired if necessary and replaced without altering any 
of the circuits of the other coils-an advantage in service work. 
All of the coils usually have individual shields, S, as shown here. 

The respective oscillator coil-switching arrangements for the 
three signal-circuit coil-switching schemes of Fig. 28-4 are 
shown in Fig. 28-6. The tapped coil arrangement is shown at 
(A). Each tap has its own series padding condenser C1 (see 
also Fig. 28-3) which is switched into the circuit automatically. 

iij~• 
tA l t B) l.'.P4Lp3 1.'.f'Zl.'.p1 4 TO 

PLATE 
OF OSCILLATOR TUBE 

tC) 
Fm. 28-6.-Three coil-switching arrangements for reducing the 

tank inductance when changing wave bands in the oscillator circuit. 
(A) and (B) are suitable for "extended-band" receivers. (C) is 
commonly used in all-wave receivers. These oscillator coil-switching 
arrangements correspond respectively with the three signal circuit 
coil-switching arrangements shown in Fig. 28-4. 

Shunt padding condensers may or may not be used. In gen
eral, a single plate coil is employed with this system; this is 
coupled magnetically to the grid end of the tuned grid coils when 
the switch is connected as shown. This arrangement is not uni
versal, however, so variations from it will be encountered. 

It will be noticed that the unused portion of the coil is not 
short-circuited in this case. It is not shorted for the simple reason 
that, if it were, the appreciable mass of copper comprising the 
shorted unused portion of the coil would absorb considerable 
energy from the coil section in use, thus robbing the oscillator 
of this energy. Tl1is might stop the oscillator from functioning 
at all frequencies whose harmonics would be resonant with the 
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shorted unused portion of the coil-making the receiver inopera
tive at these points. By not shorting the unused portion, this is 
avoided, since its reRonant frequency is shifted so as to be be-

FIG. 28-7.-A typical "fan" type 
switch which may be used for "par
alleling" coils (as shown at (B) of 
Figs. 28-4 and 28-6) in extended 
band receivers. 

TO COILS 

yond the range of the low order harmonics (these are the only 
ones of any appreciable strength). No difficulty is then ex
perienced in making the oscillator function over the entire fre-

Covrtll6JI Stromberg C1&rlaon Tel. Jlfg. Co. 

FIG. 28-8.-An under-chassis view of a modern all-wave receiver 
showing the arrangement of the many tuning coils (9 in all). The 
coil shield assembly, S, has been removed to reveal the coil assembly. 
The coils, (C), friction dial disc (D) and spindle (W) which drives it 
may be seen. 

quency range demanded by the receiver. However, in view of 
the fact that this arrangement is not used for any but extended
band sets, no difficulty is usually experienced in maintaining 
oscillator stability because hut two coil sections are used. 
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The oscillator coil switching system shown at (B) of Fig. 
28-6 corresponds to the signal circuit coil switching system at 
(B) of Fig. 28-4. The single plate coil L,, couples to the largest 
(standard broadcast band) inductance L,, and series padding is 
accomplished with the condensers C 1 • As mentioned, the switch 
parallels one or more coils for short-wave reception. Note that 
a four-contact fan switch is shown. The actual switch may not 
be of the fan type, but the electrical connections are such that 

Oourte'JI ROA. Vietor 

FIG. 28-9.-Under-chassis view of another modern all-wave re
ceiver showing the 3-section wave-band changing switch. Each sec
tion of the switch is in the particular shield compartment occupied 
by the coils it switches. The full-vision tuning dial and pointer are 
also visible. 

it acts as a fan switch. A common arrangement is the use of a 
single arm with a semi-circular ring at the tip which slides over 
the contacts, as shown in Fig. 28-7. A spring arrangement us
ually supplies pressure to the contact points. 

Separate individual plate coils are used in the arrangement 
at (C). The coils should be shielded from one another and a 
short-circuiting switch provided to prevent absorption. The sys
tem is electrically simple, and little additional comment is neces
sary. 

The illustration of Fig. 28-8 shows the coil arrangement and 
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coil shielding precautions employed in a modem 3-band all-wave 
receiver. The complete shield can assembly, which fits over the 
coils, so that each coil is shielded from the next one by a double 
thickness of shielding metal, may be seen at the lower right of 
the illustration. Note particularly that each individual shield 
can is appreciably larger than the coil it shields so that an ap
preciable "clearance" space exists between the coil winding and 
the shield. This greatly reduces the losses due to shielding. In 
spite of these elaborate shielding measures, switches are also used 
to short-circuit the unused coils in order to prevent the absorption 
effects already explained. 

The illustration of Fig. 28-9 shows the under-side of another 
modem all-wave receiver and the arrangement of the 3-gang 
coil selector ( wave-changing) switch operated by the knob at 
the center. Each section of the switch is placed in the particu
lar shielded compartment occupied by the coils it switches, so 
that short coil-to-switch leads and low stray capacity will result. 

28-18. Switches Used in All-Wave Receivers.-The coil
selector switches employed in extended-band and in all-wave 
receivers are usually one of three types: compounded snap 
switches, gangs containing arms and taps, and rotary snap 
switches. The most popular one is the rotary gang or "deck" 
switch containing one or more wafers of insulating material on 
which the contact points are mounted. A contact arm sweeps over 
these contact points to establish individual connections. The 
switch may have more than one arm which will contact several 
points in one position and, perhaps, none at all in another. These 
switches are sometimes very complicated in appearance, and 
their mode of operation is not at all obvious unless careful in
spection is made. It is best, therefore, to trace out the circuit 
with a continuity meter whenever in doubt as to operation of 
the switch. 

The requirements for a good wave-band switch are, extreme
ly low non-variable contact resistance, very low capacity be
tween contacts, and negligible insulation losses. The first re
quirement is met by employing for the contact points, a metal 
which has low surface-to-surface contact resistance. Silver meets 
this requirement, and it is used extensively in these switches. A 
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typical switch in which silver contacts are employed has an 
average contact resistance of about 0.0022 ohm and a maximum 
of 0.0026 ohm. Low capacity is obtained by keeping the dis
tance between adjacent contacts as large as possible; one switch 
in use has a capacity of only 0.04 mmf d. between contacts. It 
must be remembered that the total capacity introduced by the 
switch-the capacity between adjacent wires and ground-is 
greater than this value. High insulation resistance, of course, is 
obtained by employing high-grade insulating material; in a 
typical switch, the insulation resistance between contacts is in the 
neighborhood of 1.2 X 109 ohms (1,200,000,000 ohms). 

Good contact between the switch arm and the contact points 
is extremely important in wave-band switches. A high-resistance 
switch contact will increase the resistance of the tuned circuits 
considerably. This may cause broad tuning, image interference, 
and low signal strength. Furthermore, noise will be heard as the 
switch is thrown from one band position to another. 

Noisy contacts are generally due to the fact that the owner 
of the receiver seldom listens-in on the short waves. The sur
f aces of the contacts then become oxidized, and, when the user 
decides to give the short-waves "a try", he finds the set much 
noisier and weaker than expected. The contacts may be cleaned 
easily with an ordinary pencil eraser that is not gritty enough 
to scratch the contact surfaces. 

The wiring to the switch should be rigid and exactly the 
same as it was when the receiver came from the factory. The 
replacement of a coil or a small condenser may necessitate re
wiring a small section of the circuit. If this section connects to 
the switch, the placement of the individual wires must be exactly 
as they were originally. Any switch introduces a certain amount 
of capacity between the arm and wires, wires and ground, be
tween wires going to the same section of the switch, etc. The 
value of this capacity is known by the designer who takes it 
into consideration when calculating the ranges and line-up points 
of the set. Any radical changes in the wiring, especially in the 
oscillator circuit, may increase or decrease the capacity existing 
between circuits and cause dead spots. 

28-19. The Tuning Coil Shields.-Exact placement of the 
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tuning coil shields is very important. The presence of a shield 
reduces the inductance of a coil and increases its distributed 
capacity at the same time. If these two effects were equal, the 
coil would act somewhat as if the shield were removed. But 
they seldom neutralize one another fully, with the result that 
coil shields must be properly centered if the receiver is to be 
aligned exactly over the entire band. A misplaced coil shield 
may be compensated for at any one point by adjustment of the 
trimmer and padding condensers. At most other points the align
ment will be off considerably. 

Grounding of the shields has more significance as the fre
quency increases. An imperfect grounding contact between the 
coil shield and chassis will change the apparent coil inductance 
and make proper alignment impossible. 

A misaligned or poorly grounded coil shield may increase or 
decrease the natural frequency of a coil. This may cause ex
cessive absorption and "dead" spots at some much-used portion 
of the dial, especially in receivers which do not short-circuit the 
unused coils. 

28-20. Dead Spots in the Tuning.-One of the most fre
quent causes of trouble in some extended-band and all-wave re
ceivers is dead spots-spots on the tuning dial at which the re
ceiver does not function. Dead spots may be caused by failure 
of the oscillator to function at certain frequencies or by absorp
tion of energy from the signal circuit by adjacent coils, Lack 
of sensitivity, provided everything else is correct, is usually due 
to misalignment of the oscillator and signal circuits. 

Failure of the oscillator may be caused by dirty or imperfect 
switch contacts. If the contacts are merely dirty, they can be 
cleaned easily; but if the switch loses its spring tension, repair 
may be difficult. It is unfortunate that many of the earlier 
extended-band and all-wave receivers were not equipped with 
good switches. Frequent adjustment of the spring tension and 
periodic cleaning of the contacts must be made in these sets if 
reception is to remain normal. If a switch is replaced for some 
reason, the service man should attempt to replace it with one 
of the wiping contact type-a contact that wipes over the sur
f ace it touches, thus cleaning it whenever the arm is rotated. 
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Although it is assumed that the receiver leaves the factory 
free from dead spots, there are certain extended-band and all
wave receivers which have dead spots that are inherent in the 
design of the set, and the service man can do nothing about it 
unless he wishes to undertake to practically redesign the re
ceiver. It will be found that these dead-spots exist in the earlier 
models, and not in those of recent design. In many cases, the 
manufacturer will suggest the recommended changes to make in 
the receiver. 

28-21. Number of Tuning Bands.-The standard broad
cast band range of an all-wave receiver has a tuning range cover
ing from 540 to 1,600 kc. This means a frequency ratio of 
1,600/540, or about S to 1. Apparently, if the same tuning con
densers are used for all the bands, the same frequency ratio is 
obtained on all bands. On this basis, the next higher-frequency 
band will cover the range from 1,600 to 4,800 kc (1,600 X 3 
equals 4,800). The third band will have the range from 4,800 to 
14,400 kc (4,800 X 3 equals 14,400). The fourth band will us
ually tune to about 23,500 kc. Of course, these rough calculations 
do not take into consideration the necessary overlap, between 
bands; when they are taken into acc-ount, the spectrum is divided 
nicely into four parts: one for broadcast reception and three for 
short-wave reception. 

Consider the 4,800 to 14,400 kc band! The range of fre
quencies covered in it is considerably greater than in the stan
dard band-about 9 times as great, since the standard band tunes 
from 540 to 1,600 kc ( a range of only 1,060 kc) and the foregoing 
short-wave band covers a range of 14,400 - 4,800, or about 
9,600 kc. 

It is clear that the frequency band which will be covered by 
a single sweep of the tuning condenser depends upon the coil in
ductance, the ratio of the maximum and minimum tuning con
denser capacity, and the value of the stray and distributed 
capacities. In general, the frequency ratio is about 3 to 1 with 
sufficient overlap between bands so that the tuning range is con
tinuous. This means that certain stations may be received 
on the high end of one band and also on the low end of the 
next one. It is best to use that band in which the station is 
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received with the minimum value of tuning capacity. 
One sweep of the tuning condenser covers the broadcast band 

from 540 to about 1,600 kc. At least three additional bands are 
required to cover the remaining frequencies without crowding 
the tuning too much. Some receivers cover the short-wave 
range with but two bands, but short-wave tuning is extremely 
critical in these sets. The service man should instruct the set 
owner regarding the sharpness of tuning and the proper manner 
of tuning slowly and carefully-especially on the short-wave 
bands. 

Many receivers intended for amateur use employ tuning con
densers having a maximum capacity of 140 mmfd. so that four 
bands are required to cover the short-wave spectrum and two 
additional bands are needed for the standard band. In a sim
ilar manner, there are receivers having tuning condensers with a 
maximum capacity of 100 mmf d. Five short-wave and three 
standard bands are required for all-wave reception with these 
condensers. 

Many receivers are manufactured for export purposes and 
are used for the reception of the "ultra-long wave" broadcast 
stations employed in Europe. This long-wave band covers the 
range from about 140 to 410 kc, and it may be built into a re
ceiver purchased in this country. Of course, the range of such 
a set is wider than the more usual receiver, but the reception of 
long-wave European stations in this country is extremely diffi
cult, and service men should caution the users of such sets 
against the possibility of receiving such stations. For this reason, 
it is the policy of many manufacturers of export receivers to 
leave out the coils for the "export band" when the receiver is 
to be sold and used in the United States. 

28-22. All-Wave Receiver Dials.-The dials used in all
wave receivers are somewhat complicated, and snould not be 
tampered with unless it is absolutely necessary. The tuning is 
so sharp on the short-wave ranges of the average all-wave re
ceiver that dials having a high drive-ratio are used very exten
sively. Some dials are equipped with double ratios; the smaller 
one enables the scale to be spanned rapidly, and the larger one 
permits fine adjustments. In one commercial receiver the large 
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ratio is approximately 60 to 1. The tuning dial drive of the all
wave receiver illustrated in Fig. 28-8 is clearly visible. Notice 
that it depends upon a friction drive between the small grooved 
spindle W on the dial knob shaft and the large disc D which is 
fastened to the dial pointer and tuning condenser shaft. Since the 
drive spindle is much smaller in diameter than is the disc, a large 
drive ratio is obtained for close tuning. This is an important 
advantage! 

The speed-reduction mechanism is not the only complicated 
part of the dial. In some receivers, as the wave bands are 
changed, the part of the scale exposed to view is also changed by 
some means. The proper section of the dial may be exposed in 
either of several ways: by keeping the dial-light fixed and raising 
or lowering the scale by the wave-band switch; by keeping the 
dial fixed and varying the height of the dial light assembly, or 
by turning on different dial lights placed at various positions be
hind the dial scale. There is no standardized method of accom
plishing these changes. 

Noise generated while the tuning dial is rotated may often 
be traced to friction between fibre and metal gears or between 
friction wheels and discs which are not properly greased or 
which do not track smoothly. A good lubricant may be made 
by mixing powdered graphite with white vaseline. Be certain 
that the action of the dial mechanism is understood perfectly 
before any attempt is made to take it apart for repair, as some 
of these dials are rather intricate in construction and are difficult 
to reassemble. 

28-33. Noise in Short-Wave Receivers. - The first effect 
often noticed when an all-wave receiver is set to receive one of 
the short-wave bands is that excessive noise is present-noise 
that would be considered intolerable on the Standard Broadcast 
Band. Noise and interference caused by electrical storms and 
atmospheric conditions are usually less noticeable on short waves 
than on the standard broadcast band. On the other hand, man
made "static"-noise caused by household electrical appliances, 
automobile ignition systems, power lines, and telephone circuits 
-is more noticeable on the short wave bands. However, man
made interference can usually be greatly reduced by the use of 
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a good noise-reducing antenna system and suitable electrical 
filters (see Chapter XXX). 

Of course, noise can also be caused by components in the re
ceiver itself. Aside from noise resulting from loose connections 
in the wiring, leaky condensers and the like, there are two other 
causes of internal receiver noise: "shot effect" and "thermal 
agitation". Shot effect noise is cause by the fact that the 
stream of electrons in a vacuum tube is not an infinitely 
fine fluid, but consists of discrete particles - electrons. Thus, 
the average plate current has certain irregularities in it, and these 
irregularities constitute the noise current. This noise current 
flows through the plate load and develops a noise voltage across 
the load. Since the noise current is really a series of impulses, 
it has no definite frequency, and the voltage developed, there
fore, depends, among other things, upon the width of the band 
to which the plate load can respond. 

Thermal agitation noise is that caused by the random motion of 
electrons in a wire or circuit. Its value depends upon the temper
ature of the wire or circuit, the resistance of the wire or circuit (the 
resistance of the plate load in our case), and the band width to which 
the wire or circuit responds. The noise voltage increases with an 
increase in any of these factors. 

Now, for distant short-wave station reception the noise is more 
apparent because the signal strengths are small; the noise voltage 
is therefore comparable to the signal. This often leads owners of 
all-wave receivers to call in the service man since they imagine 
that the excessive noise is caused by some trouble in the receivers. 
Attempts to increase the sensitivity of the r-f or i-f amplifier re
sult in increased noise and signal, but the ratio remains about the 
same. ·when the signal input is large, the noise is masked; 
and if a linear second detector is used, the noise will not be am
plified above a certain level when a strong station is tuned in. 

It must be remembered at this point that the actual noise level 
is not important; the important thing is the level of the noise with 
re~pect to the signal to be heard. For this reason, the terms signal
to-noise or noise-to-signal ratios are used. For best results, the 
former should be as high as possible; stated in another way, the 
latter should be as small as possible. 

Receivers using ave seem less noisy in some cases, especially 
when the signal strength is high. The reason is that a strong 
desirable signal reduces the sensitivity of the receiver through 
the ave system and so reduces the noise. However, on weak 
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signals-signals that are below the threshold of the ave-the 
noise is just as loud as if the ave system were not used. 

28-24. Antenna Requirements.-The antenna requirements 
for short-wave reception are simple. The aerial must be fairly 
short and as high as possible; it must also be directed properly 
(depending upon its type) toward the countries whose short
wave programs it is most desired to receive. The all-wave an
tenna must be such that the all-wave receiver it is used with 
will be sensitive not only on the standard broadcast range, but 
on all the short-wave ranges as well. This is the ideal condition 
to be sought for. Three types of receiving aerials are in general 
use at present: the inverted-£, the T type, and the doublet. These 
are all described in detail in Chapter XXX. 

If the directional effects of an inverted-L aerial are to be utilized 
to bring distant station signals in with somewhat increased intensity, 
it should be erected so that it is directed toward, and the lead-in taken 
from, the end nearest that pointing to the country from which good 
reception is desired. In other words, if best reception is desired from 
the northeast, the aerial should be erected so it points in a north-east 
and south-west direction. The lead-in should be taken from the 
north-east end. 

The T aerial receives best from a direction at right angles to its 
length, as shown in Fig. 30-66. Thus, for a given direction in which the 
aerial must point, the lead-in may be taken from either the center or 
one end, as demanded by receiving conditions. Other popular types of 
antenna systems are described at length in Chapter XXX. 

For best results at a given frequency, the length of the aerial can 
be calculated to deliver the highest voltage at the desired frequency. 
For details on this point, the reader is referred to Chapter XXX. 

Noise-reducing antenna systems have been designed and are used 
to a great extent with all-wave receivers. These systems make use of 
twisted or transposed lead-in wires that cancel, (in the primary of 
the receiver antenna coil or in the primary of a special transformer 
provided with the system), any noise voltages induced in them. The 
horizontal part of the system should be as high and as free from 
noise as possible in order for the system to be as effective as possible. 
Further details on noise-reducing antenna systems will be given in 
Chapter XXX. 

A good antenna system is most essential if reliable distant 
reception is to be expected. Place the aerial as high above the 
ground or grounded objects as possible. If a flat-top antenna 
system is used, the flat top (aerial) portion should be from 50 to 
75 feet in length. (Copper wire No. 14 gauge or heavier should 
be used). It is well to use 2 or 3 insulators in series at each end 
of the aerial instead of the single insulator commonly used at 
each end. The lead-in wire should be properly soldered to the 
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antenna. Keep the lead-in wire as far from sources of man-made 
static as possible, so that a minimum of interference will be 
picked up. Some chief off enders of this nature are trolley wires, 
electric oil burner installations, automobiles in motion, flashing 
signs, neon signs, motors and power lines. Methods of minim
izing interference from these will be considered in Chapter XXX. 

REVIEW QUESTIONS 

1. Define the following: standard-band receiver; extended-band 
receiver; all-wave receiver. 

2. What are the i-f's commonly used in all-wave receivers? 
3. What are the advantages of a high intermediate frequency in 

all-wave receivers? 
4. A certain receiver has an intermediate-frequency of 456 kc and 

is tuned to a 12,000-kc signal. What is the image frequency of 
this signal? 

5. Upon testing for image response in an all-wave receiver, it is 
found that the output remains substantially constant only while 
the test oscillator dial setting is changed from 12,910 to 12,930 
kc. What is the width of the peak of the i-f transformers. 

6. Assuming that the receiver is properly designed and adjusted, 
what is the main i-f used in the receiver of Question 5? 

7. Draw a diagram of a commonly used mixer stage using elec
tron-coupling and a separate oscillator tube. 

8. What is the most common type of oscillator circuit now used 
in all-wave receivers? What are its advantages? 

9. What operating symptom would result in an all-wave receiver 
if: (a) the oscillator failed to function at all; (b) the oscillator 
failed to function only on some bands? 

10. How would you determine quickly whether the oscillator was 
functioning over the entire range of the receiver? 

11. If the foregoing test indicated that the oscillator was not func
tioning properly, what steps would you take to locate the cause 
of the trouble? 

12. Why are "shaped" oscillator tuning condenser plates not em
ployed in all-wave receivers? 

13. Which circuit is padded in an all-wave receiver, the signal or 
oscillator circuit? 

14. What determines the number of different padding circuits that 
an all-wave receiver contains? 

15. Explain the essential difference in the amount of work involved 
in the complete alignment of a standard broadcast band receiver 
and that necessary when completely aligning a 3 or 4-band 
all-wave receiver having a similar number of stages. 

16. Why is it advisable to use a low output test oscillator signal level 
when aligning all-wave receivers? Explain! 

17. Explain how you would check the image response of an all-wave 
receiver on a certain short-wave band after that band has been 
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lined up at 4,800 kc. The i-f of the receiver is 460 kc. You 
are not certain whether the signal output intensity of the test os
cillator you must use varies as its frequency is changed, or not. 

18. Explain how you could quickly determine the exact frequency 
(or band of frequencies) to which the i-f amplifier of a receiver 
under observation is "actually" tuned. 

19. How would you calculate, roughly, the frequency ratio of the 
following circuit: Minimum capacity of tuning condenser, 12 
mmf.; stray capacity of circuit, 14 mmf.; tube capacity, 3 mmf.; 
distributed capacity of coil, 3 mmf.; maximum capacity of tun
ing condenser, 365 mmf. 

20. Assuming the lowest frequency of the standard band of an all
wave receiver is to be 540 kc, how many bands would be re
quired if the tuning condenser and circuit of Question 19 are to 
be used? Do not consider overlap between bands. 

21. Describe the three common arrangements which are employed 
in all-wave receivers for reducing the inductance in the tuning 
circuits in order to receive the high-frequency band signals. 

22. Draw simple sketches showing each of the arrangements you 
described for Question 21 (three in all). Show all the necessary 
switches, taps, etc., if a total of 3 bands are to be covered by 
the receiver. 

23. Explain what effect poor switch contacts will have on the oper
ation of the all-wave receiver, for each of the coil-switching 
arrangements of Question 22. In which two arrangements would 
a break in the continuity of the coil winding used for one band 
affect the operation on another band? 

24. What steps are usually taken in the signal circuits of all-wave 
receivers to prevent "absorption" by "adjacent-band" coils? 

25. What is the effect of such absorption occurring in the signal 
circuits? 

26. What is the effect of such absorption occurring in the oscillator 
circuit? 

27. What is the objection to shorting unused coils in the oscillator 
tuning circuit? 

28. What would you suspect as the cause of the trouble and how 
would you proceed to check your suspicions and correct the 
trouble if you find that a 3-band all-wave receiver operates 
satisfactorily only on the standard broadcast band? The set 
analyzer shows that its i-f amplifier, second detector and a-f 
amplifier are operating satisfactorily. Explain! 

29. What simple test could you apply to determine quickly if the 
oscillator is operating satisfactorily over the bands on which no 
reception is obtained in the receiver of Question 28? 

30. What general types of switches are used in the tuning coil cir
cuits of all-wave receivers? What are the characteristics of a 
good short-wave switch. 

31. Why is it extremely important not to alter the exact positions 
of the wires connecting to the coils and wave-band switcha 
when making repairs on all-wave receivers? What may happen 
if some of these wires are shifted? Explain! 

32. What is meant by the term "dead spots"? How may dead spots 
in the tuning be eliminated in all-wave receivers? 



CHAPTER XXIX 

INSTALLING AND SERVICING MARINE-RADIO 
RECEIVERS 

29-1. Introduction.-Now that highly efficient and satis
factory auto-radio receivers have been developed and are in pop
ular use, it is natural that owners of marine craft should seek 
the same radio news and entertainment aboard their boats while 
travelling. The installation of radio receivers in many types of 
boats is governed by somewhat the same conditions which con
trol auto-radio installations. It was pointed out in Chapter 
XX.VII that the main requirements that had to be met in the 
design of auto-radio receivers were those of small size, mechan
ical rigidity, electrical stability, sensitivity, resistance to atmos
pheric conditions, low noise and ease of control. The installation 
of radio receivers in marine craft of small size presents almost 
identical problems, in addition to those of deterioration because 
of exposure to salt air, and the need for low battery-power drain. 
The power available aboard small craft is almost a direct func
tion of their size, so that the type of receiver and power supply 
arrangement employed depends to some extent upon this factor. 
The height and length of the aerial which may be used is also 
determined directly by the size of the craft. 

29-2. Classification of Marine Craft.-To discuss the im
portant problems of marine-radio installation intelligently and 
directly, it is necessary to divide boats into six different classes 
and discuss each class separately. They are: 

Class 1. All small row-boats, canoes and outboard motor 
boats 

2. Inboard runabouts and speedsters 
1022 
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3. Motor cruisers 
4. Auxiliaries 
5. Straight sailing craft 
6. Yachts 

These general classes may also be subdivided into groups ac
cording to design-as, open or cabin type, etc. However, it will 
be found that the available power supply determines the type of 
marine-radio installation that must be employed to a greater 
extent than does the construction, so the classification as listed 
here will suffice. In discussing these craft, it is feasible to start 
with Class 6 (which presents the simplest installation) and work 
to the smaller size boat, in which the most difficulties are en
countered. 

29-3. Radio Installation on Class 6 Craft.-Boats of the 
Class 6 type, or large cruisers of more than about 50 feet in 
length, are usually equipped with lighting units operated separ
ately from the main engines. On such boats, therefore, it is 
possible to use power without the necessity of turning over the 
main engines. This lighting power in some installations is sup
plied by special gasoline-electric units, which may be either one of 
two types: one generating 110 volts d-c, the other generating 
110 volts a-c. 

Instead of having a gasoline engine driving a generator which 
supplies its power directly to the circuit, some craft are equipped 
with banks of storage batteries which are charged by a generator 
driven by the main engines when the boat is in motion, and which 
deliver their stored energy to the lighting circuit when the main 
engines are not operating. Others employ an auxiliary gener
ator and battery system, but the generator here is driven by a sep
arate gasoline engine. In either case, the batteries deliver 110 
volts d-c. Many large cruisers are equipped with a simple 
switching arrangement which permits the lighting power to be 
derived from either the batteries when the engines are not run
ning or from a generator coupled to the main engines when they 
are running. In any event, on craft of this class, the power 
available in addition to its many other duties, is more than ade
quate for the operation of a radio receiver. 

Obviously, in such craft, any type of home receiver may be 
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used provided it can operate from the 110-volts a-c or d-c power 
supply available. The popular universal type midget re
ceiver is ideal for this purpose. If a d-c system is employed, 
it may be necessary to shunt an 8-mf d. filter condenser directly 
across the line at the radio receiver to help smooth out the cur
rent, since the d-c lighting circuits of marine craft are very 
"ripply" and often noisy. This is especially necessary if cheap 
midget receivers whose filter circuits have been "skimped" in 
design are employed. If noise is encountered, a good line filter 
properly connected will usually clear it up (see Chapter XXX). 
It may also be necessary to install suppressor resistors in the 
ignition system if a gasoline engine is employed for the lighting 
system. 

The receiver should be fastened down securely, whether it 
is of the midget type or a large console model, so that when the 
craft pitches or rolls, it will remain in place. This is very im
portant. There is usually enough space available in the cabins 
or in the lounge to enable the receiver installation to be made 
without cramping. In fact, such installations are comparable 
to those usually made in homes. However, if more than one re
ceiver is to be installed, the service man should consult with the 
chief engineer, as he can be of valuable aid in advising of any 
possible limitations which may exist regarding the amount of 
excess power that can safely be drawn from the batteries or 
generator, etc. 

Separate power lines should be run from the source of power 
to the outlet. If more than one receiver is to be installed, a main 
power line should be run to the deck on which the receivers are 
to be installed, and branch lines run from a fused outlet box at 
the end of the main line to the individual receivers. Do not 
fail to fuse the circuits adequately, as fire is much more dangerous 
aboard ship than it is on land. 

Many installations have one or more portable receivers, 
electrically operated, which plug into outlets installed on open 
decks. Only marine type outlets should be used here. They 
may be obtained from any marine hardware dealer. These are 
large, brass-housed cases with the plugs inside. A cap screws 
to the top of the case and protects the plugs from possible short-
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circuit due to entry of water in rainy weather. Heavy rubber
covered wire must be used throughout, as the ordinary, thin 
rubber insulation commonly used on ordinary wire will deter
iorate in a short time on board ship, and result in repeated 
short-circuits every few weeks. 

Yachts or large cruisers usually have two masts between 
which it is convenient to string the aerial. The usual marine 
aerial on large craft consists of two, three or four wires sus
pended by spreaders and strung between the masts. A single
wire aerial however, will serve the purpose in most cases. The 
usual rules for good antenna installation are especially important 
here: insulation must be good, the lightning arrester must func
tion, and the ground must connect to a good ground. 

There are several locations on board a large cruiser where 
good grounds may be obtained. The keel is usually of metal, 
and a connection can be made to it. In many cases, a main 
ground connection is made during the construction of the craft. 
This is accessible by the service man while the craft is afloat. 
If such a ground is not available, a sheet of copper may be 
attached to one side of the hull below the water line, and a 
ground lead brought from it. Do not depend upon some nearby 
ground connection for the lightning arrester; make a direct con
nection to the lowest possible ground terminal in the boat. 

29-4. Radio Installation on Class 5 Craft.--Straight sail
ing craft in this class are usually equipped with 110-volt or 
32-volt lighting systems. Those with power systems of the form
er voltage may have the same type of radio installation as de
scribed for the Class 6 craft, and the same precautions apply also. 
However. there arc few receivers designed for operation from 
32-volt lines; it is often nece::;sary, therefore, to use a 32-volt d-c 
to 110-volt a-c converter or motor-generator set to deliver suffi
cient voltage for the ordinary receiver. 

If the 32 volts is obtained from a bank of storage batteries, 
then the receiver may be of the automobile type connected so 
that it operates from one of the six-volt batteries in the storage 
battery bank. A simple switching arrangement may be pro
vided to shift the receiver connections from one battery to an
other to prevent uneven drain on the complete bank of batteries. 
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Under some conditions, it may be possible to set aside one par
ticular battery for the exclusive use of the radio set, and it may 
be charged by the same gasoline engine which charges the main 
bank. It may be necessary to install the usual suppressor re
sistors, etc., on the gasoline engine to suppress interference from 
it. 

Battery receivers are also to be recommended for this type 
of craft. Such receivers usually utilize the 2-volt series of tubes 
and may be operated either from No. 6 dry cells or from one of 
the many "built-up" special A batteries designed for such re
ceivers. B potential, of course, must be obtained from B-bat
teries. It should be noted that B batteries deteriorate rapidly 
when exposed to moisture, so that they should be housed in a 
rust-proof metal box with a tight fitting cover and leads should 
be brought out through tight-fitting bushings. The B batteries 
should be of the heavy-duty type, as one set of these will usually 
last throughout the entire yachting season. The batteries should 
be tested frequently under normal load, and when the potential 
of a 45-volt unit under that load drops below about 35 volts, it 
should be replaced. Obviously, the A battery should also be 
tested periodically to insure rated voltage at the filament term
inals. These batteries must be fastened securely to prevent 
shifting due to the motion of the ship. 

When these types of craft are too small to allow the use of 
a second mast, the aerial wire may consist of a copper strip, 
running up the side of the mast and insulated from it, as shown 
in Fig. 29-1. On some types of straight sailing craft, the aerial 
wire must be run flush with the mast, and not separated from it. 
The exact type of installation may be ascertained easily after 
an inspection of the craft has been made and the proposed 
location of the receiver has been decided upon. 

29-S. Radio Installation on Class 4 Craft.-An "auxiliary" 
is a type of sailing craft equipped with an engine which may be 
used instead of the sail when there is no wind or when the wind 
is adverse. The general rules for antenna installation here are 
the same as for the straight sailing craft. The auto-radio receiver 
is well suited for this type of craft, as it usually is equipped with 
a 6-volt lighting system. However, if the storage battery which 
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operates the lighting system has no facilities for being charged 
by the engine, the auto-radio receiver should not be used, as the 
drain on the battery is apt to be excessive. If such is the case, 
the receiver should be of the battery-operated type, as discussed 
for the Class 5 craft. The same precautions regarding battery 
care and protection should also be adhered to here. 

The ground connec-
tion on this type of craft 
may consist of a copper 
plate attached to the 
outer side of the hull 
and connected to the 
radio receiver by a cop
per strip. This type of 
ground has been used for 
many years and has been 
found to render excel
lent service. A further 
advantage is that the 
potential of the radio 
receiver chassis will not 
be different from that of 
the engine, so that igni
tion interference will not 
be so severe. Suppres-
sors may have to be in --~---------~ Oourte81/ Radio N 11111 

F1c. 29-1.-A simple but effective an-
stalled in the ignition tenna system for small sail boats. The 
system of the engine aerial is of the vertical type run up the 

side of the mast so that it does not inter-
(see Chapter XX.VII)• fere with the manipulation of the sails. 

29-6. Radio Installation in Class 3 Craft.-This type of 
craft is often supplied with a 32-volt lighting system, the details 
of which have been covered in Art. 29-4. However, there may 
be available a 6-volt battery which can be charged by a gener
ator driven by the engine, or there may be two sets of 6-volt 
batteries that are charged alternately. 

Obviously, the auto-radio receiver is of special value in these 
cases. As discussed in detail in Chapter XX.VII, the modern 
auto-radio receiver is well shielded and designed to withstand 
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the mechanical vibration and adverse weather conditions en
countered in all parts of the country. These design features 
make it valuable in small cruisers because of the close proximity 
of the radio receiver and engine in these compact boats. 

Figure 29-2 shows an illustration of a typical cruiser with a 
single jury mast and a closed cabin. This type of construction 
lends itself to easy antenna installation. Either a roof wire
mesh aerial may be installed (see Art. 27-15 and Fig. 27-16), 
as shown in Fig. 29-4, or a single- or two-wire antenna may be 

Courtua, Ba.dio Nev, 
FIG. 29-2.-A typical cabin-type cruiser ideally adapted for easy 

radio aerial installation. Two simple types of aerials which may be 
installed in craft of this type are illustrated on the next page. 

run from the mast to the far end of the cabin roof, as shown 
in Fig. 29-3. The construction of such aerials is perfectly stan
dard and straightforward, and no additional data are required. 
Good insulators should be employed throughout. 

29-7. Radio Installation in Class 2 Craft.-Inboard run
abouts and speedsters are practically similar in construction (as 
far as controls, engine and other facilities are concerned) to the 
automobile, so that the auto-radio receiver is well suited for this 
type of boat. The receiver itself may be installed on the dash
board with the control unit on the steering-wheel shaft, exactly 
as in the case of automobile installations (see Figs. 27-8 and 
27-9). Standard ignition interference suppression must be em-
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ployed on the engine (see Arts. 27-40 and Arts. 27-43 to 27-47) 
-including a generator by-pass condenser. 

The mesh-type roof antenna may be used if there is a roof; 
or, if not, it may be installed under the front cowl (if the engine 
is in the rear), or stretched on both sides of the bow, on the 
ribs, exactly as shown in Fig. 29-5, for an outboard boat. It 

FIG. 29-3.-Method 
of installing a single
or two-wire antenna 
supported by the mast 

~ on a small cabin crui
~.::;;:::::;:::,====o1~~b~b=~~-:=-~ ser. 

ut======---------.J (OourtlllfJI Badia Newe) 

should be remembered that the ignition system of the engine is 
not enclosed by a metal bulkhead, metal hood, etc., in this type 
of craft as it is in an automobile. Therefore, more intense direct 
radiation of interference from the ignition system to the aerial 
and lead-in wires will occur, so it is particularly important to 
locate the aerial as far from the engine as possible. Consider-

COPPER Wlllf MESH ANTENNA 

able shielding of wires is necessary in some boats, especially in 
short ones. In some cases, the entire engine compartment must 
be completely shielded internally with grounded sheet copper or 
brass in order to reduce the interference to a permissible level. 
All connections should be well soldered, and all wires should 
be fastened securely, for considerable vibration and "weaving" 
exists in these craft. 

29-8. Radio Installation in Class 1 Craft.-This class of 
craft is well represented by row-boats or canoes powered by out
board motors, and other similar types of craft. Although they 



1030 MODERN RADIO SERVICING CH. XXIX 

are simple in construction, the radio installation difficulties are 
often numerous. First of all, the direct noise from the exhaust 
is great, although it has been reduced to some extent by the 
development of underwater exhaust systems. Second, space 
is usually at a premium, and it may be difficult to properly locate 
a receiver. A suppressor resistor must be placed in each spark
plug lead to reduce interference. 

A suggested arrangement for a canoe is shown in Fig. 29-6. 
It will be seen that the aerial system consists of an insulated 

COPPER MESH 
IN BOW\ FIG. 29-5.-How a 

copper mesh ( or sheet 
copper) type aerial 
may be installed in 
the bow of a boat. 
This may be employed 
in row-boats, o u t
board motor boats, 
and speedsters. 
(Courte.., Rtuiio N•••) 

wire tacked along the gunwales; and the ground is nothing more 
than a connection to one of the brass "bang-plate" strips which 
are already on the canoe. It acts, in reality, as a counterpoise. 

Battery receivers of the compact, portable type are recom
mended for this type of craft. These receivers have the advan
tage that they may be removed easily or shifted from place to 
place, as the number of passengers vary. All batteries should 
be thoroughly enclosed in metal boxes to prevent short-circuits 
when they become wet because of spray, etc.--especially if the 
boat is to be used in salt water. 

29-9. Selecting the Receiver.-As mentioned in the prev
ious sections, the type of receiver to be employed depends, prim
arily, upon the type of craft; it also depends upon whether 
the craft is to be operated in salt or fresh water. Salt water 
will cause rapid deterioration of the insulation of the wire, es
pecially on the coils, which shortens the efficient life of the re
ceiver. Corrosion of metal contacts-especially where dissimilar 
metals join-is also a very troublesome factor. In fact, because 
of these troubles many makes and models of receivers which give 
perfect satisfaction in home or automobile installations are ab-
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solutely worthless for marine use. All coils in the receiver should 
be thoroughly impregnated against moisture. In this connec
tion, it may be worth while to investigate, before installing a 
number of receivers of a certain design, to find a suitable line 
of receivers which are made by a manufacturer who has had 
considerable experience in manufacturing receivers for use in trop
ical regions, and whose sets have established a reputation for 
standing up well under the extreme heat and moisture conditions 
which exist there. Because of their special construction features, 
such receivers generally have a better chance for successful 
marine radio service than others do. It is wise to use, when
ever possible, a receiver that is completely enclosed by a metal 
case and is as airtight as possible if it is to be used in salt
water locations. 

The third factor governing the selection of the receiver is the 
available power supply. As we have already seen, this may 
be 110-volt a-c or d-c, 32-volt d-c, 6-volt d-c, or nothing at all! 
Naturally, the type of receiver to be used in any case, depends 
upon the operating current supply available. 

Space is another factor which is of ten very important. 
Crafts, even up to yacht size, are designed for conservation of 
space, and in some cases the amount of space available is more 
limited than in an automobile. It is wise, therefore, to decide 

Fm. 29-6. - Sug
gested radio installa
tion for a canoe. The 
aerial a n d ground 
leads are tacked un
der the gunwales. 

(Courte'J/ Radio l\'ewe) 

ANTENN .... 
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definitely upon the location of the receiver before selecting one. 
Chapter XX.VII gave specific details regarding the construc

tion and method of installing auto-radio receivers. The same 
rules apply to the installations in marine craft which employ 
internal combustion gasoline engines for motive or lighting 
power. Of course, exceptions will be found, but the general 
rules must be adhered to at all times, especially those with re
gard to the drain on the batteries, and the necessity for keeping 
all battery terminals thoroughly clean. The chief engineer of 
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the craft should be advised of the power consumption of the 
receiver, so that he can make periodic checks on the condition 
of the power supply. Remember, a service man cannot be 
called in when the boat is miles out at sea! 

29-10. Ignition Interference.-Obviously, marine radio re
ceivers are not immune from interference generated by the igni
tion system of the engines if they are of the internal-combustion 
type. Suppressors and shielding must be resorted to in almost 
all cases, exactly as in an auto-radio installation. One addi
tional good rule to remember is that both the receiver and the 
aerial should be located as far from the engine room or com
partment as possible, to minimize interference. Shielded lead-ins 
and good grounds which are always an advantage in eliminating 
inductive interference, are especially important in boat installa
tions, where the receiver must be located close to the engine. 

Medium and large sized cruisers are designed so that people 
may live in them for days or weeks. This means that many 
household appliances will be found on board that are not used 
in automobiles. The service man must determine the number 
and types of equipment that can cause interference, and provide 
for proper filtering (see Chapter XXX) and perhaps shielding 
of these units in his estimate to the customer, for this will have 
to be done before noise-free radio reception is made possible. 

29-11. Servicing Marine-Radio Installations.-The servic
ing of ordinary marine-radio installations does not present any 
special problems which are not common in the servicing of home 
and auto-radio receivers, and which have not already been 
covered in this book. The same methods of testing and an
alyzing the receiver circuits, etc., are employed, and, of course, 
the same repair methods are used. Perhaps the one special case 
of trouble which is intimately associated with marine-radio is that 
of corrosion. Unprotected dissimilar metals in contact with each 
other are especially subjected to this bugaboo, since any collection 
of moisture on their surfaces immediately sets up tiny electro
lytic cells, and local electric currents are generated. These eat 
away the metal at the point of contact. This trouble is especially 
prevalent in salt water locations. Unprotected copper and iron 
combinations are especially bad in this respect. For this reason, 
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open-circuits and short-circuits in the wiring and receiver com
ponents (especially those which employ very thin copper wire) 
are very common. All wiping contacts such as those at the tube 
prongs, at volume controls, etc., must be kept clean and free 
from corrosion. Loud speaker voice coils should not be allowed 
to scrape against the pole pieces, for if this happens, the bared 
copper wire of the coil will soon corrode and stick fast to the 
iron pole piece. The iron armatures and pole pieces of balanced
armature type speakers are also apt to corrode together. 

All connections to batteries must be cleaned and coated with 
white vaseline periodically to prevent trouble at this source. 
The water in the batteries must be kept up to proper level
and never yield to the temptation to fill them with the salt water 
( or even lake water) which you will find everywhere around you I 

29-12. General Notes.-It is important that all electric 
wiring on board ship be installed in an approved manner by a 
competent licensed electrician. Insurance rates are high on 
gasoline-powered craft, and insurance companies will not toler
ate the haphazard, sloppy wiring that may be found in some 
home or auto-radio installations. It is essential that the service 
man provide himself with the rules and regulations governing 
marine installations, and have the electric wiring installed in the 
approved fashion. A certificate of approval should be obtained 
after the wiring is finished. 

,vben installing radio receivers in small boats, the radio ser
vice man should explain to the owner the necessity for removing 
the receiver when the boat is laid up for the winter months. If 
this is not done, the receiver will usually be found to be inoper
ative the following season because of a corroded voice coil and 
pole pieces in the dynamic speaker, ruined tuning coils and 
speaker field coil, open a-f transformer coils, corroded tuning 
condenser plates, corroded tube socket contacts, faulty by-pass 
and filter condensers, etc. If the receiver is removed from the 
stored craft this trouble will be avoided. 

It is difficult for one who has never done this type of work, 
to appreciate the problems that arise in connection with the in
stallation of radio receivers aboard small boats. But what most 
service men do not realize is that the majority of the problems 
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are almost identical with those of auto-radio installations, so that 
a service man who is experienced in auto-radio work is already 
well advanced toward mastering the technique of marine radio 
installation. 

REVIEW QUESTIONS 

1. What are the general power facilities usually available on Class 
1 craft? 

2. Repeat Question 1 for Class 2 craft. 
3. Repeat Question 1 for Class 3 craft. 
4. Repeat Question 1 for Class 4 craft. 
5. Repeat Question 1 for Class 5 craft. 
6. Repeat Question 1 for Class 6 craft. 
7. What precautions are necessary when installing outlets on 

open decks? 
8. What determines the maximum number of receivers that may 

be installed in a small cruiser? 
9. What are the general requirements regarding the selection of 

a radio receiver suitable for marine purposes? 
10. What can you say regarding the receiver requirements with re

gards to the source of power supply from which the receiver is 
to operate? 

11. How would you obtain a good "ground" on a boat? 
12. What kind of an aerial would you install on a cruiser having 

a single mast? 
13. What kind of aerial would you install in a small inboard run

about? 
14. Why must ignition interference suppression be used on the type 

of craft specified in Question 13? 
15. What precautions should be observed with regard to the in

stallation of electric wiring carrying relatively high voltages? 
16. If the braided shielding used in a marine radio installation cor

rodes due to the action of the salt air and moisture, what effect 
wilJ this have on its shielding properties? Explain! 



CHAPTER XXX 

REDUCING ELECTRICAL INTERFERENCE 
(Including Noise-Reducing Antenna Systems) 

30-1. The Interference Problem, Noisy Reception.-The 
problem of minimizing or entirely eliminating man-made elec
trical interference which appears as disturbing crackles, clicks, 
buzzes, crashes, etc., along with the programs heard from radio re
ceivers is one with which radio service men are now being faced 
squarely, and with greater frequency, than ever before. The term 
"interference" is commonly applied to include under one heading, 
all of the various classes of disturbing noises of this kind. Noisy 
reception occuring in radio receivers is one of the most serious 
and troublesome problems which the radio technician is called 
upon to solve. The problem of eliminating man-made interference 
to radio broadcast reception has become so serious, that several 
European countries have already taken definite steps to relieve 
the situation by law if possible. For instance, in France, under 
date of April 1, 1934, a ministerial decree (a law) which defines 
radio interference, lists all the common sources of interference 
and makes it obligatory for the owner of the interfering equip
ment to eliminate the interference (under penalty of the law) 
was put into effect. Should an interfering electrical device used 
in an apartment tend to create disturbances in radio receivers in 
the surrounding vicinity, for instance, the owners of the receivers 
in which the interference is being received have the right to com
plain to the Ministry of Posts, Telegraphs, and Telephones. The 
owner is notified immediately by the latter and given a period 
of one week in which to eliminate all electrical disturbances 
caused by his device-at his own expense. In fact, since 

1086 



1036 MODERN RADIO SERVICING CH.llX 

the early part of 1935, the installer of a new device, as well as 
the manufacturer who provides it, is held responsible for the 
elimination of any interference which it creates. In Germany, 
England and Canada, official government recognition and assist
ance has also been given in this problem. In the United States, 
no such general laws exist ( except in a few local communities, 
particularly in the middle west and on the Pacific coast) and the 
government has not interested itself in the problem. The RMA 
has formed a Committee on Interference which will work in co
operation with others interested in electrical and radio organ
izations to study and classify the various general sources of this 
interference, investigate the efficacy of the various methods of 
eliminating it and endeavor to enlist the help of all concerned 
in eliminating such sources of interference. Just how much suc
cess the last mentioned step will meet with in the absence of any 
compelling laws remains to be seen, for anyone who has had con
siderable experience in attempting to persuade owners of inter
fering devices to equip them with effective interference-sup
pression devices (which cost money) knows that a good majority 
of such attempts are met with the proverbial "cold shoulder". 
People are not generally willing to comply with such requests 
when it is going to cost them money, in fact, it is often exceed
ingly difficult to convince them at all that some common electrical 
appliances in their homes are causing interference in the radio 
sets of strangers living in the same apartment house---much less 
a few blocks away. 

30-2. Position of the Radio Service Man.-In the United 
States at least, when a dealer sells a radio set and installs it, it 
is up to him to provide noise-free reception. The customer us
ually expects it, and the sale of the receiver often depends on it. 
When a service man is called in on a complaint of noisy recep
tion due to interference, it is up to him to hunt down the cause 
ef the interference and apply the proper remedy to eliminate it. 
The remedy must be as effective and inexpensive as possible, for 
his customer must pay the bill-even though an electrical de
vice belonging to a neighbor is causing the trouble. 

In order that service men may eliminate man-made interfer
ence as effectively, directly and inexpensively as possible, they 
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must be thoroughly acquainted with the various causes oi inter
ference, the common devices which produce it, the various ways 
in which it may reach the receiver, the methods of testing to 
find out definitely how it is reaching the receiver and the most 
effective remedies to apply to minimize or eliminate it under 
any installation conditions which may be encountered. It must 
be realized at the start that interference elimination often is a 
very difficult task. It is a problem that cannot be solved by the 
wave of a magician's wand, the rubbing of an Aladdin's lamp, 
or the indiscriminate purchase and installation of all sorts of 
"gadgets" which are advertised as cure-alls for interference and 
which are applied to filter "this and that." In other words, as 
is the case with so many other problems in radio servicing, the 
service man must possess a thorough knowledge of the entire 
subject, use good sense in applying it, and be level headed 
throughout the job when tackling interference problems. 

The set analyzer is almost useless for this sort of work, ex
cepting in some cases where the interference is caused by one of 
the parts in the receiver itself, in which case, the set analyzer may 
help to locate the offending part. As a result of considerable 
experimental work on this problem, it is now possible to follow 
definite plans of attack in order to minimize interference, and in 
most cases, to actually identify the type of device which is pro
ducing the interference simply by listening to the character of 
the interference noise as evidenced in the loud speaker of the 
radio receiver. The service man should be thoroughly acquainted 
with the various methods which have been developed to ac
complish this quickly and effectively. 

30-3. Increasing Interference Troubles a Result of Receiv
er lmprovement.-One very interesting fact concerning the entire 
noise problem, though it may seem ambiguous at first thought, 
is that the increasing importance and seriousness of the noise 
problem is due fundamentally to the many improvements which 
have been made in receivers during the past few years. Even 
simple sets of today are many times more sensitive than the most 
pretentious "super-blooperdynes" of a few years ago. They are 
so sensitive, that thousands of them will be found installed with
out benefit of any honest-to-goodness aerial. The owners, us-
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ually at the short-sighted advice of the dealers who sold them 
the sets and stressed the fact that they were so "good" and 80 

sensitive that they would work "without an aerial" (thlll mak
ing the sales easier for themselves and eliminating the need for 
installing aerials free with the set installations) simply took the 
sets home and installed them by plugging into the power line and 
throwing a short piece of wire out of the window, placing it be
hind the picture moulding, under a rug, or in some other easily 
accessible location. Since such locations are low and usually 
within the strong field of man-made electrical interferences, 
these installations are often found to be extremely noisy. Also, 
since the signal pickup with such aerials is small, the receiver 
must be operated at almost full sensitivity most of the time, there
by greatly amplifying the interference impulses as well as tht> 
signal. 

The widespread popularization of short wave and all-wave 
receivers has also had its effect. Since short-wave programs 
usually originate at distant points and the short-wave signals 
reach the listener in greatly weakened condition, short-wave and 
all-wave receivers are built more sensitive than the standard 
broadcast band sets. The greater sensitivity at which they must 
be operated in order to pick up these weak signals is the main 
reason why more interference is experienced on the short wave 
bands than on the standard broadcast band. Also, the inter
ference created by most electrical appliances and automobile 
ignition systems is stronger in the short-wave region and there
fore is more troublesome in short-wave receivers. Since the sale 
of short-wave receivers is often impeded by noisy receiving con
ditions, the problem of interference elimination becomes a mat
ter of dollars and cents to both the radio set manufacturer and 
the dealer. 

Finally, the improvement in the high-frequency audio re
sponse of receivers has had its effect. It is generally well known 
that a great deal of the noise (both "static" and man-made elec
trical interference) produces audio disturbances in the neigh
borhood of 4,000 cycles and higher in the loud speaker. Con
sequently, receivers with good high-frequency response reproduce 
these noises with greater intensity than do those having poorer 



CH. XXX REDUCING ELECTRICAL INTERFERENCE 1039 

high-frequency response. Of course, the usual "tone control" 
may be used to suppress the high-frequency response of the 
receiver and thus reduce the noise, but the quality of reproduc
tion also suffers if this is done. 

30-4. How "Interference" Radiations are Produced.-The 
fundamental principles of radio transmission involve the setting 
up of electric waves at the antenna of the broadcast station. 
These are radiated through space to the antenna of the receiving 
sets in which they induce modulated high-frequency currents 
which are amplified and rectified (detected) by the radio receiver 
so that a more or less faithful reproduction of the original voice
frequency sound waves are delivered from the loud speaker. Now 
any electrical circuit which involves a spark or arc also sets up 
radio-frequency waves or radiations which are propagated into 
space; in fact, this is the principle upon which the operation of 
the now outmoded spark transmitters operated. How far they 
travel, and how strong they are depends upon the energy in
volved in the sparking circuit and to a large extent, upon the 
circuit itself. Most of these disturbances which cause noise in 
radio receivers are of relatively small power at their source, 
compared to the power radiated from a broadcast station. How
ever, since their sources are very much nearer to the receiver 
than the broadcast station is, they often reach the receiving 
equipment with an intensity comparable to that of the broadcast 
signals and cause annoying interference. The one main excep
tion to this lies in the case of disturbances due to lightning 
flashes. A single lightning flash puts out far more radiated power 
than all the broadcast stations in the world combined, so even 
though it takes place a great many miles away from the radio 
receiver, its disturbance may reach the receiver with sufficient in
tensity to cause interf erence--especially in sensitive receivers. 

Disturbing radiations, then, may be set up by practically any 
electrical circuit which involves a make and break of contact. 
Lightning discharges, atmospheric discharges not quite of light
ning intensity, all switches, thermostat controls, motor com
mutators, automobile and oil burner ignition systems, X-ray, 
violet-ray and diathermy apparatus, and any other devices which 
involve the making or breaking of an electric circuit ( even if 
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the making and breaking is regular and continuous) are poten
tial sources of radio interference, provided the amplification of 
the radio receiver is sufficient to make these disturbances heard 
at an annoying noise level along with the desired program. 
Also, any disturbances may be carried along wires or other con
ductors and re-radiated by them for some distance. Finally, if 
the radiating circuit is untuned (as it usually is), the radiations 
will cover a wide frequency range as contrasted to a broadcasting 
station, which radiates its signal energy on practically a single 
frequency (or at least a very narrow band of frequencies). 

We will now study these various sources of interference sys
tematically and in detail so that we may be thoroughly ac
quainted with the exact types of interference they set up and how 
it is likely to be propagated to the radio receiving equipment. 
When this is known, the problem of eliminating their interf er
ence can be attacked more directly and intelligently. 

30-5. General Types of Interference.-Generally speak
ing, interference (so far as it relates to broadcast reception) in
cludes any sound emitted from the loud speaker, that does not 
originate at the transmitter but detracts from the full enjoy
ment of the broadcast program. Interference may be classified 
broadly into 4 types, according to the origin of the electrical 
disturbances which cause it. They are: 

(1) Interference caused by natural "static" (atmospheric 
disturbances) . 

(2) Inter-station interference. 
(3) Interference caused by some part in the receiving equip

ment. 
(4) Interference caused by external electrical devices con

trolled by man ( commonly termed man-made interfer
ence}. 

The nature of these types of interference will now be considered 
in the foregoing order. 

30-6. Natural Static.-Clouds become electrically charged 
by the friction set up between the droplets of their water vapor 
and the surrounding air. Considerable electric potentials may 
thus be built up. When the potential difference between two such 
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banks of charged clouds or between one cloud bank and the earth 
becomes sufficiently high, it breaks down the insulating qualities 
of the intervening air and an electric discharge takes place in 
the form of the familiar zig-zag "lightning" flash or spark. This 
action is illustrated in Fig. 30-1. Since the two cloud banks, or 
the one cloud bank and the earth, really form two plates of a 
large condenser with the intervening air as the dielectric, the dis-

FIG. 30-1.-How the electromagnetic fields produced by lightning 
discharges ( or other atmospheric discharges) between charged clouds 
(and between charged clouds and the earth) are radiated out into 
space, where they may induce interference potentials in the antenna 
systems of radio receivers located even many miles away. If these 
radiations reach the antennas with sufficient strength, interference 
known as natural "static" results. 

charge is really that of a condenser and is of the usual oscillating 
form associated with discharges of this nature. Since these light
ning discharges really constitute the flow of powerful electric 
currents, they produce electromagnetic radiations, F 1 and F ,, 
which are exactly of the same nature as those of radio signals 
from broadcast stations and spread out in practically all direc
tions. It is not necessary that an actual lightning flash or dis
charge take place. Intermittent leakage currents which flow 
between charged clouds or between clouds and the earth also 
cause "static" disturbances. In general, lightning storms, "north-
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ern lights," heat-lightning, dust storms, rain storms, etc., may be 
the cause of particularly annoying electrical interference, even 
at considerable distances. 

A receiving aerial located in the path of these radiatioll8 
will have corresponding voltages induced in it, and the dis
charges will be heard as a series of crashes and individual im
pulses. The intensity of the disturbance which reaches the re
ceiving antennas on any particular locality depends on whether 
the nearest flash of lightning is taking place near the aerial, a 
few hundred miles away, or a few thousand miles away. It is 
reasonable to suppose that thunderstorms and atmospheric elec
trical discharges are occurring somewhere in the world at all 
times, and even though a single flash radiates far more power than 
all the broadcasting stations in the world combined, the extreme 
distance reduces their intensity so that they are not all disturbing 
in the average radio receiver. It is only when the disturbances 
are particularly severe, or within a reasonable distance from the 
receiving equipment, that they are annoying. 

The important point about natural static is, that since it is 
caused by disturbances which cover a broad frequency range and 
are of exactly the same nature as the broadcast radio signals, it 
cannot be tuned out or suppressed without reducing the strength 
of the desired signals also. Regardless of the fact that many 
so-called "static eliminators" or "suppressors" are offered for sale 
for the elimination or reduction of atmospheric static, the truth 
is that all of them reduce the static effects simply by reducing 
the sensitivity of the receiver, so that both the desired signals and 
static are heard more weakly. Practically the same result could 
be obtained at no cost by simply turning down the volume con
trol of the receiver. It is the opinion of responsible investigators 
that natural atmospheric disturbances cannot be eliminated 
successfully, although under some circumstances they can be re
duced somewhat in intensity. A few static eliminators which 
do reduce the effect of atmospheric static have been designed, 
but theee devices are so intricate, elaborate and costly as to 
prohibit their general use in home receivers. 

Although the intensity of static is much less on the shorter 
waves (higher frequencies) than it is on the longer waves, it is 



CH. XXX REDUCING ELECTRICAL INTERFERENCE 1043 

of ten a source of very annoying noises on the standard broadcast 
bands. Since this class of interference may be said to be be
yond man's immediate control there is little that the radio ser
vice man can do about it. Fortunately it is not really trouble
some everywhere, or at all times. In locations where it is very 
strong, it is best to educate the owners of radio receivers to 
reduce the sensitivity of their receivers by operating them with 
the volume control down as much as is consistent with audible 
reception; to place the tone control in the "bass" position when 
static is severe, so as to reduce the high-note response of the 
receiver; to have all interference other than natural static cleared 
up if possible, so that the total noise level will be reduced, and to 
maintain all antenna and receiver connections electrically and 
mechanically secure to prevent them from causing additional 
noises. 

30-7. Interstation Interference.-Interstation interference 
is usually evidenced by high-pitched "peanut-stand" heterodyne 
whistles which may be either steady or slightly varying in pitch. 
It is caused by heterodyning of the carrier waves of stations oc
cupying adjacent frequency channels, and sometimes by the 
harmonics of stations which broadcast at fundamental carrier 
frequencies which are quite widely separated. In superhetero
dynes, "image interference" caused by the simultaneous recep
tion of two stations whose carrier frequencies differ by approx
imately twice the i-f of the receiver (see Arts. 23-13 to 23-16) 
may be heard if the pre-selector is not able to eliminate the im
age-frequency signal, and if the resultant beat note between the 
two signals falls within the range of the audio amplifying and 
reproducing equipment in the receiver. By suitable pre-selector 
design, this trouble has been largely eliminated in modem re
ceivers, though it is often encountered in many of the older sets. 
In such receivers, the service man can eliminate the whistle ef
fectively by fallowing the image-interference elimination sug
gestions outlined in Art. 23-16, or by connecting to the receiver 
a suitable low-pass filter adjusted to have a cut-off point just 
below the heterodyne (whistle) frequency. An ordinary "tone
control" arrangement connected in the audio amplifier and ad
justed t-0 the proper point is satisfactory. This, of course im-
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pairs the reproduction of all the frequencies above this cut-off 
point of the receiver, but, since half a loaf is better than none, 
the owner of the receiver will undoubtedly be satisfied to forego 
the pleasure of hearing a few high notes if the annoying hetero
dyne whistle can be eliminated simply and inexpensively. 

30-8. Interference Originating in the Receiver.-Inter
ference may be due to causes within the receiver itself. Loose 
connections, leaky condensers, noisy resistors, noisy a-f trans
former windings, high-voltage "sparkover" in condensers or trans
former windings, dirty or peeling tuning condenser plates, dirty 
or corroded gang tuning condenser rotor wiping contacts, scrap
ing speaker voice coil, broken speaker spider, loose cone apex, 
faulty or loose line fuses, a defective B battery, run-down bat
teries, etc., may produce scratches, rattles, buzzes, etc., in the 
receiver. Naturally, interference due to any of these causes 
can be eliminated by the service man-even though it is often a 
very tedious job to track the trouble to its source. The methods 
of locating and repairing a large proportion of these faults have 
already been explained fully in Chapters XXIII, XXVI and 
other parts of this text. However, several additional common 
troubles which may cause objectionable noises will be discussed 
here. 

If the preliminary tests which will be outlined in Art. 30-14 
indicate definitely that the noise is originating in some part of 
the receiver itself, the following possibilities ( as well as those 
mentioned in the previous paragraph) should be checked, and 
the proper steps taken to eliminate any of the troubles which 
may be found. Generally, tubes are the most frequent off enders I 
Each one should be tapped lightly on the top with the finger while 
the receiver is operating. If l.he tube contains loose elements, a 
loud noise will be heard in the loud speaker at once, and the 
tube should be replaced. A quick visual inspection and jarring 
the set may reveal a loose connection and will not be amiss. 
Should this procedure fail to disclose the cause, the following 
systematic mechanical tests should be made. 

The first r-f tube should be removed after the set has been 
placed in operating condition. Should the noise cease, then the 
trouble is caused by some defP,ct in that stage and an inspection 
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of all parts, circuits, and connections of the first stage should be 
made immediately. If the noise is heard with the tube removed, 
the second r-f or the "mixer" tube should be withdrawn and the 
same tests carried out in that stage. In this way, employing the 
same procedure, the faulty stage may often be localized and the 
cause of the trouble ascertained and eliminated. 

The detector plate by-pass condenser is a frequent cause of 
noise. This may be checked easily by disconnecting the unit 

C 

8+ 

FIG. 30-lA.-Testing an audio transformer primary for noise by 
substituting resistance plate coupling for its primary winding. 

from the circuit while the set is operating. Although these con
densers may check satisfactorily when a continuity or ohm
meter test is applied, they may break down and become leaky 
when the high voltage is applied to them in the circuit. In 
receivers employing power or grid-bias detection, the cathode 
by-pass condenser may often be found to be at fault. A leaky 
condition of this unit will produce a puzzling and annoying 
irregular frying or sizzling noise. In some of the older receivers, 
where glass tubular grid leaks are used in grid leak-condenser 
detection, this unit has been found to be a frequent source of 
noisy reception. 

The most common cause for noisy reception in an audio 
amplifier lies in the primary of one of the audio transformers. 
The best test for a noisy primary winding is that of substituting 
another transformer for the one in use, or to disconnect the 
"plate" terminal of the primary of the suspected one from the 
circuit entirely and substitute a plate resistance, R, and a block
ing condenser, C, in its place, connected as shown in Fig. 30-lA. 
This condition will sometimes evidence itself even when the de-
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tector or first audio tube is removed from its socket. Noisy 
plate circuit resistors ( where resistance-capacity coupling is 
used) are also common, and may be found by the substitution 
test. 

In cases where the noisy condition continues after all tubes but 
the last audio have been withdrawn, it is probable that the power 
pack or the reproducer is at fault. In the power pack there are 
several units which may be responsible for noisy reception. Most 
common is a voltage-divider resistor which "sparks" across. 
These resistors are usually covered with an enamel coating to 
make them moisture proof. Imperfections in the enamel, or 
impurities of a metallic nature, will produce sparking at that 
point. This condition may be noted by a visual examination 
(preferably in a darkened room), and the remedy is replace
ment. At times, a power transformer will be the source of inter
ference. Many good power transformers employ an electro
static shield between the primary and the secondary windings 
to prevent the transfer of any electrical disturbances that might 
be carried in by the line. It has been found that arcing takes 
place in some cases between the primary and the shield due to 
breakdown of the insulation. This will produce an annoying 
interference that is exceedingly difficult to trace. When this con
dition is found to exist, a new transformer must be installed. 

A number of dynamic speakers used on some of the older 
broadcast receivers employed copper tinsel cord to make con
nection to the voice coil. This wire or cord, similar to that on 
earphones and magnetic reproducers, has great flexibility, but 
after some time becomes worn and frayed, resulting in noise. 
The complaint of intermittent reception may often accompany 
noise of this nature. A repair may be effected easily only by 
replacing the tinsel cord. 

The "Off-On" switch and fuse mounting block in radio re
ceivers are frequent offenders. Contacts become worn or cor
roded and will upon vibration set up a disturbing "crackle". If 
the switch or fuse block is at fa ult, a flickering or lowering of 
the pilot lights will often be noticed. 

The presence of dust, peelings of the plating, burrs, or small 
foreign particles between the plates of the variable tuning con-
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<lensers will also set up noise ( especially when the station selector 
is rotated through its range), since they produce high-resistance 
intermittent contacts between the rotor and stator plates. An 
ordinary pipe cleaner may be used to advantage for removing 
the foreign matter in such cases, or it may be burned out by the 
arrangement illustrated in Fig. 26-7. The rotor contacts of the 
variable condensers also become corroded and cause a scraping 
sound in the reproducer as the receiver is tuned. Although this 
condition may be corrected by cleaning the rotor friction con
tacts, the best repair is effected by "pigtailing" the condenser 
gang rotor shaft to the chassis of the receiver. 

Any corroded or poo!lY soldered joints will cause unnecessary 
and undesirable noise. One source of this trouble, usually over
looked by many service men, is in corroded or dirty tube socket 
contacts. When engaged in the task of locating noise origin
ating within the receiver itself, it is the best policy to clean all 
contacts thoroughly and to resolder every suspicious soldered 
connection to eliminate any possibility of "rosin joints" or any 
other trouble on this score. Many receivers come out of the fac
tory with one or two joints poorly soldered-or not even soldered 
at all I 

This type of noise is often due to poor set design or faulty 
components, but even the best receiver is apt to be noisy if it is 
sufficiently sensitive. Tube "hiss" is often a limiting factor to 
the amount of receiver sensitivity which can be employed satis
factorily. Tube hiss in superheterodynes can be reduced consid
erably by the proper mixing or modulating of the oscillator volt
age with the signal voltage in the first detector stage. If the ratio 
between these two voltages is not correct, noise current will be 
generated in the mixing tube. This may be amplified to consider
able intensity after it has passed through the many i-f stages of 
the receiver. Tube noise can also be reduced further by careful 
consideration of the voltages and biases on the r-f and i-f ampli
fier stages so that the tubes will always be operating under the 
most favorable conditions. 

The method of testing a receiver installation to determine 
whether the interference is originating in the set itself or is com
ing from some external source will be discussed in Art. 30-14. 
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30-9. Man-Made Interference.-We now come to the in
terference which is set up by the many man-made electrical 
devices. Almost every piece of electrical machinery and every 
electrical device is a potential producer of electrical disturbances 
--especially if it is faulty or in need of attention. The majority 
include a high-frequency component which is often modulated 
by low-frequency disturbances falling within the audible range 
covered by the audio amplifier and loud speaker of the radio 
receiver. These electrical radiations may be picked up by some 
part of the antenna system, or conveyed directly to the set by 
the power supply line-most of ten by a combination of both. 

Man-made interference is especially common and serious 
in congested city districts where many electrical appliances and 
devices are operated from the same power supply lines as are 
the electric radio receivers, and often within comparatively short 
distances of both the receivers and the receiving antennas. Even 
in outlying rural communities, this sort of interference is not 
absent, for it is not only produced by any electric appliances 
employed in the immediate vicinity, but it may be brought in 
along the electric light and telephone lines which are usually 
strung overhead on poles. It is not uncommon for both man
made and atmospheric disturbances to be conducted by such 
lines for many miles and then be either conducted directly into 
the power supply circuits of radio receivers fed from them, or 
re-radiated to their antenna systems. 

Although interference estimates depend entirely upon the local 
conditions which exist, i.e., whether it is a congested city, a rural 
town, a district subject to severe atmospheric disturbances, etc., 
it has been estimated that on the average about 15 per cent of 
all cases of interference can be traced to natural static and other 
untraceable sources, about 20 per cent to faults in the receiving 
installation, and the remaining 65 per cent to man-made inter
ference caused by household electrical appliances, industrial 
electrical apparatus, and generating, transmission and distri
bution equipment. This shows that man-made interference is 
the most common, and incidentally presents the most serious 
and largest problem of all, as its origin is often difficult to trace 
and, even after it is finally located it may not be possible or 
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desirable to eliminate it at the source. In such cases, attempts 
must be made to minimize it at the receiving equipment. It 
should be realized at the start that there are so many ramifica
tions to the problem of man-made interference suppression that. 
no study of it, or actual attempts to minimize it, will make much 
progress unless it is systematic and proceeds with a clear under
standing of the nature and causes of the interference and the 
many ways in which it can be propagated. Erratic "try-this" 
and "try-that" methods will only consume valuable time and 
often fail to cure the trouble at all. 

30-10. How Man-Made Interference is Generated and 
Transmitted.-Man-made interference is generated by the 
sudden interruptions or variations in the operating current of 
many electrical devices. These generate radio-frequency dis
turbances. Some devices produce (in the radio receiver) noise 
of a uniform character, such as humming, buzzing, whining, 
whirring, etc. Some produce impulse-type noises such as 
rattles, clicks, crashes, etc., (see Art. 30-16). In the former 
cases, the periodic changes of operating current have a funda
mental frequency, usually well within the audio-frequency range. 
The high-frequency disturbances give rise, in general, to a com
plex variation of potential in the space surrounding the devices, 
and may be either radiated or conducted to the radio receiving 
equipment. 

Investigation has shown that the disturbances which they set 
up in the receiving equipment may usually be regarded as con
sisting of an infinite series of component radio-frequency dis
turbing e.m.f.'s distributed over the whole range of radio fre
quencies. These components combine with the broadcast signal 
carrier either in the antenna circuit of the radio receiver (if the 
disturbance is picked up by the antenna) or in the plate and 
screen circuits of the receiver tubes (if the interference is borne 
by the powerline), and when passed through the detector give rise 
to an infinite series of beat notes. Of these beat notes, those which 
are audible and within the reproduction band of the audio ap
paratus in the receiver appear as noise in the loud speaker. When 
the broadcast carrier is modulated by a program, the modulations 
due to noise exercise an interfering effect upon the program. 
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Let us see what happens in the case of a d-c motor. Con
sider a simple d-c motor connected to a d-c line as shown in Fig. 
30-2. The motor is equipped with a commutator and one pair 
of brushes, which are connected to the line. The shaft of the 
motor may drive any number of devices, but these have no rel
ation to our problem. Now it is clear that all the electrical 
power absorbed by the motor is used up in overcoming the var
ious losses in the motor and in the device that the motor turns 
over; and it is just as evident that all this electrical power must 
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FIG. 30-2.-The magnetic field surrounding all of the wires com
prising the circuit to which a d-c ( or a-c "universal") type of motor 
is connected. Since the current flowing is not steady and smooth, 
these magnetic fields also vary from instant to instant. 

come from the line. The electrical power absorbed by the motor 
is to equal E X I, where E is the steady voltage of the line and I 
is the current. It is the current I which flows through the lower 
brush into one or two segments of the commutator of the arm
ature, then through the armature coils, and out of the other end 
of the armature windings via the commutator segment and top 
brush. Since the armature is revolving, there are ripples in the 
wave form of this current, precisely as was shown in the upper 
part of Fig. 27-37 for a d-c generator. (A cathode-ray oscilloscope 
can be used to show this condition visually.) -The rapid varia
tions in the current are caused by the action of the revolving 
commutator segments making and breaking their contact with 
the brushes. They act like a series of rapidly operating switches l 
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If, for any reason at all, there should be sparking between 
the brushes and the commutator ( every d-c motor has some 
sparking), the current I, drawn by the motor, will vary even 
more rapidly and erratically from instant to instant, depending 
upon the number of segments, the number of brushes, the speed 
of the armature, the amount of sparking, the cleanliness of the 
commutator segments and the brushes, and the power consumed 
by the motor. It is important to visualize this state of affairs, 
for it is upon this foundation that the entire understanding of 
interference production by electrical devices rests. 

The current which flows through the power line to the motor 
(even if it is d-c) has variations in it. The nature of these varia
tions is not simple, by any means. The sparking at the brushes 

FIG. 30-4. - Equivalent circuit 
showing the analogy of a sparking 
motor ( or any other device) and 
its circuit to a "spark" type radio 
transmitter. 

gives rise to high-frequency variations of the line current. These 
are in the form of rapid impulses having no one particular fre
quency. The equivalent electrical circuit of the sparking d-c or 
"universal" motor is shown in Fig. 30-3. Coil L represents the 
inductance of the armature and the field winding of the motor; 
C, the distributed capacity of the armature and field windings 
(which may be quite large); G, the spark gap represented by 
the sparking at the brushes; and R, the resistance of the gap. 

This circuit is an oscillatory circuit if the power line has low 
leakage ( which is usually the case) . Oscillations are set up in 
the line and in the inductance and capacity. These oscilla
tions are radiated into space by the coil if it is not thoroughly 
shielded by the frame of the motor, and by the line if it is not 
enclosed in a grounded conduit. If the shield and grounding is 
good, then the noise is conducted directly along the power line 
and terminates at the various outlets connected to that same 
line. Any radio receiver, then, that is plugged into this same line 
will have this interference conducted into it-resulting in "noise". 

In many instances the line terminates at a junction box into 
which a number of other circuits also run. The close proximity 
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of these circuits to the line carrying the noise results in an induc
tive transfer of noise from the original to these other lines, so 
that these lines now convey the noise to various outlets. A radio 
receiver plugged into an outlet connected to any one of these 
lines will receive and amplify these interference impulses. 

An important consideration is the fact that the varying 
exciting current is an impulse; consequently, the noise current 
has no definite frequency. This means that the circuits con
nected to the original line and those coupled to the line are 
excited by impulses, and oscillations are built up, the frequency 
of these oscillations depending upon the natural frequency of 
the coupled lines or circuits. 

The sweeping conclusion, then, is that a sparking motor will 
cause the line to which it is connected, to become a source of in
terference. It may act as a direct conductor of interference to 
any radio receiver plugged into it (or any of its branches), or 
it may act as a radi.ating system radiating interference fields 
close to the ground where radio-frequency noise voltages that 
are noise-modulated abound. In this latter role, it becomes (with 
all its branches) a transmitting antenna network capable of 
radiating the interference impulses (sometimes at considerable 
distance from the original source of interference) either to other 
adjacent power circuits, or to antenna system of the receiver 
directly. The "adjacent" power circuits may in turn re-radiate 
the interference to the antenna systems of radio receivers. In 
the usual noisy condition, all three methods of interference trans
mission often occur. Noise voltages induced in neighboring lines 
cause noise currents to flow in them. These are conducted along 
the line to the various outlets. Noise will be heard in radio 
receivers connected to any of these outlets. These lines may in 
tum re-radiate noises of some definite frequency, (depending 
upon the natural frequency of the lines) to the nearby antenna 
system of a radio receiver. 

This means that some noises are "tunable" and some are 
not. Those that are tunable are generally the result of radia
tion; those that are not are the result of direct conduction. 
It can be seen, therefore, that the paths taken by the noise im
pulses are very complex, and it is possible for very annoying in-
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terference to manifest itself at points far removed from the orig
inal source. 

An attempt to show this condition has been made in Fig. 30-4. 
The various branch circuits of the power line feeding the various 
lighting and other outlets in a building have been drawn heavy. 
An electric fan motor which is setting up interference, is being 
fed from this line at the upper left. A radio receiver is installed 
in a room at the lower right, and is fed from the aerial on the 

FIG. 30-4.-How an electrical device located in one part of a build
ing can produce electrical interference part of which (le) is con
ducted directly through the electric light wiring to radio receivers 
operating from the same lighting line; the other part (I.) may be 
radiated either directly from the device or from the electric light 
circuit wiring in the building to the aerial, lead-in and ground wires 
of the receiver, inducing interference voltages in them. These are 
heard in the radio receiver as disturbing noises of a certain character 
depending upon the nature of the interfering device (see Art. 30-16). 

roof. The path by which the interference may be conducted 
to the radio receiver by the power line wiring is shown by the 
dotted-line arrows labeled le. The interference radiated from 
the incoming overhead line, and the various branch circuits to 
the aerial and lead-in wires, (and the line cord of the receiver) 
is represented by the solid-line arrows labeled 18 . A "skeleton 
view" of this kind makes one realize how very many circuits, 
ordinarily hidden from view and therefore unthought of, may 
participate in conducting, radiating and re-radiating interf er-
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ence within a building, or even from one building to another. 
30-11. Interference from Devices Employing Vibrators. 

-Current interruptions caused by electrical devices which em
ploy vibrators or interrupters generate interference in a fashion 
similar to that already considered for sparking motors. The cir
cuit of a simple interrupter is shown in Fig. 30-5. It will be seen 
that the interrupter contacts interrupt the current from the line at 
a definite frequency depending upon the frequency of vibration 
of the interrupter. The interrupted current generates a varying 
magnetic field which can induce a voltage in any coupled circuit 
by simple electromagnetic induction, (transformer action). 
Since sparking also occurs at the contacts, oscillatory currents 

FIG. 30-5.-Schematic cir
cuit diagram of a simple vibra
tor. Condenser C is used to 
reduce sparking at the make
and-break contacts K. The 
magnetic field surrounding the 
wires is shown by the loops. 

will be generated if the resist
ance of the circuits is low 
enough, and interference im
pulses will be conducted and 
radiated as previously described. 

In general, it may be stated 
that any electrical device (such 
as a motor or a vibrator device) 
that draws a varying or inter
rupted current from a line, or 
supplies a rapidly changing cur
rent to a line (such as a genera
tor), is a potential cause of inter
ference. Alternating-current mo
tors and generators usually do 

not have commutator segment!, and for that reason do not radi
ate much noise. Some small a-c motors of the repulsion-starting
induction-running type (these are used a great deal on washing 
machines, electric refrigerators, etc.) have a commutator for 
starting purposes only, and they generate interference only until 
they build up to normal running speed (if they are operating 
properly and are not in need of repair) . 

30-12. Power Line lnterference.-A study of the table 
of possible sources of interference presented in Art. 30-16 will 
show that leaky power insulators, pole transformers, trolley 
switches, etc. cause interference. Now it is beyond the jurisdic-
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tion of service men to attempt to eliminate the noise from 
these sources. In fact, the service man is not allowed to apply 
noise-reduction devices to any interference-creating unit unless 
the consent of the owner of the device is obtained. In instances 
where noise is traced to equipment of public utility companies or 
to railroads, the service man should report his findings to the 
proper official of the company who may take the necessary steps 
to eliminate the trouble. He should not attempt to eliminate such 
cases of interference himself, for in doing so he may cause severe 
trouble on the power line and may also expose himself to dan
gerous voltages. No matter how expert a radio service man is in 
his own line, he should refrain from tampering with power lines. 

During the past few years public utility companies have 
spent considerable time and money in eliminating faulty equip
ment that cause interference in radio receivers in the vicinity. 
In many cases, these companies maintain a staff of engineers 
for the express purpose of tracking down noise and eliminating 
the cause. Leaky insulators and power transformers are costly 
to the company, and it is usually more than willing to cooperate 
with the community it serves by eliminating all such faulty units. 

30-13. The Signal-to-Noise Ratio.-lt is important at this 
time to clearly bring out the significance of the term signa.l-to
noise ratio. The absolute value of the noise voltage means very 
little unless the intensity of the signal heard through the noise is 
specified at the same time. The reason for this is that the limit 
of the gain which can actually be employed in a receiver under· 
actual installation conditions, is a function of the permissible 
noise level. Stated in another manner, the weakest signal that 
can be fed into an amplifier and intelligibly reproduced depends 
upon the fixed noise level. The greater the noise, the greater 
must be the signal, and vice versa, for the same degree of in
telligibility. 

The ratio of the signal voltage to the noise voltage is a con
venient measure of the "clearness of reception." A high signal
to-noise ratio means that the signal voltage is much higher than 
the noise voltage; a low signal-to-noise ratio means that the 
signal is weak compared to the noise. Suppose, for example, 
that the signal-to-noise ratio is 10 and that the noise voltage 
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is 80 millivolts. The signal voltage is, then, 80 X 10, or 800 
millivolts. The object of most of the practical expedients used 
to minimize interference is to raise the signal-to-noise ratio by 
decreasing the noise voltage, although it is practical to increaae 
the signal voltage in many cases by employing a longer aerial, 
or one located in a more favorable zone of greater signal strength. 
This will be discussed in greater detail in Art. 30-38. 

30-14. Determining the Path by which Interference is 
Reaching the Receiver.-Now that we have some idea of what 
causes interference and how it may reach the receiving equip
ment, we are prepared to proceed to study the methods to fol
low in locating and suppressing or eliminating interference in 
actual practice. When the radio service man is called in on a 
complaint of "noisy reception", the fact that there is interfer
ence is all he knows about the situation. The rest is entirely 
up to him. The customer is interested merely in having the 
interference eliminated-at low cost. 

There are four possible ways for interference to enter a re
ceiver; by the receiver wiring itself picking up either the direct 
radiated (or re-radiated) interference, via the power supply line, 
through the antenna system, or by some combination of these. 
Since the steps which are finally taken to minimize the interfer
ence depend, among other things, upon the manner in which it 
enters the receiver, the first step the service man should take is 
to ascertain definitely through which path (or paths) it is reach
ing the receiver circuits. 

(1) The first test is simple: Tune the receiver to a point 
between the programs of two stations, and increase the volume 
control setting to maximum. Usually, the noise will be very 
loud when this is done. Now remove the lead-in wire from the 
Ant post of the receiver, and keep it several feet away from 
the set. This prevents any noise from reaching the receiver by 
way of the aerial and lead-in circuit. Listen to the noise. If 
it has not decreased materially, the aerial and lead-in wires may 
be removed from suspicion. If it has decreased noticeably, the 
aerial and lead-in are partly to blame for the noise. If it is 
hardly heard at all, they are entirely to blame. 

If there was no decrease, or a noticeable decrease, short-cir-
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cuit the Ant. and Gnd. posts of the set with a very short piece 
of wire and listen again. The reduction of noise should be still 
more appreciable. The short-circuiting of these posts is neces
sary to prevent the leads from the posts to the coils and conden
sers in the set from acting as a short aerial. The short-circuit 
reduces this antenna-circuit impedance to such a small value that 
the voltage developed across the antenna coil is small. 

Now the noise may or may not drop to zero. If it does, then 
the aerial or lead-in is picking it up, and means (to be described 
later) must be taken to minimize this pickup; if the noise does 
not drop to zero, so that a residual noise remains, then the test 
must be continued to determine the other point or points through 
which it is entering the receiver. 

Before continuing the test, it is necessary to listen carefully to 
the noise with the aerial and lead-in disconnected and the Ant.
Gnd. posts short-circuited, and compare the character of the 
noise heard when the aerial is connected, to the character heard 
when it is disconnected. By the term "character" is meant the 
characteristic sound of the noise, i.e., whether it is a "whine" or a 
"crackle", whether it is low-pitched or high-pitched, etc. This is 
necessary in order to ascertain definitely whether or not the 
residual noise heard after the aerial and lead-in are disconnected 
and the Ant.-Gnd. posts are short-circuited is the same as that 
with the aerial and lead-in connected and the short-circuit 
removed. If it is the same, then the noise is entering the receiver 
through the power line or the chassis itself. (A list of the char
acteristic sounds originating from different types of interference
generating devices will be presented in Art. 30-16). 

(2) Let us assume, now, that the residual noise is still 
loud enough to be objectionable after the tests of the previous 
paragraphs have been made, or that disconnection of the lead-in 
wire from the set does not decrease the noise appreciably. The 
second step of the test, then, is to disconnect the ground lead 
from the receiver; the aerial and lead-in may or may not be 
attached, (preferably not). Removal of the ground lead will 
eliminate the possibility that the "ground" (which is part of the 
antenna system) is conveying noise to the receiver. If, after re
moving the ground wire, the noise is still objectionable, short-cir-
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cuit the Ant. and Gnd. posts of the receiver with a very short 
length of wire and note the noise level. A material reduction of 
the noise means that the ground is "noisy," and means must be 
taken to find a good ground-a ground that is free from noise. 

These two tests (tests for a noisy aerial and ground) will 
localize the entrance of the noise to some extent. In many 
cases, a large part of the noise will be eliminated by removing 
the aerial and ground leads, while in others the reduction of noise 
will be only slight. In either case, further tests must be made, as 
the only other two possible entrances are the power line and the 
receiver chassis. 

Modem receiver design is such that it is difficult to isolate 
the chassis from the power line and at the same time have the 
receiver operate from the line to which it normally connects. The 
idea in all of these tests is to make the test conditions such that 
the receiver is operating under normal conditions-with its nor
mal aerial, lead-in and power supply line. For this reason, the 
tests become useless when an attempt is made to try the receiver 
elsewhere in the same vicinity. Noise conditions are often such 
that one power line may be noisy and another in the same build
ing may be quiet; one receiver installation will pick up noise and 
another will not. Therefore, the set must be tested in the exact 
room in which it is to be used and under the identical conditions 
under which it will work normally. 

Two methods of attack then present themselves. The first 
method is to get a definite idea of the noise level of the receiver 
by comparing it with another thoroughly shielded receiver under 
identical conditions; that is, in the same room, with the same 
antenna system and using the same line plug as the customer's 
receiver. It is important that the receivers be adjusted for the 
same degree of sensitivity, not merely set at the maximum degree 
of sensitivity on each set. Naturally if the noise levels of various 
receivers are measured at their maximum sensitivity, the least 
sensitive receiver will appear to be the quietest, when it is pos
sible that if both receivers were measured at the same sensitivity, 
the most sensitive receiver might actually have the lowest noise 
level. 

The thing to do is to tune in a distant station on the two 
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receivers which are to be compared for noise level. When both 
sets are adjusted to provide the same volume, on the same sta
tion, it is apparent that they are adjusted to the same approx
imate sensitivity. Now without disturbing the sensitivity ad
justments, disconnect the aerial and ground from both receivers. 
Now turn them on, in turn, and note the noise level of each. 
If the original set is noisier than the thoroughly shielded test set, 
then the original set is not shielded sufficiently. This is true re
gardless of whether or not the actual noise level is zero. There 
is but one remedy in this case-the original set must be complete
ly enclosed in a copper shield and the shield grounded to the 
chassis. 

This is usually not an easy job, even with simple sets. The 
author has had occasion to shield many receivers, and the 
results have not always been completely satisfactory. The place
ment of the wires in the set, the disposition of the coils and con
densers, the location and type of tubes used, all have a bearing 
on the noise heard. However, the addition of the shield may tend 
to reduce the noise materially, so that the signal-to-noise ratio is 
acceptable to the customer. If the ratio is not acceptable, then 
the noise may be traced to its source and eliminated there, or 
else another thoroughly shielded receiver must be used. 

Very of ten all of the previous tests may indicate that the 
noise is coming in through the power line. That is, the removal 
of the aerial and ground and the use of a thoroughly shielded 
receiver may not result in any appreciable reduction in the noise 
level. In such cases, the final test must involve the power supply 
line. It is unfortunate that the power line cannot be disconnected 
from the receiver ( the use of a line-operated receiver is assumed 
here) and it is just as unfortunate that the power line is a fre
quent carrier of noise. The only good test for the supply line is 
to insert one of the special line filters (see Art. 30-34) between 
the line and the receiver and note whether this reduces the noise 
level. 

In work of this kind, where several possibilities exist, and the 
method of trial and error must be used, every step should be 
carried out carefully and checked before proceeding to the next 
one. Unless one is very familiar with a partirular neighborhood 
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and is thus aware of the general characteristics of various loca
tions as regards noise, the power supply line to the receiver 
should be checked by the use of a filter. It is only after all four 
possible sources have been investigated that the service man can 
point definitely to the means of entrance of noise and take the 
necessary steps (to be described later) to eliminate it. 

It must not be supposed from this discussion that all interfer
ence will be found to be entering the receiver through one path 
at all times. In fact, the more usual cases are those where the 
noise enters the receiver through the aerial, the ground, the chassis 
and the power line. Of course, the noise is not evenly distributed 
among all four, and one will generally predominate, but the noisy 
location may require treatment in several places before the noise 
level drops sufficiently to give an acceptable signal-to-noise 
ratio. In some cases, interference radiated from the power sup
ply line to the lead-in and aerial wires constitutes the strongest 
and most annoying noise heard. 

30-15. Suppression of Interference at Source vs. at Re
ceiver.-After it has been determined definitely by the fore
going tests that the interference is reaching the receiver by way 
of the aerial and lead-in, the ground, the power supply line, or a 
combination of these, the question is "what is to be done about 
it?" Shall no attempt be made to track the interference down to 
its fundamental source and apply proper interference suppres
sion measures there so as to eliminate it, or shall the problem be 
attacked by attempting to apply interference prevention meas
ures at the receiver instead. The best course to follow in any 
case depends entirely upon the conditions encountered. It is at 
this point that experience and good judgment on the part of the 
service man are a very important asset in pointing out the best 
procedure, for, if the wrong course is taken, a great deal of time 
and effort may be consumed without producing any worthwhile 
results. 

Records of organizations which have done a great deal of 
interference elimination work show that in nearly half of the 
cases the trouble is caused by appliances and circuits right on 
the customer's own premises. Motors in household appliances, 
thermostats, loose lamps in sockets, faulty switch contacts, ar-
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mored cable rubbing against pipes, etc.-these are common 
causes of noises in the set owner's own premises. Since this is 
so, it is advisable to proceed first with the idea of finding the 
source of interference right on the premises and eliminating it 
there. The owner should be asked at once if there are any 
electrical devices in his home. Mention such common ones as an 
electrical refrigerator, a sewing machine, a mixing machine, an 
oil burner, a vacuum cleaner, etc. Also ask him to tell as nearly 
as possible whether the noise is heard steadily or only at intervals. 
If it is the latter case, is it heard in the morning, afternoon, or 
evening; for how long, and how frequently. This may lead to a 
clue I The various electrical appliances on the premises should be 
turned on, in turn, while the radio receiver is operated at full sen
sitivity with no station tuned in. Any disturbing unit will re
veal itself immediately by the noise it causes. It will usually 
take only a few minutes to check all of the appliances on the 
premises in this way. If a noisy one is found, a suitable filter 
connected to it (as will be described later) will generally elimin
ate the trouble due to it. If no interfering appliance is found 
on the premises, or if the application of proper suppression 
methods to those that are found does not clear up the interf er
ence completely, another decision must be made. 

If the tests outlined in Art. 30-14 showed definitely that the 
interference enters by way of the power line only, then a suitable 
filter applied at the outlet to which the set is plugged (see Art. 
30-34) will usually clear up the trouble. If it enters by way of 
the antenna system, the service man may either decide to give up 
the idea of locating the source of interference and adopt inter
ference prevention measures at the receiver installation instead, 
or he may decide to continue in his hunt for the source. The 
choice made in any case depends on the particular conditions en
countered, and should be one which will make for overall econ
omy consistent with effective noise prevention. 

It is often a very difficult matter to trace interference down 
to its source-for it may originate at some distance and be car
ried in on the power distribution system. Also, the source may 
be of such a nature that the cost of effectively eliminating its 
interference may be prohibitive, as in the case of a large indus-
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trial motor, an elevator motor, or a congested business district 
full of flashing electric light signs, trolley car lines, motors, etc. 
On the other hand, it may be impractical for the service man to 
even attempt to carry out the job because he may have abso
lutely no jurisdiction over the interfering apparatus. It will also 
be found at times that the owner of the off ending appliance not 
only refuses to pay for any interference-prevention device the 
service man may recommend, but even refuses to permit any 
such device to be put on his apparatus at no cost to himself. Of 
course in such cases, it is futile to spend time in locating the 
interfering device, for after it is located nothing can be done 
about it unless there is a specific local ordinance covering such 
cases. Preventative measures must be applied at the receiver 
installation instead. 

However, since there are many cases where it is desirable or 
absolutely necessary to track down the cause of the interference, 
the service man should know exactly how to do it. For this 
reason, we will proceed to discuss first, the method of identi
fying (if possible) the type of device causing the noise; then prac
tical methods of tracking down the source; next, effective methods 
of filtering the interference at the source; and, finally, the latest 
methods employed to reduce noise at the receiver when this is 
the desirable course to follow. 

30-16. Identifying Interfering Devices by the Character of 
the Noise Produced.-ln searching for an unknown source of in
terference, it is very helpful if one first has an idea of the type 
of device he is looking for. It will be realized that a search for 
perhaps a single motor may lead one into numerous nooks and 
corners, and if the service man has no idea as to the nature of 
the device causing the interference, a great deal of valuable time 
may be spent tracking down the guilty device before it is 
located and the actual filtering is done. For this reason, it is 
wise to note carefully the nature of the noise and classify it 
according to its characteristic sound. The following table has 
been prepared as a guide to give the service man an idea as to 
the type of device which may be causing interference according 
to the characteristic sound which it produces in the radio re
ceiver. 
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(1) CRACKLING, SCRAPING, SHORT BUZZES, SPU'ITERING 
May be caused by: door bells and buzzers, door openers, loose 
bulbs in electric light sockets, loose or corroded connections in 
electric light sockets, floor lamps, electrical appliances and 
cords, broken beating elements, wet power insulators, leaky pow
er transformer insulators, power line grounded on tree branches, 
elevator control contacts, high tension lines, leaky cables. 

(2) CLICKS 
May be caused by: telephone dialing systems, switches of any 
kind, as in sign flashers, elevator controls, heaters with ther
mostats, heating pads, electric irons with thermostats, tele
graph relays, etc. 

(3) STEADY RUM 
May be caused by: poor ground on set, antenna or ground 
wires running close to and parallel to power line. ( This should 
not be confused with "tunable" or "modulation hum" which 
is present only when the carrier wave of a station is tuned in 
(see Art. 23-18 in Chapter XXIII), nor does it include those 
cases of steady hum where the hum is due to some trouble 
existing in the receiver itself (see Arts. 23-19 and 23-20). 

(4) BUZZING OR RUSHING 
May be caused by: automobile ignition, moving picture ma
chine, arc lights, street car switches, oil burner ignition, bat
tery chargers, diathermy machines, high frequency apparatus, 
X-ray or violet-ray machines. 

(5) RATTLES, MACHINE-GUN FIRE 
May be caused by: telephone dial systems, automobile ignition 
systems, buzzers, vibrating rectifiers, sewing machine motors, 
dental laboratory motors, annunciators, doorbells. 

(6) WHISTLES, SQUEALS 
May be caused by: defect in the receiver, heterodyning broad
cast station signals, picking up radiations of an oscillating 
radio receiver nearby. 

(7) BUZZING, HUMMING, WHINING, DRONING, WHIRRING 
May be caused by: electric motor noise. May be on vacuum 
cleaner, electric fan, electric dryer, massage machine, hair 
dryer, motor generator set, small blower, farm lighting plant, 
electric refrigerator, oil burner, dental apparatus, cash reg
ister, dishwasher, sewing machine, etc. 

It must not he though that this list is complete. It is merely 
intended to serve as a guide to the type of electrical equipment 
that can generate a characteristic sound in the receiver. Nor must 
the characteristic sound be interpreted as absolutely conclusive 
evidence that a certain type of device is causing the trouble. For 
instance, the interference caused by an electric motor may be 
either a staccato machine-gun sound, indicated by (5), or a buzz
ing sound more in the nature of a whine or drone, as indicated by 
(7). However, it will be found in most cases that the characteris
tic sound is caused by any one of the devices listed in the group. 
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The probability that some par
ticular device listed in the group 
may be in the vicinity of the re
ceiver may be used as a clue to 
narrow down the choice in any 
case. 

The reason why most dis
turbing electrical devices can be 
recognized by the sounds they 
cause in the radio receiver out
put is that almost every one of 
these electrical devices produces 
in its supply line, disturbances 
having a particular wave-form. 
When these are received by the 
receiver, and are amplified and 
detected, they produce particu
lar sounds. In order to make 
this clear, a number of oscillo
grams of the characteristic dis
turbances produced by several 
common electrical devices were 
taken. They are reproduced in 
Fig. 30-6 and labeled. An os
cillograph was connected to the 
output circuit of a receiver 
whose antenna circuit was sub
jected to the interference in each 
case. These oscillograms show 
some very interesting things 
about such interference. Note 
the general similarity of inter-

FIG. 30-6.-Oscillograms of typical disturbances produced by the 
following electrical apparatus: (A) A short steady arc between 
carbon electrodes. (B) Leakage of 5,500-volt lighting circuit through 
a high-resistance ground. ( C) Small single-phase a-c motor running. 
(D) A loaded d-c-a-c motor generator set. (E) A mechanical in
terrupter. (F) Violet-ray apparatus. (G) Small universal motor 
with badly sparking brushes. (H) The same motor after the commu
tator was cleaned and the brushes were cleaned and fitted properly. 
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ference produced by sparking devices (A), (D), (E), (F), (G). 
Also notice the great reduction brought about in the interference 
( G) which was produced by a badly sparking universal motor 
when the brushes were fitted properly and the commutator was 
<:leaned (H). The use of cathode-ray oscilloscopes in noise-re
duction work by service men in order to reveal the character of 
the interference, is very helpful. (See Art. 25-43 of Chap. XXV.) 

30-17. Types of Electrical Devices Commonly Used in 
Various Establishments.-As a further aid toward identifying 
the source of interference, the following table ( which is repro
duced here by courtesy of Tobe Deutschmann, Inc.) may be of 
value. As shown, it lists the various devices according to the 
types of establishments in which they are commonly employed 
and found. When interference is encountered, the service man 
should endeavor to find out if any of these establishments are 
in the immediate vicinity. If one is found, investigation should 
be made to find out if one of the devices listed here under the 
heading of that type of establishment as being a potential cause 
of interference is being used. If so, tests should be made to find 
out if it is the cause of the interference complained of, and the 
proper filter should be applied to it if it is. This list, in con
junction with the one presented in Art. 30-16, will be of material 
assistance in tracking down sources of interference. 

Code: A indicates a-c operated equipment 
D indicates d-c operated equipment 
AD indicates a-c or d-c operated equipment 
* indicates a-c operated equipment which may or may not 

create interference. 
A. GENERAL BUILDING EQUIPMENT 

1.-A*D-Fans of all description 
2.-A*D-Blowers (ventilating systems) 
3.-D -Elevator motors 
4.-A*D-Motors on heating plants 
5.-A*D-Pump motors 
6.-A*D-Air compressors 
7.-A*D-Vacuum cleaner installations 
8.-A*D-Refrigerator motors 

B. BUSINESS OFFICE EQUIPMENT 
1.-AD -Dictating machines 
2.-A*D-Calculating machines 
3.-A*D-Mailing machines 
4.-A*D-Multigraphing machines 
5.-AD -Stock tickers 
6.-D -Telegraph equipment 
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C. DOCTORS' OFFICES 
1.-A -X-ray 
2.-A -Diathermy apparatus 
3.-A*D-Static machines 
4.-AD -Massage equipment 
5.-AD -Violet ray 

D. DENTISTS' OFFICES 
1.-A -X-ray 
2.-AD -Dental motors 
3.-AD -Laboratory motors 
4.-AD -Chair elevating motors 

E. BEAUTY PARLORS AND BARBER SHOPS 
1.-AD -Hair dryers 
2.-AD -Motor driven clippers 
3.-AD -Massage equipment 
4.-AD -Violet ray 
5.-AD -Motor driven cash register 
6.-D -Neon sign converter 

F. SODA FOUNTAINS 
1.-A*D-Refrigerating equipment 
2.-AD -Drink mixers 
3.-AD -Fruit juice extractors 
4.-AD -Cash registers 
5.-AD -Electrically operated advertising display 

G. DEPARTMENT STORES 
1.-AD -Cash registers 
2.-A*D-Carrier systems 
3.-AD -Telautograph systems 
4.-AD -Call systems 
5.-AD -Animated displays 
6.-AD -Display studio equipment 
7.-AD -Flashing signs 
8.-D -Neon sign converters 

CB.XXX 

B. RESTAURANTS, BAKERIES AND CONFECTIONERS' 
STORES 

1.-A*D-Rotary ovens 
2.-A*D-Doughnut machines 
3.-A*D-Electric hoists 
4.-A*D-Dish washers 
5.-A*D-Mixing machines 
6.-A*D-Refrigerators 
7.-A*D-Slicing machines 
8.-A*D-Food choppers 
9.-A*D-Ice cubing machines 

10.-A*D-Candy pullers 
11.-A*D-Corn poppers 
12.-AD -Cash registers 
13.-A*D-Coffee grinders 
14.-AD -Flashing signs 
15.-D -Neon sign converters 

I GROCERY AND BUTCHERS' SHOPS 
1.-AD -Cash registers 
2.-A*D-Slicing machines 
3.-A *D-Coffee grinders 
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4.-A*D-Refrigerators 

J. CLEANING ESTABLISHMENTS 
1.-A*D-Vacuum cleaners 
2.-A*D-Hat cleaners 
3.-AD -Cash registers 
4.-A*D-Shoe buffers 
5.-A*D-Rotary dryers 
6.-AD -Sewing machines 
7.-AD -Flashing signs 
8.-D -Neon sign converters 

K. SHOE REPAIR SHOPS 
1.-AD -Sewing machines 
2.-A*D-Buffers 
3.-A*D-Grinders 

L. PRINTING SHOPS AND NEWSPAPER OFFICES 
1.-AD -Press motors 
2.-A *D-Cutters 
3.-A*D-Linotype and monotype machines 
4.-A -Electric neutralizers 
5.-AD -Flashing signs 
6.-D -Telegraph equipment 

M. JEWELERS' AND OPTICIANS' STORES 
1.-AD -Cash registers 
2.-AD -Lathe motors 
3.-AD -Grinders and buffers 
4.-A*D-Compressors 
5.-AD -Drills 
6.-AD -Flashing signs 
7.-D -Neon sign converters 

N. GARAGES, BATTERY SHOPS and FILLING STATIONS 
1.-AD -Portable motors 
2.-A*D-Air compressors 
3.-A*D-Shop motors 
4.-AD -Charging equipment 
5.-A* -Gasoline pumps 
6.-A*D-Spray equipment 
7.-A*D-Pressure lubrication systems 
8.-AD -Flashing signs 
9.-D -Neon sign converters 

0. DRESSMAKING, TAILORING, AND GARMENT SHOPS 
1.-A*D-Sewing machines 
2.-AD -Vacuum cleaners 
3.-A *D-Electric cutters 

P. LAUNDRIES 
1.-A*D-Washing machines 
2.-A*D-Mangles 
3.-A*D-Dryers 
4.-AD -Sewing machines 

Q. MACHINE SHOPS 
1.-A*D-Motors, driving 
2.-AD -Portable tools 
3.-A*D-Air compressor, electric driven 
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R. THEATRES 
1.-A * D-Ventilating systems 
2.-A*D-Cooling systems 
3.-AD -Hand dryers 
4.-A*D-Projectors 
5.-A*D-Motor generator sets 
6.-A* -Synchronizing motors 
7.-AD -Flashing signs 
8.-D -Neon sign converters 

S. HOTELS, HOSPITALS, AND INSTITUTIONS 
1.- Restaurant 
2.- Laundry 
3.- Valet 
4.- Soda fountain 
5.- Barber shop 
6.- Shoe cleaning equipment 
7.- Hand dryers 
8.- Vacuum cleaner installations 
9.- Ventilating and heating systems 

10.- Telegraph equipment 
11.- Call systems 
12.- Telautograph 
13.- Clocks 
14.- Medical and dental equipment 

T. TELEGRAPH AND TELEPHONE OFFICES 
1.-D -Keys 
2.-AD -Battery chargers 
3.-D -Relays 
4.-AD -Clocks 
5.-AD -Motor generators 
6.-AD -Ringing equipment 
7.-D -Switchboard 

U. STREET RAILWAY SYSTEMS 
1.- Arcing at trolley wheels 
2.- Air compressors 
3.- Driving motors 
4.- Buzzers 
5.- Semaphore signals 
6.- Trolley crossovers 

CH.XXX 

7.- Trolley disconnect relays. (To signal when trolley 
pole is off) 

V. STREET RAILWAY STATION EQUIPMENT 

w. 

1.- Motor-generator sets 
2.- Water-pump motors (run from trolley current) 
3.- Air compressor motors (run from trolley current) 

POWER AND LIGHT COMPANIES 
Transmission Circuits 

1.- Scale on insulators 
2.- Loose bonds 
3.- Static discharge from unbonded hardware to ad-

4.-
5.-
6.-

jacent hardware 
Loose tie wires 
Cracked insulators 
Pole top switches 
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X. POLICE AND FIRE ALARM SYSTEMS 
1.-AD -Battery charging equipment 
2.-D -Relays 
3.-D -Telegraph equipment 
4.- Tree grounds 

Y. TRAFFIC SIGNALS 
1.-AD -Blinkers 
2.-AD -Control mechanisms 

In general, it may be stated that all universal (a-c-d-c) 
motors and all d-c motors produce interference. Alternating cur
rent motors of the repulsion-starting-induction-running type 
often produce interference ( especially when starting), while large 
a-c motors of the three-phase type seldom, if ever, cause inter
ference. 

30-18. Classification of Interference by Method of Pickup 
by Receiving Equipment.-Before proceeding with a study of 
the methods of tracking down interference to its source, it will 
be well to differentiate between the various ways in which inter
ference may reach the receiving equipment. The following classi
fication may prove helpful: 

(1) Conducted interference is that part (if any) which 
enters the receiver proper via the power supply line by 
simple conduction. 

(2) Direct radiated interference is that radiated part which 
is picked up direct from the source of disturbance by 
the antenna system. 

(3) Re-radiated interference is that part which is conducted 
from the source by the power supply line ( or some other 
conductor) and is then re-radiated from the live wiring 
and picked up by the antenna system. 

It is fortunate that the majority of interference that is heard 
as noise arrives through the antenna system. The first conclu
sion to be drawn, then, is that the interference is radiated into 
space for a short distance directly from the source, and for much 
longer distances from the power line to which it is connected. 
Not all of the interference is radiated, however, some is conducted 
along the power line and into the power circuit of the receiver 
as previously described. But in the majority of cases of ordin
ary interference, most of the interference is radiated from the 
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power circuit wiring, like a radio signal, and is picked up by the 
aerial and lead-in and sometimes by the chassis. Chassis pickup 
is somewhat rare in well-shielded receivers, so that what
ever does come in through the chassis is caused by the same 
sources as those picked up by the aerial and lead-in. 

30-19. Tracking Down the Source of Interference.--Once 
the type of interference has been classified according to its 
characteristic sound, and the nature of the interfering device 
or the establishment it is used in has been ascertained in a gen
eral way if possible, the difficult problem of locating the actual 
guilty device or devices must begin if it has been decided to 
track the interj erence down to its source and apply the proper 
remedies to suppress it there. While this procedure is usually a 
laborious one, there are many cases where it is absolutely neces
sary. For instance, although much of the noise produced by 
man-made interference may be greatly reduced by the use of 
special noise-reducing antenna systems (since the greater part 
of it is radiated by the line to the antenna system) , the installa
tion conditions may be such that it may be impractical to erect the 
aerial portion of the noise-reducing antenna system high enough 
to be beyond the zone of the disturbing radiations. Under con
ditions of this kind, the use of such systems is only partially 
effective, and the disturbance must be eliminated directly at its 
source if quiet reception is to be obtained. Placing a filter in 
the power line at the receiver will not eliminate the trouble, for 
since the interfering device is located some distance from the 
receiver, a considerable amount of energy may still be radiated 
by the line between the noise source and the filter. Of course, 
this noise will be picked up by the aerial and heard regardless 
of the filter. In those cases where the interference is reaching 
the receiver solely by way of the power line, it may also be ad
visable to track down the source if it does not take too much 
time-otherwise, a line filter may be installed at the receiver 
line plug. 

At this stage of the proceedings, it is known whether or not 
the aerial, the ground, the receiver chassis or the power line is 
feeding most of the noise (see Art. 30-14). This knowledge is 
useful in locating the source. It is much easier to describe bow 
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the sources of interference should be tracked down than it is to 
do the actual tracking, for many conditions which alter the pro
cedure are usually met with in the field. Methods which are 
found to be effective in rural communities are worthless in con
gested city districts; others which are effective in private dwell
ings are not practical in apartment houses and hotels. So much 
impractical information has been published concerning this part 
of interference elimination work, that the inexperienced service 
man had better start reading the following pages by first forget
ting most of what he has read about the subject in magazine ar
ticles, house organs, etc., lest he be clapped into a lunatic asylum 
for wandering in and out of buildings where he has no business to 
be, and around town in circles with an interference locator 
strapped on his back, a loop antenna sticking out in front of his 
nose and a far-away look in his eye hunting for the all-elusive 
source of interference. He should realize that the tracking down 
of interference sources is no simple job (on the average) even 
for men experienced in this work. He should also realize that 
there is hardly another branch of service work where practical 
experience, attention to small details, keen observation, perser
verence, tact in questioning people, and systematic methods are 
more necessary for success. This is probably the main reason 
why the trend (at least in large cities) has been toward the erec
tion of specially designed noise-reducing antenna systems and 
the elaborate use of line filters to eliminate interference, rather 
than attempt to track down the interference to its source. How
ever, the service man should know how to "track" interference 
if it is ever necessary for him to do so. Since the procedure de
pends to a great extent upon whether the receiver is installed 
in a hotel or apartment house, a private dwelling in a city, or a 
private dwelling in a rural community, we will divide our study 
in accordance with these conditions. 

(1) "Tracking" interference in hotels and apartment houses: 
When called upon to track man-made interference in a receiver 

installation in a hotel or apartment house, the service man should 
ftrst realize that there may be fifty or a hundred different small 
motors or other electrical d~vices generating interference in the 
many rooms or apartments in the building. There will usually be 
elevator motors and contactors (usually in the elevator pent house 
on the roof) which will add their share to the general melee of 
interference. Some idea of what an X-ray eye might see in a modern 
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apartment house is illustrated in Fig. 30-7. Electric fans, refriger
ators, vacuum cleaners, mixers, telephones, clothes washers, violet-ray 
apparatus, heating pads, etc., go to make up only a small part of 
the list that might be found. Evidently, even if every single inter
fering device were located ( admittedly a laborious task), it would 
be a very costly job to clean commutators, fit brushes, apply line 
filters, repair worn and frayed cords, etc., in order to eliminate all 

FIG. 30-7. - How various 
electrical appliances in an 
apartment house or hot.el 
will cause disturbances not 
only through the power sup
ply line (see Fig. 30-4) but 
also by direct radiation and 
re-radiation to the lead-in 
(and possibly the aerial) due 
to their close proximity to it. 

the interference (and don't forget 
that many of the residents would ob
ject very forcibly to any suggestion 
by a service man that he be allowed 
to do such and such a thing to the 
"mixing machine" because it is caus
ing interference in Mr. Blank's radio 
set across the hall). Such "whole
sale" tracking down and interference 
prevention measures in a building of 
this type are usually out of the ques
tion. Usually, the most practical 
thing to do in such cases is to install a 
line filter (see Art. 30-34) at the outlet 
to which the set is plugged (or at the 
fuse box in the apartment), and erect 
an effective noise-reducing ant.enna 
system with the aerial portion in a 
zone as free from interference as pos
sible ( see Arts. 30-36 to 30-58). 

If only a particular device in the 
building is causing serious trouble, 
that is another matter. The service 
man may find this out by carefully 
questioning the set owner as to 
whether the interference appears at 
all times, or only at certain times of 
the afternoon or evening; whether it 
always starts at exactly the same 
time ( or on some exact part of the 
hour)-also, whether it lasts a short 
time or a long time, etc. He may be 
able to furnish considerable valuable 
information in this connection. If 
the particularly annoying noise occurs 
only at certain times, the service man 
should arrange to be present at the 
time the noise is starting. He should 
note the character of the sound and 
attempt to form some opinion regard-
ing the nature of the device which is 

producing it (see Art. 30-16). Experience is valuable in this con
nection. If this noise lasts long enough he should attempt to find out 
how it is reaching the receiving equipment (see Arts. 30-14 and 30-18). 

From this point on, the problem resolves itself into hunting for 
the guilty device. If the service man has formed some opinion re
garding the nature of the device he has something to start on. In 
some cases, questioning the building superintendant regarding the 
possible location of such devices in the building may lead to a clue. 
In others, an interference-locating receiver with a loop may be help-
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ful, but this is not usually the case in a building of this kind where 
so many false indications may be received. When a suspected de
vice is found, it should be turned on and off by one person, while 
another listens at the radio set (some communication arrangement 
between the two persons is desirable here) to find out if it is causing 
the interference complained of. If it is, proper interference sup
pression measures should be applied to it ( as will be explained later). 
If not, the search must continue-mainly by inquiry among the 
various occupants of the building (when this is practical) about the 
ownership of motors, electrical household appliances, etc. (name 
them for the person, as most people forget about at least one third 
of the electrical appliances they have). Courtesy and tact are 
essential in this phase of the work. In a large building, this may be 
a considerable task. 

In many cases, it will be found that some source outside the 
building is causing the disturbance. Of course, if electric surface 
car lines, elevated railroads, flashing electric signs, etc., are oper
ating in the vicinity, these should be suspected at once, and in order 
to check the suspicion, careful observations should be made at the 
noisy receiver while the vehicle or device in question starts and stops. 
In connection with trolley lines, etc., remember that the powerful 
disturbance caused by a car which is out of sight may be conducted 
along the third rail or overhead trolley wire for a long distance 
and be re-radiated to the antenna lead-in wire or even the power 
supply lines in the building and cause interference in the radio re
ceiver. Of course the service man can do nothing directly regarding 
such sources of interference. A well-erected noise-reducing antenna 
system with the aerial wire located in a zone as free from the dis
turbance as possible (not necessarily the highest point possible) will 
usually be the best remedy for this trouble. Often, a line filter must 
also be used. The directional effects of the particular type of aerial 
employed should also be taken advantage of in the installation. It 
should be erected so that its best receiving direction (whatever that 
may be) is not the direction toward the trolley line or other seat of 
disturbance. The directional properties of various types of aerials 
will be discussed later. Even if a noise-reducing type lead-in is used, 
il should be run down from the aerial to the set in a location as far 
from the disturbance as is practical. For instance, the lead-in L 
shown in the installation of Fig. 30-7 is in a poor place since it is 
subject to interference radialions in 3 directions in the building and 
from external street disturbances from the fourth direction. It 
would be much better to carry it down at the rear far corner of the 
building and then around the far side wall to the receiver-provided 
no other strong source of interference would be encountered on that 
side of the building! 

As an example of how a source of interference external to a build
ing in a congested section of a large city may be tracked down step 
by step by simple, level-headed reasoning, even though the problem 
seems quite hopeless at the start, the following actual case may be 
of interest: 

One of the branch stores of a large radio retail organization 
located in a congested sectio nof a large city which is noted for its 
severe electrical interference reported that demonstration of any radio 
receiver, after four o'clock in the afternoon, was impossible because 
of loud clicking noises. A service-man experienced in interference 
work was put on the job. After first going over the entire installation, 
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he noticed that the clicks followed one another closely and resembled 
the type of interference created by an electric sign "flasher". Since the 
aerial portion of the antenna system was erected far above the street 
level and the lead in wires were completely shielded through metal con
duit to the receivers in the demonstration booth, it was hardly possible 
that the interference was picked up through the aerial-ground sys
tem. A test proved this conclusively! The only remaining assump
tion was that the interference reached the receivers only through the 
power supply lines. However, the insertion of a filter into the line 
at the meter where it entered the building failed to accomplish any 
results. 

An investigation was then made to determine the location of 
all flashing signs which were placed into operation at the observed 
time. As the store was located in a congested business section of 
the city and a great number of nearby flashing signs were switched 
on at or about four P. M., it was difficult to determine just which 
sign was the cause of the disturbance. However, the fact that the 
steady clicking interference started at ezactly four P. M. every day, 
indicated that some timing device was being employed to operate the 
flasher. Further inquiry finally revealed a large 3-section flashing 
neon sign which was operated by a four-gang-four-circuit sign 
flasher unit to obtain certain running-border and other motion effects. 

Through the cooperation of the manager of the store operating 
the neon sign, a man was stationed at the switch of the sign so that 
the effect produced by switching the sign on and off could be noticed 
by another stationed at the radio receivers. Telephone communica
tion was established between the two. Starting the sign flasher 
produced the clicking interference complained of, which ceased as 
soon as the device was turned off. Now that the source of the inter
ference was located, the elimination was simple. Each circuit of the 
four-gang-four-circuit breaker mechanism was filtered separately 
by the insertion of a suitable filter and by-pass condenser. (Fig. 30-19) 
This case is related here for the purpose of demonstrating the value 
of employing a systematic method for locating a source of interfer
ence, and for observing all details regarding the interference itself. 

(2) "Tracking" interference in private dwellings in cities: 
When man-made interference exists in radio installations in pri

vate dwellings in cities, the service man is able to concentrate more 
on the building itself, since he is usually given a free hand in the 
job. The usual questions should be asked of the set owner in an 
attempt to secure as much information as possible from him regard
ing the noise [see ( 1) ] . In addition to questions regarding the loca
tion of all electrical appliances in the building, inquire about the 
possible proximity of power houses, sub-stations, trolley lines, elevated 
railroads, elevators in adjoining buildings, doctors' or dentists' offices 
in the immediate neighborhood, flashing electric light signs, etc. 
Any clue he gives should be checked at once. 

The usual preliminary tests should be made in order to get some 
idea of the character of the noise, the "probable" type of device 
which is causing it and how it is reaching the receiver equipment. 
All electrical devices in the building should be checked to find out 
if they are causing interference. Proper filters should be applied 
to any that do. If the trouble still persists (perhaps it is weaker 
now), find out from the owner where the meter and fuse box for 
the electric light circuits in the building are located. With the set 
turned on so the noise comes in as loudly as possible and either 
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the owner (or an assistant) listening, go down to the fuse box 
and unscrew one fuse at a time until you find out which one 
makes the set stop playing. Screw it back. That one is not to 
be touched again. Now unscrew both fuses in each branch circuit 
(actually remove them from the fuse block, in one branch circuit at 
a time) and after each pair is removed, get a report regarding the 
noise in the receiver. Unscrewing u,e fuses cuts out the branch cir
cuit so that any loose lamp socket terminals, loose lamp plugs or 
cords, noisy switches, etc., that may be in the line are prevented 
from affecting the receiver. If the noise stops when some branch 
circuit is "killed" check the connections etc., at every outlet, switch, 

FIG. 30-8. - A n 
"interference locat
ing" portable re
ceiver with its ex
tremely directional 
loop antenna. In 
some cases it may be 
advisable to mount 
the loop on top of a 
small pole which 
may be carried 
around. 

NOISE IS LOUDEST WHEN THE PLANE OF' THE 
LOOP IS AS SHOWN BY THE ARROWS. ARROWS 
POINT TO THE DIRE:CTION OF' ARRIVAL OF' THE: 
NOISE RADIATIONS. 

BATTERY-OPERATED 
( PORTABLE RECEIVER 

and plugged-in device in that circuit for a possible internal loose con
nection, intermittently "grounding" contact, etc. Of course, the 
main power supply switch should not be opened ( as so many inter
ference-suppression articles advise) for if this is done, the elec
trically-operated receiver will not operate and of course the noise will 
not be heard. If the branch circuit to which the receiver is con
nected is to be tested, the receiver may be plugged into a nearby 
outlet on one of the other branch circuits and its aerial and ground 
leads extended to it while the test is being made. 

If disconnection of the branch circuits makes a difference in the 
noise, but no loose connection, etc., can be found in them, it is possible 
that the circuits are re-radiating line-conducted interference to the 
antenna system. In this case, by-passing should be tried across the line 
at the "meter" side of the fuse block. If the power supply line is 
not the cause of the noise, the hunt should be directed to the im
mediate vicinity outside the building [see part (1) ]. (It is assumed 
of course that all power, telephone and other circuits are installed 
in underground ducts under the streets). It is well to investigate the 
possibility of electrical devices such as oil burners, x-rayi ultra-violet 
ray, or diathermy apparatus installed in adjacent bui dings. The 
ofl'ices of physicians, dentists, etc., should also be checked. 

(3) "Tracking" interference in rural dwellings: 
The interference "tracking" procedure for rural dwellings is the 

same as that just outlined for city dwellings. However, if the tests 
show that the disturbance is being carried in on the power supply line 
(which is assumed to be of the elevated type supported on poles), or 
if it is definitely shown to originate at some other source external to 
the building, a portable interference-hunting receiver (shown in Fig. 
30-8) will prove useful in tracking it down. It is in rural communities 
that such receivers find their most important use, but even here they 
have limitations which are not generally recognized but which are im
portant. 
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Portable, sensitive, noise "hunting" receivers with directional 
"loop antennas" have been developed especially for tracking down 
the exact source of such disturbances. By simply carrying them in the 
direction in which the interference comes in louder and louder, the 
source is usually located. These "interference locators" usually com
prise a two or three stage tuned r-f amplifier, detector, and one or two 
stages of audio frequency-the entire receiver being constructed jn 
compact, battery-operated portable form. Instead of using a loud 
speaker, a pair of headphones and output meter are connected to 
the receiver so that the intensity or strength, and the nature of the 
interference may be accurately gauged by both a visual and aural 
indication. A receiver and loop antenna of this kind are illustrated 
in Fig. 30-8. In some cases, a 50-100 turn coil wound on a 6-inch 
form is mounted on a rod which is carried in the hand to serve as the 
aerial. The advantage of this method lies in the fact that the aerial 
may be pointed in any direction more conveniently, than is possible 
with the "loop aerial". Of course, it is essential that the "noise 
locator", as well as the lead connectin~ the "coil antenna" to the re
ceiver, be completely shielded. A receiver utilized in locating causes 
of interference is necessarily battery-operated for portability. In
cidentally, the old Radiola 26 portable loop-operated receiver makes 
an excellent interference locator when an output meter is built into 
it ( see Chapter VII for details concerning various forms of output 
meters). 

If the incoming power supply line is suspected of carrying the 
disturbance, and either conducting it into the receiver directly, re
radiating it to the receiver antenna, (or both), set up the portable 
interference locating receiver a short distance back of the building
away from the power line. Now tune the noise in on this portable 
receiver (cruise around and come closer to the power line if it can
not be heard) and observe the output meter indication. Slowly turn 
the loop antenna until the noise is loudest. Walk in that direction 
parallel to the plane of the loop (see Fig. 30-8) which leads toward 
the power line. If the noise intensity increases as you walk toward 
the incoming power line with the loop pointing toward it, and de
creases when you walk back away from it, it is safe to conclude that 
it is responsible for the noise. Now follow the branch line from the 
building to the street and, follow the street line for a short distance 
in the direction in which the noise gets more intense (if it does). 

This is about as much as any radio service man needs to do. He 
should not attempt to tamper with any circuits, poles, transformers, 
etc., belonging to the electric light company. Instead, he should com
municate at once with the maintenance office and explain the situa
tion to the person in charge, respectfully requesting that the line be 
checked over and any defective apparatus on it be remedied in order 
to stop the interference. He should not tell the person how to do th., 
;ob. Most public utility companies are anxious to maintain their 
equipment in such condition that radio interference is reduced to a 
minimum. They therefore maintain trained test crews who are prop
erly equipped and experienced in tracing down such troubles to their 
sources. Very often the trouble will be found to originate a long 
distance from the place where the radio service man observed it, and 
will be due to a cause which the radio service man would never have 
located or even guessed about in a hundred years! 

From these discussions, it is apparent that tracking the in-



CH. XXX REDUCING ELECTRICAL INTERFERENCE 1077 

terf erence to its source may consume considerable time-in most 
cases an amount of time which is considerably more than it takes 
to actually suppress the noise at the source after it is found. For 
this reason, it is necessary for those service men who make inter
ference elimination a specialty, to equip themselves with 
good test instruments and a thorough knowledge of the types of 
electrical installations, interference, etc., which are apt to be en
countered in the community in which they work. Their exper
ience and knowledge of local interference conditions also aids 
them to decide quickly, without waste of time, just what the 
best course to pursue in any case is. 

30-20. Filters for Eliminating the Interference at its 
Source.-There is little question about the desirability of getting 
at the source of interference in order to eliminate it, provided it 
is practical, possible and economical to do so. If this is the 
case, after the interference has been traced to some particular 
device, and it has been definitely established that that device is 
causing the noise, the next step is to eliminate the noise. 

From the theory of noise interference presented in Art. 30-10, 
it is evident that interference is due fundamentally to variations 
or interruptions which the device causes in the line current, and to 
sparking which may occur. This is especially so if the construction 
of the device is such that sparking occurs, a very rapid oscillation 
of current lasting for the duration of each spark (see Fig. 30-6) 
results. This causes similar oscillations through the power lines 
which feed the device, with the result that electromagnetic fields 
(similar to the electromagnetic field around a radio transmitting 
antenna) are created around the lines. Thus, the entire line 
feeding the device becomes a veritable broadcasting antenna, 
radiating interference impulses to any radio receiving equip
ment which happens to be within its range, (see Fig. 30-4). 

It is evident that if the interference is to be minimized, the 
interruptions or variations in the current must be minimized, 
i.e., they must be smoothed out. This is accomplish.ed by the use 
of appropriate filters connected between the interfering device 
and the line which supplies power to it, as close to the device 
as possible. 

The simplest type of filter is a single condenser, connected 
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between one side of the line and the frame of the device, as shown 
at (A) of Fig. 30-9. If the device were a motor, for instance, the 
condenser C would be connected to it as shown in Fig. 30-10. 
The condenser used should be of sufficient capacity to smooth 
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FIG. 30-9.-Six filter arrangements which may be used for min
imizing the feeding of interference from an interference-producing 
device into the power supply line. Arrangements (A), (B), (C) 
and (D) are the most common ones. The condensers may be of 
0.1 to 1.0 mfd. or larger. (NOTE: Any of these filters may also be 
applied to the power supply line of a radio receiver [see Art. 30-34] 
to prevent interference from entering the receiver via the power 
supply line. For such applications, the chokes L in arrangements 
[C] and [DJ should be connected between the by-pass condenser, aftd 
the radio receiver. When this is done, the end of the filter marked 
DEVICE in the above sketches becomes the "line" end. and that 
marked LINE become, the "radio recei11er" end. 

out the current variations-the size required depends upon the size 
and type of device it is used on. About 0.1 to 1-mfd. is the aver-

FIG. 30-10. -Schematic 
diagram of a series wound 
(Universal) motor com
monly used in household 
appliances. An interfer
ence-suppressing filter con
denser is shown connected 
to it. 
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age size for household appliances, (1-mfd. being most common). 
The single-condenser filter is effective only on devices which 

draw small currents and whose interference is not of a very 
disturbing nature. It is usually necessary to use a pair of con
densers across the device, as shown at (B) of Fig. 30-9. This 
arrangement is shown in Fig. 30-11 for a series (universal) 
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motor. The junction of the two condensers is connected to the 
frame of the device and in some cases, also to a good "ground" 
(see Art. 30-22 on the effect of "noisy" grounds). As a safety 
measure, a fuse (not shown) may be connected in the line lead 
of each condenser. This type of filter is quite effective in most 
cases, and is convenient to apply if the condensers can be mount-

MOTOR FIELD 

h_ 
C G.,.ND. TO 
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FIG. 30-11. - Schematic 
diagram of a series wound 
(Universal) motor show
ing the use of two filter 
condensers (one for each 
brush). The common t.er
minal is grounded to the 
motor frame. 

ed within the housing of the interfering device or fastened to it 
on the outside. 

In instances where the interference is very severe and is not 
minimized sufficiently by the use of condensers alone, choke 
coils must also be inserted in series with the line, on the "line" 
side of the condensers, as shown at (C) and (D) of Fig. 30-9 
(and also in Fig. 30-12) in order to aid the action of the con
densers. These choke coils may be of the radio- or audio-fre
quency type, depending upon the type of noise, and must be 

FIG. 30-12. - Schematic 
diagram of a shunt type 
motor with an inductance
capacity flit.er connected 
to its input circuit. 
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wound with wire of sufficiently large size to safely carry the full 
load current of the device continuously without overheating. 
Choke coils having an inductance of about 2 millihenries are 
commonly used in the filters for those small and medium sized 
electrical devices which require them. 

In most instances a single radio-frequency choke connected 
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on one side of the line as shown at ( C) is sufficient; one may 
be made as follows: 

Wind 75 turns of enameled or cotton-covered wire (of proper 
size, depending upon the current it must carry) on a form 2 inches 
in diameter, wrap a piece of Empire cloth around it and continue 
the winding in the same direction. Wind another 75 turns over the 
first, making a total of 150 turns. The coil should be taped to hold 
the wire in place, and sealed in a metal can about 4 inches in 
diameter. A lead should be brought out from each end of the coil 
before it is sealed. 

If no appreciable decrease in noise is noted after the coil is 
connected in the line, an iron core from any old power transformer 
(or ordinary stove-pipe iron) should be inserted in the form and 
made to form a closed ring, leaving a small air gap of about ¾ inch. 
This makes it an a-f choke. It may be necessary to use two such 
chokes--one in each leg of the line, as shown at (D) and (E). 

The length of the coil form and the size of the wire to be used 
are dependent upon the current which the choke must carry, i.e. 
the current which the interfering device draws for its operation. 
The table below lists the safe current-carrying C"lpacity of the 
various sizes of ordinary magnet wire (having silk, cotton, or 
enamel insulation) that may be used for those devices ordinarily 
encountered.* The resistance of the chokes should be kept as low 
as is practical, so too much power will not be wasted in them. 

Wire Gauge (B & S) 18 16 14 12 10 8 6 4 

Safe Current-Ca"11ing 1.1 1.7 2.7 4.4 6.9 11.0 17.5 27.7 Capacity (Amps.) 

The condensers employed in interference-suppression filters 
should be preferably of the non-inductive type and have a 
voltage rating double the working voltage of the line to which 
they are attached. This will take care of the "peak" voltage 
of the line. Several typical compact condensers suitable for use 
in the filter circuits of Fig. 30-9, are illustrated in Fig. 30-13. 
The type at the right, having the pig-tail leads, is very con
venient for this work. 

The problem of interference elimination has been studied so 
thoroughly that various commercial filter units have been developed 
for effectively eliminating the interference from practically every 
type of interfering electrical device. These are made with combin
ations of condensers ( or condensers with chokes having the proper 
size wire) of the proper size for the purpose. All the service man 
needs to do is to order the correct filter unit for the particular job 

*No·tE: A more complete and comprehensive Magnet Wire Table 
giving the turns-per-inch, etc., for all sizes of wire will be found 
in Section 21 of the author's Radio T1·ouble-Shooter's Handbook. 
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at band. These units are applicable to both a-c and d-c circuits and 
are particularly advantageous when inductive-capacitive filter units 
are required, for it is often rather difficult for the service man to 
build these chokes--especially if they are to carry heavy currents. 
In some cases, the construction is so specialized that a certain type of 
filter unit is specified for eliminating interference only from a certain 
type of device (see Fig. 30-20). 

30-21. Best Physical Location for the Filter.-Interfer
ence prevention filters are frequently found to be ineffective. 
One of the main reasons for this is that the filter is not con
nected close enough to the source of the disturbances in the 
interfering device. This point is not generally accorded the im
portance which it deserves. It is essential that the filter be 
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FIG. 30-13.-Le/t: A single 1-mfd. by-pass condenser with metal
tab terminals. 

Ctmter: Two 1-mfd. condensers in a sin~le case, with the commo,i 
terminal at the center. 

Right: A 2-condenser unit having flexible pig-tail lead terminals. 
Condensers such as these are useful for use in the filter arrange

ments of Fig. 30-9. 

placed as close to the unit to be filtered as possible. This means 
that the filter should actually be mounted inside the frame of 
the device if it can fit there, or, if not, it should be not more 
than a few inches away at the most. 

The reason for this close proximity is apparent when the 
circuit of Fig. 30-14 is considered. If the filter unit be placed at 
some distance from the interfering device, for example, then the 
leads from the filter to the device will be of appreciable length 
and will radiate interference because the noise current flows in 
the portion of the line between the device and the filter as shown. 
This interference may be picked up by the part of the line beyond 
the filter and be conducted to the receiver or re-radiated to the 
receiver antenna by it, or, it may be radiated directly to the re
ceiver antenna system if the interfering device is close enough 
to it. Remember that the filter does not eliminate the noise, it 
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merely prevents it from flowing through the entire length of the 
power line to the receiver. It is evident therefore that under 
such conditions interference will persist even after the interference 
source has been hunted down and a filter has been connected to it 
(but improperly). This is why many filters do not produced the 
results expected of them. The remedy is obvious! 
Keep the leads from the filter to the seat of the interference as 
short as possible. Every superfluous inch of wi-re is a potential 
source of radiation and interference! 
If the leads cannot be kept short, they should be shielded with a 
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FIG. 30-14.-Schematic circuit showing how the ground pipe may 
radiate interference, and how the leads which connect the filter to the 
interfering device may also radiate interference impulses to the part 
of the line beyond the filter unit, and possibly to the antenna system 
of the receiver, if it is near enough. The filter should therefore be 
mounted close to the interfering device and the leads to it should be 
kept as short as is possible in order to prevent this. 

good shielding braid, and the shield grounded to the frame of the 
device. 

The manufacturers of various electrical appliances such as 
drink mixers, irons, washing machines, vacuum cleaners, neon 
signs and beauty shop equipment are now, to a large extent, 
equipping their products with built-in filters to eliminate pos
sible radio frequency disturbances at the source. 

30-22. Noisy "Ground".-lt is interesting to note (see Figs. 
30-9 to 30-12) that the by-pass condensers used in interference 
filters are "returned" to the frame of the device causing the 
noise rather than to an actual "ground". The reason for this is 
evident when it is realized that few easily accessible grounds 
have a low resistance. If the resistance of an available ground 
connection is high and if the by-pass condensers of a filter are 
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connected to this ground, the noise current will flow through 
this ground wire and cause a "noise voltage" drop across it. 
This means that a radio receiver, connected to some other sec
tion of this ground (it might be in the same building), will have 
its potential above actual ground by an amount equal to the 
noise voltage drop in the ground wire, and noise will be heard, 
especially when one side of the power line to which the chassis 
also connects is grounded. It is usually best, therefore, not to 
ground the frame of the motor. This, however, is only a general 
rule, and is not valid for all cases. It takes but a few moments 
to experiment in each case and determine whether more or less 
noise is obtained by actually grounding the by-JlAAS condenser 
terminal and the frame of the interfering device. 

A second reason for not using a real "ground" is the fact that 
if one is used, the "noise currents" flow through the wire to this 
"ground", and through this ground conductor (water pipe), as 
shown in Fig. 30-14. In doing so, they radiate interference im
pulses, just like an aerial. The lower the ground resistance is, 
the greater is the noise current in this ground lead and the ground 
pipe, and the more noise radiated. If radiation from the pipe is 
strong enough, it may affect other wires, which, in turn, will radi
ate energy. On the other hand, if the distance to actual "earth" 
is short, the resi8tance of the ground is low, and if radiation from 
the ground wire does not affect reception, then the use of an 
actual "ground" may be preferable. The best procedure is to 
try an "earth" ground in every installation and observe its effect 
on the interference----do not rely upon general rules in this work 
as there are too many special factors which may affect the results. 

30-23. Eliminating Interference from Motors.-The most 
frequent sources of interference produced by household electrical 
appliances are: sparking at the brushes of motors, and arcing at 
the contacts of thermostats and vibrators. Sparking commu
tators or contacts radiate a considerable amount of interf erenoe 
because of the oscillations set up, (see ( G) of Fig. 30-6). It is 
for this reason that the spark should be reduced to a minimum 
even though a line filter is to be installed. 

The series motor ( commonly called a "universal motor" be
cause it will work on either a-c or d-c) is employed very widely 
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in small appliances such as vacuum cleaners, sewing machines, 
washing machines, clippers, grinders, fans, mixers, etc. It may 
be recognized easily by its commutator and pair of brushes. The 
interference it produces in the radio receiver is distinguished by 
the "singing" or rotary sound which increases in pitch as the 
motor gets up to normal speed, and by the fact that it may be 
tuned in at almost all parts of the broadcast band with approx
imately equal intensity. 

Extremely annoying interference may be caused by these 
motors if excessive sparking occurs at the brushes due to poor 
commutation ( which is inherent in the design of the motor and 
cannot be corrected by the radio service man), a dirty or worn 
commutator, open or shorted coils or commutator segments, dirty 
or poorly fitting brushes, etc. In such cases, cleaning and 
smoothing the commutator with fine sandpaper, refitting or re
placing worn brushes ( see Art. 27 -40 and Fig. 27-40) are the 
first steps which must be taken to reduce interference--other
wise the use of a filter will not suffice. The actual effect of these 
steps on the interference created by the motor is shown very 
strikingly by the oscillograms at ( G) and (H) of Fig. 30-6. 
That at ( G) shows the wave form of the interference produced 
by a universal (series) motor whose commutator was dirty and 
worn and whose brushes sparked badly. The result of putting 
both the commutator and the brushes in first class operating 
condition so that very little sparking occurred is shown by the 
greatly subdued interference illustrated at (H). 

It is often necessary to move the position of the brushes in 
d-c motors and generators to minimize sparking. In a motor, 
the brushes should be moved in a direction opposi.te to that of 
rotation; and in a generator, in the same direction as that of 
rotation. The brushes should be moved only if the sparking is 
still excessive after the commutator has been cleaned and the 
brushes reseated. There will always be some sparking present 
normally, especially when the load on the motor or generator is 
very close to or greater than rated load. Any adjustment of 
the brush positions should be made while the motor or generator 
is running with its normal load. 

All motors used in home appliances such as vacuum cleaners, 
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sewing machines, washing machines, hair clippers, grinders, fans, 
juice extractors, mixers, d-c electric refrigerators, oil burners, 
etc., and in such devices as cash registers, dental motors, motor 
generator sets and rotary converters, farm lighting units (gen
erators) may be effectively suppressed by means of a suitable 
filter installed as close to the seat of disturbance 88 possible 
and so connected that the leads from the filter unit to the device 
arB just as short as they can possibly be made so that no inter
ference will be radiated from them. The filters shown at (A) 

FIG. 30-15. - Filter 
arrangement for elim
inating the interfer
ence created by ther
mostat controls. 
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and (B) of Fig. 30-9 are suitable for small motors up to ¼ h.p., 
condensers of 0.1- to 1.0-mfd. being commonly used. Larger 
motors require larger capacities from 1 to 5 mfd., and often make 
the use of an inductive-capacitive type filter such 88 shown at 
(C), (D) and (E) necessary (see Art. 30-20 for details regard
ing the construction of these filters). The brushes and commu
tator should be attended to first so that minimum sparking oc
curs before the filter is connected. In motor-generator sets and 
rotary converters, a filter may only be necessary at one end 
(usually the d-c end), or quite often at both the a-c and d-c ends. 

30-24. Eliminating Interference from Thermostats and 
Contacts.-Thermostatically controlled apparatus in homes us
ually consists of heating pads, room temperature controls, electric 
irons, some types of refrigerators, oven controls and electric water 
heater-controls. As in the case of the series motors, thermostats 
may cause interference inherently due to their design or because 
their contacts require cleaning or adjustment. It is usually im
practicable to attempt to repair the thermostats in heating pads, 
but the interference can usually be prevented from being radi
ated by connecting a small capacitor-type filter (condensers C-C) 
across the power line supplying the heating pad, as shown in 
Fig. 30-15. 
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In other thermostat applications, the contacts should first be 
put in good mechanical condition and adjusted so that they do 
not open so slowly that an arc is drawn out, for this will pro
duce interference. If interference persjsts after adjustment has 
been made, two 0.1- to 1-mfd. condensers C-C should be con
nected across the line as shown in Fig. 30-15. In special cases 
where the contacts break circuits carrying appreciable currents, 
two additional condensers (shown dotted) may be required 
across the contacts. Finally, in very severe cases, the line choke 
coils L-L may be necessary. The leads from the filter to the 
thermostat should always be kept as short as possible to prevent 
radiation of interference from them. 

Elevator controls, motor starter and control contactors, street 
cars, large power applications to ventilating systems, refriger
ation, etc., all may cause interference, especially when operated 
from direct current. Since a great deal of such apparatus is 
present in dense business areas, suppression of all interference 
from it is usually impracticable and economically unsound. In 
these districts it is simpler to use a special noise-reducing an
tenna system. If interference caused by switch contacts in 
lighting circuits is to be eliminated, a 200-ohm resistor in series 
with a 0.1 mfd. condenser should be connected permanently across 
the switch contacts. 

30-25. Shielding the Source of Interference.---Shielding 
of the device causing the noise interference is not unusual, 
though somewhat undesirable from some standpoints. First of 
all, complete shielding is necessary; the entire unit must be en
closed in copper mesh and the mesh grounded to the frame of 
the device in several places. Second, servicing the device is diffi
cult; the mesh must be removed and replaced, ( usually by men 
not aware of the problems of noise reduction)-which is some
what undesirable. Third, the proper kind of shield may ham
per the operation of the device to some extent. It must be re
membered that a shield may be built, but whether or not its 
presence is detrimental to the appearance of the device, or makes 
its operation inconvenient, depends upon the nature of the shield 
and the device. These considerations are usually the deciding 
factors in any question involving the complete shielding of the 
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device causing the interference. Also, it must be remembered 
that a line filter (located inside of the shield) must be used even 
though complete shielding is resorted to, for the shielding will 
not keep the disturbances out of the line. It merely kills off 
all direct radiation of the disturbance from the interfering device. 

30-26. Eliminating Interference from Buzzers, Door Bells, 
etc.-Interference caused by vibrating contacts, such as are used 
in call buzzers, door bells, dial telephones, etc., is of such an inter
mittent nature that filtering is usually not justified. However, if 

FIG. 30-16.-Filter ar
rangement for eliminating 
the interference created 
by electric bells, buzzers, 
etc. The condensers and 
chokes across the battery 
line are only required in 
cases where the interfer
ence is particularly severe. 
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this interference must be eliminated, two 1 mf d. condensers may 
be connected in series across the contacts with the junction of the 
two condensers grounded to the device and/or to a separate 
ground. In some instances, however, it is also necessary to in
stall two condensers across, (and often two choke coils in series 
with) the line circuit of the interfering device as shown in Fig. 
30-16. When it is found, however, that the addition of the 
choke coils has changed the frequency of the inter{ erence so 
that it may be heard at another dial setting of the receiver, it 
is then necessary to change the inductance of the choke coils 
( either by increasing or decreasing the number of turns on them) 
in order to shift the interference from the broadcast band. 

30-27. Eliminating Interference from Oil Bumers.-Inter
ference caused by oil burners is due mainly to the ignition sys
tem, although a certain amount of interference may be caused 
by the motor that operates the blower and by the motor that 
operates the temperature-control system if one is used. Ordin
arily, an a-c motor operating the blower of an oil burner creates 
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interference only for a few seconds, at the instant of starting. 
These motors are usually of the repulsion-starting-induction
running type and create interference only for a few seconds 
during the starting period. Provided the motor is in good elec
trical condition, no interference should be created by this type 
of motor while running; if interference is present, the motor 
should be carefully inspected for defects or necessary cleaning. 
If the motor is of the single-phase type in which the brushes 
remain in contact with the armature, and the brush circuit is 
opened by means of a centrifugal switch, a slight continuous 
interference may result. This may be filtered out easily by a 
common capacitive line filter. 

If the oil burner is operated from a d-c line, the d-c motor 
which is employed may produce interference at a steady inten
sity during the periods that the oil burner is in operation. This 
interference may be eliminated in the usual way with a proper 
capacitive-inductive filter unit (see Art. 30-23), such as is 
shown in (D) of Fig. 30-9. It is necessary that the units com
prising the filter be encased in a metal cut-out box and pro
vided with fuses so as to conform with Fire Underwriter regu
lations. The choke coils used in the filter unit must be wound 
with wire large enough to handle safely the current require
ments of the motor (see Art. 30-20). The ground lead must be 
connected to some part of the motor frame. 

The same type of filter unit (in some cases a simple cap
acitive type will suffice) must be employed in cases where the 
small series-wound motor driving the temperature-regulating 
control (used in some oil burner systems) causes interference 
which sounds as a loud roaring noise lasting from 20 to 100 
seconds. In such instances, the filter unit must be installed 
directly at the power input to this motor and its "ground" lead 
should be connected to a carefully cleaned part of the motor 
frame. 

Interference caused by the ignition system and high-tension 
wiring of an oil burner is generally the chief cause of interfer
ence, and is heard as a loud roaring noise which may last from 
15 to 60 seconds, or during the entire period during which the 
oil burner is in operation. To prevent disturbances from this 
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source from feeding back into the line it is necessary that a 
suitable capacitive-inductive filter unit be installed in series 
with the input leads to the ignition transformer and as close as 
possible to that unit. All wiring must be enclosed by conduit 
or "BX" cable. The ground connection of the filter unit should 
be made to a cleaned spot on the metal case of the ignition trans
former and to the BX cable or conduit. In some oil burners, 
most of the high-tension leads are contained within the fuel 
tube and are shielded by it to some extent. In order that no 

FIG. 30-17.-Filter ar- L 
rangement for eliminating TO POWER 
the interference created LI NE 
by vibrator-type storage L 
battery chargers. In some 
cases it is also necessary 
to completely shield the 
charger in addition to con-
necting the filter to it. 

possible radiation by the high-tension wiring shall exist, every 
part of it must be completely shielded by conduits or shielded 
braid, these shields being well grounded to both the case of the 
ignition transformer and to the fuel tube of the oil burner. As 
a final measure of interference prevention, a good electrical con
nection should be made between the boiler ( which may act as a 
radiator of noise interference) and the oil burner frame. 

30-28. Eliminating Interference from Battery Chargers.
Battery chargers of the vibrator type used in the home and in 
auto-service shops are very frequent off enders and are somewhat 
difficult to filter. After considerable experimenting, the author bas 
found the arrangement of Fig. 30-17 to be effective. A choke
condenser arrangement is connected to the power line as shown, 
and two additional condensers are connected to the vibrator con
tacts. All leads from the filters to the units should be kept as 
short as possible. It may also be necessary to shield the unit, as 
many of these battery chargers are of the "open" type, with coils 
and vibrator contacts exposed. 

30-29. Eliminating Interference from Electric Refriger-
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ators.-When a-c operated electric refrigerators are new and in 
perfect electrical and mechanical condition, they may cause radio 
interference only during the few seconds when the motor is 
starting up. However, in refrigerators which have been operated 
for a long time, the motor starting contacts, etc., may become 
dirty and worn and interference may result during the entire 
periods when the motor is running. A suitable inductive-cap
acitive type filter (see (D) of Fig. 30-9) mounted as clo:1e as 
possible to the motor and connected across the supply line at the 
motor with short leads will generally eliminate interference from 
this source. 

If interference still persists after the filter has been con
nected, other causes may be responsible for it. 

The most common cause is due to the accumulation of static 
charge on belt driven compressors in dry weather. On many 
refrigerator units the compressor and motor are mounted on 
spring supports or vibration absorbers in such a manner that 
the frames are not permanently grounded to the larger metal 
parts of the refrigerators. A simple remedy for this type of 
trouble is to bond the frame of the motor and compressor to the 
frame of the refrigerator or other large metal body in the immed
iate vicinity, with a flexible jumper. The jumper should be suffi
ciently flexible so as not to interfere in any way with the opera
tion of the refrigerating unit. 

In other cases, weakening of one or more of the spring sup
ports causes a periodic contact between the motor frame and the 
refrigerator frame, resulting in fairly steady interference while 
the motor is running. Mechanical adjustment of the spring, or 
bonding the same units mentioned above will eliminate this noise. 
In general, interference from these troubles is very similar to 
natural static and usually does not affect receivers which are 
very remote from the refrigerator. 

Thermostats and their associated relays are a source of 
trouble when not in good operating condition. When the con
tacts of the thermostat or the relays are in need of cleaning or 
adjustment, a small arc is apt to be drawn while the unit is in 
operation. Troubles of this type sometimes become very severe 
from the standpoint of radio interference, particularly when the 
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thermostat is so mounted as to permit changing of the contact 
pressure by the vibration of the unit. When difficulties of this 
type are experienced, it is advisable to communicate with an es
tablished electrical refrigerator service organization since the 
performance of the refrigerator depends to a great extent on 
the proper setting and operation of the thermostat. 

If the refrigerator is operated from a d-c source, a d-c motor 
is employed. If the brushes and commutator require attention 

FIG. 30-18.-Filter arrangement 
for eliminating the interference 
created by violet-ray apparatus. 
The condensers C are of 2 mfd. 
capacity each. 

h C 

S VIOLET-RAY 
TUBE 

(see Art. 30-23) interference is likely to result during the full 
time that the motor is in operation. No filter should be con
nected to the motor until the commutator has first been cleaned 
and the brushes have been cleaned and re-fitted. 

30-30. Eliminating Interference from Electro-Medical Ap
paratus.-Electro-medical equipment, particularly violet-ray, 
X-ray and diathermy apparatus, is probably the most prolific 
producer of interference. This is all high-frequency apparatus, 
and the interference generated by it is not only radiated directly 
into space in all directions for a short distance, but the 
greater part of it is fed back into the power line where it may be 
conducted directly to receivers located considerable distances 
away, or may be re-radiated to other power wiring, telephone 
circuits, etc., which may carry it along and re-radiate it to radio 
receiving equipment located as far as a few miles away. Thus, 
it may not only create interference in the immediate locality, 
but over a large area as well. Service men should remember this, 
and not be too quick to hold such apparatus blameless because 
it happens to be located at what appears to be a considerable 
distance from the location where the interference is receh·ed. 
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lnterf erence from the usual violet-ray apparatus is in the 
form of a roaring sound varying somewhat in intensity from time 
to time and having no definite frequency. An oscillogram of the 
wave-form of this kind of interference is shown at (F) of Fig. 
30-6. Notice its oscillatory character and the presence of strong 
harmonics evidenced by the many "kinks" in the wave form. A 
very effective filter for preventing the interference from a violet
ray tube from feeding back into the line is shown in Fig. 30-18. 
This may also be applied to other similar electro-medical devices 
-always keeping the leads from the condensers to the seat of 
the disturbance just as short as possible. Of course the direct 
radiation from the device will still be present. If this is par
ticularly severe and annoying, the entire device (including the 
patient) will have to be enclosed in a large shield cage such as 
will now be described for diathermy machines. 

A diathermy machine is a device for the production of high
frequency currents to be used in the treatment of certain dis
eases such as rheumatism, etc. Such machines will be found in 
hospitals, in the offices of some physicians, etc. 

The circuit used for obtaining these frequencies is essentially the 
same as that used in early spark transmitters whose operation is 
now forbidden by federal law. In the diathermy machine a trans
former, condenser, and adjustable spark gaps are used to produce 
high-frequency currents. These currents are carried along flexible 
leads to metal electrodes applied to the body of the patient. The 
similarity to a spark transmitter is obvious. The "antenna" consists 
of the electrode leads and the body of the patient. In the case of 
some types of treatment the body of the operator is also a part of 
the antenna system. The "counterpoise" is the power line. Fortun
ately, the "antenna system" of the diathermy apparatus is not de
signed for maximum radiation at the frequencies used, and con
sequently, the area affected by the direct radiation from the electrode 
leads and the body of the patient is relatively small. This directl11 
radiated interference seldom affects receivers more than 200 feet 
from the apparatus. The greater part of the interference (which 
often affects receivers located several miles from the apparatus) is 
fed back into the power line and is radiated by it. 

Early models of these machines employed frequencies from 900 
to 1,400 kc (ranging over practically the whole of the standard 
radio broadcast band) but in the newer models, an attempt has been 
made to keep the frequencies used outside of the broadcast band. 
However, since the circuits of the apparatus are so broadly tuned, 
this is difficult. The operation of a diathermy machine produces in
terference of the "shock excitation" type. It appears in the radio re
ceiver as a fairly high-pitched roaring sound which may vary both in 
frequency and in intensity as adjustments on the machine are varied. 
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From the foregoing discussion, it is evident that complete 
elimination of the inter! erence from these machines involves: 

(a) elimination of the feeding of the high-frequency energy 
back into the power line. 

(b) elimination of the direct radiation of interference from 
the machine. 

The first problem is solved by connecting a filter between the 
machine and the power line. Due to the intensity of the inter
ference from this type of apparatus and the fact that it is of the 
"shock excitation" type, this filter must be unusually effective 
and should be designed preferably to suppress the par
ticular band of high frequencies which these machines produce. 
Special commercial filter units designed especially for these 
machines are available. The current which these machines draw 
from the a-c line varies from 6 amperes (small size) to 25 am
peres ( the very large size) . 

It is not practical to install filters in the output (high-fre
quency) circuit of the diathermy machine in order to solve the 
second problem by suppressing the high-frequency interference 
at its source and thus preventing its radiation since, if such fil
ters were effective in suppressing radiation of the interference 
they would also prevent the passage of high-frequency currents 
to the body of the patient, and would thus render the apparatus 
ineffective in the treatment of disease. It is, therefore, evident 
that this problem can only be solved by complete shielding, i.e., 
completely enclosing the entire machine, the line filter unit, the 
operator and the patient taking the treatment in a large screen
ing cage, (since the application of the electrodes to the body of 
the patient causes the patient to act as a broadcasting antenna 
which will radiate the interference). It has been found that an 
enciosing cage measuring about 7 x 5 feet and 6½ feet high 
constructed with a wooden framework and completely covered 
with ordinary galvanized iron screening ( exact size of mesh not 
important) on all four sides as well as on the top and bottom 
(a hinged screen door is used for entrance and exit) tu!rves the 
purpose. The complete continuity of the screening must be 
maintained at all joints in it by providing firm metallic contact 
between the various sections of which it is composed. Several 
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parts of the cage should be well grounded to earth. 
It is important to note that any wiring which enters the 

screen booth must pass through the filter, otherwise, interference 
will be picked up on this wiring and carried out of the cage, thus 
reducing the value of the shielding. In other words, any lighting 
fixtures used for illuminating the interior of the cage must be 
mounted above the top of the booth so that the light shows 
through the screen, or if they are installed within the booth must 

TO 
P'W'R 
LINE 

FLASHER 

t ~ ; _j / 
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ELECTRIC SIGN 

NOTE = 
ALL CONDENSERS 
ARE 1 OR 2 MfO. 

FIG. 30-19.-Filter arrangement for eliminating the electrical 
interference created by electric sign flashers. 

be connected to the load side of the filter. Doorbell, annuncia
tor, or telephone wiring must also be kept outside the screen, 
otherwise, the interference will be picked up on this wiring and 
carried out into the building, thus nullifying the value of the 
filter and screening. 

30-31. Eliminating Interference from Sign Flashers. -
Electric sign flashers are often a source of interference (see 
Sec. (1) of Art. 30-19) which can be prevented by the use of 
suitable filters of the capacitive and inductive type. The inter
ference heard from signs of the type in which various sections 
flash on and off is a steady series of "clicking" noises noticeable 
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whenever a section of the sign is flashed on or off. Although 
interference from this type of sign is extremely annoying, it is 
not so objectionable as that created by those signs which have 
a running border or "bursts". This type of sign produces inter
ference which sounds like the steady rattling of machine-gun 
fire in the radio receiver which picks it up. These running bor
ders or "bursts" are controlled by high-speed rotary switches 
mounted on a long drum which is revolved by an electric motor 
operated from the line. These clicks are caused by the make 
and break of the circuits as different parts of the sign are 
switched on and off. The switching action sets up oscillations 
in both the supply lines to the flasher mechanism, and in the 
connecting lines between the flasher mechanism and the lamps in 
the sign. 

The complete schematic circuit arrangement of a typical 
electric sign flasher installation with all the chokes and by
pass condensers necessary for the complete elimination of 
interference from it is shown in Fig. 30-19. The interference 
created by the motor (if any) and that created by the flashing 
circuits is blocked from being conducted back into the power 
supply line by the filter system composed of line condenser C ,, 
plus condenser C, and choke L, which are in the common load 
lead at the right. 

Interference may also be caused by direct radiation caused 
by the oscillation set up in the leads between the flasher con
tacts and the lamps in the sign. This radiation may be picked 
up by the supply line and re-radiated to radio receiving antennas 
at points furt.ber along it, or it may be picked up directly by 
the antenna system of any receiver within several hundred feet 
of the sign. If the leads between the flasher contacts and the 
sign are very short and run in metallic conduit, no suppression 
need ordinarily be applied to them. However, if they are long, 
it is necessary to apply a proper capacitive-inductive filter to 
each of the leads. This may consist of an inductance L 1 in series 
with each lead, and a by-p8SB condenser C 1 from the lead to 
the frame of the flasher. In addition, a by-pass condenser C is 
connected directly across each flasher contact, as shown. Of 
course, all condenser leads should be kept as short as possible. 



1096 .MODERN RADIO SERVICING CH.XXX 

It is important to keep in mind that a filter must be connected 
in each of the flasher leads-if a single one is left unfiltered, that 
lead will radiate interference, and the effect of the filters in the 
other leads will be reduced materially. Also, each filter section 
should be shielded from the rest. Also, in most cases all grounds 
should be made to the frame of the flasher, and any actual "earth 
ground" to the flasher frame should be removed. 

Flashing signs drawing a total of as much as 10,000 watts and 
having from 25 to 50 contacts on the flasher are not uncommon. 
Naturally, the filter inductances which must be applied to large 
signs must be constructed of heavy wire able to carry the cur
rent in each flasher circuit. Such inductances are rather difficult 
for the individual radio service man to construct himself. Com
mercial filter units containing all the necessary units in a single 
case are available for suppressing interference from flashing signs 
of all sizes, and are designed especially for this purpose. A typ
ical unit of this kind, one of which is to be used for each 4-circuit 
section in a multiple-section flasher installation is illustrated in 
Fig. 30-20. 

30-32. Eliminating Interference from Neon Signs.-Neon 
signs which operate steadily ( are not flashed) will seldom cause 

Court,~ Tob• D,ut•rhmann Corp. 

FIG. 30-20.-A commer
cial electric sign flasher 
filter unit containing both 
the line and flasher circuit 
filters complete in one 
compact case. One of 
these units is used for each 
4-circuit section on a mul
tiple-section flasher instal
lation. 

any radio interference if they are in good electrical and mech
anical condition-even though they are operated from high-ten
sion transformers. If interference is traced to such a sign, the 
sign itself should be inspected and repaired before any filtering 
arrangements are tried. It may need cleaning, the electrodes may 
require rebushing, loose connections between the transformer and 
the neon tubes (or between separate sections of the tubing) may 
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have to be tightened, a larger transformer may have to be sub
stituted because of overloading, the transformer case and the 
metal sheaths of any connecting wires may have to be thor
oughly grounded, etc. All of these possibilities should be checked 
carefully. 

If the interference still persists after all of these details have 
been attended to, an inductive-capacitive type filter (see Fig. 
30-9) should be connected at the primary side of the transformer 
used for supplying the high-tension current for operation of the 
sign. 

If the sign is of the "on-off" varie\y or is of the type which 
consists of a number of sections operated by a rotary sign 
flasher, both the line circuit and each flasher circuit will have to 
be filtered in exactly the same manner as explained in Art. 30-31 
for sign flashers, and shown in Fig. 30-19. 

30-33. Minimizing the Interference at the Receiving 
Equipment.-The question as to whether it is better to attempt 
to suppress the interference directly at its source so that it does 
riot reach the receiving equipment at all, or whether it is best to 
concentrate attention on the receiving equipment instead and 
take steps to prevent the interference from affecting it, has al
ready been discussed in detail in Art. 30-15 and to some extent 
in Art. 30-19. The answer to it, and the decision regarding the 
course which the service man is to follow in any case, must be 
arrived at only after a careful level-headed consideration of the 
installation conditions which each case presents has been made. 
There is no single "sure-cure" formula for interference elimina
tion. Before making any decision, the following points should 
be com1idered carefully: 

(1) Is the interference reaching the set by way of; (a) the 
power line; ( b) the ground lead; ( c) the lead-in and 
aerial; ( d) a combination of these? 

(2) Is the nature of the immediate vicinity surrounding the 
place where the receiver is installed such that you would 
expect to find that the interference was caused by only 
one (or a few) electrical devices which can be located 
fairly easily, or is it likely that a large number of elu-
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s1ve devices are contributing to the interference (see 
Fig. 30-7)? 

( 3) Is the interference likely to be caused by a device that 
can be suppressed effectively by a filter or other means 
which the owner of the device is willing to allow the 
service man to install and which either the owner of 
the interfering device or the owner of the receiver is 
willing to pay for? 

( 4) If it has been determined that at least a good part of 
the interference is reaching the receiver by way of the 
aerial and lead-in, is it likely that the aerial can be 
erected in a location which is reasonably free from the 
disturbance so that this portion of the antenna will not 
pick up noise even after a noise-reducing lead-in ar
rangement has been installed? 

The answers to these important questions (and to any others 
which the service man's experience on noise-elimination jobs in 
the particular locality has shown him are very important), are 
the factors which should determine his course of action. They 
should tell him whether it is advisable to attempt to track down 
the source of interference and suppress it right at its source, 
whether to employ a line filter at the power line outlet to which 
the receiver is plugged, or whether to erect a special noise-re
ducing antenna arrangement instead, etc. The economics of the 
situation, and the degree of freedom from the interference which 
each remedy will finally provide are the key considerations in 
each case. 

There is little question but what it is usually very con
venient to minimize the interference at the receiving equipment 
rather than at the source whenever this is the best course to 
follow. Such a procedure often results in decreased cost of 
filtering apparatus, decreased cost in terms of time consumed 
in locating the source, and probably better results when the 
interference originates from several sources as is common in 
congested city districts. A consideration of what has been said 
here must show that there are many cases where it is not econom
ical to devote the large amount of time required to hunt down 
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the source of interference in the veritable maze of electrical dis
turbances which may exist in the locality. In others, it is just 
plainly impossible to locate it, and the sooner the service man 
realizes it the better. This condition is very common in cities 
( especially where apartment houses are crowded together). ,vith 
these facts in mind, let us see how interference may be pre
vented from affecting the receiver by taking proper steps at the 
point of location of the receiving equipment. 

30-34. Suppressing Interference from the Power Line.
Let us assume that the tests outlined in Art. 30-14 show con
clusively that the interference (or at least a good part of it) is 
being conducted directly to the receiver from an outside source 
of disturbance by way of the power supply line, and that it has 
been decided for one reason or another that it would not be 
wise to attempt to hunt down the source of this interference. 
,vhat should be done? 

Noise entering the receiver by direct conduction via the 
power line can be minimized in two ways: first, by the insertion 
of a filter between the line and the receiver; and second, by the 
use of a shielded power transformer in the receiver. The first 
expedient makes use of a suitable filter ( one of the types de
signed especially for use at the noise-generating device may be 
used). This filter may consist of condensers alone (as the ones at 
(A) and (B) of Fig. 30-9), or combinations of condensers and 
chokes, as previously described and shown at (C) and (D), placed 
in a shielded container. When used at the receiver, it should be 
placed as close to the electrical outlet as possible in order to 
prevent the receiver supply cord from radiating noise over its 
length from the outlet to the receiver wiring or to the lead-in 
wire. 

Whenever it is at all practical to do so ( especially in 
private homes) it is best to connect the filter at the incoming 
"service" switch near the house meter. By connecting the filter 
right at this main switch, the disturbances are prevented 
from circulating through the electric wiring of the building. 
This prevents them from reaching the receiver via the power 
line and also prevents them from setting up fields which might 
also affect the receiving antenna system. The filter ar-
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rangement shown at (B) of Fig. 30-9 is a good one for this pur
pose if 1-mfd. condensers are used. Keep the leads to the con
densers as short as possible, and connect their junction point to 
a good ground. This ground should be preferably a separate 
ground from the one used for the receiver-generally made quite 

RECEIVf:R LINE: CORD 
WATER PIPE GNO. 

FIG. 30-21.-Correct method of connecting a line filter unit 
directly at the power line outlet so that no interference will enter the 
receiver line cord and be radiated to the receiver wiring or antenna 
system from it. The "ground" terminal of the filter unit should be 
grounded to the conduit of the line--not to the receiver ground. It 
is preferable to locate the filter unit at the main service switch of 
the building if it is possible (see text). 

conveniently to the metal conduit in which the supply wires are 
run. In fact, even if the filter is connected at the outlet to which 
the receiver is plugged, its "ground" terminal should not be con
nected to the ground terminal of the receiver-it is usually much 

FIG. 30-22.-How the elec
trostatic shield is placed be
tween the primary and sec
ondary windings of a power 
transformer. 

more effectiYe to ground it to the 
metal conduit of the line by con
necting it to the outlet plate as 
shown in Fig. 30-21. In fact, in 
many cases this "ground" may be 
found to have more effect on elim
inating the interference than the 
filter itself has. And don't use a 
line filter the size of a thimble. Re
member that it is the capacity ( or 
inductance) of the filter that does 
the trick. Therefore, if the filter 
is one of those tiny things that are 

often seen, it does not have much capacity in it, and consequently 
will not do much filtering. 

The use of a shielded power transformer is common prac-
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tice in many medium-priced (and in all well-designed) modem 
receivers. An electrostatic shield is built in between the prim
ary and the secondary windings of the power transformer in the 
receiver as shown in Fig. 30-22. The presence of this shield 
prevents line interference from getting across from the primary 
winding to the high-voltage secondary winding. Two by-pass 
condensers of about 0.1 mf d. each are also often connected across 
the supply line in the receiver. Of course, it is not generally 
necessary to replace an unshielded type power transformer with 
one having an electrostatic shield when noise is entering the set 
via the power line, but it is well to know why some receivers 

(A) (B) (C) 
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FIG. 30-23.-Three typical commercial line filters which contain 
filter condensers. They are made in the various forms shown here in 
order to facilitate their installation under various conditions. 

( with unshielded power transformers) are noisier than others 
(with shielded transformers) even though chassis shielding is 
about the same in both. 

There are many commercial compact, inexpensive line filter 
units designed with a male plug at one end (which plugs into the 
wall outlet) and a female socket at the other end into which the 
plug on the line cord of the receiver is inserted. When properly 
installed, as shown in Fig. 30-21, they automatically connect 
into the line between the wall outlet and the receiver line cord. 
Three typical units of this kind are illustrated in Fig. 30-23. 
The unit at (A) contains a single 1 mfd. condenser which auto
matically connects across the line. The female socket at the 
left and male plug at the right are visible. It can be mounted 
directly on any wall outlet, the screw which mounts it on the 
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wall plate serving to ground it. The filter shown at (B) con
tains two 1 mf d. condensers which form the circuit arrange
ment of (B) of Fig. 30-9. The binding post at the right is for 
the connection to ground. The filter illustrated at ( C) employs 
the same circuit arrangement but contains condensers of larger 
capacity. It is designed for use in cases where the interference 
is quite strong. Its line cord (which plugs into the wall outlet) 
should be made as short as possible when the unit is installed, 
so that it will not radiate interference directly to the receiver 
chassis wiring or the antenna system. All of these units can 
also be used at the source of interference (between the device 
which is causing the interference, and the power supply line), 
but when they are so used, the wiring from the filter to the seat 
of the disturbance in the interfering device should be made very 
short to prevent direct radiation to the line and to other wires 
and antenna systems which may happen to be close by (see 
Fig. 30-14). 

30-35. Interference Pickup by the Antenna Circuit.-Let 
us now consider the case where the tests outlined in Art. 30-14 
show definitely that the interference (or at least a major part 
of it) is being picked up by the antenna system of the receiver. 
The interference may get to it in eithP.r (or both) of the fol
lowing ways: 

( 1) By direct radiation from the disturbing device. 
(2) By indirect radiation from the power supply line or 

some other circuit which has picked up the disturbance. 

The first condition, that of "direct radiation pickup," is apt to 
occur if the disturbing device is located in the same building 
that the antenna installation is in. As shown in Figs. 30-4 and 
Fig. 30-7, even small electrical appliances can radiate disturb
ances to the lead-in wire if they are near enough to it. In apart
ment houses, the elevator motors and contactors which are usually 
in the elevator pent house on the roof radiate very strong dis
turbances which may be picked up directly by both the aerial 
and the upper part of the lead-in if they are near enough to it. 
Such prolific sources as diathermy machines (see Art. 30-30), 
large electric sign flashers, etc., cause the radiation of consider-
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able interference energy which may be picked up directly by radio 
antennas over an appreciable area. 

The second condition, that of "indirect radiation pickup", is 
perhaps the most common one. The branch circuits of the power 
supply lines in a building may pick up disturbances, conduct 
them, and re-radiate them to a radio antenna system at some 
point a considerable distance away either in the same building 
or in some other building (see Fig. 30-4). In rural districts, the 
elevated power supply line may conduct such disturbances for 
a considerable distance and re-radiate them to receiving anten
nas. The same is true for electric surface car lines, etc. Even 
double re-radiation may occur! A power supply line may con
duct disturbances and radiate them to another conductor such 
as a metal gutter or drain-pipe, a metallic roof, a stand-pipe, 
pipe lines and shafts, etc. The latter conductor in tum may re
radiate the energy to a receiving aerial or lead-in in the vicinity. 
The possibilities and ramifications of such re-radiation are so 
complex that they are often responsible for very perplexing in
terference situations which are encountered. Nevertheless, its 
importance and prevalence should be understood, for it is often 
the mysterious reason why an aerial located in a high position 
ostensibly free from all electrical devices and circuits is very 
noisy because it happens to be within a zone of disturbance re
radiated by a roof gutter, a metal roof, a metal flagpole, etc., in 
the vicinity. More will be said about this in Art. 30-58. 

Whenever an aerial is installed, it is good practice to use 
two or three insulators in series at each end. They should be 
separated about 12 inches from each other. This brings the end 
of the aerial wire no closer than 3 feet from its support. This 
is extremely important when the aerial is suspended from metal 
supports, such as iron pipe supports, vent pipes, etc., which are 
either driven into the ground or fastened to the metal frame
work or cornice of the building. These metallic structures may 
be re-radiating interference from some other source and the re
ceiving aerial should be kept as far from them as possible, even 
though they may be necessary to support it. 

30-36. Interference Pickup by Component Parts of the 
Antenna Circuit.-It should be remembered that the ordinary 
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inverted-£ or T type antenna system consists of three parts. 
The horizontal portion is the aerial; the portion which leads from 
the aerial to the receiver is the lead-in; the portion leading from 
the set to the ground is the ground lead, or more simply, the 
ground. In "doublet" antenna systems there are only the aerial 
and the lead-in, no "ground" (as such) is used. In the "vertical" 
antenna there are only the aerial wire and the ground, although 
strictly speaking, if the aerial is erected very high above the 
roof, a lead-in will be used to connect it to the receiver. 

In the majority of cases where interference is experienced, 
most of the electrical disturbance exists in the immediate vicinity 

. ·• : .· .. : 
FIG. 30-24.-A typical example 

of an indoor aerial installed in a 
location full of interference. Both 
the indoor aerial, the lead-in and 
the ground wires run right through 
the strong interference zone and 
all of them pick up the disturb
ances. Noisy reception is bound 
to result. 

of the building due to electrical devices located therein, or to the 
electric light and power wiring in the building which radiates in
terference that has been conducted in from the outside. It is 
picked up by the lead-in and ground leads, and very often by the 
aerial as well. 

30-37. Interference Pickup by the "Ground".-The ground 
lead, and the ground itself, should come in for a. great deal more 
attention by service men than they usually do. It should be 
remembered that in all antenna systems ( except the loop and the 

doublet types) the ground lead alone may make quite a fair aerial 
--especially when the set is installed in an upper story of an 
apartment house so that the ground lead is high up from the ac
tual earth. (How effective an aerial the usual ground lead makes, 
may be checked in a minute by disconnecting the aerial lead-in 
and ground leads from the receiver, connecting only the ground 
lead to the Ant. post of the set instead and tuning for a signal 
with the volume control full up). As soon as this is realized, 
the fact that the ground lead will also be affected by all interfer-
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ence radiations from nearby electrical devices, the electric light 
wiring in the building, ( and even water and gas pipes if they 11re 
acting as re-radiators of disturbance due to their being located 
close to interference-carrying lighting circuits at some point), 
follows naturally. The practice of running the ground lead 
to the plate of an electrical outlet for convenience should 

FIG. 30-25.-A typical ex
ample of an outdoor aerial in
stallation in which part of the 
aerial and the entire lead-in 
and ground leads are in the 
strong interference zone local
ized about the building. Since 
only a small proportion of the 
antenna system lies in a noise
free zone the signal-to-noise. 
ratio will be low and noisy 
reception will result. 

...... . . . . ·: .. 

certainly be discontinued, for this connects the ground lead of 
the set directly to the conduit in which the electric light cir
cuit, alive with interference, runs. The set is really then using 
the main source of the interference as a ground lead-which is 
certainly not a pleasant condition to picture I 

Because of the foregoing conditions which may occur, the 

FIG. 30-26. -
Lengthening the 
aerial wire as 
shown here, of
ten improves the 
signal - to - noise 
ratio, for it adds 
more wire which 
picks up signal 
impulses but no 
noise impulses, 
since it lies out
side of the inter
ference zone. 

"ground" should be given some attention when noisy reception 
is experienced. In rural districts, perhaps the best ground is 
one that is buried outside the house where it is definitely away 
from all electric light wiring. Obviously, nothing will be gained 
by sinking a ground close to the point of exit of the electric light 
circuit, or even the water and gas pipes. A position at least 6 
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to 10 feet from the building and clear of the foregoing pipes and 
cables should be selected if possible. Six to ten feet of rod or 
ordinary iron pipe driven down into the earth, or about fifty 
feet of bare wire (at least No. 14 gauge or larger) buried in a 
shallow trench will make a good ground. Of course it is not pos
sible to install such grounds in cities. The only thing that can 
be done in such locations when interference is experienced is to 
make a good ground connection ( with a ground clamp) to the 
cold water pipe, or the steam pipe. The higher the connection 
is made in the building, the noisier the ground will be, for all 
piping between this connection and the earth will be picking up 
interference. For this reason, the use of a doublet antenna (Art. 
30-48) is very advantageous when conditions of this kind are 
encountered, for no ground is necessary when it is employed. 
Therefore, all noise from this source is eliminated by its use. 

30-38. Interference Pickup by the Aerial.-If the location 
is "noisy", an indoor aerial is the worst possible type to install, 
for, as shown in Fig. 30-24, the entire antenna system in such 
cases is located right in the interference zone. Naturally, ex
tremely noisy reception is bound to occur under such condi
tions. 

If an outdoor aerial is employed (an inverted-£ type is shown 
here although the same holds true for a T type or a doublet) and 
is installed so that it is all within the interj erence zone, even 
more noise will result because of its greater pickup of both the 
signal and the noise due to its greater length. If only part of it 
is in the interference zone, as shown in Fig. 30-25, the signal-to
noise ratio will be improved, for there is now a portion of the 
aerial which picks up signals but does not pick up interference 
because it is out of the interference zone. 

When noise is experienced in an installation of this kind, it 
is very often possible to reduce it somewhat by simply lengthen
ing the aerial portion of the existing antenna (if it is possible to 
do so) provided the added section is certain to be out of the in
terference zone, as shown in Fig. 30-26. Now, since a greater por
tion of the aerial picks up signals, but comparatively little or no 
noise, the signal-to-noise ratio is improved. This should really be 
the first thing to try in cases where the noise is only moderately 



CH. XXX REDUCING ELECTRICAL INTERFERENCE 1107 

bad. In many cases, this simple expedient will convert noisy 
reception to satisfactory quiet reception on both the standard 
broadcast band and short waves. And, although 35 to 60 ft. 
aerials are commonly recommended, do not be afraid to try an 
aerial as much as 100 to 120 ft. long I Of course, lengthening 
the aerial will increase the capacity between it and the ground. 
This capacity acts as a small condenser across the primary coil 
of the antenna stage in the receiver, and may increase its natural 
wavelength to an undesired figure. In such cases, a small con
denser (which may be an ordinary midget tuning condenser hav
ing a maximum capacity of 30 to 90 mmfd.) may be connected 
in series with the aerial lead-in wire close to the set. Putting 
this in series with the circuit reduces the effective antenna
ground capacity. Moderate background noise may also be re
duced greatly in some cases by the simple expedient of shifting 
the aerial to a different location, out of the interference zone, 
when this is possible. A method of actually locating the zone of 
minimum or no interference for this purpose will be explained 
in Art. 30-58. This zone may occur above, to one side of, or 
even below the location of the existing aerial in some cases. The 
lead-in should be kept free of metal gutters. The service man 
should not overlook these two simple expedients (lengthening 
the existing aerial so as to extend it out of the noise zone, and 
shifting it to a location out of the noise zone) in cases where 
only a moderate amount of interference is experienced. He 
should always keep in mind the important fact that the aerial 
portion of the antenna must be erected in a zone which is at 
least comparatively free of electrical disturbances. Unless it 
is, no elaborate noise-reducing lead-ins of any kind are going to 
completely eliminate the noise, for the aerial will still be picking 
it up. 

30-39. Interference Pickup by the Lead-In.-Assuming 
that noise pickup by the "ground" has been reduced to a low 
Yalue and that the aerial has been erected in a noise-free zone 
(see Art. 30-58), the problem of the lead-in remains. The lead
in can be ( and usually is) responsible for a great deal of the 
noise pickup-especially in apartment house installations where 
it must run right down for a considerable distance through the 
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thick of the strong interference zone created by electrical appli
ances and by the network of electric light wiring circuits in the 
building. A glance at the conditions represented in Fig. 30-7 
l which are by no means exaggerated) should certainly enable the 
reader to visualize this condition. Even in a private dwelling, 
the lead-in may pick up a considerable amount of interference 
from these sources (see Fig. 30-4) not to mention interference 
from elevated power lines, surface car lines, etc., which may 
pass close by. This problem of interference pickup by the lead
in is solved in practice by: 
arranging the lead-in so that it is impossible for it to trans/ er 
to the receiver any interference which it may pick up. 
In other words, if ·the aerial can be located in a zone which is 
reasonably free from man-made electrical disturbances, and if 
the lead-in can be so arranged that even though it runs through 
the noise-infested area it does not transfer to the receiver any of 
the disturbances which it may pick up, then, assuming that the 
ground is also reasonably free from noise (if it is not possible to 
get an interference-free ground, a doublet aerial may be used, for 
it needs no ground at all), satisfactory noise-free reception (so 
far as the entire antenna system is concerned) should be obtained. 
Several practical lead-in arrangements which are designed to 
accomplish this result will now be described. 

30-40. The Shielded Lead-In for Noise Reduction.
When we speak of preventing electrical disturbances from af-

Oourte811 Lenz, Elact. Mfg. Oo. 

FIG. 30-27. - Rubber-jacketed 
shielded low-capacity single-con
ductor cable for use as a shielded 
lead-in wire. 

fecting a conductor, the first thought which naturally comes to 
mind is that of electrically shielding the conductor from the dis
turbance by surrounding it with a shield or screen of conducting 
material. This idea has considerable value when applied to the 
lead-in of a standard broadcast-band receiver (but it is not satis
factory for short wave or all-wave receivers, as we shall see pres
ently) , and has been used to some extent in receiver installations 
of this kind where annoying interference has been experienced. 
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The entire lead-in right from the aerial to the Ant. post of 
the receiver is made of single stranded copper wire which is sur
rounded by (though insulated from) a low-resistance closely
woven braid of tinned copper which shields it effectively. In 
the better grades of shielded lead-in the entire conductor and 
shield is jacketed by a waterproof outer covering of rubber which 
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FIG. 30-28.-(A) The various capacities which exist between the 
aerial, ground, lead-in and shield in a shielded lead-in antenna system. 

(B) How the lower end of the shield may be connected to ground 
through a resistance ( or choke) to reduce local oscillations of noise 
current in the shield circuit. 

protects the shield from moisture and corrosion. A wire of this 
kind is illustrated in Fig. 30-27. 

It is evident that the 20 or more feet of metal shielding l de
pending upon the length of the lead-in) surrounding the central 
lead-in wire may act as an independent receiving aerial which 
will pick up both signals and electrical disturbances (mostly the 
latter). Furthermore, this 20 or more feet of metal shielding 
surrounding the central lead-in wire and separated therefrom by 
rubber insulation ( which is a good dielectric having a dielectric 
constant of about 3) forms a "condenser" of appreciable cap
acity, C, distributed along the entire length as shown at (A) 
of Fig. 30-28. This shielding also has a capacity, C,, to ground, 
and the aerial wire has a capacity, Ca, to ground. These are all 
shown in the illustration. The equivalent electrical circuit which 
results is shown at (A) of Fig. 30-29 where A represents the lead-
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in S represents the shield and L is the primary of the antenna 
coil in the receiver. Keeping in mind the fact that signal voltage 
is induced in the aerial wire and both noise and signal voltage is 
induced in S, it is evident that we have here two possible oscil
lating circuits, each one having its own natural resonant fre
quency determined by its inductance and capacity. One of 
these circuits consists of the aerial (in which the signal voltage 
is induced), Co, the "ground", and L, as shown at (C) of Fig. 
30-29. Notice that the signal current flows through the receiver 
coil when it oscillates in this circuit. The other oscillating cir
cuit consists of S (in which the noise voltage is induced), C, A, 

~ s 

t 
-;--- ---,A,----- T-----~ 

(0) 

FIG. 30-29.-Equivalent electrical circuits which exist in the cir
cuit arrangements shown in Fig. 30-28. 

L, the "ground", and C,, as shown at (B). Notice that since 
receiver coil L is also in the path of the noise current which will 
flow through this latter circuit, the effectiveness of the shield in 
eliminating noise pickup is greatly reduced. These interfering 
oscillating currents can be suppressed by grounding the shield 
at both ends as shown in Fig. 30-31 (and at intermediate points 
along it if possible) so that its entire length will be maintained 
at as nearly ground potential as possible. Since it is usually very 
inconvenient to make such a "ground" connection to the top end 
of the shield in actual installations, most manufacturers of shield
ed antenna kits resort to a different method of accomplishing 
the same result. The shield is grounded at the receiver end only, 
and a high resistance is connected in series with this ground lead 
( as shown at (B) of Fig. 30-28). Connecting this resistance in 
this way has the effect of introducing it directly in series with 
the oscillating circuit formed by the shield, antenna coil and 
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ground, as shown at (D) of Fig. 30-29, and it therefore sup
presses the noise currents in this circuit. In some cases, a suit
able r-f choke is used instead of a resistor for this purpose (see 
Fig. 30-30). Unfortunately, this resistance also reduces the ef-
fectiveness of this ground con- TO AERIAL 

nection to the shield in by
passing the inductive interf er
ence currents to ground, but 
in actual commercial shielded 
antenna kits some sort of 
compromise is attempted be
tween these two conflicting 
conditions by using a com
promise value of resistance 
or choke. 

Now if the simple shield-
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in (A) of Fig. 30-29) is ap- -
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. . mg transformers are connected at 
length of lead-m, and smce both the aerial and the receiver end 
the shield is grounded, a con- of the shielded lead-in. 

siderable amount of by-passing of the high-frequency signal to 
ground will result. A study of (B) in Fig. 30-29 reveals that 
the capacities C and C, in series really shunt the primary of 
the antenna coil in the receiver. Since C, is appreciably large, 
its shunting effect is appreciable-especially for high-frequency 
signals. Viewed from another angle, the impedance of a line of 
large capacity is small, and when it is connected to the relatively 
large impedance of the aerial at one end and receiver at the 
other end, the transfer of energy to the receiver will be small. 
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It will be recalled that, in any system, maximum power is 
transferred when the impedance of the source is equal to the 
impedance of the circuit it feeds into (whatever it may be). 
In our case, the impedance of the aerial is very high compared 
to the impedance of the shielded lead-in, so that an impedance
matching transformer must be inserted between the aerial and 
the lead-in line. This transformer may be of the auto-trans
former type as shown in Fig. 30-30, or it may be of the two
winding (separate primary and secondary) type. In either 
case, the primary winding of the transformer is designed to 
match the impedance of the aerial circuit to which it connects, 
and its secondary is designed to match the lower impedance of 
the line ( the shielded lead-in to which it connects). Thus it 
really steps down the signal voltage of the aerial and increases 
the current in proportion (less the losses) so that the signal 
power may be transmitted through the lead-in at low voltage 
and higher current (the total signal power would remain un
changed if it were not for the losses which occur in the trans-

/ 

FIG. 80-31.-Method of installing a shielded lead-in for broad
cast-band reception only. Impedance-matching transformers are con
nected at both the aerial and receiver ends of the shielded lead-in 
wire. The shield is grounded at each end. The ground to the upper 
end may be conveniently made to a metal roof gutter or leader in 
many cases. 

former). Transmitting the signal power at this lower voltage 
results in less loss in the inefficient condenser formed by the lead
in, the shielding and the rubber insulation between them (since 
the power lost in any condenser increases greatly as the voltage 
is increased). At the receiver end of the shielded lead-in, the 
impedance of the line must be matched to the higher impedance 
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of the input circuit of the receiver so that the signal power may 
be transferred to it efficiently. Therefore another transformer (a 
step-up type) whose primary matches the impedance of the 
shielded lead-in and whose secondary matches that of the re
ceiver input circuit as closely as possible, is used at this end, as 
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FIG. 3U-32.-Equivalent electrical diagrams showing the effect 
of the impedance-matching transformer on the by-passing action of 
the lead-in-to-shield capacity of the shielded lead-in. 

shown in Fig. 30-30. Under these conditions, the entire system 
is matched so far as impedance is concerned. 

In terms of voltage and current, the antenna transformer 
reduces the voltage developed in the aerial to a low value and 
increases the current in proportion. The receiver transformer 
steps up this voltage again by transformer action and reduces 
the current. The effect of the ideal shielded lead-in system, 
then, is to virtually place the radio set up on the roof where the 
aerial is located, and if the aerial is in a substantially noise-free 
area, no noise should be heard. In practice, this will be true 
only if any signal or noise which the shielded lead-in picks up 
is effectively prevented from affecting the receiver input circuit, 
and if the transformers are designed correctly to keep the im
pedances matched. The arrangement of the aerial, shielded lead
in and the aerial and receiver impedance-matching transformers 
in a receiving installation of this kind is shown in Fig. 30-31. 
These transformers are really radio-frequency transformers and 
are ordinarily made of coils wound in either "scramble" or "uni
versal" manner. When purchasing kits of parts for shielded 
lead-in antennas, the service man should be careful to avoid those 
types which have excessive losses at certain signal frequencies, 
and also those whose antenna impedance-matching transformer 
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is improperly weatherproofed to stand exposure to rain, extreme 
changes in temperature, humidity, etc., without deterioration. 

Since impedance-matching transformers are so commonly 
used in noise-reducing lead-in systems, it will be well at this 
point to show why the capacity between the lead-in wire and 
its shield does not have so much by-pass action when it is term
inated by a low impedance. 

Consider the circuit shown at (A) of Fig. 30-32. A high-fre
quency voltage, E, of 100 volts is impressed across a resistance, 
R, of 10,000 ohms and a capacity, C, whose reactance at the im
pressed frequency is 10 ohms. The current through R is simply 
100/10,000 = 0.01 ampere, and that through the condenser is 100/10 
equals 10 amperes. It is clear, then, that under these conditions the 
impedance of the condenser is so low compared to that of the resist
ance (this could also be an inductance) it is connected across, that 
it takes nearly all of the current that flows from the source of voltage. 

Now suppose that the source voltage be stepped down by a trans
former so that the voltage applied to the circuit is now only 1 volt 
(as shown at (B) of Fig. 30-32); the transformer ratio required to 
reduce this voltage is 100-to-1 (step down). But the impedance is 
now reduced according to the inverse square of the transformer ratio, 
so that the 10,000 ohms now looks like 1 ohm, but the capacity remains 
the same, because it is connected after the transformer. The current 
through R is now 1 ampere, and that through the condenser is 0.1 
ampere. Hence, the capa~ity current is now but a fraction of the 
total current, whereas previously it represented nearly all of the total 
current. 

The same circuit and reasoning applies to the antenna system just 
described (see Fig. 80-30). The applied voltage, E, is that generated in 
the aerial by the signal, R may be considered as the impedance of the 
aerial, and C is the capacity of the shielded cable. The impedance
matching transformer reduces the voltage applied to C, so that a 
smaller proportion of the total current flows through it. At the 
receiver end of the line, the reverse takes place, and the voltage is 
stepped up to the required value. In an actual line, of course, in
ductance, resistance and capacity are present, so that the conditions 
are somewhat more complicated than presented here. However, it 
shows definitely why it is necessary to match the impedance of the 
aerial to the lower impedance of the shielded lead-in and to match 
the latter to the higher impedance of the receiver input. 

The example presented here did not match the impedances, but 
made them unequal in the opposite sense. This was done to empha
size the effect of varying the impedance connected across a fixed cap
acity. In fact, though maximum power would not be transferred 
by the system shown here, reflections would occur from one end of 
the line to the other creating standing waves, and the system would 
be unbalanced unless the receiver were connected to very definite 
points along the line. In actual practice, it is essential that the 
impedances be really matched. 

The main difficulty with the shielded lead-in type of noise
reducing system is that the non-adjustable impedance-matching 
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transformers can effectively match the impedances over only 
a comparatively narrow band of signal frequencies (unless vari
able controls are to be added at the two impedance-matching 
transformers, which of course is impractical). These transform
ers can be designed to work fairly efficiently over the limited 
standard broadcast band of frequencies from 540 to 1,600 kc, 
and a number of satisfactory units of this kind are on the mar
ket. In most of these, the winding which connects to the input 
circuit of the receiver is tapped (see Fig. 30-30) so that the full 
winding ( tap A~) may be used if the set is of the type having a 
high-impedance input and only part of the winding (tap A,) is 
used if the set has a low-impedance input circuit. This makes 
better impedance matching to both types of receivers possible. 

Unfortunately, the difficulties involved have prevented the 
development of suitable impedance-matching transformers 
which will work efficiently over the large range of frequencies 
covered by the short wave as well as the standard broadcast 
ranges. Severe line losses drastically cut down the signal in
tensity if this is attempted. It is for this reason that the shielded 
lead-in type of noise-reducing antenna system is suitable when 
only the standard broadcast band is to be received. It should 
not be employed if man-made interference picked up by the 
lead-in is to be minimized when either a short-wave or all-wave 
receiver is to be used. In such cases, one of the other systems 
which will be described shortly, should be used instead. Even 
in the case of standard broadcast band reception there is some 
loss between the receiver and the aerial. For the average case, 
about 30 to 50 per cent of the induced antenna voltage is lost 
in the transformers and lead-in. Of course, this loss can be 
tolerated if the interference is lowered to a far greater extent 
than the signal is, for then the reserve sensitivity of the receiver 
(most modern sets have an appreciable reserve) will make up for 
the increased antenna loss and give adequate volume with a 
lower background of interference. 

The lead-in wire of any inverted-£ or T type antenna system 
(if it is unshielded) picks up signal voltage, especially from near
by broadcasting stations. However, after it is shielded, it be
comes merely a power-transmission line serving to connect the 
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aerial to the receiver. If it is a well-shielded lead-in, it no 
longer picks up any signal. Therefore, in cases where the un
shielded lead-in has been picking up an appreciable portion of the 
total signal received, a decrease in signal voltage will result when 
a shielded lead-in is substituted for it. To compensate for this 
elimination of the lead-in pickup, the horizontal portion (aerial 
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FIG. 30-33.-Near the transmitting antenna, the radiated waves 
are almost vertical, as shown at (A). At some distance from the 
transmitting antenna the signals arrive at an angle, as shown at (B), 
due to the fact that they have been reflected by the Kennelly-Heaviside 
layer. 

part) of the antenna should be made longer than it was when the 
unshielded lead-in was used. 

30-41. The Twisted-Pair Wire Lead-In for Noise Reduc
tion.-Another very simple type of noise-reducing lead-in which 
does not transfer to the receiver any of the interference (or sig
nal) which it picks up, consists essentially of a pair of twisted 
wires which connect the aerial to the receiver. A lead-in ar
rangement of this type is shown ( without the aerial and re
ceiver) in Fig. 30-34. Note that it is merely a pair of vertical 
twisted wires in free space. 

Now let us see how the waves arrive at the receiving antenna. 
Near the transmitting station the waves are departing from the 
transmitting aerial in the manner shown at (A) of Fig. 30-33. 
They are ruainly vertical ("vertically polarized"). The fronts 
of the waveo are energized from top to bottom and hence are 
best received by a vertical (or partly vertical) wire. Now in
terference radiations come from nearby sources also, and a good 
part of these are also vertically polarized. Hence, we may say 
that both the radiations from interference-producing devices 
and those from loud local stations are both vertically polarized 
and hence can induce voltages in a vertical wire. Signals from 
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distant stations are reflected from the Kennelly-Heaviside layer, 
and approach the receiving aerial at an angle, as pictured at (B) 
of Fig. 30-33. Since this angle is usually very flat, horizontal aer
ial wires are usually best for the reception of distant stations. 

A study of (A) of Fig. 30-34 shows that the vertically-polar
ized signal and noise waves induce voltage in the two wires of 
the twisted-pair lead-in. Since these wires are close together, 
the voltages E z and E, induced in them are equal and in phaae 
with each other, so that their polarities are always similar. At 
one instant their polarities will be as indicated here, at the next 
both will be reversed, etc. It is important to remember that 
this is only true if the wires are very close together ( close com
pared to the wavelength of the signal), so that both wires are 
being acted upon by the same part of the field (same phase) at 
the same time. Therefore, since the two lower terminals (that 
connect to the receiver) are both positive, and then both negative, 
simultaneously, there is never any difference of potential between 

FIG. 30-34.-How a ver
tical twisted-pair wire 
lead-in cancels any volt
a~e induced in it by any 
kmd of a signal (including 
noise) provided it is ter
minated in a transformer 
winding in which the in
duced voltages E 1 and E, 
can balance each other out. 
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them. Consequently, if they are connected to a coil, as shown at 
(B), no current due to these voltages will flow in it, since current 
only flows between points which differ in potential. Another way 
of looking at it is to consider that the two induced voltages E I and 
E, being equal and acting in opposite directions in the coil at all 
times, cancel each other's effects. 

This coil may be the antenna coil in the receiver or the prim
ary of a transformer connected between the Jead-in and the re
ceiver. It makes little difference to the lead-in what kind of a 
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coil it is; the fact that no potential difference due to signal or 
noise pickup by the lead-in exists between the terminals of the 
coil prevents the flow of the noise current in the coil; hence, no 
noise voltage will be induced in another coil coupled to the first. 
Therefore, no matter what vertical wave induces a voltage in the 
lead-in, it cannot be transferred to the receiver or actuate the grid 
of the first tube in it because of the lack of potential difference. 
Since this type of noise-reducing lead-in depends for its action 
upon the balancing of the two induced voltages in it, and since it 
also acts as a transmission line to conduct the desired signal from 
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FIG. 30-35.-L.6/ t: A twisted-wire pair in which the wires are 
enameled and covered with a waterproof braiding. 

Right: A twisted-wire pair in which the conductors are encased 
in a rubber jacket to protect them from moisture, etc. This is more 
suitable than the former one for use as a twisted-wire lead-in. 

the aerial to the receiver, it is commonly called a balanced tram
mission line. 

A consideration of the action of the twisted-pair lead-in and 
the vertical polarization of both the interference impulses and 
the signals from nearby transmitting stations would lead us to 
conclude that a twisted-pair lead-in should be as vertical as 
possible if the interference induced in it is to be cancelled out. 
It may seem that if the lead-in is placed horizontally, no noise 
can be induced in it and hence none will be received. This 
statement is true under ideal conditions; but in practice, it is 
found that while noise radiations are mainly vertically polarized, 
at least a part of them may be horizontally polarized, i.e., there 
may be a horizontal component. Furthermore, it is quite difficult 
to erect a lead-in that is not horizontal for at least some part of 
its length. 

The twisted-pair lead-in must be constructed of a high grade 
of twisted wire which has low losses and can stand the weather
ing action of sun, rain, wind, etc. Ordinary twisted-pair tele
phone wire or lamp cord does not meet this requirement. One 
prominont manufacturer of noise-reducing antenna kits employ
ing this type of lead-in uses stranded, tinned copper wire for each 
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conductor. Each wire is insulated with high-quality submarine 
cable rubber and an outer covering of weatherproof braid. The 
wires are twisted closely. Another uses two conductors of "litz" 
wire, each wrapped with a very thin specially prepared cambric 
cover, impregnated with an insulating varnish. These twisted 
conductors are protected by a heavy moisture-proof casing of 
high-grade rubber. Two representative types of wire for twisted
pair lead-ins are illustrated in Fig. 30-35. 

30-42. The Twisted-Pair Lead-In With An Inverted-L 
(or T) Aerial.-If an inverted-L type aerial is to be used with 
a twisted-pair lead-in for minimum lead-in pickup of interf cr
ence, the upper end of the lead-in may connect to the aerial wire 
in the way shown in Fig. 30-36. One wire of the lead-in connects 
to the aerial wire at point D, and the other wire, A, is either 
connected to a short length of the aerial support wire fbetwcen 
insulators) merely to support it as shown, or it may be left en
tirely unconnected in space. The same type of connection may 
be employed if a T aerial is used. Thus, only one lead-in wire is 
effective in carrying down the signal from the noise-free hori
zontal aerial section, and the other is merely used to cancel 
noise picked up by the lead-in, as previously des~ribed. With 
the free wire removed from the system, the aerial is simply the 

FIG. 30-36.-Method of 
eonnecting a twisted-wire 
lead-in to an inverted-L 
(or T) type aerial. One 
end, A, of the lead-in is 
either left entirely uncon
nected, or it is connected 
to a short section of the 
aerial guy-wire for sup
port. 

AERIAL 

TWl:!ITED TMl:!I WIRE 
LEAD-IN t.lAY LErT 

UNCON
NECTED. 

TO COIL~ 
AECCIVER 

ordinary inverted-L ( or T) type used by so many millions of 
radio owners. With the second section of the lead-in present, 
any noise voltage picked up by the lead-in is concelled in the 
coil connected to the bottom end, and if the horizontal aerial 
section of the antenna is in a noise-free zone, reception will be 
comparatively free from noise disturbances ( provided the cir-
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cuit is exactly balanced, and no disturbances reach the receiver 
by any other path). 

The question of "best aerial length" always arises in the in
stallation of an inverted-£ antenna. How long should the hori
zontal "aerial" portion be made for best results? The answer 
to this question depends to a large degree on whether the an
tenna is to be used for general all-wave reception with a com-

AERIAL mon all-wave receiver, or whether 
it is desired to construct the anten-

.<'TWl!>TtD 
/ LEA.D-IN 

na so that it will receive some par
ticular frequency best (perhaps it 
is desired to arrange the antenna to 
be most efficient at the frequency 
of a certain distant station it ia 
particularly desired to receive, or 
it is to be used by an amateur to 
receive desired signals on a certain 

v;------=-
f ooo~o '-, - : To ..... NT~, "GNo." band best, etc.). If the antenna is 

~ PO~T$ or RECEIVER to receive best on a particular fre-
FIG. 30-37. - Circuit ar- quency ( such as for communica-

rangement of an antenna 
system having a twisted-wire tion purposes on 20, 40, 80 or 160 
lead-in. The method of con- meters as used by amateurs), the 
necting the two impedance- choice of the length of the aerial matching transformers T 1 
and T ,, and the electrostatic portion is rather important. In 
shield S is shown. such instances the most suitable 
length (in meters) is one half of the actual wavelength on which 
the amateur desires to transmit and receive. 

For use in connection with all-wave receivers, a compromise 
must be made since the frequency band to be covered is very 
large. One compromise is to make the length of the aerial por
tion of the antenna equal (in meters) to one-half the length of 
the shortest wavelength it is desired to receive, if the antenna 
is an inverted-£ type. If it is a doublet type, it is well to make 
a double-doublet out of it, as explained in Art. 30-55, in order to 
cover the large frequency range efficiently. A doublet antenna 
receives best those signals which have a wavelength equal num
erically to twice the total length (in meters) of the two wires 
which form the horizontal portion of the doublet. The inverted-L 
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type antenna receives best those signals whose wavelength is 
equal numerically to twice the length (in meters) of the hori-
1ontal aerial portion. 

As an example of how a typical calculation for the length of 
aerial wire to use in these special cases is carried out, let us con
sider the inverted-L antenna shown in Fig. 30-36. The overall 
length of the aerial wire should be equal to ½ the wavelength 
of the particular frequency it is desired to receive best. Thus, 
to receive a 49-meter station with best results, the length of 
wire used should be 49 /2 or 24.5 meters. And since there are 
about 3.3 feet in a meter, the wire length should be 24.5 X 3.3, 
or about 80 feet. But when the length is made 80 feet, the imped
ance of the line may not match that of the aerial, so that another 
impedance-matching transformer T, must be connected between 
the aerial and the transmission line, as shown in Fig. 30-37. 

Whether one or two transformers are used depends upon the 
design of the individual system. The general principles, though, 
are common to all, especially regarding the placement of the 
aerial portion of the antenna in a zone as free from interference 
as possible, etc. 

One of the main troubles with these simple antenna systems 
is that unless a switching arrangement is used (see Art. 30-47) 
good impedance matching can only be effected over a fairly nar
row band on either side of the frequency for which good match
ing occurs, so that the response of many of these noise-reducing 
systems falls off considerably at some signal frequencies. Obvious
ly, maximum response can only be secured on certain frequencies: 
but good response will be obtained on many of the harmonics of 
these frequencies. The response at a harmonic frequency is less 
than that at the fundamental frequency of the aerial, but despite 
this it may still be fairly strong at the harmonic frequency. 

For example, suppose a half-wave antenna is constructed. 
and let the length of the aerial be 58 feet. Converted into meters 
and then into frequency, the response of the system will be best 
at about 8 megacycles. For signals of higher frequency, the 
response of the system falls off gradually and then starts to rise 
a~ain, and another peak will occur at 24 megacycles (the third 
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harmonic of 8 megacycles); another peak will also occur at 40 
megacycles, (the fifth harmonic), and so forth. 

Under normal conditions, a T or inverted-£ type antenna 
is desirable for use mainly on the broadcast band and also the next 
lowest band, commonly referred to as the "police band". Below 
this, a grounded antenna system is not efficient unless separate 
antennas cut to proper length for optimum reception are used for 

TO AERIAL 

TWISTED 
LEAD-IN 

/ 

FIG. 80-37 A.-How the 
impedance-matching trans
former is connected be
tween the twisted-wire 
transmission line and the 
receiver. S is the elec
trostatic shield. 

each short-wave band. This, of course 
is not practical for an average all-wave 
home receiver. "Doublet", or "double
doublet", antennas possess advan
tages for this class of receiver opera
tion, as we shall see in Art. 30-55. 

30-43. The Impedance-Matching 
Transformers.-The use of a twisted
wire lead-in from the aerial to the 
receiver for noise reduction is simple, 
but is not without some practical diffi
culties. The lead-in has a certain im
pedance. The further apart twisted 
wires are, the smaller is the capacity 
between them, and the higher is the 
impedance of the line. The size of the 

wires and the length of the lead-in also affect its impedance. If 
the lead-in (more technically called the transmission line) is long, 
then the impedance of the line must be taken into consideration. 
For best results, the impedance of the aerial must match that of 
the line at the aerial end, and the impedance of the line must 
match the impedance of whatever it is connected to at the receiver 
end. If the impedances are not properly matched, maximum 
signal power cannot be transferred from the aerial to the re
ceiver, and the transmission of the signal from the aerial to the 
receiver will not be uniform at all frequencies. 

The usual method of matching the impedances for a twisted 
lead-in (or a transposed lead-in) is by the use of a properly de
signed transformer, at the receiver, as shown in Fig. 30-37A. A 
transformer at the aerial end of the twisted-wire lead-in is not 
generally required if a commercial kit of antenna parts is em-
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ployed, for these are designed so that the piece of twisted wire 
lead-in furnished in the kit has an impedance which effectively 
matches that of the aerial sufficiently closely. It is for this reason 
that the lead-in wire which is furnished with these kits should 
not be cut to the exact length actually needed for the installa
tion; the total length of lead-in which is supplied in the kit 
must be used. If any of this is excess, it must be coiled up and 
tucked away at the receiver. In such cases, since the impedance 
of the lead-in already matches that of the aerial, it is only neces
sary to use an impedance-matching transformer at the receiver 
end to match the lead-in impedance to that of the input circuit 
of the receiver. If more wire than the 
supplied length is required, only defin- To AERIAL 

ite multiples of the original length 
supplied can be used, as we have seen 
in Art. 30-42. 

30-44. Static Shield in Imped
ance-Matching Transfonners.-The 
mere presence of a transformer at the 
receiver end of the twisted ( or trans
posed), lead-in does not necessarily 
eliminate the noise voltages by can
cellation because if the system is not 
balanced and there is capacity coup
ling between the primary and secon
dary of the transformer the disturb
ances will be transmitted to the re
ceiver through that capacity. Let us 
see why this is so: 

FIG. 30-38.-How noise 
voltage appearing across 
the primary of the re
ceiver impedance-match
ing transformer may in
duce noise voltage in the 
secondary winding if ap
preciable capacity, C, ex
ists between them. 

Referring to Fig. 30-38, if appreciable capacity, C, exists be
tween the primary and secondary windings of the impedance
matching transformer, then the noise voltage appearing across 
the primary will induce an equal and opposite voltage across 
the secondary by electrostatic induction. No noise would be heard 
if the entire antenna system were perfectly symmetrical from the 
aerial right down to the input coil in the receiver. If the system 
is not exactly symmetrical ( and it hardly ever is in practice) , 
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some slight interference noises will be heard, but they will usually 
not be very strong. 

If a grounded electrostatic shield, S, is interposed between 
the primary and secondary windings, it serves to reduce the 
capacity between these two coils to a low value-almost zero if 
possible. This prevents the capacity coupling from transmitting 
the noise to the secondary. The shield must be so constructed, 
however, that it permits magnetic coupling between the two 
coils so that the signal curent flowing through the primary can 
induce signal voltage in the secondary by electromagnetic in
duction. Hence its name-electrostatic shield. This shield us
ually consists of a piece of thin sheet copper or copper-foil mak
ing slightly less than a complete turn around the primary 
winding. 

30-45. Constructing an Impedance-Matching Transformer 
for a Twisted-Wire Lead-In.-It is possible for the service 
man to construct his own impedance-matching transformers to 
be used between a twisted-wire lead-in and the receiver when 

GAP IN 
TINFOIL 

I 

FIG. 30-39.-Construction details of an efficient impedance-match
ing transformer to be connected between the twisted-wire lead-in and 
the receiver. 

an ordinary inverted-L type antenna is employed, and operation 
over the standard broadcast band only is desired. The unit 
about to be described is suitable for use with a twisted-wire 
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lead-in about 50 feet long. Its construction is illustrated in 
Fig. 30-39 and its circuit diagram is shown in Fig. 30-40. In
tensive tests by one oT the large receiver manufacturers have 
shown that when it is used with an ordinary twisted-wire lead-in, 
the noise picked up in the lead-in is reduced by 55 decibels, 
while signals picked up by the aerial are attenuated a maximum 
of only 9.5 db. at 1,500 kc and 5.0 db. at 550 kc (a receiver 
having an overall gain of 114.0 db. was used in the tests). Thus, 
the reduction of noise picked up by the lead-in is very great, 
while the attenuation of the signals is small-over the standard 
broadcast band. The construction data for this unit is presented 
here by courtesy of H. J. Adler its designer, and Radio News 
Magazine, in which it was first described. 

It consists of a %-inch diameter wooden or cardboard form 1 ½
inches long on which the primary and secondary are wound. The 
secondary is wound on it first, and consists of 460 turns of No. 83 
enameled wire. The winding length of this coil is 1-inch, so that sev
eral layers are required; each layer should be insulated from the 
adjacent one by waxed or "glassine" paper about 0.001-inch thick. 
Both secondary leads should then be taken from one end, as shown 
in the sketch of Fig. 30-39. When the secondary is finished, wind 
an insulating layer of paper over it; the thickness of the paper being 
about 0.003-inch. The electrostatic shield is placed on next! It con
sists of a strip of tin or copper foil, l1h-inches wide and just long 
enough so that the two ends will just miss meeting by 1/16-inch; in 
other words, wrap the foil around 1/16-inch less than one tum. If 
the two edges of this shield should touch, a low-resistance short
circuiting turn of cc,pper will be formed. This will absorb most of 
the energy and the transformer will be useless. Solder a lead to the 
shield as shown. Over this shield is placed another layer of insulating 
paper 0.003-inch thick, and the two primaries are then wound. Each 
primary winding consists of 76 turns of No. 33 enameled wire. The 
two windings must be identical and equidistant from the center of 
the form, as shown in the sketch. Wind each primary coil, starting 
from the center and working toward the end; each primary will 
take slightly over one layer. The primary leads should be brought 
out as shown. When finished, each primary coil will have an in
ductance of 100 microhenries and the secondary an inductance of 
3,000 microhenries; the coupling between primary and secondary 
will be approximately 65%. The method of connecting the coil in 
the antenna circuit is shown in Fig. 30-40. It is important to keep 
the primary leads well shielded from the secondary leads to prevent 
capacity coupling between them. 

Primary L 1, when tuned by the antenna capacity, resonates 
within the broadcast band, making it necessary to place C1 a 100 
mmfd. condenser, in series with it . C,, which is semi-variable is put 
in the other lead to make both circuits !!ymmctrical. With the above 
values and on an average antenna, L 1 and L 1 will resonate at about 
1,800 kc. The adjustment of condenser C, is neither dependent upon 
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the length of the lead-in, nor upon the capacity of the antenna. 
In adjusting the system, connect the twisted-wire lead-in and 

the receiver to the transformer in the usual manner as shown 
in Fig. 30-40, but do not connect the far end of the transmission 
line to the aerial. Turn on the receiver and tune in a weak sta
tion, if possible. Then adjust C, for minimum signal! Con-

FREE END or 
LEAD-IN 

AERIAL 

c, 

FIG. 80-40.-Circuit 
arrangement showing 
how the impedance
matching transformer 
of Fig. 80-39 is con
nected between the 
lead-in and the re
ceiver. Two conden
sers Ci and C1 are 
connected in series 
with the lead-in. 
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nect the aerial end of that wire of the transmission line which 
connects to Ci to the aerial, and the adjustment is finished. No 
further adjustments of CI are required. 

30-46. Connecting Twisted-Pair Wire (and Transposed) 
Lead-Ins to Receivers.-After a noise-reducing lead-in 1s m-
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Fm. 80-41.-( A) How the antenna coil circuit of most ordinary 
receivers is arranged. 

(B) How the primary must be isolated from the "ground" if a 
twisted-wire (or transposed) lead-in is to be connected directly to 
the receiver without any intervening impedance-matching transformer. 

stalled, it must be connected to the receiver in the proper manner 
if it is to work satisfactorily. The exact method of connecting 
either a twisted-pair wire or a transposed type noise-reducing 
lead-in to a receiver depends mainly on the type of input circuit 
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which the receiver has. Several possible arrangements will now 
be considered. 

Most of the older standard broadcast-band receivers have 
one Ant. and one Gnd. post, connected as shown at (A) of Fig. 
30-41. The Gnd. post not only connects to one side of the prim
ary winding of the antenna coil in the receiver but also connects 
to the receiver chassis and grid-return circuits, as shown. Al
though this is not common practice, if a transmission line lead-in 
of either the twisted-pair wire or the transposed type is to be 
connected directly to a receiver of this type without the use of 
any intervening impedance-matching transformer, the primary 
winding of the receiver's antenna coil must be isolated from the 

ro AERIAL 
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FIG. 30-42.-How the twisted
wire (or transposed-wire) lead-in 
is connected to the type of re
ceiver input shown at (A) of Fig. 
30-41 when an impedance-match
ing transformer, T, is to be used 
between the lead-in and the radio 
receiver . 

ground, and the lead-in connected directly across it as shown at 
(B). The ground must remain connected to the rest of the re
ceiver circuit (chassis, etc.). To do this, locate the primary 
winding of the antenna coil in the receiver by tracing back from 
the Ant. and Gnd. posts. Locate the end of this primary which 
is grounded, and break its ground connection. Bring this lead 
out to another terminal which is to connect to one side of the 
lead-in. The regular Gnd. post can then be used for the ground 
connection in the regular way. If an impedance-matching trans
former is used between the lead-in and the receiver, the connec
tions are simply as shown in Fig. 30-42. No changes need be 
made in the receiver wiring in this case. 

Some of the older receivers are provided with one Gnd. post 
and two Ant. posts. One is for use when a long antenna is used; 
the other is to be employed when a short antenna is used. The 
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Long Ant. post connects to a tap on the primary of the antenna 
coil in the receiver, as shown at (A) of Fig. 30-43. If the lead-in 
is to be connected directly to the receiver with no intervening 
impedance matching transformer ( this is not the common prac
tice), the primary winding should be isolated from the "ground" 
and the Long Ant. post should be connected directly to the lower 
end of the winding instead of to the top. The lead-in i8 then 
connected directly to the primary coil, as shown at (B). If an 
impedance-matching transformer is to be used between the lead
in and the receiver, it should be connected to the receiver and 
the lead-in as shown at ( C). In this case, no changes in the wir
ing of the receiver are necessary. 

Many of the recent all-wave receivers are equipped with a 
Gnd. post and two Ant. posts, but the latter are connected 
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FIG. 30-43.-(A) Arrangement of the antenna coil in a receiver 
provided with L.A. and S.A. antenna posts. 

(B) How a twisted-wire or transposed-wire lead-in is connected 
to it if no impedance-matching transformer is to be used. The prim
ary of the antenna coil is isolated from the ground. 

( C) How the connections are arranged if an impedance-match
ing transformer is used between the lead-in and the receiver. 

directly to the primary winding of the antenna coil which is 
isolated from the "ground". The circuit arrangement is already 
as shown at (B) of Fig. 30-41. Therefore, either a twisted-wire 
or transposed type noise-reducing lead-in with its proper im
pedance-matching transformer may be connected directly to 
these two Ant. terminals of the receiver without any necessity 
for changes in its wiring. 

The primary of the impedance-matching transformer may 
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(or may not) have a center-tap which is to be grounded. In 
the circuit arrangement shown in Figs. 30-42 and 30-43 no center 
tap is provided. In the ones shown in Figs. 30-37 and 30-40, 
the primary has a center tap which is grounded. This merely 
places the center of the coil at the fixed potential of the ground 
and has no bearing on the operation of the t,wisted or transposed 
lead-in. In any case, the leads from the secondary of the im
pedance-matching transformer to the receiver should be made 
absolutely as short and direct as possible. The transformer 
should be mounted right close to the Ant. and Gnd. posts of the 
receiver. 

30-47. Antenna Circuit Switching Systems for All-Wave 
Receivers.-When noise-reducing antenna systems are to be 
used with all-wave receivers, some means must usually be pro-
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FIG. 30-44.-Two typical switching systems for use with trans
mission-line aerial systems when they are applied to all-wave re
ceivers. In each case, T is the impedance-matching transformer con
nected between the lead-in and the receiver. 

vided to switch from one frequency band to another ( unless a 
special circuit arrangement such of the general type described in 
Art. 30-55 is used), since the efficiency of the impedance-matching 
transformers used depends upon the frequency band covered. 
In other words, the usual system designed to cover the 540 to 
1,600 kc standard broadcast band will be hopelessly inefficient 
when used on, for instance, the 31-meter short wave band; 
therefore, some means must be provided to change the charac
teristics of the system, especially the impedance-matching trans
formers, to give as nearly equal efficiency as possible over the 
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most important tuning ranges over which the receiver is designed 
to operate. 

The circuit at (A) of Fig. 30-44 is one type of switching sys
tem commonly used. Two s.p.d.t. switches Si and S, are employed: 
with Si on tap B and S, on B, the transmission line is connected 
across the lower part of the coil for good impedance match over 
the broadcast-band from 500 to 1,500 kc; on position I and B, 
the entire coil is used for good impedance match when the 1,500 
to 6,000 kc short-wave band is employed; on position I and S, 
the transmission line is short-circuited and connected to the top 
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FIG. 30-45.-A simple "doublet" aerial. It is really a split 
aerial with an insulator at the exact center and a lead-in taken off 
from the inside end of each of the two sections. 

of the coil, giving best reception in the short wave band from 
6,000 to 15,000 kc. A total aerial length of approximately half 
a wave length is recommended with this system. The method 
of calculating the length of the aerial in feet was given in Art. 
30-42. 

The system shown at (B) of the figure is simpler to operate 
inasmuch as but two switch positions are available. The an
tenna used with this arrangement is of the double-doublet type 
(see Art. 30-55) and resonates in the important short-wave 
broadcast bands. With reference to this diagram, it is seen that 
with the switch thrown to the "short-wave" position (S-W), the 
connections, of the impedance-matching transformer, T, are stan
dard, except for the presence of resistor R. This resistor is con
nected from one side of the primary to ground, and serves to 
ground any static charges that may accumulate on the antenna 
system so that they do not spark to ground and cause disturbing 
periodic "clicks" in the receiver. This resistor is not essential 
to the operation of the antenna as a collector of "noise-free" 
signals, however. With the switch in the B-C position, the prim
ary and secondary connect together directly for standard-broad
cast band reception, and the antenna system functions practically 
as if the impedance-matching transformer, T, were not in use. 
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This system, therefore, only uses the noise-reducing lead-in ar
rangement on the short waves where interference from man-made 
electrical devices is much more severe than on the standard broad
cast band. On the standard-broadcast band, it uses the aerial as 
either an inverted-L or T type for good pickup, and the lead-in 
is not noise-reducing since it is no longer balanced. 

30-48. The Doublet Antenna.-Up to this point we have 
talked about antennas which employ a ground connection. Since 
Marconi first used such antennas they are commonly called 
Al arconi antennas. These include the "inverted-L," "T ," and 
"vertical" types. There is another type of antenna which re
quires no ground connection whatever. Since it was first used 
by Hertz over half a century ago, it is sometimes called the 
11 ertz antenna, although it is more commonly known as the 
doublet antenna. A "doublet" is merely a split aerial with an 
insulator at its exact center and a separate lead-in taken off 
from the "inside" end of each of the two halves, as shown in 
Fig. 30-45. Since it is most efficient in picking up those signals 
whose wavelength is equal to double the overall length of the 
aerial in meters (see Art. 30-42) it has been named the "doublet". 

If the two wires are erected horizontally we have a "horizon
tal" doublet. This is most suitable for receiving short-wave sig
nals from distant stations since the waves from these statiom
usually arrive in a horizontally-polarized state (see Fig. 30-33). 
This is the most common type of doublet. It also has an ad
vantage insofar as noise is concerned. Since noise comes from 
nearby sources and a good part of it is vertically polarized, it is 
not picked up as strongly by the horizontal doublet antenna as 
it would be by a vertical antenna. If the two wires are erected 
vertically, we have a "vertical" doublet. This is best suited for 
the reception of signals from nearby stations ( due to the ver
tical polarization of the waves from these stations), although it 
is not as practical a form of antenna to erect as is the horizontal 
type. In any case, the two halves of a doublet should be of 
exactly the same length. 

As an instrument of signal pickup, the doublet does not differ 
much from the inverted-L type antenna. As a matter of fact, 
it may be looked upon as a tandem arrangement in which two 
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inverted-L types are used back-to-back instead of one, and the 
signal energy is collected from both. The service man should 
keep one point firmly in mind. The term "doublet" refers to a 
specific type of aerial. This form of aerial in itself is in no way 
to be considered as a "noise-reducing" aerial any more than an 
inverted-L or T type aerial can be so considered. Unless it is 
erected in a noise-free zone it will pick up noise disturbances 
just as well as it will pick up signals. The signal induced in 
each half of the aerial portion of the "doublet" antenna must 
be conducted to the receiver by a lead-in wire. If these lead-in 
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FIG. 30-46. - How 
the noise voltages in
duced in a parallel
feeder lead-in are can
celled out in the prim
ary impedance-match
ing transformer. The 
signal voltages in
duced in the two 
halves of the doublet 
are additive. 

wires pass through a zone of man-made interference, they will 
pick up these disturbances, and noisy reception will result. Con
sequently, in such cases, some noise-reducing lead-in arrange
ment must be used with the doublet if quiet reception is to be 
obtained. Three types of lead-ins may be employed for this 
purpose. They are, the "twisted pair" lead-in, the "parallel 
feeder" lead-in and the "transposed" lead-in. In either case, 
the lead-in forms a balanced "transmission line". The construc
tion and operation of the twisted-pair lead-in, as well as the 
necessity for correct balancing and impedance matching when it 
is used, has already been presented in detail in Arts. 30-41 to 
30-46 inclusive. All that was said about it in these sections in 
connection with inverted-L or T type antennas also holds true 
when it is used with doublets. The other two types of lead-ins 
for use with the doublet will now be considered. 

30-49. The Doublet with a Parallel Feeder Lead-In.-If 
the two lead-in wires are connected to the doublet and run par-
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allel and close to each other down through the noise area, the 
conditions are as pictured in Fig. 30-46. We shall assume that 
at a given instant a signal current is induced in the two aerial 
wires of the doublet in the direction shown by the solid-line ar
rows. Notice that this current is in the same direction in both 
aerial wires. It flows down through the left hand lead-in wire 
through the primary winding of either the impedance-match
ing transformer at the receiver, or the antenna coil in the re
ceiver, and up through the other lead-in, following along its 
original direction through the right-hand half of the aerial. The 
path and direction of this current flow is shown by the solid-line 
arrows. Naturally, any noise pickup by the aerial wires will 
flow through this same path and be heard in the receiver along 
with the signal. If the aerial is well located, the noise impulses 
will be very weak compared with those of the signal i.e., the sig
na!-to-noise ratio (see Art. 30-13) is high. 

Since the noise radiations sweep across both parallel lead-in 
wires, if they are separated the proper distance apart from each 
other so that the noise voltage induced in them is sensibly of 
the same phase, this noise voltage will be in the same direction 
in each wire (as shown by the dotted-line arrows); furthermore 
the same amount of noise voltage will be induced in each wire. 
These noise voltages meet in the primary of the impedance
matching transformer and neutralize each other. Therefore they 
produce no sound in the receiver if the primary winding is prop
erly shielded electrostatically from the secondary (see Art. 
30-44). Of course, any signals picked up by these lead-in wires 
are also cancelled out and are not heard in the receiver. Under 
these conditions the parallel lead-ins form a balanced transmis
sion line or "noise-reducing lead-in". 

In practice the lead-in wires must be separated by numerous 
insulators (one about every 15 inches) to keep them the proper 
distance apart. Notice that the system operates as a "bal
anced" transmission line only as long as the two wires are so 
spaced apart that the noise voltages induced in them are exactly 
in phase with each other. If one wire were to have induced in it, 
a stronger noise voltage impulse than the other, it would force 
a noise current to flow through the primary winding against the 
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bucking action of the weaker impulse induced in the other wire, 
and noise would be heard. To avoid this, the leads should be 
run very close together so that the noise voltages induced in 
them are sensibly in the same phase and of the same strength. 
However, there is a limit to how close they may be run, for if 
they are too close together, the capacity between them will be 
increased so much that losses will occur. As a compromise, the 
1eads are generally spaced about 3-inches apart. These conflict-

DOUBLtr AERIAL DOUBLET AERIAL 

....... 

FIG. 30-47.-Action 
of a transposed lead
in. The illustration 
at (A) shows how 
out-of-pha,se noise po
tentials are cancelled 
within the lead-in 
w i r e s themselves. 
That at (B) shows 
how in-phase noise po
tentials are cancelled 
in the primary of the 
impedance - matching 
transformer T at the 
receiver. 

ing conditions, and the necessity for a variable spacing of the 
wires if reduction of the noise over the whole standard broad
cast and short wave band is to be achieved, make this type of 
lead-in impractical for use with all-wave receivers. It finds its 
greatest use in the transmitting aerials of amateurs, where the 
correct spacing for the single frequency on which the station is 
to be operated is easily calculated and obtained. 

30-50. The Doublet with a Transposed Lead-In.-The 
transposed lead-in eliminates some of the practical difficulties 
that are encountered with the parallel-feeder lead-in. Instead 
of running the two wires parallel throughout their entire length, 
they are transposed or crossed every two or three feet, as shown 
in Fig. 30-47. By arranging them in this way, the directions of 
whatever voltages are induced in them (signal or noise voltages) 
are such that they cancel either in the lead-in or the transformer. 
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There are two possible conditions of operation of a trans
posed lead-in. In the first case the frequency of the radiations 
and the spacing of the wires may be such that the two sides of 
the line lie in fields of opposite phase and will therefore have 
noise voltages of opposite phase induced in them. Thus, if all 
the voltages induced on the right-hnnd transpositions are in a 
downward direction as shown at (A) of Fig. 30-47, all the volt
ages induced on the left are upward at 
that instant, as shown. If we consider 
either of the wires alone, we can see that 
since E 1 is equal and opposite in direction 
to E,, E 9 is equal and opposite to E,, 
etc., the voltage induced in each trans
position of each wire cancels that induced 
in the next transposition since it is equal 
and opposite to it. Consequently, all the 
induced voltages in each wire cancel each 
other and the potential at the ends of the 
two wires (so far as any induced voltage 
in them is concerned) is zero. 

Under the second condition of opera
tion, the spacing of the wires may be very 

TO AERIAL 

TO RECEIVER 

small compared to the wavelength of the Fie. 30-48.-Detail 
radiations. In this case, the induced volt- of a typical trans-

posed lead-in with 
ages in both sides of the line are in the transpo!lition blocks 
same direction and equal each other, as in position. 

shown at (B) of Fig. 30-47. Thus E, = E, = E, = E,, etc. In 
this case, the total voltage induced in each wire bucks and neutral
izes that induced in the other wire. This neutralization takes place 
in the primary winding of the impedance-matching transformer, 
at the lower end, as shown. Consequently, in this case also, no 
induced current flows, but now it is because the potential differ
ence between the corresponding ends of the transposed wires is 
zero. Ccmsequently, the transposed lead-in provides a form of 
lead-in which picks up neither signal nor noise (so long as it re
mains balanced), even though it passes through a strong noise 
zone. It serves merely as a noise-free conducting path to lead 
the signal currents from the aerial wire down to the receiver. 
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30-51. Use of Transposition Blocks.--Separation of the 
wires and transposition is conveniently accomplished by means 
of special blocks of insulating material such as pyrex glass, iso
lantite, etc., as shown in Fig. 30-48. These are called trans
position blocks. They are usually rectangular (or round) with 
four slots 90 degrees apart. The two wires therefore cross at 
right angles to each other and on opposite sides of the block. 
Hence, the capacity and leakage between them is kept small. 

Courte•11 B. F. John.on Co. 

FIG. 30-49.-How 
the leads of a 
transposed lead-in 
may be brought in 
through the win
dow to the im
pedance - matching 
transformer T at 
the receiver, when 
the receiver is near 
the window. The 
wires to the re
ceiver m a y be 
twisted if the dis
tance is short. 

The allowable distance between the transposition blocks depends 
entirely upon the intensity of the local interference in relation 
to the signal. 

In some locations, where the local interference is compara
tively light, it is possible to place the blocks as much as three 
feet apart. There are some locations where they should be placed 
as close together as 12 inches. When a transmission line is used 
to connect a doublet aerial, which is located some 200 or 300 
feet from a main highway in order to avoid automobile ignition 
interference, the blocks should be placed 15 inches apart for the 
first 100 feet, 24 inches apart for the next 100 feet, and 36 
inches apart for the remainder of the transmission line. This, 
of course, presupposes that the aerial itself is located in a 
noise-free area. 

30-52. Erecting the Transposed Lead-In.-lt is good prac
tice to keep a transposed transmission line at least 2 feet from 
the side of any kind of a building. This is particularly important 
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where the transmission line runs parallel to a portion of the build
ing. If the line crosses at right angles to the edge of a roof it can 
come within one foot of the building without any noticeable dis
advantage. The transmission line can be erected either in a 
straight line or it can be run at various angles if necessary. The 
transposed lead-in should be carried to a point as close to the 
receiver as possible. Where it enters the building, it is guyed 
to the building by means of 
insulators I and guy wires 
G as shown in Fig. 30-49. 
Lightning arresters may be 
installed-one in each lead 
if desired. If it is incon
venient to continue the 
transposition where the 
lead-in runs within the 
house to the receiver, the 
leads may be twisted to
gether ( to form a twisted
pair) for a short distance 
-the shorter the better. OoYrt•q BOA 11111• oo. 

Mr. Arthur H. Lynch sug- FIG. 30-50.-A typical kit of parts 
gests that the easiest way for an all-wave double-doublet anten
to run 8 transmission line na which uses a twisted-pair lead-in. 

from the point where the transposed line enters the house, to the 
radio receiver itself, is by using ordinary No. 14 two-wire BX 
cable. This is the same type of wire that is used for electric 
house wiring. Many experts consider wire of this nature to be 
entirely unsuitable for transmission-line work. However, exten
sions of this character have been run several hundred feet into 
buildings without any noticeable loss in signal strength. 

Lines of this nature are very desirable for running the leads 
from an antenna to the receiver when the receiver is located in 
an apartment house, where the use of a regular transposed trans
mission line would be difficult. The ideal arrangement in apart
ment houses is to run the transposed transmission line to the 
level of the roof, and BX from the roof level to the receiver. In 
suburban locations, it is desirable to run the transposed trans-
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mission line to the window nearest the location of the receiver, 
and a short length of BX from there to the receiver itself. 

30-53. Connecting the Transposed Lead-In to the Re
ceiver.-If the receiver is of the all-wave type provided with 
input terminals for direct connection to a doublet antenna, the 
transposed lead-in wires should be connected directly to these ter
minals. No impedance-matching transformer is usually required 
at the receiver in this case. On the other hand, if the receiver 
has the conventional Ant. and Gnd. posts, an impedance-match-

"1 
1/) 
z 
~ 
(/) ... 
a: 

FIG. 30-51. - In
dividual response 
curves (A and B) 
of each doublet, and 
the overall response, 
C, of both doublets 
together i n t h e 
double-doublet sys
tem of Fig. 30-52. 
The lengths of the 
doublets as marked 

,__2_4 __ & _e_co-12-,4-,-6 -,-e -z-o-22---'-24-2,.-2s-~-o here are the lengths 
MEGAcvcLEs for each section-½ 

the overall length. 

ing or "coupling" transformer of proper design must be used be
tween the lead-in and the receiver. This has already been dis
cussed in Art. 30-46 (see Figs. 30-41 to 30-43). The impedance
matching transformer ( T in Fig. 30-49) should be mounted 
directly in the receiver cabinet so that the leads between it and 
the receiver will be as short as possible. 

30-54. The Doublet with a Twisted-Pair Lead-ln.-The 
doublet is also commonly used with a twisted-pair lead-in ter
minating in a suitable impedance-matching transformer (see 
Arts. 30-41 to 30-46). Of course the twisted-pair wire used for 
the lead-in must be able to resist even extreme weathering condi
tions without increase in its losses. All that has already been 
said about the twisted-pair lead-in in the foregoing pages in 
connection with the inverted-L antenna applies equally well 
when it is used with a doublet. A typical antenna kit which 
contains all parts for a doublet antenna with twisted lead-in is 
illustrated in Fig. 30-50. The two equal rolls of bare copper 
wire for the doublet aerial portion are at the top. Directly un
der these is the roll of twisted-pair lead-in wire. The various 
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insulators, etc., are shown at the bottom. The receiver imped
ance-matching transformer is at the center. 

30-55. The Double-Doublet for All-Wave Reception.
It is well known that the signal pickup efficiency of the half-wave 
doublet antenna for a given signal frequency or wavelength bears 
a direct relationship to its length. As was explained in Art. 
30-42, the response of a doublet is greatest at a wavelength (in 
meters) which is numerically equal to twice the total length (in 
meters) of the horizontal portion, or, stated in the reverse way, 
the pickup will be greatest at a certain wavelength if the length 
of the doublet is numerically equal to½ that wavelength. Good 
(peaked) response will also be obtained at many of the harmonics 
of this "fundamental" or "resonance" frequency. Of course, the 
response at the harmonic frequencies will be less than that at 
the "fundamental" frequency of the aerial, but neverthless it 
wi~l be better than at the frequencies between these values. For 
instance, let us consider the actual response curve, A, in Fig. 
30-51, for a doublet aerial having a wire 29 feet long for each 
half section (a total length of 58 feet). Converted into meters 
the best response of this aerial will be at about (58 + 3.3) X 2 
= 35.2 meters. Converting this into frequency in megacycles, 
we have 300 + 35.2 = 8.5 megacycles approximately (see Art. 
28-3) for the "fundamental" response peak. This doublet will 
also give "peaked" (but somewhat weaker) response at about 25.5 
megacycles; its third harmonic. The response curve of this doub
let will then look like that labeled, A. Notice that the response 
falls off considerably for the frequencies below the fundamental 
resonant frequency of the aerial, for those lying between its fun
damental and third harmonic frequencies, and for those above its 
third harmonic. This is characteristic of the doublet form of 
antenna. 

It is evident that this particular doublet, if used alone with 
an all-wave receiver having the usual frequency range from 540 
to 18,000 kc (0.540 to 18 me) would not supply very strong 
signals to it in the frequency band below about 4 me (which in
cludes the standard-broadcast band), and in the frequency band 
between about 13 and 19 me (short-wave region). It is obvious 
that this latter deficiency could be fairly well made up for, if it 



1140 MODERN RADIO SERVICING CH. XXX 

were possible to connect to the same transmission line (lead-in) 
without either harming the performance of the other, another 
doublet of such a length that its fundamental resonance point 
occurs at about 14 me. This corresponds to a "fundamental" re
sonance wavelength of 300 + 14 = 21.4 meters. The total over
all length of this doublet would have to be 21.4 + 2 = 10.7 
meters, or 10.7 X 3.3 = 35 feet long (approximately). Let us 
say we will use a doublet about 33 feet long (total) consisting 
of two 16½-ft. sections. The response curve of this doublet 
would be as shown by curve, B, in Fig. 30-51. Notice that it 
peaks sharply at about 14 me, just where our other doublet pro
vides rather poor response. We are not interested in the third
harmonic response of the short doublet, for that lies way beyond 
the range of present all-wave receivers. 

If some satisfactory arrangement can be devised for oper
ating these two doublets satisfactorily with the same transmission 
line, the overall response of the two combined will be as shown 
by curve C. Notice that it is fairly uniform over the important 
part of the short-wave spectrum. This uniformity extends over 
a wider range of frequencies than would be possible with a single 
doublet. 

The foregoing arrangement will provide good antenna re
sponse over the short wave band, but not over the broadcast 
band. The first thought would logically be to employ a third 
doublet of suitable length to favor the broadcast band. How
ever, a little thought will show that this is ordinarily imprac
ticable simply because such an aerial would have to be so long 
that it could be erected only under the most unusual circum
stances. For instance, if it were to be made resonant at the 
standard-broadcast band frequency of say 1,000 kc, it would 
have to have a total overall span of about J,!}5 feet from end to 
end I Naturally, an aerial this long is out of the question for 
home use. A practical solution to the problem is to use some 
arrangement for converting the double-doublet antenna 
into another type for reception over the standard broadcast 
band. It is usually convenient to convert it into a T-type 
antenna for this band, since a T-type antenna of a medium 
length which is convenient to erect will give fairly good 



CH. XXX REDUCING ELECTRICAL INTERFERENCE 11'1 

response over the standard-broadcast band of frequencies. 
From the foregoing discussion, it is clear that if two properly 

designed dissimilar doublets be installed and connected by a 
single transmission line to the receiver in such a way that their 
outputs are additive, the double-doublet system which results 
can be made to give an overall response which is high and fairly 
uniform over the entire short wave range. Furthermore, the 
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FIG. 30-52.-How a double-doublet receiving antenna system 
may be erected. The response characteristics of a double-doublet of 
the dimensions shown here are presented in Fig. 30-51. The special 
crossover arrangement shown here in the circle at the lower right is 
important. The antenna impedance-matching transformer (see Fig. 
30-53) is not shown here. 

double-doublet can be re-connected to form a T antenna for 
good response over the standard-broadcast range. That much is 
fairly simple. Now let us see how one manufacturer (the RCA 
Mfg. Co.) has attempted to solve the important and difficult 
problem of providing a transmission line which will not pick up 
any interference disturbances itself, but which will transmit this 
very wide range of signal frequencies from the aerial to the re
ceiver with sufficiently high and uniform efficiency-without need 
for any elaborate switching arrangements. 

A long doublet consisting of two 29-foot horizontal sections 
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is used with a shorter doublet consisting of two 16½-foot sec
tions. The shorter one is erected under the larger one, as shown 
in Fig. 30-52, with sufficient space left between them to prevent 
one from affecting the other. The individual and overall re
sponse characteristics of these aerials are as shown in Fig. 30-51 
( in our previous discussion of the double-doublet antenna we 
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FIG. 30-63.-The cir
cuit arrangement of the 
double-doublet aerial, 
the antenna impedance
matching transformers, 
the twisted-wire trans
mission line, and the 
receiver coupling trans
former for the system 
shown in Fig. 30-52. 
(RCA DeLuze Double
Doublet Antenna Sys
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purposely considered doublets of the particular lengths and 
characteristics which are employed in this system). 

(1) The cross-connection at the aerial: The first import
ant point is the special cross-connection between the doublets. 
In order to make the output of the short (lower) doublet addi
tive to the output of the longer (upper) doublet at a frequency 
midway between their resonance points, the left arm of the 
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longer doublet is connected to the same side of the transmission 
line as the right arm of the short doublet. 

Likewise the right arm of the longer doublet and the left arm 
of the shorter doublet are connected to the other side of the 
transmission line. This cross-connection is shown in the en
larged detail E in the lower right-hand part of Fig. 30-52. In 
order to understand this, it is helpful to consider the fact that 
the long and short doublet arms which are connected to a single 
side of the transmission line form a single and nearly straight 
wire which is resonant in the half-wave mode at the frequency 
midway between the resonance -peaks of the two individual 
doublets. 

If the two sides of the line were connected near the center 
of these two straight wires, the antenna would form a low-im
pedance termination for the line. If the two-line connections 
were then moved out from the center in opposite directions, the 
impedance of the antenna would rise progressively, reaching a 
very high value when the ends of the wires were reached. 

At the point actually used, the impedance of the antenna at 
this frequency is slightly higher than the line impedance. 

At the frequency of resonance of either the long or the short 
doublet, the impedance of the antenna system is somewhat lower 
than the line impedance. Thus it can be seen that the line im
pedance chosen is a good compromise value. The overall per
formance of the double-doublet is shown by curve, C, in Fig. 
30-51. The response of the combination is relatively flat over 
the important part of the short-wave spectrum. 

(2) The aerial coupling transformer: The double-doublet 
must be coupled to the transmission line by an impedance
matching transformer arrangement which will provide efficient 
transfer of energy from the aerials to the line over the entire 
all-wave frequency range of 540 to 18,000 kc I The fundamental 
antenna impedance-matching transformer arrangement which is 
used in the RCA Victor De Luxe Double Doublet System is 
shown in Fig. 30-53. (The receiver coupling transformer, which 
is also shown, will be considered later.) The operation of the. 
entire coupling system will now be explained in detail. 

By referring to this diagram, it will be seen that the ant.enna 
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transformer unit consists of two special transformers. Transformer 
S transfers the short-wave signal energy from the double-doublet to 
the transmission line lead-in and matches the impedance of the doub
lets to that of the lead-in at these frequencies. The center-tap of 
its primary connects to ground through the primary winding of the 
broadcast band transformer B, but since the impedance of the prim
ary of B is so high for short-wave frequencies that it has relatively little 
effect on the short-wave reception. The secondary of the short-wave 
transformer is split into two parts connected in series with each other, 
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FIG. 30-54.-(A) The essential circuit arrangement which exists 
when short-wave signals are being received by the double-doublet 
antenna circuit of Fig. 30-53. 

(B) The arrangement which exists when standard-broadcast 
band signals are being received. Notice that the circuit automatically 
connects the two parts of the double-doublet together at the center 
to form a T-type antenna for more effective pickup over the standard
broadcast range. 

with the secondary of transformer B and with the transmission line. 
The by-pass condenser d is of such value that it by-passes the short
wave (high-frequency) signals past the secondary winding of the 
broadcast transformer. Therefore, when short wave signals are being 
received, transformer B is ineffective and transformer S is in oper
ation. The effective circuit connections are then essentially as shown 
at (A) of Fig. 30-54. Notice that the aerial functions as a double
doublet for these frequencies. Resistors C and K are used to prevent 
the system from collecting a high static potential and sparking to 
ground intermittently. If this were to happen, it would most likely 
cause disturbing periodic clicks to be heard in the receiver. 
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When broadcast-band frequency signals are received, transfor
mer S (having relatively few turns) ceases to transfer the signal 
energy efficiently, and is ineffective. The signal energy is now trans
ferred to the lead-in through transformer B (which is designed 
especially to transfer energy of these frequencies efficiently) instead. 
When this happens, the effective circuit connections are essentially 
as shown at (B) of Fig. 30-54. The doublets are really connected 
to each other (through the few turns of the primary of short-wave 
transformer S) to form a T type aerial. The signal flows through 
the primary of transformer B to ground, and is transferred through 
the secondary of B to the lead-in. Thus, transformer B serves to 
match the impedance of the aerial (now a T type) to the transmis
sion line lead-in over the broadcast band of frequencies. 

(3) The receiver coupling transformer: It is important 
to realize that the noise-eliminating feature of the complete anten
na system depends entirely upon the design of the receiver coup
ling transformer. Since a twisted-pair lead-in is used, a balanced 
condition must be maintained at all times if the noise voltages 
induced in the lead-in are to cancel out (see Art. 30-41). One 
of its functions is to effectively match the impedance of the 
lead-in to that of the input circuit of the receiver at all fre
quencies over the entire all-wave range. Another task which it 
must perform is that of allowing the out-of-phase signal im
pulses from the double-doublet aerial to be transferred along to 
the receiving set, while effectively cancelling the in-phase noise 
impulses picked up by the twisted-pair lead-in. (Remember 
that the twisting of the lead-in wires causes the induced noise 
voltages to be in phase with each other at the transformer, 
while the regular signal is unaffected by the line (see Fig. 30-34). 
A static shield is incorporated between the primary and secon
dary windings to prevent the noise impulses from getting through 
by capacity effects (see Art. 30-44). 

The fundamental feature of the receiver coupling transformer 
i8 that it uses different transformers for different frequency bands, 
and places these transformers in series to obtain good transmission 
over their combined frequency ranges. The circuit arrangement for 
doing this is shown at the lower part of Fig. 30-53. Referring to 
this diagram, the transformer winding e having the smaller induct
ance, transmits the highest-frequency signal currents to its secondary 
winding k. The high-frequency primary currents are by-passed 
around the other transformer f by condenser C ,. The effective cir
cuit which exists for this condition is shown at the lower part of 
(A) in Fig. 30-54. 

Lower-frequency signals are transmitted, by the transformer 
winding / to its secondary h. This condition is shown in the diagram 
at ( B) of Fig. 30-54. There is a certain intervening fre11uency at 
which the transformers e and / are equally effective in passing on 
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the energy. At this frequency, the outputs of the two transformers 
e and / are additive, provided the polarities of the mutual inductances 
of the transformers are the same. In this manner, any desired num
ber of transformers may be connected in series and the frequency 
range extended almost without limit in either direction. The effi
ciency of transformation is high and practically constant over the 
extended frequency band. 

In designing this transformer system the component transformers 
are designed separately for adjacent bands, providing a slight over
lap. These transformers are then connected together as shown. 

( 4) General: The matched twisted-pair transmission line 
lead-in supplied with this double-doublet antenna kit is 80 feet 
long and must not be cut for any reason whatsoever. If the 
double-doublet aerial must be erected at a greater distance from 
the receiver than this in order to remove it sufficiently from the 
local interference zone so that it does not pick up any appreciable 
amount of noise, additional SO-foot unit lead-in sections can be 
used. The double-doublet should be erected at least 30 feet 
above the ground. Through the use of this type of antenna 
system, the following features are obtained. 

( 1) Efficient all-wave reception with only one antenna of 
medium length. 

(2) Effective elimination of noise pickup by the lead-in on 
all frequency bands. 

(3 Elimination of all need for "switching" arrangements in 
the impedance-matching transformers when shifting from 
one band of frequencies to the other during reception. 

( 4) Ease of installation due to simple twisted-pair lead-in 
without necessity for transposition blocks, etc. 

By means of the unique circuit arrangement in the antenna
matching transformer, the advantages of the double-doublet for 
wide-band short-wave reception are obtained, and those of the 
T-type antenna for standard-broadcast band reception are also 
secured. 

(5) Erecting Double-Doublet in Limited Space: Very 
often, the space available for the double-doublet antenna is such 
that it is not possible or practical to erect the full horizontal span 
of approximately 60 feet (including support wires at ends, etc.). 
In such cases, loading coils may be employed. These permit the 
span length to be reduced with but a slight decrease in efficiency. 
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However, by erecting the short length doublet at the top and the 
long doublet at the bottom, considerable reduction in span length 
may be obtained without any reduction, in efficiency. By in
creasing the angle of the spans (bringing the long span farther 
down each pole) the total length may be adjusted from 33 feet 

OOUBLI!: DOUBLET 

A ftECEIVER 
... " 

FIG. 30-55.-A "dealer demonstration antenna" system which 
permits the demonstration of four all-wave receivers (one at a time). 
The receivers may be switched to the antenna by the simple 2-gang 
switch shown. A double-doublet antenna system (similar to the one 
shown in Fig. 30-53) is used. An individual impedance-matching 
transformer T is used at each receiver. (Courtesy RCA Mfg. Co.) 

to 52 feet. The shortest span loses the most efficiency by this 
change, while the longest span is equally as effective whether it 
is on top or on the bottom. 

30-56. Radio Dealer Demonstration Antenna System.
Many radio dealers who complain of their inability to make good 
noise-free demonstrations of short-wave and all-wave receivers 
can lay the blame almost entirely on the poor antenna installa
tions which they use in these demonstrations. This condition is 
especially prevalent in radio stores located in crowded city dis
tricts where it is often difficult to erect a good antenna system 
that is free from the influence of man-made electrical disturb
ances. In many cases, dealers attempt to demonstrate all-wave 
receivers with the same antennas which they have been employ-
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ing for demonstrating standard broadcast receivers-and often, 
these antennas have not been inspected for years. Invariably, 
the antenna system which enabled fairly noise-free reception to 
be obtained with the standard broadcast band sets is very 
noisy when used with all-wave receivers, simply because a great 
deal of the man-made electrical disturbance which it picks up 
lies in the short-wave region and therefore affects the latter type 
of set only. Tuning in of distant European short-wave stations 
for a demonstration is usually impossible with the noisy back
ground which results under such conditions. 

A special all-wave antenna system which embodies all of the 
features of the double-doublet all-wave system described in Art. 
30-55, and in addition contains several features which make it 
particularly useful for receiver demonstration purposes in radio 
stores, is shown in Fig. 30-55. This antenna employs the same 
double-doublet aerial arrangement which has already been de
scribed (see Art. 30-55 and Figs. 30-51 to 30-54). The trans
mission line from the antenna impedance-matching transformer, 
however, is broken by a four-way two-gang switch Si-8, from 
which four secondary transmission lines ( each exactly 36 feet 
8 inches long) are run to four receivers which can be demonstrated 
with it. This switch enables the aerial and transmission line 
to be switched instantly to any one of the four receivers at will; 
the receivers being placed at any desired demonstration points 
in the store within the length of the secondary transmission lines. 

The main transmission line, 73 feet 4 inches long, leading 
from the switch to the aerial, makes the correct total of 110 feet 
of transmission line, including the secondary line, in use at any 
one time when a receiver is being demonstrated. A second 110-
foot length of transmission line may be added if it is needed in 
order to place the antenna in the most noise-free location avail
able. Beyond 220 feet, the length of transmission line is not 
critical. Additional line may be added up to a total of 500 feet 
for the main and secondary line if necessary. 

A transformer to match the impedance of the complete trans
mission line to the input impedance of the receiver is installed 
at each receiver, as shown. The impedance-matching trans
former arrangement is essentially the same as that shown in Fig. 
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30-53. This puts the proper impedance-matching transformers 
in the circuit to efficiently couple the double-doublet aerial to the 
twisted-pair lead-in, and the lead-in to the receiver, over the 
short-wave bands. It automatically changes the aerial connec
tions so that it becomes a T type aerial for reception over the 
standard broadcast band range of frequencies, and efficiently 
couples the aerial to the lead-in, and the lead-in to the receiver, 
over this range. 

A good antenna system of this type ( or any other which pro
vides similar features) is a worthwhile asset to any radio store 
in which an-wave receivers are demonstrated, for the following 
reasons: 

( 1) By bringing in more short-wave stations with greater 
volume and greatly reduced noise, it is a big help in 
making all-wave set demonstrations satisfactorily so that 
the sets will be sold. 

(2) It makes possible convincing demonstrations in the deal
er's store where the prospect's undivided attention may 
be obtained, and where the salesman is in a position to 
quickly concentrate his attentions on any receiver which 
the prospect shows an interest in. 

(3) By making satisfactory demonstrations in the dealer's 
store possible, it makes costly and generally unsatis
factory (unsatisfactory because of noisy reception con
ditions) demonstrations on a temporary set-up in the 
customer's home unnecessary. 

( 41 By making instant switching from one set to another 
easy, it simplifies the process of building up the unit of 
sale from a cheap set to a better one by actually allow
ing the prospect to make a direct comparison between 
any two sets for himself ( whenever this i8 advisable). 

(5) It enables the dealer to forcefully demonstrate the effect
iveness of a well-erected modem noise-reducing antenna 
system for minimizing man-made electrical interference, 
and thereby promotes the sale of such systems along 
with the receivers. 

30-57. Directional Characteristics of Various Types of 
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Antennas.-Theoretically, all types of antenna systems (ex
cepting the vertical antenna) have directional characteristics, 
though the degree of directivity is affected greatly by the pro
portions of the aerial and lead-in sections and some types are 
more directional than others. An antenna system is said to be 
non-directional when it receives (or transmits) energy in all 
directions with equal facility; an antenna system is directional 
when it receives or transmits best in one or more well-defined 

NON
DIRECTIONAL 

VERTICAL 
ANTENNA 

CA> 

FAVORED RECEIVING 
DIRECTION 

AERIAL 

INSULATORS 

I NV e:RTED_:: L.'.' 
ANTENNA 

(6) 

FAVORED RECEIVING DIRECTIONS 

LEAD·IN 

•r:.:.TYPE 
ANTENNA 

<.C) 

FIG. 30-56.-Directional characteristics of three types of com
monly-used receiving antennas. All other things being equal, sig
nals coming from the direction of the largest part of each shaded 
lobe are favored the most if the antenna construction is such that 
any directional characteristics are present at all. 

directions. Before entering upon any discussion of the directive 
properties of antennas, it will be well to point out that while the 
directional property of closed "loop" antennas, see Fig. 30-8, is 
very marked (that is why they are used in direction-finding and 
radio-beacon systems), the directional properties of ordinary 
"open" types of antennas are generally greatly over-estimated. 
Very often, they do not exist at all, because of the proportions 
which exist in the various antenna parts as they are actually 
erected. 

Regardless of these factors, it is well for the service man to 
be familiar with the theoretical directional characteristic of the 
common types of receiving aerials. This knowledge will enable 
him to take advantage of these properties in both a "positive" 
and "negative" way. If reception of signals from distant sta
tions located in a certain direction from the receiver is to be 
improved, the directional characteristics (if any) of the par-
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ticular type of receiving antenna which is employed may be taken 
advantage of by erecting the aerial portion in such a direction 
that it receives best in the direction of these stations. On the 
other hand, if the aerial portion of an antenna is picking up 
man-made interference from a nearby source, its directional 
properties (if any) may be taken advantage of for reducing the 
interference pickup by erecting it in such a direction that it re
ceives most poorly in the direction from which the interference 
is arriving. 

(1) The "loop" Antenna: 
The directional characteristics of the ordinary closed loop an

tenna (see Fig. 30-8) are well known. The loop receives best in 
either direction along the plane of the loop; and most weakly 
in the directions at right angles to this plane. 

(2) The "vertical" Antenna : 
The antenna system shown at (A) of Fig. 50-56 is perhaps 

the simplest of all systems, and is particularly effective in re
ceiving the signals of nearby stations since the waves from them 
are vertically polarized (see (A) of Fig. 30-33) when they ar
rive. It consists of a single conductor rising vertically from the 
ground; the lead-in is taken from the bottom. Such an antenna 
is non-directional if the surrounding space is free from obstruc
tions (we shall assume that all our aerials are free from obstruc
tions). The circular shaded portion at the top represents the 
relative receiving ability of the aerial in all horizontal directions 
from its vertical axis. Since this pattern is circular, it indicates 
that the aerial receives from all of these directions equally well. 

(3) The "inverted-L" Antenna: 
The inverted-L antenna system, shown at (B), derives its 

name from its physical shape-that of an inverted-L. This type 
of aerial is somewhat directional but the amount of directivity 
which it possesses in any case depends upon the relative lengths of 
the horizontal aerial portion and the vertical lead-in. The lead
in is a very important part of this antenna system, since it col
lects energy just as the horizontal aerial portion does. In fact, 
for local stations, it collects more energy than does the horizon
tal portion, because the so-called "ground wave" of a local eta-
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tion is usually vertically polarized. Also, since the lead-in acts 
essentially as a vertical antenna, it is non-directional. 

The horizontal portion of the antenna is directional, and 
favors the reception of those signal& which come to it from the 
direction of the end at which the lead-in is connected. If the 
aerial runs north and south and the lead-in is taken from the 
south end, then it will favor the reception of stations located to 
the south of the aerial (all other things being equal). Since the 
lead-in is non-directional and the horizontal section is slightly 
directional, the overall directivity depends upon the relative 

- 1~c11 FIG. 30-57.-Direc-
{- INSULATORS w~ tional characteristiC! 

AERIAL . ~ AERIAL ~~ of the doublet (and 
-G>----..:==---t-l~r--~=;:.::....---GI~ .... double-doublet) an-

1-- ~.c. A --~~,----hA ~ lo~ tenna. This type of 
~ antenna favors the 

TRANSPOSED o> reception of those sig-
LEAD·I N 

TO SET 
,-..., ½-wAVt DOUBLET ANTENNA ,..._, 

~ nals which approach 
it from directions at 
right angles to ita 
length, as indicated by 
the two shaded lobes. 

lengths of the two. The antenna is not directional to any extent 
unless the aerial portion is at least 4 or 5 times as long as the 
lead-in. If the lead-in is of the shielded, transposed, or twisted
pair type, all of the energy, which it collects is effectively pre
vented from entering the receiver-only the energy collected by 
the flat-top aerial portion gets to it. Under these conditions, the 
directional characteristic of the aerial is slightly emphasized. 
The condition which exists when the aerial is directional is shown 
by (B) of Fig. 30-56. All other things being equal, the signals 
arriving from the direction of the largest shaded lobe (the lead-in 
end) are favored the most. 

( 4) The "T-type" Antenna : 
Suppose the single-wire lead-in of an inverted-L antenna is 

slid along until it is at the center of the aerial, as shown at (C) 
of Fig. 30-56. We now have two inverted-L antennas, or a T
type antenna. One of these component antennas will favor the 
reception of signals arriving from the direction of its lead-in, 
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and the other will do likewise. Therefore, the entire T-type an
tenna will favor ( equally) the reception of those rignals which 
arrive from the direction of either of its free ends, as shown. Like 
the inverted-L antenna, though, the horizontal aerial portion 
must be long compared to the length of the lead-in before any 
directional characteristics become apparent. The overall length 
of a T-type antenna must be twice as long as the inverted-£ 

POWER LINES u., ..... l.,,.,., ... 

Oovrt,'11 ROA. Mfg. Oo. 

FIG. 30-58.-How the "directional" characteristics of a double
doublet antenna may be taken advantage of to reduce pickup of inter
ference by the aerial portions. Here the double-doublet is shown 
erected so that it points as nearly as possible directly toward the var
ious sources of man-made interference which are illustrated. By erect
ing it in this direction, it does not favor them, and therefore picks them 
up more weakly than it would if it were erected in any other direction. 

aerial, for the same signal pickup, since the complete system 
can be thought of as consisting of two separate inverted-£ sys
tems with a common lead-in. 

(5) The "doublet" Antenna: 
It might seem at first thought that the familiar doublet an

tenna has the same directional characteristics as the T-type has, 
but such is not the case, as evidenced by the directivity patterns 
drawn on the antenna diagram of Fig. 30-57. Why this is so 
will become evident from the following consideration. Suppose 
a radio wave approaches this doublet from left to right in the 
direction of its axis. The end of the aerial which the wave first 
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intercepts will receive a charge, and as the wave progresses 
along to the right, it induces charges in each section. Now if the 
total doublet wire from tip to tip is half a wavelength long, then 
the polarities of the two outside ends will be similar at each in
stant. Therefore, the two points to which the lead-ins connect 
will have similar polarities at each instant. Hence, no reception 
will result since the two signal currents will balance each other 
out in the transformer winding which terminates the lower end 
of the lead-in. But, if the wave approaches from a direction at 
right angles to the axis of the aerial, each half of the doublet will 
receive equal charges. Therefore, at the instants that the lead-in 
end of the left-hand section is positive, the lead-in end of the 
right-hand section will also be positive and vice versa. Hence 
the voltages of the two sections add together in the terminating 
transformer winding and signal current flows through the lead-in. 
Therefore, the doublet favors the reception of those signals which 
arrive from directions at right angles to its length. The direc
tional properties of the doublet are more marked than those of 
either the inverted-L or T type antennas. 

(6) The "double-doublet" Antenna: 
The directional characteristics of the double-doublet antenna 

are similar to those of the simple doublet, i.e., the double-doublet 
favors the reception of those signals which arrive from directions 
broadside to its length. 

By taking advantage of these directional characteristics of the 
various types of antennas ( whenever they actually exist) the 
service man may often erect the aerial portion of the antenna 
system in a way that will assist in reducing the electrical disturb
ances which may be reaching it from some source of interference. 
For instance, since a doublet or double-doublet has minimum 
pickup ability in the direction of its length, erecting it so that 
it points toward the source of interference will reduce the noise 
pickup. A typical case of this kind is illustrated in Fig. 30-58. 
Here, a double-doublet is shown erected on the roof of a building 
which is close to several strong sources of man-made interference 
( a :flashing electric sign, elevated power lines, an electric trolley 
line, and ignition systems of passing automobiles). Since the 
double-doublet itself is erected so that it points to the sources of 
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interference, it picks up less interference than it would if it were 
pointed ;u any other direction. All interference which is picked 
up by the twisted-pair lead-in is cancelled out in the winding 
of the terminating transformer (see Fig. 30-47), so it is not trans
ferred to the receiver. 

30-58. Method of Testing for a Noise-free Zone for the 
Aerial.-ln closing our study of noise-reducing antenna systems, 
several important points which are too often lost sight of when 
they are erected should be emphasized. First of all, it is not the 
aerial portion of the antenna that reduces the noise, but the 
special noise-reducing lead-in of one form or another. The ob
ject of all noise-reducing antenna systems is to place the aerial 
itself in a zone as free from interference disturbances as possible; 
the special noise-reducing lead-in (of one type or another) serves 
simply as a transmission line to lead the signals from the aerial 
down through the noise zone to the receiver (see Fig. 30-31). 
The lead-in is to act merely as a conductor for the desired sig
nals, and is not to add to them any interference which it may pick 
up because of the fact that it must be run through the noise zone. 
Therefore, the mere fact that a much-advertised noise-reducing 
lead-in is installed does not necessarily mean that all interfer
ence will disappear as though by magic. Unless the aerial por
tion of the antenna is located in a zone which is entirely free from 
the interference-or in a relatively weak field of interference as 
compared with that in which the lead-in is located-noisy recep
tion will result, regardless of what type of special lead-in is em
ployed. Hence, the problem of erecting the aerial in a relatively 
noise-free zone is of just as much importance as is that of pro
viding an effective noise-reducing lead-in to the receiver-but 
it is not usually given as much consideration I 

It is obvious that in cases of interference pickup by the aerial 
the first consideration should be to erect it in such a direction that 
its directional characteristics are utilized to reduce the pickup of 
the interference if this is at all possible. But, even though this 
is thought of, and it is planned to erect the aerial as high as pos
sible and away from all obvious interference sources such as ele
vator pent houses, etc., the service man has no way of knowing 
that the antenna is going to be noise-free after he hns installed 
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it, and that his customer will be satisfied with it and be willing 
to pay for the installation. In many cases, the place selected 
for the aerial is not at all free from interference, even though it 
might seem that it should be; in other cases, the interference is 
general and covers an entire neighborhood so that no matter 
where the aerial is placed, it is still in the field of interference. 

To eliminate this uncertainty regarding the final result and to 
determine if the cost of a noise-reducing antenna installation 

Oov.rte1r11 A.rthur H. L1,nch 

FIG. 30-59.-Complete schematic circuit diagram of a compact, 
simple 1-tube portable noise-testing receiver and noise-locating doub
let aerial which may be used to locate the zone of minimum interfer
ence for the erection of the main receiver aerial. All of the coils 
may be wound with No. 22 double silk (or enamel) covered wire. 

will be justified in a particular place, the use of a simple short
wave portable noise locator has been suggested by Mr. Arthur 
H. Lynch. A description of this simple unit is presented here 
through his courtesy. The locator consists essentially of a simple 
one-tube regenerative receiver (see Fig. 30-59) built in portable 
form with all A and B batteries self-contained in a small metal 
carrying case ( which also serves to shield the entire receiver). 
Although it is designed primarily to locate short-wave interf er
ence, it can also be used to locate interference which is audible 
in a broadcast-band receiver, since such interference is usually 
broad enough to extend far into the short-wave spectrum. 

The simple regenerative receiver employs a type '30 tube, with 
a single small 1 ½-volt dry-cell for filament supply and a small 22½
volt battery block for plate voltage supply. The coil details are 
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marked directly on the diagram. The coil consists of a 2-inch length 
of 1 ¾-inch diameter tubing with the various windings placed on it 
as indicated. The primary is a separate little 12-turn coil wound 
on a 1-inch length of ¾.-inch tubing which is slipped into the tickler 
end of the larger piece of tubing. The taps on the tickler are con
nected to the double-pole double throw switch S1-S1 as shown. This 
provides two tuning bands. Fixed regeneration is provided by a tiny 
30-mmfd. trimmer condenser. Since the set is to be used only for 
general noise and signal receiving purposes, it is not necessary to 
adjust this frequently. It is merely adjusted once for greatest sen
sitivity without oscillation, and is left undisturbed thereafter. Tun
ing is accomplished with a 50-mmfd midget condenser. The entire 
receiver with batteries may be placed in a meta,l cabinet measuring 
about 7 X 7 X 7 inches, and it may be slung from the shoulders by 
a strap in camera fashion. 

The "probing aerial" for the receiver consists of an "Airod" 
antenna, mounted on a 1 by 2 inch wooden pole about 8 or 10 feet 
long. This should be light enough to make it possible to carry it 
around and manipulate it easily on the roof top. If the pole is made 
of sections hinged together, it can be folded up for easy transporta
tion. The aerial is a telescoping duraluminum tube intended for 
5-meter reception and transmission and lends itself nicely for the 
purpose of interference field testing and even noise source location 
(see Art. 30-19) because of its marked directional properties and the 
fact that it can be adjusted for a spread of from four to ten feet. 
It consists of two sections held by an insulating bushing at the center, 
and therefore forms a simple "doublet" aerial. The aerial is con
nected to the primary coil in the receiver by an 8 or 10 foot length 
of good twisted-pair lead-in wire. 

The noise locator unit is used in the following way. It is set 
up on the site at which it is planned to erect the receiving aerial. 
With the locator receiver hung from the prober's shoulder, the 
probing aerial rod is carried through the entire space where the 
receiving aerial is actually to be erected. The probing aerial 
itself should be swung around in different directions, and the 
signal-to-noise ratio as heard in the earphones should be ob
served carefully for each position. The general area or direction 
that seems to be quietest should be selected for the ultimate 
permanent receiving aerial. Very often, this place will not be 
accessible, for it may lie over the side of a building, over an 
obstruction, etc. However, if carrying the probing aerial slowly 
in the direction of this inaccessible place results in lower and 
lower noise, it is safe to conclude that the area will be a zone of 
weakened interference. Incidentally, it should be remembered 
that since the probing aerial is a doublet, if it is rotated through 
a horizontal angle of 90 degrees from the position where minimum 
noise is heard in the earphones, it will then be pointing straight to 
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the arrival of the interfering radiations, (see Fig. 30-57). 
If no reasonably quiet spot is found, it is safe to conclude 

that the contemplated erection of the receiving aerial in that par
ticular location would not be particularly satisfactory from the 
interference standpoint-even if an efficient noise-reducing lead
in were used with it. If a quiet zone is located, that will usually 
be the best place to locate the aerial. Because of the peculiar 
ways in which large metal surfaces such as metal roofs, gutters, 
etc., can reflect and distort the noise fields, and the ways in which 
isolated vertical pipes or shafts can conduct noise disturbances, 
the noisy and the quiet zones will often be found in most un
expected places. In suburban districts where the buildings are 
made mostly of wood, the field patterns will be found to be quite 
uniform, and a noise-free zone will usually be found a short dis
tance above the building, and in the space behind it even if inter
fering devices are located within the building. In congested 
city districts, however, the influence of steel building frameworks, 
large metal surfaces, etc., may cause the interference field pat
terns to assume the most erratic shapes. Although the advice to 
"erect the aerial as high as possible" has been almost worn out 
through use, many cases will be found where the interference 
gets stronger the higher up the aerial is located, simply because 
buildings on either side of the one on which the aerial is erected 
may act as partial shields for interference coming from the side. 
In such cases, erecting the aerial high above the building puts it 
above this shielded zone and into the noise zone. While such 
cases are exceptions rather than the rule, they serve to illustrate 
forcefully the usefulness for some sort of portable interference 
locator or tester, such as has been described here, for actually 
finding out what the interference conditions are, before any at
tempt is made to erect the aerial. 

REVIEW QUESTIONS 

1. What is meant by "natural" static? What is it due to? 
2. Why is it impossible to completely eliminate interference caused 

by atmospheric "static"? 
3. What is meant by man-made interference? Name some com

mon household electrical devices which produce it. 
4. Why is man-made electrical interference more troublesome when 
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the short wave bands of an all-wave receiver are used, than 
when the standard broadcast bands are employed? 

5. Why is a set analyzer of very little value in trouble-shooting for 
the cause of noisy reception? 

6. Why have the great improvements made in radio receiver design 
during the past few years made the interference problem more 
troublesome and serious? 

7. Explain how a d-c motor, having brushes which spark, produces 
interference in radio receivers located in an adjacent building. 

8. Name the four general types of electrical interference. Explain 
what each may be caused by. 

9. How would you proceed to cure a case of interstation interfer
ence resulting in high-pitched whistling in a moderately old 
superheterodyne receiver? 

10. State 7 possible causes for interference originating within a 
receiver. How would you proceed to locate the exact source of 
the noise in the receiver? 

11. Describe (with the aid of sketches), two ways in which inter• 
ference originating outside the receiver, may travel to the re
ceiving equipment and affect it so as to cause noisy reception. 
How could you prove this? 

12. The signal-to-noise ratio of a certain receiver is 25 in a certain 
location. Another receiver in that same location has a ratio 
of 10. How much less objectionable is the noise from the first 
than from the second receiver? 

13. The noise voltage at 20 feet from a source is approximately 0.5 
volt. If the antenna of a receiving set is at that point and the 
signal strength of a certain broadcasting station is 1 volt, what 
is the signal-to-noise ratio? 

14. If the antenna of Question 13 is moved 20 feet further away from 
the source, and if the field strength of the station remains the 
same, what is the signal to noise ratio (assuming that all the 
noise impulses are being radiated directly to the antenna and 
that the intensity of radiated energy varies inversely as the dis
tance from the source of radiation)? 

15. What simple tests can be made to determine if man-made inter
ference is entering via the antenna system, the chassis or the 
power supply line? Describe them! 

16. What two methods may be used to determine whether noise is 
entering a receiver through the chassis directly or through the 
power supply line? Explain them! 

17. It has been ascertained that noise is entering the receiver through 
the power supply line. How would you proceed to locate the 
source of interference if you desired to elimmate it at the source! 

18. What are the seven different characteristic sounds caused in 
radio receivers by interference from different electrical sources! 

19. Describe the characteristic noises which would be produced in a 
radio receiver in each case, by interference from the following 
electrical devices (a) a d-c electric motor; ( b) a spark coil; ( c) 
elevator control relay contacts; (d) a nearby high tension a-c 
transmission line with a leaky insulator; (e) an oil burner; (/) 
a door bell; ( g) a 6-contact motor-driven electric sign flasher. 

20. Classify interference into three main divisions according to the 
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method by which it gets to the radio receiving equipment. Ex
plain each fully! Which is usually the strongest? 

21. Explain in a general way how you would proceed to track down 
the cause of a stron~ buzzing interference which is heard for a 
minute or so at a time at intervals of about 2 hours in a re
ceiver located on one of the upper floors of an apartment house 
in a congested section of a city. 

22. If trolley cars also caused excessive interference in the forego
ing installation, what would you do to overcome the trouble? 

23. You are called in to eliminate a peculiar "clicking" interference 
in a receiver located in a private dwelling in a fairly busy sec
ton of the city. There are a number of stores within a radius 
of one block. The interference is steady and occurs only be
tween the hours of about 5 P. M. and 11 P. M. Explain exactly 
how you would proceed to diagnose the case, how you would 
track down the trouble, and how you would eliminate the inter
ference. 

24. Of what value is an interference-locating receiver? Under what 
conditions is it; (a) particularly useful; ( b) not helpful. What 
is the purpose of the loop antenna used with it. What general 
type of receiver should it be? 

25. How would you find out definitely whether defective house wiring 
in a private dwelling was causing intermittent interference? If 
your test indicated that it was, how would you localize the 
trouble? 

26. In a general way, explain under what conditions it is usually 
desirable to track down interference to its source. Under what 
conditions is it more advisable to suppress the interference at 
the receiver? 

27. Draw circuit diagrams of 3 different line-filter arrangements 
which may be used to prevent interference from an interfering 
device from being conducted back into the power line. For 
what particular applications does each one have advantages? 

28. Draw three circuit diagrams showing the foregoing filters con
nected to a d-c fan motor. 

29. What important precaution muat be observed wheri such filters 
are connected to an offending device? Just how will interference 
get out if this precaution is not observed? Explain! 

30. What expedient besides line filtering may be used to prevent 
direct radiation from the source of interference? Why is this 
method not used more? State one cause of interference in which 
it must be applied if all the interference ia to be eliminated. 

31. Explain in detail why it is usually better to connect the "ground" 
lead of the filter to a clean spot on the metal case or base of 
the offending device rather than to an actual "earth" ground. 
Why does the interference usually persist if the latter connection 
ia made? 

32. What is meant by a "noisy" ground? 
33. What mechanical or electrical troubles in d-c motors will cause 

excessive electrical interference? What does this type of inter
ference sound like? Explain how you would remedy each of 
these. 

34. What would be the character of the noise heard if a thermostat 
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in the heating system of a home caused interference? What 
circumstances would lead you to suspect the thermostat? How 
would you eliminate the interference (give circuit diagram)? 

35. What parts of an oil burner installation may cause interfer
ence? Which part is likely to cause the most interference? 
Explain in detail what must be done (step-by-step) to eliminate 
it completely, telling why the particular remedy you use for 
each part is the best one to use. 

36. You are called into a store in which a radio receiver is installed. 
Every time the cash register is operated, annoying interference 
is heard in the receiver. When the electric fan is operated, the 
same thing happens. Explain exactly what kind of filter you 
would use to suppress the interference from each device. 

37. Draw the complete circuit diagram for a d-c motor-driven 6-cir
cuit electric sign flasher connected to an electric sign having six 
banks of lamps connected to the flasher. The installation is such 
that the flasher must be installed at a point about 50 feet from 
the sign. (a) Explain just which main parts of this installa
tion are apt to produce interference in radio receivers within a 
radius of 1 block. ( b) Explain just how interference is caused 
by these parts. ( c) Explain by what paths and methods the 
interference from each main part can get to the radio receiver 
installation. (d) Explain how you would effectively prevent 
the interference from each of these parts from leaving the flasher 
and sign installation. ( e) Draw all the necessary interference 
eliminating equipment in the proper places in your circuit dia
gram. 

38. Cite 2 cases in which it would be better to attempt to eliminate in
terference at the location of the receiver installation rather than 
at the source. 

39. How would you effectively eliminate (at the receiver) interfer
ence which was entering the receiver by way of the power supply 
line? What precautions would have to be observed when in
stalling the interference-eliminating device? Why? 

40. What is the function of the electrostatic shield used in some 
receiver power transformers? 

41. What questions would you ask yourself regarding the various 
conditions existing in a noisy receiver installation before you 
would decide definitely regarding the course of action you would 
take in order to minimize the interference? 

42. In what two ways may interference reach an antenna system. 
Which one is the most common? 

43. What component parts of the following types of antenna sys
tems may pick up interference: (a) an inverted-L type; (b) a 
T type; (c) a doublet type? 

44. How can the interference in each part of each type of antenna 
in the foregoing question be minimized? Explain! 

45. What is the fundamental idea upon which all noise-reducing an
tenna systems are based? 

46. How is the use of shielded wire for the lead-in of an antenna 
supposed to eliminate noise that the antenna system may be 
picking up? 

47. What effect will the increased lead-in-to-ground capacitance 
caused by the grounded shield have on the antenna-stage tuning 
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condenser adjustment in a single dial receiver? State briefly 
3 ways in which this effect may be reduced. 

48. Why should the shield on the lead-in be grounded? At what 
points should it be grounded? Why? 

49. Why are impedance-matching transformers required between 
the aerial and shielded lead-in, and between the lead-in and the 
receiver, if the shielded lead-in is long? What does the an
tenna coupling transformer do? What does the receiver coup
ling transformer do? 

50. Why are shielded lead-ins unsatisfactory for use with all-wave 
receivers? 

51. What is the theory of operation of the twisted-pair lead-in 
insofar as its ability to prevent noise pickup by the lead-in is 
concerned? Where does the cancellation of the noise voltages 
take place? 

52. What two types of aerial systems can be used with twisted-pair 
lead-ins? Illustrate with drawings! 

53. Why are impedance-matching transformers used with twisted
pair lead-in systems? 

64. State whether the radiations arriving at the receiving aerial 
wire from the following sources is vertically or horizontally 
polarized: (a) interference from electrical devices below; ( b) 
signals from a nearby broadcast-band station; (c) signals from 
a nearby short-wave station; (d) signals from a distant short
wave station. Of what significance is this if we desire to 
greatly minimize noise from the electrical devices so that we 
can hear the weak signals from the distant short-wave station 
without appreciable noise background? 

56. Describe two examples of balanced transmission lines-with 
sketches? 

66. What construction features should high-grade twisted-pair lead
in wire possess? 

67. Draw a sketch showing how a twisted-pair lead-in wire may be 
connected in an inverted-L antenna system so that it minimizes 
noise pickup in the lead-in. You are also to show the proper 
way to connect this lead-in to a common standard-broadcast 
band receiver having one Ant. post and one Gnd. post. 

68. State one important installation advantage which the twisted
pair lead-in has over the transposed-wire lead-in. 

69. It is desired to erect an inverted-L receiving antenna which will 
receive the signal from a distant 300-meter station as strongly 
as possible without regard to how it will receive other stations. 
What should be the length of its horizontal portion in feet? 

60. It is desired to erect a doublet antenna system to receive best 
on about 90 meters. What should the length of each section of 
the aerial be (in feet)? 

61. Why must the entire length of twisted-pair lead-in wire which is 
furnished with a noise-reducing antenna kit be used-whether 
it is required or not? What effect will cutting off a long piece 
have on the reception? 

62. What is the purpose of the "static shields" employed in the im
pedance-matching transformers used between noise-reducing 
lead-ins and the receivers? 
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63. You must connect a transposed lead-in to a fairly old receiver 
which has the antenna and ground posts marked as follows: 
S.Ant., L.Ant., Gnd Explain (including a sketch) how you 
would connect the lead-in to this receiver for best reception. 

64. What is a "doublet" antenna? Draw a diagram showing bow 
one should be installed. 

65. State one advantage which the doublet type of antenna possesses. 
State one disadvantage. 

66. What is the difference between an ordinary doublet antenna and 
a double-doublet? 

67. What main advantage does the double-doublet possess over the 
ordinary doublet? Explain fully! 

68. Is there anything about the aerial portion of a doublet antenna 
that makes it noise-reducing? 

69. Explain how a parallel-feeder lead-in eliminates lead-in pickup 
of interference under favorable conditions. Under what con
ditions would its use not entirely eliminate this type of inter
ference pickup? Explain fully with sketches. 

70. (a) What is the theory of operation of the transposed lead-in! 
(b) Explain in detail, with sketches just why it makes a good 
noise-reducing lead-in. (c) What is the purpose of the trans
positions? ( d) Do the noise voltages cancel each other in the 
lead-in wires themselves, or in the receiver coupling trans
former? Explain! ( e) What are transposition blocks, and why 
are they used? 

71. A transposed lead-in is led down to the outside of a window. 
The radio receiver is several rooms away inside the house. Ex
plain how you would connect this lead-in to the impedance
matching transformer at the receiver. 

72. What is the greatest allowable spacing between transposition 
blocks? Under what conditions may this spacing be employed! 
Under what conditions must closer spacing be used! Why! 

73. How far from the side of the building should a transposed 
lead-in be kept? 

74. Does the transmission line have to be run in a straight line 
direct from the aerial to the window where it is to enter the 
building, or may it be run around obstructions which may be in 
the way? 

75. It is important to have both aerial wires of a doublet antenna 
of exactly the same length? If installation conditions do not 
permit the erection of a uniform doublet, what should be done! 

76. Why does an all-wave receiver seem more noisy when operated 
on the short-wave band than when it is switched to the standard 
broadcast band, unless a noise-reducing antenna system is used 
with it? 

77. Is the input impedance of an all-wave receiver higher or lower 
when it is adjusted for the reception of the broadcast band than 
when its range switch is set for a short-wave band? Explain! 

78. Why is a simple doublet antenna not suitable for use with an 
all-wave receiver? 

'19. (a) What advantage does a double-doublet have in this respect! 
(b) What important considerations regarding its len,th must be 
kept in mind if these advantages are to be realized m practice! 
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80. Explain one practical way of making a double-doublet antenna 
system operate efficiently over the standard broadcast band of 
signal frequencies as well as over the short-wave bands, without 
using an excessively long aerial. 

81. It is desired to erect a double-doublet for all-wave reception. 
The longer doublet is to have a fundamental response peak at 6 
megacycles, and also a third-harmonic peak. The shorter 
doublet is to have its fundamental response peak at 15 mega
cycles. What must the overall length ( in feet ) of each doublet 
be for these conditions? 

82. Draw a diagram of this doublet, with the dimensions of the 
doublet wires marked on it, showing how you would erect it. 

83. Add to the diagram just drawn, the complete internal and ex
ternal circuit connections of an antenna transformer unit and 
a receiver-coupling transformer unit which will efficiently match 
the impedance of a twisted-pair lead-in to both the double
doublet aerial and the all-wave receiver over the entire short
wave spectrum. These units are also to change the connec
tions automatically (without need for any switches) so that the 
double-doublet is connected as a T aerial whose impedance is 
effectively matched to the lead-in when standard-broadcast band 
signals are being received. 

84. Explain the operation of the entire system shown in the dia
gram drawn in Question 83 for; (a) the lower short-wave band; 
( b) the intermediate short-wave band; ( c) the standard broad
cast band. 

85. State at least five reasons why a good noise-reducing all-wave
antenna system is a valuable asset to the service man or dealer 
who demonstrates receivers in his store. 

86. Draw a circuit diagram showing the complete layout for a 
double-doublet noise-reducing all-wave system for use in demon
strating any one of five receivers ( one at a time) in a radio 
store. A twisted-pair lead-in is to be used. How many aerial 
impedance-matching transformers are required? How many re
ceiver impedance-matching transformers are necessary. What 
type of switch must be used? 

87. An inverted-L antenna whose aerial portion is 8 times as long
as its lead-in is located in New York City. It is desired to erect 
it so that it will favor the reception of European short-wave sta
tions. In what general direction should the aerial point? At 
what end should the lead-in be connected? 

88. Repeat Question 87 for the case of a double-doublet antenn.il. 
89. In what direction should the aerial of Question 87 point if it 

is to be erected so that it picks up as little interference as 
possible from a trolley line which runs in front of the building? 
At what end should the lead-in be connected? What type of 
lead-in should be employed if the receiver is to be used for stand
ard broadcast band reception only? 

90. Draw a sketch showing the antenna installation conditions out
lined in Question 89. 

91. Repeat Question 89 for the case of a double-doublet antenna. 
92. Repeat Question 90 for the double-doublet antenna case. 



CHAPTER XXXI 

HIGH•FIDELITY RECEIVER PROBLEMS 

31·1. Introduction. - The commercial development and 
marketing of "high-fidelity" receivers of both the standard
broadcast band and all-wave types has brought about new pro
blems in radio service work-special problems which are not en
countered in the servicing of the ordinary types of receivers. 
These have resulted from the new circuit and construction fea
tures which these sets incorporate in order to make satisfactory 
high-fidelity reproduction possible. In order to solve these 
problems successfully, it is important that the service man be 
thoroughly acquainted with those circuit and construction f ea
tures of high-fidelity receivers which differ from those encoun
tered in the ordinary average radio receiver. He should also 
know their functions and the reasons for their use, so that he 
will understand them thoroughly. Finally, he should know all 
about the special troubles (and their symptoms) which occur in 
these receivers. This information, together with his fundamental 
background knowledge of ordinary service work should enable 
him to solve any high-fidelity receiver service problems suc
cessfully. It is the purpose of this chapter to present the special 
information which is required for this purpose. It should be un
derstood that the majority of the troubles occurring in these re
ceivers are exactly similar to those with which the service man 
is already familiar, and require no special treatment. Such 
troubles as short-circuits, open-circuits, "grounds", broken down 
condensers, poor or defective tubes, burned-out windings, etc., 
fall in this class. Also, the test instruments which are used for 
servicing ordinary receivers are adequate for service work on 
high-fidelity receivers-no special equipment is required. The 
cathode-ray oscilloscope, however, is especially useful for per-

1166 
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forming visual alignment of the i-f stages (see Art. 25-40) and 
also for checking audio distortion (see Art. 25-43). 

31-2. Frequency Range Required for High-Fidelity Re
production.-For the full realistic enjoyment of broadcast musi
cal programs there is no doubt that a high standard of quality 
of reproduction is necessary-a standard considerably higher 
than ordinary types of receivers provide. Broadcast programs 
consist essentially of the transmission of human speech (both 
male and female) of all sorts of musical compositions rendered 
in many forms ranging from the solo performance and single in
strument to the full rendition of a composer's masterpiece by 
a complete symphony orchestra, and of incidental "sound ef
fects" which are broadcast as parts of programs, or as "air sig
natures" for purposes of "aural" station identification, etc. 

If realistic reproduction of these sounds is to be, accomplished 
by the radio receiver, at least one requirement is that the entire 
receiver taken as a unit (including the loud speaker) shall leave 
unchanged (within permissible limits) the envelope forms of the 
received waves. Another way of saying this is that the receiver 
shall pass, amplify and reproduce without discrimination (with
in permissible limits) the entire band of audio frequencies in
volved in these programs. Let us see what these frequency limits 
are. Average male speech involves necessary frequencies from 
about 120 cycles up to some 8,000 cycles per second. The aver
age female voice is capable of producing sound frequencies from 
about 200 cycles to 10,000 cycles. Orchestral music involves im
portant components as low as 20 cycles and as high as 12,000 
cycles or more, but there is no appreciable impairment of the 
tone quality if all frequencies above 10,000 cycles are not repro
duced. However, a considerable impairment results in the re
production of music and many of our common sounds if cut-of/ 
occurs at 5,000 cycles. Noises such as the rattling of keys, the 
tearing of paper, etc., contain appreciable components as high as 
15,000 cycles, but while a cut-off at 10,000 cycles does affect the 
naturalness of their reproduction, it does not make it impossible 
to recognize the noise. 

In view of these figures, it would seem that "realistic" high
fidelity reproduction of all these types of sounds and program, 
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could only be obtained if an audio-frequency range extending 
from about 20 to 10,000 cycles were transmitted and reproduced. 
This is an audio-frequency range almost S times as large as the 
reproduction range of the average ordinary "good" console re
ceiver which was available up to the time of the advent of high
fidelity receivers. This is illustrated graphically in Fig. 31-1. 
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FIG. 31-1.-The average audio reproduction ranges of various 
classes of radio receivers are shown here. They are arranged so they 
may be compared to the full frequency range of orchestral music. 

For practical reasons, the manufacturers of radio receivers have 
not seen fit to extend the reproduced audio range to these extreme 
limits. Imitead, the RMA (up to the time of this writing) has 
defined a high-fidelity receiver as: 
"one which has an audio reproduction range from 50 to 7,500 
cycles, with a harmonic distortion content not to exceed 5 per 
cent, and a volume range of reproduction of at least 70 db.11 

It is held that a wider frequency reproduction range than 
this is not necessary, since only a musically-trained lis
tener can recognize the difference between reproduction which 
includes only those sounds between about 40 to 7,500 cycles and 
that which includes the larger range from 20 to 10,000 cycles. 
Since only a very small percentage of the listeners to radio 
broadcast programs are so trained, it is felt that the reproduction 
range from 50 to 7,500 cycles provides an acceptable standard. 
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The comparative average frequency ranges of orchestral 
music, high-fidelity receivers, good "ordinary" console receivers 
and midget receivers are shown graphically in Fig. 31-1 for com
parison. Notice what a small part of the orchestral range the 
midget receiver is able to reproduce (only about¼ of it). Due 
to the small loud-speaker baffle area of a midget cabinet (and 
also the poor overall electrical characteristics) , the low fre
quencies are sadly missing. To compensate for this and effect a 
balanced tone, the highs are badly cut off (purposely) by the 
set manufacturer. While this type of set has a mellow tone, 
the brilliant highs and rumbling lows which give life to music 
are lacking. 

31-3. Volume Range Required for High-Fidelity Repro
duction.-The foregoing facts show that a high-fidelity receiver 
should be constructed so as to be able to amplify and reproduce 
the entire range of audio frequencies from 50 to 7,500 cycles with 
no more than 5 per cent of harmonic distortion. However, in 
contrast to a somewhat popular notion, true high-fidelity repro
duction requires more than mere wide-frequency response and 
freedom from distortion. It must also have a large volume range 
(at least 70 db.), that is, it must be able to handle and repro
duce (without more than the allowable amount of distortion) 
the full range of volume from the softest passages to the loudest 
crescendo of a philharmonic orchestra. 

Amplifiers and loud speakers are limited in the amount of 
power that they can deliver in undistorted form. Harmonic con
tent is primarily a function of the tubes used and their operation. 
When properly used, an amplifier tube is practically a linear de
vice ( at the point of departure from linearity, harmonics are 
produced). Therefore, in order to meet high-fidelity require
ments, proper vacuum tubes correctly operated so that not over 
5 per cent harmonic distortion results at the highest power output 
normally required, must be employed. If an attempt is made 
to force an amplifier to deliver more than its maximum undis
torted power rating allows ( this might occur in an ordinary re
ceiver when the orchestra suddenly bursts into a loud passage), 
overloading occurs. This results in a flattening of both the tops 
and the valleys of the wave, i.e., above the overload point, the 
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power output does not increase in proportion to the power input. 
In cases of very bad overloading, a distinct rattle is heard in the 
resultant sound, very much as if the diaphragm of the loud 
speaker were loose. This flattening of the wave tops results in 
an addition of harmonics to the pure tone, and actually causes 
the introduction of frequencies which were not present in the 
original sound, wnen two or more tones are being reproduced 
simultaneously.• This form of overload distortion, called non
linear, is extremely disagreeable and of course cannot be toler
ated in high-fidelity receivers. From a standpoint of the result
ing sound, a similar effect results from overloading a loud speaker. 

It is evident, therefore, that both the amplifier and loud 
speaker are limited in the maximum power that they can handle 
satisfactorily without producing too much distortion. This limi
tation in their maximum undistorted power output capabilities 
may limit the quality of the reproduction in two respects. First 
it may limit the loudness range obtainable without distortion. 
Second, it may prevent the loudest tone of the reproduction from 
being as loud as the sound reaching the ears of a member of the 
audience sitting in an average audience position, i.e., it may 
cause the louder parts of the reproduced program to be insuffi
ciently loud thereby robbing it of its full naturalness. Conse
quently, the entire audio system including the loud speaker must 
be designed and maintained so that it is capable of handling the 
volume range required for true high-fidelity reproduction. Let 
us see what this volume range is. 

The volume range of properly reproduced speech is about 
40 db; that of a symphony orchestra, or of a vocal concert is of 
the order of 55 to 65 db. This represents a sound intensity range 
of from 700,000:1 to 7,000,000:1 ! It is readily seen that this 
is a considerable range and calls for almost unbelievable versatil
ity in the audio equipment. The loud speaker, for instance, which 
must be so delicate that it is able to operate and produce the 
sound of a faint whisper must also be rugged enough to produce 
a sound seven million times as intense! The volume range (from 

•Non:: For a more detailed discussion of the various types of 
distortion which occur in audio amplifiers, see the Radio Physics 
Cours8 by Ghirardi. 
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the noise level to the overload level) of the majority of ordinary 
console type radio receivers is of the order of 30 to 40 db. Evi
dently, this is not sufficient for the true rendition of orchestral 
music. The volume range of high-fidelity receivers is 70 db. 
This is adequate to handle all orchestral programs without over
loading. 

31-4. Noise Level in High-Fidelity Receivers.-In order-
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FIG. 31-2.-The effective audio-frequency ranges of line noises and 
"static" are shown here in comparison with the reproduction fre
quency ranges of the three common classes of radio receivers. Notice 
that since the reproduction range of high-fidelity receivers falls within 
the range of line noises and static (both man-made and natural), 
they are affected more by these disturbances than are the other two 
classes of receivers which have a more limited audio range. 

to fully enjoy the reproduction produced by high-fidelity re
ceivers, natural and man-made disturbances should be absent. 
The greater the fidelity of the receiver, the more vigorously must 
this requirement be fulfilled. The reason for this is clear. Line 
noises and hum produced by incomplete filtering in the power 
pack occur in the lower audio-frequency region up to about 100 
or 120 cycles. A consideration of the frequency ranges of the 
various classes of receivers (see Fig. 31-1) shows that since high
fidelity receivers reproduce well down to 50 cycles they are likely 
to reproduce any such noises very strongly-noises that would not 
be heard on ordinary console or midget receivers whose low-fre-
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quency cut-offs are around 100 cycles and 250 cycles respectively. 
The same condition exists at the upper end of the frequency 
range. It is well known that man-made electrical interference and 
natural "static" disturbances have most of their energy in the 
upper regions of the audio spectrum between around 3,000 or 
4,000 cycles and 15,000 cycles. While the reproduction of most 
ordinary console and midget receivers cuts off below this range, 
high-fidelity receivers reproduce well everything right up to 
7,500 cycles-including of course, all such noises. This condi
tion is illustrated in Fig. 31-2 which shows not only the audio-fre
quency ranges of the various classes of receivers but also the 
usual audio-frequency ranges of both line noises, static and elec
trical interference. 

It is true that high-fidelity receivers are provided with means 
for restricting the frequency response at will, in order to cut out 
the high-frequency noises when they are objectionable, but of 
course this also reduces the fidelity of the reproduction. There 
is not much use in purchasing a high-fidelity receiver for the 
purpose of securing high-fidelity reproduction if the receiver 
must actually be operated with its reproduction range restricted 
because of disturbing interference! It is evident then, that in 
high-fidelity receiver installations every attempt must be made 
to keep the noise inherent in the receiver equipment itself, as 
well as that which enters it from external sources, as low as 
possible. The many practical causes which result in internal 
receiver noise were discussed thoroughly in Art. 30-8 of Chapter 
30 and should be reviewed at this time. If annoying hum is ex
perienced, particular attention should be paid to the rectifier 
tube and the filter condensers, for any trouble with them will 
cause far more hum in high-fidelity receivers than in 
ordinary receivers. Man-made electrical interference reaching 
the receiver, either by way of the power-supply line or the an
tenna circuit, must be effectively reduced to a very low level if 
high-fidelity reproduction is to be enjoyed. This phase of the 
subject has already been treated exhaustively in Chapter 30, so 
it will not be repeated here. · The use of effective noise-reducing 
antenna ~ystems in noisy locations is very important. 

31-5. The Tuned R-F Circuits of High-Fidelity Receivers. 
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The tuned r-f circuits of a high-fidelity receiver do not differ 
materially from those employed in ordinary receivers. The only 
important additional requirement demanded of them is that 
they have a sufficiently broad acceptance band to admit all the 
sidebands (7½ kc on each side of the carrier) necessary for high
fidelity reception. The antenna circuit of any receiver is usually 
sufficiently broad to admit more than the highest side bands de
sired for high-fidelity reproduction, but the first r-f stage is 
usually sharper. This condition, however, is compensated for 
by the decreased drop in the i-f transformer at the peaking fre
quency. Referring to (A) of Fig. 31-3, it is seen that the re
sponse curve of an over-coupled i-f transformer has a dip in the 
center. This means that the low-frequency amplification is less 
than the high-frequency response, and so compensates for the 
selectivity of the r-f circuit as far as high fidelity is concerned. 
In any event, there are but two or three tuned circuits in the r-f 
amplifier, which generally are sufficiently broad to admit the 
higher side bands desirable for high-fidelity reception. 

If the receiver is a standard-broadcast band type, simple r-f 
coils are employed. If it is of the all-wave type, the usual coil
switching arrangements which are employed with such receivers 
will be found (see Art. 28-17). 

31-6. The Oscillator in High-Fidelity Receivers. - The 
most important requirement which the oscillator in a high
fidelity receiver must meet, is that it be stable, i.e., that its fre
quency does not drift. The stability of oscillators was discussed 
in detail in Art. 15-28. Oscillator stability is even more im
portant in high-fidelity receivers than it is in ordinary receivers 
if real high-fidelity performance is desired. If the oscillator 
frequency drifts after a station is tuned in, poor audio quality 
will result. The illustration in Fig. 31-3 will aid in understand
ing this. Suppose a high-fidelity receiver which employs an i-f 
of 260 kc is tuned exactly to a station so that the frequency of 
the signal in the i-f amplifier is equal exactly to 260 kc, the fre
quency to which the i-f stages are tuned. The condition is then 
as shown at (A), where the signal is shown by the shaded por
tion. The response curve R of the i-f amplifier is broad enough 
to allow the necessary 15 kc band of signal frequencies (7½ kc 
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above 260 and 7½ kc below 260) to pass through without ap
preciable attenuation, and good reproduction results. Now sup
pose that as the set warms up, the oscillator frequency drifts 
(upsetting the tracking between it and the r-f signal circuits) 
to such an extent that the frequency of the signal which exists 
in the i-f amplifier is say 267.5 kc (in general, oscillator drift 
due to warming ut, causes the i-f to become higher than nor
mal). The condition is now as represented at (B) where the sig-

FIG. 31-3.-The effect of 
frequency drift of the os
cillator (in a high-fidelity 
superheterodyne receiver) 
on the fidelity with which 
the signal is reproduced. 
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nal side bands are again shown by the shaded portion. Since 
the i-f signal frequency has been shifted over 7½ kc to the right, 
one of the 7½-kc side bands falls outside of the i-f resonance 
curve a good deal and is therefore greatly suppressed. Only the 
lower 7½-kc side band gets through with full strength I However, 
the low frequencies of the suppressed side band might still be of 
sufficient amplitude so that when they are added to the passed 
side band the balance is upset and the set sounds "boomy". If 
the drift were even greater than this, the low frequencies would 
be suppressed altogether, and high-pitched "screechy" reproduc
tion would result. 

It is apparent from this typical example that it is essential 
that the oscillator frequency remain stable. The oscillator must 
therefore be of such design that warming up ( especially of the 
converter tube), change of line voltage, change of load, etc., will 
not cause any change in its frequency. One manufacturer has 
taken a step back to former superheterodyne design in order to 
minimize this trouble. Instead of performing the oscillator and 
mixer functions in a single tube, a separate oscillator tube coupled 
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to a pentagrid converter tube, as shown in Fig. 31-4, is used in the 
Stromberg Carlson 70 Series all-wave high-fidelity receivers for 
stability. This novel circuit arrangement is likely to become 
popular for this purpose. A '76 tube is used as a tuned-grid os
cillator, and a 6A7 is used as the modulator. The plate of the 
'76 tube is coupled to the inner grid of the 6A 7 through a small 
condenser C 1• The No. 2, 3 and 5 grids are by-passed by con-

denser C ,. The ar
To 1-r rangement r e a 11 y 

amounts to an elec-

~ IN::3 

8+ 

FIG. 31-4.-0scillator and modulator cir
cuit arrangement employed in a commer
cial high-fidelity receiver for stability and 
freedom from frequency drift. (Strom
berg Carlson 70 Series.) 

tron-coupled oscilla
tor I This circuit will 
not be very strongly 
affected by tempera
ture changes in the 
6A 7, or by extremely 
strong incoming sig
nals. Because the 
6A 7 tube serves only 
as a modulator in this 
circuit (the triode 
portion does not 
serve as the oscilla
tor and the pentode 
portion as the modu
lator as is the case 
when it is used for 
the dual purpose) , 
maximum freedom is 

secured from detrimental coupling which would otherwise occur 
between the elements. Since in this arrangement, the inner grid 
of the 6A7 is shielded from possible capacity feedback due to 
capacity coupling between the modulator grid and inner grid, 
strong signals are prevented from feeding back to the oscillator. 

Of course, from what has already been said it is clear that 
proper tracking of the oscillator is very important in high-fidelity 
receivers so that the signal in the i-f amplifier will always be of 
such a frequency that it will fall exactly in the center of its re-
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sponse curve tsee (A) of Fig. 31-3) when properly tuned in. If 
the tracking is off, the condition similar to that shown at (B) 
will result, and the reproduction will be anything but high
fidelity. In addition, the troubles due to image-frequency inter
ference, etc., which were discussed in Art. 25-10 may also follow. 

31-7. The Station Interference Problem in High-Fidelity 
Receivers.-The intermediate-frequency amplifier of a high
fidelity receiver is the first unit whose design is essentially dif
ferent from that of the corresponding unit in an ordinary re
ceiver. This difference is brought about by selectivity problems 
which must be met with in these receivers. The usual high-fidelity 
receiver as it is being built at this writing, allows a maximum 
passage of frequencies of 7½ kc on both sides of the carrier-so 
that the total band is 15 kc. Now in the United States, all sta
tions with an air-line range of over 100 miles have a frequency 
separation of 10 kc. The so-called local stations, however, ( those 
within a radius of 100 miles) have a frequency separation of 
50 kc in order to make possible the broadcasting of 7,500 kc wide 
high-fidelity programs with limited power during the daytime 
if desired. 

When the receiver is operated with its full 15-kc broad tuning 
in order to obtain high-fidelity performance, no selectivity diffi
culties usually appear when local stations are being received, 
because the 50 kc separation between them is sufficient to prevent 
overlap. However, a powerful distant station whose carrier fre
quency differs from that of the local station by less than 15 kc 
may appear in an adjacent channel with a loudness which is ap
preciable by comparison. In this case, the high-fidelity receiver 
with its wide open input channel will accept the full program 
of the station to which it is tuned, as well as parts of the side
bands of the interfering station, resulting in a condition such that 
the signal from the unwanted station is inverted thereby making 
the low notes sound like high notes and vice versa. This cross-talk 
is commonly known as monkey chatter since it usually appears 
as a series of high-pitched twitterings. In addition, there may 
be a steady high-pitched whistle due to the beating together of 
the carriers of the two stations. The frequency of this beat is 
equal to the difference between the carrier frequencies of the 
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two stations. This is really station interference of a "hetero
dyning" nature I Another annoying type of station interference 
is that of the reception of the signals of foreign stations, some of 
which broadcast on frequencies midway between the regularly 
assigned U. S. station channels. These foreign signals beat with 
those of the local station and cause a 5-kc beat note. 

Whether interference from these causes is audible or not, 
depends upon the relative strengths of the carriers of the desired 
and the interfering signals when they reach the second detector. 
If the carrier of the wanted station is sufficiently stronger than 
that of the interfering station, the interference, although still 
present, will be below audibility and so will not be heard-other
wise it will be heard. The extent to which the interference must 
be weaker than the wanted signal for it to be inaudible depends 
upon the volume level at which the receiver is operated, and 
may be as much as 50 db. 

31-8. Why the Station-Interference Problem is Usually 
Solved in the 1-F Amplifier.-It is evident that the selectivity 
problem is one of supplying adequate selectivity somewhere in 
the receiver to prevent the station signal interferences just de
scribed. First of all, it should be understood that the selectivity 
of a superheterodyne receiver lies largely in the i-f amplifier. 
Therefore, it is natural that designers should turn to the i-f am
plifier for a solution to the problem. For high-fidelity reproduc
tion, the i-f amplifier response should be such that it passes (uni
formly) a 15 kc band of frequencies (7½-kc above and 7½-kc 
below the i-f). However, for sufficient selectivity to prevent 
mterf erence when receiving distant stations, much sharper tun
ing is required. This is obtained in ordinary receivers by con
structing the i-f transformers so that the primary and secondary 
of each one is loosely coupled for high selectivity, permitting a 
band of frequencies only about 2-kc above and 2-kc below the 
i-f to pass through it. If this kind of an amplifier is used in a 
high-fidelity receiver, the selectivity will be good but the fidelity 
will be extremely poor due to the cutting of side bands. The 
receiver will then have an audio-frequency range of only 3,000 
or 4,000 cycles instead of the 7,500 cycles required. 

It is clear that the conflicting nature of the selectivity and 
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the fidelity requirements permit no satisfactory compromise to be 
made at the receiver. No high-fidelity receiver with fixed selec
tivity characteristics will give the best results under all reception 
conditions, for high-fidelity reception and extreme selectivity 
simply do not "mix". In order that high-fidelity receivers shall 
be able to provide both distant-station reception (not high
fidelity) without interference, and high-fidelity reception of local 
stations when desired, the selectivity ( and hence the frequency 
response) must be made variable. A control must be provided 
so that the set owner can contract the frequency response or 
"admitted band" at will to provide maximum selectivity for dis
tant station reception (or reception under interference or noisy 
conditions), and open or expand the band for high-fidelity local 
station reception. When "expanded", the full audio response of 
the broadcast station is permitted to pass through. 

Of course, the fidelity of the reproduction on distant stations will 
suffer, but nothing can be done about that under our present broad
casting conditions. It is much more desirable to listen to uninter
fered-with but fair reproduction than it is to listen to high-quality 
reproduction that is broken up by adjacent-channel interference and 
mcmke11 chatter. 

31-SA. Several of the Methods which are being Employed 
to Solve the Station-Interference Problem.-Various receiver 
manufacturers have attacked this selectivity problem in different 
ways. 

At the time of the present writing, Philco, Stromberg-Carlson 
and Zenith high-fidelity receivers use an arrangement which enables 
the frequency response of the i-f amplifier to be varied ( continuously 
without jumps) at will, so that just enough selectivity may be had 
at any time. Atwater Kent receivers employ a system controlled by 
a two-position switch, providing two degrees of selectivity ( mazimum 
and minimum). In at least one General Electric receiver, the entire 
i-f amplifier is cut out of the circuit and the r-f amplifier feeds direct
ly into the second detector when high-fidelity local-station reception 
ia desired. In at least one Howard receiver, separate i-f amplifiers 
are used for high-fidelity and distant reception, and the tone response 
is further enhanced through the use of separate audio amplifiers for 
high and low frequencies. 

31-9. How the Selectivity of the 1-F Amplifier may be 
Varied.-There are two general ways of accomplishing the de
sired variation in selectivity of the i-f amplifier. One is mech
anical, the others are electrical. 

Up to the time of this writing, the electrical arrangements 
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have been used exclusively on commercial receivers manufactured 
in the United States. However, since it is likely that the mech
anical arrangement will also be used in some receivers in the 
near future, this will also be described here. 

The arrangement that is mechanical in nature utilizes the fact 
that the selectivity of a tuning transformer may be increased or de
creased merely by loosening or tightening the magnetic coupling be
tween the primary and secondary coil. This may be accomplished by 
simply moving the primary and secondary further apart or closer 
together. Thus, if we consider the typical tuned i-f transformer shown 
at (A) of Fig. 31-5, we may first adjust the tuning trimmer condenser 
across each coil, (separately), with very small coupling between the 
coils, until each coil is tuned exactly to the i-f desired, let us say 175 
kc. The tuning or response curve will then be very narrow, as shown 
by curve S, at (B). This would be the desirable response if station 
interference were present. If the coils are now brought closer to
gether so as to 1increase the magnetic coupling between them, the 
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FIG. 31-5.-How the frequency-re
sponse characteristic (B) of an i-f 
transformer may be varied at will by 
varying the distance between the 
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primary and secondary windings shown at (A). Two extremes of 
coupling desirable in an i-f transformer suitable for use in a high
fidelity receiver are shown at (B). The tuning characteristic labeled 
S provides high selectivity but poor high-note reproduction; that 
labeled H provides less adjacent channel selectivity but better audio 
fidelity. 

characteristic broad double-humped response curve represented by H 
results. This would be the desirable condition for high-fidelity re
sponse! Of course, any response condition between the two can be 
easily obtained by moving one coil closer to, or further away from 
the other. The exact manner in which the response curves actually 
vary in a commercial unit of this type (the one illustrated in Fig. 
31-7) is illustrated by the family of response curves plotted in Fig. 
31-6. The spacing S which existed between the primary and secon
dary coil when each response curve was taken is indicated. Notice 
that when the spacing was 1¼ inches, response curve A (which is so 
sharp that a total band of frequencies only about 5 kc wide is passed) 
was obtained. At a closer spacing of %-inches (curve C) the char
acteristic double-hump response begins. At the close spacing of 9/16-
inches (curve F) the double-hump is very pronounced, and the fre
quency response is very broad. 
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The actual commercial intermediate transformer unit upon 
which these response curves were taken is illustrated in Fig. 31-7. 
In it, one of the two coils of the regulation intermediate-frequency 
transformer is rendered movable so that the coupling between 
the two coils can be varied at will. This is accomplished by means 
of a threaded rod which engages with a suitable threaded sleeve 
on the movable coil support. By rotating this rod, the movable 
coil is caused to move 60 
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sible to mechanically 
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FIG. 31-6.-Family of frequencr-re
sponse curves which show the selectivity 
characteristics obtained when the prim
ary and secondary windings of an actual 
i-f transformer are separated by the dif
ferent distances indicated. These curves 
were taken on the commercial variable 
i-f transformer unit illustrated in Fig. 
31-7. 

When aligning the i-f stages of a receiver which employs 
transformers of this type, it is important that the coupling be 
as loose as possible during the lining-up process, otherwise diffi
culty will be encountered in securing a symmetrical resonance 
curve. With loose coupling, a single peak will be obtained, and 
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the i-f may be adjusted to the desired frequency. Alignment is 
greatly facilitated and can be done much more accurately if a 
cathode-ray oscilloscope is employed to give a visual picture 
of the i-f response. It is interesting to note that a mechanical 
device for panel control of coupling may be employed. All the 
i-f transformers in the receiver are adjusted to the same fre
quency, and the coupling controls are ganged to a single shaft 
for variable control of fidelity from the receiver panel. 

A second method of varying the frequency response of the 
i-f transformers 1s essentially electrical and is shown in Fig. 

OourteBJI Hammarlund Mfg. Co. 

FIG. 31-7.-An i-f trans
former unit which pro
vides variable coupling 
and response by mechan
ical means. The distance 
between the primary and 
secondary windings may 
be varied by means of a 
threaded rod to change the 

31-8. This method has been employed 
successfully in Philco and Stromberg 
Carlson high-fidelity receivers. The 
intermediate transformers have three 
coils each, instead of the conventional 
two. Coil A is the usual tuned prim
ary; coil B is the usual tuned secon
dary, the coil C is a special winding 
which when tuned by its condenser C, 
forms an absorption circuit, which is 
tuned to the exact center of the i-f 
band. Since this circuit is tuned to 
the same frequency as the secondary 
B and the primary A, and is closely 
coupled to them (in fact this winding 
serves as a link circuit to transfer the 
i-f energy from primary A to secon
dary B to which it is inductively 
coupled), it will absorb energy from 
these circuits and thus introduce i-f re-

coupling. sistance. However, it is possible to 
adjust the setting of the 8,775-ohm variable resistor in the cir
cuit of coil C, this resistor being ganged to a similar unit in the 
second i-f transformer circuit and also to a bias control resistor 
in the first detector and the first i-f cathode circuits. 

When maximum resistance is in the circuit, coil C has a rela
tively small effect on the normal circuit operation, and the re
sponse of the unit is narrow for maximum selectivity, ( approxim-
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ately 4,000 cycles wide). As the resistance is lowered, circuit C 
absorbs more and more energy from the adjacent windings. This 
reduces the gain and increases the width of the response of the 
transformer to admit the high frequencies for high-fidelity re
production. But, since the gain also decreases as the response of 
the transformers is widened, the bias control for the first de
tector and i-f stages is ganged to the "fidelity control" shaft and 
operates simultaneously with it. When the receiver is operated 
so as to have a wide frequency response for good fidelity, the bias 

FIG. 31-8.-An elec
trical circuit arrange
ment which is em
ployed for varying the 
width of the frequen
cy response character
istics of the i-f trans
formers in high-fidel
ity receivers. 
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on the first detector (by means of resistor R in Fig. 31-4) and 
first i-f stages is reduced to raise the gain to that obtainable, 
when the receiver is adjusted to provide sharp tuning (a total 
band width of about 4,000 cycles). 

Tuning is necessarily critical when operating the set at the 
maximum selectivity setting. A tuning meter driven by a special 
grid-leak detector, T,, used just for this purpose and driven from 
a separate winding, L3 , on the second detector input coil as 
shown in Fig. 31-9, is therefore used, indicating resonance ir
respective of the fidelity control setting. 

A third method of varying the band width of the i-f trans
formers is to shield the primary from the secondary ( using them 
simply as inductances) and couple the two by means of a vari
able condenser, C, somewhat as shown in Fig. 31-10. When C 
is set at its minimum coupling-capacity setting, the constants of 
the circuit should be such that the band width is about 4,000 
cycles for sharp tuning; with the maximum capacity of C in the 
circuit, the frequency response band width should be about 15 kc. 
wide, so as to be suitable for high-fidelity reception and repro
duction. 
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The foregoing descriptions represent the three fundamental 
methods of varying the band width of the i-f transformers used 
in high-fidelity receivers to suit the reception conditions at any 
time. No doubt, improvements in design and modifications of 
these will appear from time to time, but the general ideas upon 
which these operate will undoubtedly be utilized. For instance, 
in the Stromberg Carlson 70 series high-fidelity receivers which 

FIG. 31-9. - Circuit ar-
rangement for driving the 
tuning meter by a special 
grid-leak detector tube T, 
operated by winding Ls so 
that the correct response 
will be indicated regardless 
of the setting of the "fidelity" 
control. 

II+ 

employ the second arrangement, a switch is also provided in series 
with each of these "fidelity control" resistors. These switches (in
corporated in the variable resistors) automatically open the ab
sorption circuits entirely when the fidelity control is turned coun
terclockwise as far as possible to make the variable resistor 
maximum. 

31-10. Iron-Core i-f Coils.-There has recently been made 
available a specially treated ferrous metal suitable for use for 
the cores of high-frequency coils. This core material consists, 
essentially, of specially prepared finely-divided ferrous metal par
ticles held together by a suitable binder. The material is poured 
into molds and pressed into the desired shape. 

These special cores have comparatively low losses at radio 
frequencies, and when used as the core for a coil, result in a 
material reduction in the overall coil resistance because of the 
small amount of copper wire required for the coil. It will be 
recalled that the inductance of a coil is directly proportional 
to the permeability of its core material. Since the inductance 
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of a coil is also nearly proportional to the square of the number 
of turns, it is possible to reduce the number of turns according to 
the square root of the permeability of the core, and hence make 
the coil much smaller in physical dimensions for a given induct
ance. 

The use of coils having these special magnetic cores possesses 
a unique advantage in high-fidelity receivers. If the core be main
tained in a fixed position with respect to one coil, say the primary, 
and if the secondary first be placed with respect to the primary 
so that zero magnetic coupling exists, then only a slight motion of 
the secondary is required to widen the frequency response of the 
transformer as a whole. The effect of this small change in posi
tion of the secondary is due to the fact that the iron core con
centrates the flux of the coil to the immediate space surrounding 
the coil, and but a small motion of the secondary is required to 
bring it within the field of the primary. Thus, a control of the 
i-f band width may be obtained by moving the secondary coil 
slightly. 

It is interesting to note that some years ago iron cores were 
used to increase the resistance of tuned circuits so that they 
could respond over the entire broadcast band (500 to 1,500 kc) 

FIG. 31-10.-Capac
itively-coupled circuit 
arrangement which 
may be employed for 
controlling the fidelity 
of a high-fidelity re
ceiver. The primary 
and secondary wind
ings are here used 
merely as inductances 
capacitively coupled 
together. 
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without any tuning whatsoever. This effect was due mainly to the 
eddy current loss in the iron ( which varies approximately as 
the square of the frequency). But by using the special finely
divided iron particles mentioned here, the eddy-current losses 
have been reduced to a very small value. This, together with the 
fact that the resistance of the wire of the coil is also less because 
less wire is necessary for a given inductance when the iron core 
is employed, has made it possible to produce iron-core i-f trans-
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formers which actually have less r-f resistance than similar ones 
of the air-core type-with a great saving in the space occupied. 

31-11. The Second Detector.-There are several reasons 
why the second detector of a high-fidelity receiver should be a 
linear detector. Since many of the advantages of linear detec
tion for these receivers are not generally known, they will be dis
cussed here. To begin with, all detectors, regardless of type are 
really square law in action (like a grid-leak condenser detector) 
for weak signals, and linear in action when the applied signal 
voltage exceeds a certain value. The value of this voltage varies 
with the type of detector, and with the values of the components 
used in the individual circuit. 

A square law detector has the following characteristics, 
which will be compared with those of the linear detector: 

(1) The audio output of the fundamental is propor
tional to the product of the carrier and the side band am
plitudes. 

(2) The d-c component of the plate current is propor
tional to the square of the carrier voltage and for large per
centages of modulation it is affected by the audio modu
lations. 

(3) The per cent second harmonic distortion is equal to 
25 % of the per cent modulation. 

The following are the corresponding characteristics of the 
linear detector: 

( 1) The audio output at the fundamental is proportional 
to the side-band amplitudes only, and is independent of the 
carrier amplitude. 

(2) The direct-current output is proportional only to the 
carrier, and is independent of the audio modulations. 

(3) No harmonics of the audio signal appear. 
We will now discuss the significance of these characteristics as 
they apply to receiver design, especially high-fidelity receivers. 

Suppose a receiver has a certain amount of residual noise 
generated either internally in the set itself or by some external 
man-made device. This noise will be amplified by the tubes and 
associated circuits and heard in the loudspeaker. This 
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residual noise is usually of a high frequency. Whether it in
creases or remains constant when a louder signal is tuned in, 
depends upon whether the second detector is of the square law, 
or the linear type. 

It is easy to conceive of this noise as being part of the audio 
modulations of the signal; in other words, consider noise just 
as if it were one of the audio signals modulating the carrier. 
What happens to it, therefore, depends upon the type of second 
detector. If it is a square-law detector, then, as mentioned in 
(1), the audio output is proportional to the product of the am
plitude of the carrier and of the side bands, which means the 
product of the signal carrier and the noise. The stronger the car
rier is ( the louder the signal) the louder will be the noise, because 
the noise output is proportional to the product of carrier and 
noise ( we are considering the noise as part of the side band of 
the signal). On the other hand, if a linear detector is used, the 
audio output is proportional only to the side-band amplitudes; 
hence the noise will not increase as the signal strength is in
creased, because its value is constant. 

This same condition may be viewed from another angle. 
Suppose the signal and noise voltages remain constant and the 
sensitivity of the receiver is gradually increased from a low value 
by, say, decreasing the bias on the r-f and i-f tubes (a com
mon form of volume control, especially in ave circuits). If a 
square-law detector were used, the noise would naturally increase 
with the sensitivity, and the signal strength would likewise in
crease with the square of the sensitivity. However, if a linear de
tector were used, the noise output would remain constant. 
The second characteristic mentioned here is important when the 
plate current of the detector is used for ave control. 

The d-c plate current of the square-law detector is propor
tional to the square of the carrier voltage and to the per cent 
modulation of the signal (see Art. 15-24, Chapter XV, for the 
significance of per cent modulation). At high percentages of 
modulation, the plate current varies with the modulation. Thus. 
for a 100 % modulated signal, the plate current will be twice 
that for no modulation, and the grids of the ave-controlled tubes 
will be twice that for no modulation. This corresponds to a 6 db 
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drop in audio output if variable-mu tubes are used, which is 
quite appreciable in a high-fidelity receiver. On the other hand, 
in a linear detector the d-c plate current is independent of the 
side bands, and hence is not affected by the per cent modulation 
or any noise voltages. 

The third and final important characteristic is the second har
monic distortion in the plate circuit of the detector. We said that 
in a square law detector this distortion is 25 % of the per cent 
modulation. Thus, a 100 % modulated signal will have present in 
its output second harmonics equal to 25 % of the fundamental. 
If the per cent modulation is 75, a common value, then the sec
ond harmonic distortion would be 75/4, or 19% (nearly). The 
truly linear detector has no distortion of this form when the 
modulation does not exceed 100 %-the highest value obtainable 
with no transmitter distortion. 

This latter characteristic is important when the characteris
tics of high-grade transmitters are considered. The "coverage" 
of a transmitter is almost a direct function of its per cent mod
ulation, so that it is the object of nearly all good stations to 
have as high a per cent modulation as possible. Thus, for a 
given signal strength at the receiver, a square-law detector will 
give more distortion on the better stations than on the poorer 
ones! With linear detection, the distortion will be independent 
of the per cent modulation, and thus will truly reproduce what
ever is fed into it. 

Now it was pointed out previously that it is desirable to have 
powerful transmitters for high-fidelity receivers. This advantage 
is evident in the light of the detector characteristics presented 
herewith. With a fixed noise level, the point at which any de
tector becomes linear depends upon the signal strength. With 
sufficiently weak signals, the detector, regardless of type, is 
squart law in action; and, as pointed out in ( 1), the noise voltage 
in the plate circuit will increase with carrier voltage. At a cer
tain carrier voltage, the detector becomes linear, and the noise 
ceases to be amplified as the carrier is increased, though the 
actual modulations of the signal increase simply because the 
signal strength is greater. Therefore, with a strong carrier ac
tuating the detector, the point of linearity is arrived at with 



CH. XXXI HIGH-FIDELITY RECEIVER PROBLEMS 1187 

comparatively small amplification of the noise. Of course, 
this results in a greater signal-to-noise ratio. This is commonly 
referred to as "demodulation of noise at the detector". 

This same reasoning applies to the case of a weak and a 
strong signal reaching the detector. In a linear detector, the 
weak carrier is demodulated by the strong one, so that only the 

FIG. 31-11.-Graphs 
showing the relative 
amplification of noise 
and signal voltage in a 
receiver which employs 
a linear detector. For 
weak signals, the de
tector operates i n 
square-law fashion, and 
the signal output of the 
receiver (see curve S) 
increases as the square 
of the input. The noise 
output (see curve N) 
is directly proportional 
to the input signal ~ 
strength. For signal J 

inputs stronger than g 
the value 0-0, the de- ,
tector operates in lin- :::> 
ear fashion, i.e., the ~ 
signal output is propor- :::> 
tional to the input. 0 

However, as shown by 
curve N, the noise out
put no longer increases 
proportionally to the 
signal input. 
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carrier of the strong one remains, and since an r-f carrier cannot 
be amplified in an audio amplifier, the weak station cannot be 
heard. The curves of Fig. 31-11 illustrate the idea of demodula
tion of noise by a strong carrier in a linear detector. Notice that 
the noise output curve N flattens out soon after a signal input 
which makes the detector operate linearly is applied. 
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These excellent advantages of the linear detector have led to 
the almost universal adoption of diodes ( or triodes connected as 
diodes) in the detector circuits of both ordinary and high-fidelity 
receivers to provide linear detection. 

31-12. The Audio Amplifier in High-Fidelity Receivers.
At the present stage of the radio art, there is little difficulty in 
designing an audio amplifier for use in high-fidelity receivers 
that will give exactly the desired response over the entire range 
of audio frequencies which are to be reproduced. In other 
words, there is little difficulty in designing an audio amplifier to 
have the desired amplification characteristics from 50 to 7,000 
or 8,000 cycles. The second detector is usually resistance-cap
acity coupled to the driver stage. The latter is then transformer
coupled to the push-pull output stage in the customary manner. 

Class A amplification is to be preferred in a high-fidelity re
ceiver. Though the power output of a tube is smaller when it is 
used as a Class A amplifier than when it is used in any of the 
other arrangements (see Arts. 23-32 to 23-39) the acknowledged 
low distortion and the low cost of the audio and output trans
formers required for Class A operation, together with econom
ical design of the power unit, has made this form of amplifica
tion highly desirable. However, when the required audio sig
nal is quite high, economic considerations favor the use of class 
B or class A-Prime (AB) amplification, and it is being used in 
many high-fidelity receivers. Incidentally, the use of '45 tubes 
operated as push-pull class AB amplifiers has some merit in high
fidelity receivers. It has been shown that some 12 watts of power 
may be obtained from push-pull tubes operated in this way. 
Furthermore, since Class AB amplifiers operate as Class A am
plifiers at low signal inputs and as Class B amplifiers at medium 
and high inputs (see Art. 23-38), their distortion varies between 
the Class A and Class B values depending upon the input signal 
strength. However, the performance of '45 tubes operating as 
Class AB amplifiers approaches quite closely to that of Class A 
operation insofar as harmonic distortion is concerned. As little as 
3 % total harmonic distortion can be obtained with them. Eight of 
them are being used in at least one current high-priced receiver! 

31-13. The 10-kc Filter.-If the high-fidelity receiver is 
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designed to cover an audio range up to say 7,500 cycles, a total 
band of frequencies 15,000 cycles wide must be passed by the i-f 
amplifier. Under these conditions, the tuning is so broad that it is 
almost a certainty that a filter will be required to eliminate the 
10-kc beat note caused by interference by carriers on adjacent 
channels (see Art. 31-7), since the i-f amplifier will not discrim
inate against these carriers enough to suppress them sufficiently 
when the full high-fidelity i-f band width is employed. There
fore, this 10 kc beat note must be prevented from reaching the 
loud speaker. It is common to accomplish this by means of a 
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FIG. 31-12. - A 10-kc tilter 
employed in the audio amplifiers 

-1/..-0 of high-fidelity receivers is 
1//h shown at (B). Its frequency 

PA!l!l---+1-r-rrnEJEc:T~ response characteristic is 

FREQUENCY 

CA> 

shown at (A). Notice that it 
is a low-pass filter, passing all 
frequencies up to the cut-off 
point and offering a high im
pedance to all higher frequen-
cies. 

suitable low-pass filter which cuts off sharply at around 7,500 
or 8,000 cycles. This filter is located in the audio amplifier. 

The details of this filter arrangement as used in the Philco 
200-Series high-fidelity receivers are shown at (B) of Fig. 31-12. 
The filter consists of an anti-resonant circuit made up of L and C 
(resonant at 10 kc) connected in series with the circuit between 
the second detector and the driver tube. Two equal condensers Ci 
and CI act as shunt arms. Since the filter works out of the plate 
circuit of the '75 second-detector tube, it is terminated in a re
sistor Ri of similar resistance value (by-passed to ground by C ,) . 
The frequency characteristic of a filter of this type is essentially 
as shown at (A). It presents a very low impedance to the pass-
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age of all currents up to the cut-off frequency of about 7,500 
cycles. At this frequency the response cuts off sharply so that 
all currents of higher frequency than this meet with a high op
position and are greatly attenuated. Thus, the 10-kc beat note 
from interfering adjacent channel stations is effectively pre
vented from getting through the audio amplifier and reaching 
the loud speaker. This particular filter has a discrimination of 
about 25 db. at 10 kc. The condenser C is made adjustable 
to allow for the various conditions of interference that might 
arise from adjacent channel stations in different localities. 

31-14. Power Output and Tone Control in High-Fidelity 
Receivers.-The undistorted power output capacity of a high
fidelity receiver should be 15 or 20 watts. Now 15 watts of acous
tic power is much more than sufficient for ordinary reproduction 
in the average home, but reserve power is often required for the 
faithful reproduction of low-frequency passages in orchestral 
music since considerable power is involved in the rendition of 
these notes. Then too, the high-fidelity receiver must supply 
sufficient power on fortissimo passages to be heard clearly 
throughout an entire apartment without any overloading. An 
output of 15 watts is about sufficient for this purpose. 

Theoretically, a receiver should be operated with an output 
such that the listener hears the musical program with the same 
volume that he would hear it if he were actually seated in the 
average location in the music hall where it is originating. Of 
course, it is not practical to operate the radio set at anywhere 
near this volume in the home. For practical reasons, it must be 
operated at a much lower level. Unless some compensation is 
provided when this is done, true fidelity will not be obtained, 
because of a well-known characteristic of the human ear. As 
the volume of the radio receiver is reduced so it is less than that 
of the original performance, the low-frequency tones seem to 
disappear i.e., they seem less prominent. The reason for this is 
that the sensitivity of the human ear varies automatically with 
the volume of the sound as well as with the frequency, and is 
lower at the two extreme ranges of the sound-frequency spec
trum than it is at the middle range. When the volume is de
creased, however, its sensitivity to the high-frequency notes 
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does not decrease as much as its sensitivity to the low-frequency 
notes does, so the net result is that the low-frequency notes seem 
to disappear when the radio receiver is played at low volume. 

It is evident from the foregoing considerations that in order 
to preserve the fidelity of the reproduction even though it is 
desired to have the volume low, it is necessary to equip the 
receiver with an automatic tone control that will boost the low
frequency reproduction as the manual volume control is varied 
toward the low-volume end. An interesting low-frequency tone 
control arrangement which has been employed (in the Philco 
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FIG. 31-13.-An interesting low-frequency tone control arrange
ment used in the Philco 201 high-fidelity receiver to automatically 
boost the low-frequency response when the volume is turned down 
low, in order to compensate for the characteristics of the human ear 
and preserve good fidelity of reproduction at the low volume. 

Model 201 high-fidelity receiver) is shown in Fig. 31-13. The 
volume level control potentiometer P is tapped at two points. 
To the lower tap (corresponding to the low-volume region) a 
20,000 ohm resistor R 1 in series with a 0.03 mfd. by-pass con
denser C 1 is connected to ground. This provides a fixed filter 
which tends to by-pass the high-frequencies (thus increasing 
the apparent bass to compensate for the ear's deficiency in this 
region) when the volume control is set near the low-volume end. 
The tap near the high-volume end of the volume control is con
nected to a 15,000-ohm resistor R, in series with a 0.05 mfd. 
by-pass condenser C, to ground. A switch S, which shorts this 
condenser when minimum low-frequency response is desired, is 
also provided. This reduces the low-frequency response because 
it shunts the 15,000-ohm resistor R, directly across nearly half 
of the potentiometer resistance. 
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The amount of hum heard in high-fidelity receivers is often 
somewhat above the maximum permissible level. If the re
ceiver employs 2A3 tubes in the output stage, the hum may be 
due to them. In such cases, several of these should be tried 
in the output stage sockets until minimum hum is obtained. 

31-15. Loud Speaker Arrangements for High-Fidelity 
Receivers.-The loud speaker is the last link in the chain of 
important components which the high-fidelity receiver contains. 
Unless it meets all the requirements imposed upon it by high-

TOP VIEW <A> !.IDE-F'RONT VIEW (II I 

FIG. 31-14.-Top and front-side views of a single-unit high-fidelity 
loud speaker employed in a commercial high-fidelity receiver (Philco). 
Notice the four vertical and one horizontal deflecting vanes mounted 
in front of the cone. These "spread" the high-frequency sound waves 
(see Fig. 31-15) which would otherwise be projected forward in 
the form of a narrow sound beam. 

fidelity service, it will utterly ruin (so far as any musical pro
gram heard is concerned) the most perfect fidelity signal 
that the receiver feeds to it. The operating conditions imposed 
upon the loud speakers in a high-fidelity receiver are severe, and 
the requirements for a good speaker for this service are much 
easier to specify than they are to fulfill in practice. The speaker 
must respond to ( within a few db) from about 40 to 8,000 
cycles. The usual dynamic speaker which is employed in or
dinary receivers, has a frequency range ( within a few db) of 
about 80 to 3,500 cycles, beyond which the response falls off 
rather rapidly. Because of this rather limited frequency range 
of ordinary dynamic speakers, either one of two alternatives 
must be employed in high-fidelity receivers. Either a single 
special dynamic speaker designed entirely with a view toward 
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meeting high-fidelity reproduction requirements must be em
ployed, or, two speakers ( one to reproduce the low- and middle
frequency sounds, and the other to reproduce the high-frequency 
sounds) may be used. Since both arrangements are employed 
in commercial high-fidelity receivers, they will both be discussed 
here. 

31-16. The Single-Unit Loud Speaker Arrangement. -
Several interesting construction details of a typical single high
fidelity speaker are illustrated in Fig. 31-14. The speaker itself 

SPEAKER 
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@ ~ @ 

~ ~ DCFLECT'ING ,!IOUND 
HIGH FREQ. ~C2&2&~~~ !IPlltADING) VANES. 
SOUND WAVES~ 
S:MtllGE IN :::::::::=::::: 
NARROW ~ 

SEAM, ~ 
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FIG. 31-15.-Sounds having frequencies up around 6,000 cycles or 
over do not radiate very well, but issue from the loud speaker in the 
form of a rather narrow beam, as shown at (A). Such sounds cannot 
be heard very well at any positions more than about 20 degrees oft the 
axis of the cone. By placing deflecting vanes in front of the cone, 
these high-frequency sound waves can be deflected and "spread out" 
so they radiate in all directions as shown at (B). For details re
garding the mounting of such vanes, see Fig. 31-14. 

is of unusually large diameter, and has an unusually powerful 
field. To maintain unattenuated response at the high frequencies 
requires a voice coil and cone having a small effective mass. In 
order to attain this end, the voice-coil is wound with aluminum 
wire. In addition the cone itself is constructed to increase its 
radiation of sound at the high frequencies. This is accomplished 
by making it of two different grades of paper, as shown at (B). 
The apex, close to the voice-coil is made of stiff material, S, while 
the outer portion is constructed of lighter, more flexible paper, 
L. This construction makes the inner portion effective in pro
ducing the low-frequency sounds effectively, while the entire 
assembly operates for the "lows". 

A very important action takes place when high-frequency 
sounds are being produced. The lower frequency sounds are 
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radiated by the loud speaker with sensibly uniform strength in all 
directions; the very high frequencies above about 5,000 cycles, 
on the other hand, are thrown principally straight forward in a 
narrow beam as shown at (A) of Fig. 31-15, much as a beam 
of light is directed from a flashlight. Only those listeners 
who are in a fairly direct line (position Y) with the loud speaker 
emitting the high notes will hear them with full strength and 
obtain the full benefit of the high-fidelity reproduction. Lis
teners who are on the side (positions X and Z), away from 
this high-frequency sound beam, do not hear the majority of 
these notes, even if they are actually present in the output from 
the receiver. 

In order to prevent this action in high-fidelity receivers which 
reproduce these high frequencies, deflecting vanes are mounted 
in front of the speaker cone to deflect the high-frequency sound 
waves as they issue from the speaker, so that they are evenly 
distributed throughout the room, as shown at (B). These vanes 
are commonly arranged in front of the loud speaker as shown in 
Fig. 31-14. They are made of metal or wood, and consist of 
several vertical vanes arranged obliquely directly in front of the 
cone to give wide-angle lateral diffusion, and a single horizontal 
vane to give vertical diffusion. The latter, aided by a slight 
upward tilt of the cone itself, keeps the tone approximately equal 
in fidelity to both a person seated directly in front of the receiver 
and one seated on the side of it. 

31-17. The Multiple-Unit Loud Speaker Arrangement. -
The other solution to the problem of producing unattenuated 
sound radiation over the full high-fidelity frequency range is to 
use two loud speakers, one to produce all sounds up to about 
2,500 or 3,000 cycles per second, and the other, having moving 
parts of much smaller mass, to produce all sounds above this 
range. \Vhen this arrangement is used, either both speakers are 
of the dynamic cone type, or else the low-frequency unit is of 
the dynamic cone type while the high-frequency unit is of the 
crystal type. The former arrangement will be described first. 

The low-frequency speaker is usually of large size and con
structed so it has a large power-handling capacity. A powerful 
magnetic field is required ( as high as 40 watts is required for the 
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field alone in one commercial loud speaker of this kind). 
The high-frequency speaker (usually called a "tweeter" or 

a "treble" speaker) is small (about 1/2 the size of the larger one) 
and its voice coil is often wound with aluminum wire to reduce 
the mass so that the speaker will operate well on the high fre
quencies. In one commercial speaker of this kind, the mass of 
the entire moving system is only 0.8 gram. The high-frequency 
speaker is equipped with a set of deflector vanes (see (B) of Fig. 
31-15) to spread the sound radiation over a wide angle. 

Because of their delicate construction, care should be ex
ercised in handling speakers of this type. In some types, the 
voice-coil leads are made of fine aluminum wire in order to keep 
the mass small. A void touching them, as they are easily broken I 
Do not use compressed air to blow dust or chips from these 
speakers, as breakage of these leads may result. The 
movement of the cone in actual service is only a few thousandths 
of an inch and is adeqautely taken care of by the thin aluminum 
center suspension. Do not force the cone back and forth with 
the fingers as you would an ordinary dynamic speaker, for this 
may damage the center suspension. 

Once the voice coils on these speakers are correctly centered 
at the factory, they rarely need readjustment. However, in 
case the center screw should be inadvertently loosened and the 
adjustment lost, the following general method of re-centering 
should be followed: 

Obtain three strips of clean, smooth paper, 0.006" to 0.008" 
thick, about ¾,. wide, and about 3" long, for use as "gauges". With 
the cone center clamping screw loosened, insert one end of each of 
the paper strips in the gap between the outside of the voice coil and 
the hole in the front plate, spacing the strips equidistantly around 
the coil. This may easily be done if the ends of the paper are cut 
to a point and tweezers are used for inserting them. 

Now, tighten the center clamping screw and ''feel" the paper 
strips by pulling them with the tweezers to determine if any are 
pinched tightly in the gap. If this is found to be the case, the center 
screw should be loosened, and the cone moved slightly sidewise in a 
direction to relieve the pinched strip. Then, the screw should be 
retightened. 

The coil is considered centered when the three strips are equally 
free in the gap. Remove the strips by grasping them with the twee
zers close to the front plate, ratht>r than by pulling on the end of the 
strip, otherwise the paper may tear off against the edge of the hole, 
and thus a piece may be left in the gap. In performing the center
ing operation, use great care not to damage the driving coil leads. 
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,vhen two loud speakers are used, the output power of the 
set must be divided between them correctly according to the fre
quency. This is usually accomplished in the output circuit of the 
amplifier by means of a filter network designed especially for 
the purpose. The simple filter arrangement for the two dynamic 
cone speakers employed in the Stromberg Carlson 70 Series high
fidelity receiver is shown in Fig. 31-16. The push-pull output 
tubes feed into the output transformer T. The low-impedance 
secondary winding of this transformer feeds into the filter and 
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H IGH•FREQUENCY 
SPEAKER. 2:100 TO 
10,000 CVCLES. 

LOW-FREQUENCY 
SPEAKER. 60 TO 
2~00 CVCLES. 

FIG. 31-16.-The speaker filter arrangement which is used in the 
Stromberg Carlson 70 Series high-fidelity receivers for feeding all 
audio currents up to 2,500 cycles to the low-frequency dynamic speaker 
and all those above 2,500 cycles to the dynamic "tweeter". 

the voice-coils of the two speakers. The voice coil 81, of the 
low-frequency speaker is fed through the series air-core induct
ance L, and is shunted by by-pass condenser C 1 • The voice
coil, S,, of the high-frequency speaker is fed through series con
denser C, and resistor R. Now the low-frequency output cur
rents (from 50 to 2,500 cycles) of the receiver cannot flow through 
8, because the condenser CI presents a high impedance to their 
flow. However, air-core inductance L presents a low imped
ance to them, so they flow through L and coil 81, thereby caus
ing the low-frequency speaker to operate over this frequency 
range. At 2,500 cycles and higher, the impedance of Lis so hight 
and that of condenser C plus resistor R is so low (the impedance 
of a coil increases as the frequency is increased, whereas, the 
impedance of a condenser decreases), that the high-frequency 
output power of the receiver is fed through condenser C, and re
sistor R to the high-frequency speaker S,. Since the impedance 
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of condenser C 1 is low at these frequencies, it shunts the signal 
current of S, around the voice coil of S1 so that it does not serve 
to actuate it. Resistor R acts as a protective device to limit the 
current which would flow into S1 and very likely damage it if 
C I were to short circuit. The purpose of this simple filter ar
rangement, then, is to effectively lead all low-frequency audio 
currents below 2,500 cycles into the low-frequency speaker and 
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FIG. 31-17.-The axial sound-pressure-frequency characteristics 
of an ordinary dynamic speaker ( D), a crystal "tweeter" ( C), and 
the overall performance of both operating together (0). 

all those above 2,500 cycles into the "tweeter". Thus, each 
speaker is fed only with those parts of the program which it is 
able to reproduce effectively. 

Another speaker arrangement employs a dynamic cone 
speaker for the low-frequency reproduction and a piezo-electric 
(crystal) type "tweeter" for the high frequencies. This crystal 
type speaker is designed especially to flatten out the overall 
response curve where the dynamic speaker begins to fall off, and 
to carry on the high-frequency end of the high-fidelity repro
duction up to around 8,000 cycles. The individual frequency
response curves of a typical low-frequency type dynamic speaker, 
D, and a crystal type tweeter, C, together with the overall re
sponse, 0, which results when they are operated together is shown 
in Fig. 31-17. Notice how the tweeter response starts just at the 
frequency region where the dynamic speaker response begins to 
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fall off and how the tweeter keeps the high-frequency response 
up fairly level to almost 8,000 cycles, although the dynamic 
speaker response has fall en off rapidly after 3,000 cycles. 

A front and rear view of a typical crystal tweeter is illus
trated in Fig. 31-18. This type of speaker requires no addi
tional transformer or filter network since it can be connected 
directly across the primary winding of the output transformer. 
These tweeters may be installed in existing radio receivers to 
increase the high-frequency response so as to make better fidelity 

Oourteq Bnuh Develo,mw"' 0•. 

FIG. 31-18.-Two views of a commercial piezo-electric crystal 
type high-frequency "tweeter" speaker. 

(not essentially high-fidelity) possible. A number of possible 
connection arrangements for this purpose are shown in Fig. 31-19. 
Each one shows the best arrangement when the receiver uses 
the particular output tubes indicated. Resistor R is the volume 
control for the "tweeter" in each case. A small impedance
matching transformer which effectiv.ely matches the impedance 
of the crystal speaker unit to that of the output circuit of the 
receiver is built inside of the speaker case so no additional 
impedance-matching transformer is necessary. 

31-18. The Baffle for Good Low-Frequency Response.
It is well known that a large speaker baffle is required if the low
frequency notes are to be reproduced. The baffle acts merely 
as a barrier between the front and rear of the cone so that com
pressions and rarefactions produced simultaneously by the front 
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and rear of the cone will not cause air to rush around the cone 
edge and neutralize each other. The baffle makes the air path 
from the front of the cone to the rear long enough so that the 
air cannot travel the distance around the baffle in the short 
space of time it takes for ¼ of a cycle of the sound wave to 
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FIG. 31-19.-Various ways of connecting a crystal-type "tweeter" 
speaker to the ordinary dynamic speaker which is already in a radio 
receiver. The "tweeter" extends the high-frequency reproduction 
range of the receiver. A high-frequency volume control, R, is in
corporated in the circuit in each case. Its value, together with that 
of condenser C is specified at the right for the various output tube 
combinations that may be encountered. Resistor R and condenser C 
also form a filter which serves to block out all but the high-frequency 
audio currents from the speaker. 

oocur*--even on the lowest frequency to be reproduced. The 
cabinet of the console receiver has been used as an effective 
baffle in most receivers. However, the use of the cabinet as a 
baffle often results in "cavity" resonance which causes a "boomy" 

•NoTE: For a thorough explanation of loud speaker baffles see the 
Chapter on Loud Speakers in the Radio Physics Course by A. Ghirardi. 
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effect in the reproduction. This makes the reproduction far from 
realistic. 

An unusual type of space-saving baffle which has been termed 
an acoustical labyrinth has been developed for the low-frequency 
speaker of one commercial high-fidelity receiver (Stromberg 
Carlson), and will be described here because of its unusual con
struction features and general technical interest. The back of 
the low-frequency cone is not permitted to radiate sound directly 
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FIG. 31-20.-An acoustical labyrinth type of low-frequency baffle 
which makes the sound waves from the rear of the speaker cone take 
a long winding path through the labyrinth before they emerge from 
the bottom of the receiver cabinet. 

into the space inside the cabinet. Instead, its sound waves are led 
into a 2-section acoustical conduit which is built in the form 
illustrated in Fig. 31-20, to save space. This conduit is folded 
in the form of a labyrinth of many sections, each one having 
walls which are highly sound-absorbent. Notice the long, tor
tuous path which the sound waves are forced to take from the 
rear of the cone to the discharge opening in the bottom of the 
cabinet. This presents the same essential length of acoustical 
path from the front of the cone to the rear regardless of whether 
the receiver is placed close to a wall, in a comer, etc. The acous-
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ti cal passage is of such length that the fundamental resonance 
occurs in the frequency range where the efficiency of the cabinet 
as a baffle begins to fall off. The conduit serves, therefore, to 
extend the low-frequency range of the system beyond the limit 
made possible by the cabinet itself. Thus the response char
acteristic of the system over the entire frequency range is much 
better than it would be if the same speaker were mounted in a 
flat baffle of equivalent size. Resonances of the conduit at its har
monic frequencies are made negligible by the increasing absorp
tion of the conduit walls at the higher frequencies. Since no 
sound is allowed to radiate through the back of the receiver 
cabinet, the position of the set from the wall that it is placed in 
front of does not affect the tone qualities. 

31-19. Installation Pointers for High-Fidelity Receivers. 
-The high-fidelity receiver requires careful placing in the room 
in which it is to be used, if the full capabilities of the set for high
fidelity reproduction are to be realized under the actual installa
tion conditions. If the receiver discharges a part or all of its 
sound from the bottom of the cabinet (see Fig. 31-20) it may 
be placed either near the wall or in a corner without affecting 
the low-frequency response. However, if it discharges sound 
from the rear, the cabinet should be kept at least a few inches 
from the wall, or better still, "catty-corner". If the room is long 
and narrow it is usually best to place the receiver at one end 
of the room and as near the center of the wall as possible. In a 
square room, the "catty-corner" position is usually good. The 
receiver should always be placed so that the listeners in the room 
will receive as much of the directly-radiated sound from the 
receiver, and as little reflected sound, as possible. The 
sound should not be directed toward such sound-absorbing ma
terials as tapestries, curtains, heavy drapes, etc., for the rooms 
with such furnishings may already be acoustically "dead" due 
to their presence. On the other hand, if the room is acoustically 
"live", the receiver should not be placed so that its sound will be 
directed against hard wall surfaces and be reflected back to the 
listener. 

The service man may make several simple tests to determine 
if the fidelity of a given high-fidelity receiver is normal, by sim-
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ply listening carefully to the reproduction which results when a 
program of orchestral music is being received from a station 
which is known definitely to broadcast high-fidelity programs. 
Faithful reproduction of the low register will be indicated if, 
with moderately loud volume setting, the very low-pitched or 
bass instruments of an orchestra or the lowest tones of a piano 
or organ can be definitely heard without emphasis on any tones. 
A "boom" reminding one of the sound noted when the head is 
placed in a barrel while speaking, or a "mumbly" and indistinct 
quality of speech indicate either a too-pronounced low-register 
response or an equally undesirable deficiency of an important 
part (or all) of the higher frequencies. 

In general, a receiver satisfactory as to fidelity will provide 
speech which is thoroughly intelligible without conscious effort 
or sense of listening strain, and music which free from pronounced 
effects (such as "boom") of any kind. A persistent impression 
of mellowness or "richness," for example, is likely to be actually 
due to an absence of upper-register response, the undesirability 
of which would be readily noted in a direct comparison with a 
properly designed set. Rattles, or noticeable "hum", are annoy
ing to say the least, and become increasingly so as one uses the 
set. The former is usually the result of loose, or flimsy equip
ment, and the latter is often due to poor design but may be 
caused by defective tubes or equipment. Listen to other sets of 
the same model to see if the trouble is inherent or not. 

REVIEW QUESTIONS 

1. What is a high-fidelity receiver? 
2. What are the three main requirements for high-fidelity recep

tion? 
3. What audio range is generally conceded to be the most prac

ticable for high-fidelity reception? 
4. How does this compare with the audio range in: (a) a midget 

receiver; ( b) an ordinary "good" console type receiver? 
5. What can be said regarding uniformity of response in a high

fidelity receiver? 
6. What volume range should a high-fidelity receiver be able to 

handle without overloading. 
7. (a) What actually happens to the signal if overloading does 

occur? (b) How does the program sound under these conditions? 
8. Why are precautions to prevent man-made electrical interference 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 
22. 

28. 

24. 

25. 

26. 

from entering the receiver circuit by either the aerial, the lead-in, 
the ground wire, and the power-supply line even more important 
with high-fidelity receivers than with ordinary receivers? Ex
plain! 
(a) What can be said regarding the importance of securing as 
nearly perfect oscillator stability in high-fidelity receivers as 
possible? (b) Why is the problem even more important in high
fidelity receivers than it is in ordinary receivers? 
What would be the effect, as heard, if the frequency of the os
cillator in a high-fidelity receiver were subject to "drifting"; 
(a) during the warm-up period; (b) when strong signals come 
in? 
What steps have been taken to reduce oscillator drift in com
mercial high-fidelity receivers? Explain! 
What is meant by the term "monkey chatter" when applied to 
high-fidelity receivers? Explain in detail why and how it is 
produced. 
What effect will be noticed in a high-fidelity receiver if the 
tuning of the oscillator stage does not "track" properly with the 
tuning of the t-r-f stages? What is the remedy? 
Explain in detail the special station interference problems which 
are encountered in the operation of high-fidelity receivers. 
What practical step has been taken in the design of high-fidelity 
receivers to get around this station interference problem? 
What sacrifice in operating characteristics must be made in 
high-fidelity receivers under present broadcasting conditions in 
order to get around the station interference problem? 
Why is the station interference problem usually attacked in the 
i-f amplifier? 
State the three fundamental means which may be employed to 
vary the response-band width of the i-f transformers in a high
fidelity receiver. 
Describe a mechanical means for accomplishing the above. Ex
plain bow it operates! 
(a) Describe a special electrical circuit arrangement for accom
plishing the above. Explain how it works I ( b) What are its 
advantages over the mechanical method? 
Described and explain a third method for accomplishing the above. 
State two advantages of iron-core i-f transformers over the air
core type. How have the eddy-current losses in the iron at the 
high frequencies been reduced in the recent types of iron-core 
i-f transformers? 
State two important advantai?es which are obtained by using a 
linear detector instead of a square-law detector in a high-fidelity 
receiver. 
A radio signal is modulated 30 per cent. What is the per cent 
distortion in the plate circuit of a square-law detector which 
demodulates this signal? 
What is the purpose of the 10-kc filter in the audio circuit of 
high-fidelity receivers? 
(a) Draw the circuit diagram of a filter suitable for the above 
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purpose. What type of filter is it? ( b) Draw its frequency
response characteristic curve and explain it. 

27. What effect does turning the volume control down have on the 
tone reproduction from an ordinary receiver? What is the 
reason for this effect? 

28. How is the effect mentioned in Question 27 compensated for in 
high-fidelity receivers so that the "naturalness" of the repro
duction will be just as good at low volume as it is at high 
volume? 

29. Why must a loud speaker capable of reproducing the higher sound 
frequencies necessary for high-fidelity reproduction be equipped 
with deflecting vanes? How do they accomplish their purpose 
(illustrate your answer by means of sketches)? 

30. What is the purpose of the speaker cut-off filter in a high-fidelity 
receiver which employs two dynamic speakers? 

31. In a high-fidelity receiver which employs the speaker filter ar
rangement shown in Fig. 31-16, what operating symptoms would 
result if: (a) condenser C, were to short-circuit; ( b) condenser 
C, or resistor R were to open-circuit; (c) condenser C1 were 
to open-circuit; (d) condenser C1 were to short-circuit; (e) in
ductor L were to open-circuit; (/) voice-coil S 1 were to open
circuit? 

32. (a) What is the purpose of the speaker baffle? Describe the con
struction of the acoustical-labyrinth type of baffle. ( b) What are 
two of its main advantages over the flat type of baffle? 

33. (a) How would you make a practical field "listening test" to tell 
if a high-fidelity receiver was producing normal fidelity on the 
low and high-frequency registers? (b) How will good low
register reproduction be indicated? (c) How will good upper
register response be indicated? (d) What might "rattling" on 
the high frequencies be due to? 

34. What general types of loud speakers are used in high-fidelity 
receivers? 

35. A high-fidelity receiver which is constructed so that parts of 
its sound output discharge from the rear of the cabinet must 
be placed in front of a hard-surfaced wall in a room which is 
particularly "live" acoustically. How would you prevent re
flection of sound (especially the high-frequencies) from the 
wall directly back into the speaker? 



CHAPTER XXXII 

HOW TO SELL YOUR SERVICE 

32-1. How to Get Business.-A radio service man may be 
the best technician in his town, but if he cannot sell his services, 
at a profit all his training and experience will be of little value to 
him. With radio service men, as with many other kinds of pro
fessional men, there exists far too often a cerain lack of business 
ability that seems to be quite natural with that type of per
sonality. 

Yet, there is no need for this state of affairs. Every service 
man can easily be a good business man as well, if he will apply 
himself seriously to the problem. First of all, it must be realized 
that there is a definite technique involved in getting business, 
just as there is a definite technique in servicing radio equipment 
or doing almost any other worthwhile thing. 

There are also many different methods to be employed in 
getting business. Most service men fall down when trying to 
use only one or two of them-if any at all I For example-there 
is "personaP1 selling ( and that includes both counter selling and 
house-to-house selling), telephone selling, direct mail advertis
ing (postcards, blotters, sales letters, etc.), newspaper adver
tising, radio advertising, displays, and many other types of sell
ing which will be described further on in this chapter. Best re
sults are usually obtained when the service man uses a combin
ation of these sales methods such that one follows up the efforts 
of the other-for example, direct mail followed by telephone or 
personal selling, etc. 

32-2. Salesmanship.-First, it must be thoroughly under
stood that salesmanship is basic in a successful service business. 

Your business is a personal service business I Your customers 
1206 
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are not buying merchandise as much as they are buying your 
own personal services. The thing you've really got to sell is
yourself. Therefore isn't it obvious that the most logical way to 
sell yourself is through personal contact? 

Many service men shy away at the idea of personal contact, 
feeling that they aren't salesmen. But a good radio technician 
doesn't have to be a "natural-born salesman" in order to build 
up a good service business. In fact, it is really comparatively 
easy to sell the type of service he has to offer the public, for, 
fundamentally, it is a service that they really need. The speci
fic suggestions that follow, and the general principles outlined 
at the end of this chapter have been included here with the hope 
that they will assist alert service men to conduct their shops on a 
really modern, business-like basis. These suggestions will be pre
sented in a personal way, for after all, the matter of a service
man's business is a very personal one. 

32-3. Counter Selling.-Every time a prospect comes into 
your shop you have to be two men in one. An expert technician 
-and an expert salesman. One without the other is a serious 
handicap in these days of exceedingly keen competition. But 
selling at the counter is the easiest of all kinds of selling. If 
you "play your cards right", the prospect will sell himself. And 
here's how-

In the first place, your shop should be so laid out as to prop
erly "merchandise" your service. It should be impressive. It 
should be instructive. It should demonstrate what you have to 
sell. But more of that later. 

Of great importance are your test panel and testing equipment. 
Get as much of it as you can out front where the prospect can 
actually "see the wheels go round". There is nothing like a good 
cathode-ray oscilloscope to catch the prospect's interest, for its 
never tiring beam of light is fascinating to most people. You 
can even arrange it to reproduce the voice waves of the prospect 
by means of a simple microphone and audio amplifier. To most 
people it will be a novelty and something quite mysterious. The 
more it is, the more it puts you in a superior position and develops 
the prospect's friendly attitude and confidence in you. And that 
friendly feeling and confidence will generally develop to the 
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"buying point", if you take pains to explain what you are going 
to do (or have done) to his radio, what all the different "gad
gets" on your test panel are, and what they are for-in a gen
eral way of course, for he won't understand the details. 

In your own shop, the most important sales technique you can 
use is to develop the prospect's confidence. You can do that
(I) by the good appearance of your shop; (2) by the impressive
ness of your equipment; (3) by the information you pass on; 
and (4) by your personality. The last is very important. If 
you are friendly with your prospect and put him at ease, so that 
he won't feel you are going to try to sell him something he 
doesn't really need, you have already made more than half the 
sale of your services or your merchandise. 

Here's a tip on "closing". Suppose your prospect develops a 
little hesitancy about putting a lot of money into a repair job
he may feel that it is perhaps not quite necessary, or that if he 
went to some other service man he could get the job done more 
cheaply. When you sense a prospect in this situation, say to him 
-"Just a moment, Mr. Blank! The troubles with your radio is a 
very special and unusual one. It so happens we have a man in our 
shop who is an authority on this particular sort of thing. I'd 
just like to get his opinion on it." Everybody likes to feel he is 
getting expert attention, and while you yourself may be just as 
expert as the "authority" you call over, it is not so easy to give 
your prospect that impression as it is to point out someone else 
as an expert. 

32-4. Outside Selling.-The first job in outside selling is 
to know to whom you are going to sell. Lay out your campaign in 
advance. Plan your work-then work your plan. A system
atized program is essential in this work. It is queer, but never
theless a well known fact that the most methodical and system
atic of service men will carry on their selling and advertising 
campaigns in a hit-and-miss fashion that does nothing for them 
but waste time and money. They would not think of expecting 
results if they went at their actual radio service work that way, 
yet they expect all sorts of wonderful thing~ from outside selling 
campaigns that are carried on in sporadic fashion whenever the 
spirit moves them. Outside selling campaigns are serious under-
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takings that require considerable planning and plugging to put 
oYer, for many phases of them depend entirely upon the correct 
follow-ups to break down the sales resistance and human inertia 
of the prospect. Without these follow-ups, the initial efforts are 
doomed to failure at the very start. Large organizations spend 
millions of dollars annually to test out new ideas for outside 
selling campaigns and to follow them through. One method is 
found to work best in one type of community for one productr
another is worthless for that type of community but is a world 
beater among a different class of people, etc. The service man 
should realize this before he starts any advertising ideas. Plan 
them carefully, then test them and make plenty of changes until 
you get the right ones for your particular conditions. Then
and not until then-go ahead I 

If you have several men you can send out, then you will prob
ably find it profitable to make a thorough house-to-house can
vass within a certain radius of your shop, providing canvassing 
is not prohibited by any local ordinance. If you do this, get a 
map and lay out carefully each man's territory, assigning a cer
tain area to be covered each day during the campaign. You will 
make a better impression on the prospect if you are able to ad
dress her by name; so get a city directory and have 3" x 5" cards 
made out for all residents in your area, giving each man a quota 
of cards to work on every day. 

If you cannot make an intensive coverage of this kind, there 
are several ways of building a selective list. In many cities the 
telephone company makes up a "Telephone Address Directory" 
which it will rent for a reasonable fee. This Directory lists all 
telephone subscribers according to street and number. It is 
usually very useful for selling radio service, since almost everyone 
who can afford a telephone is very likely to own a radio set. 
In using it, you can pick out just those streets that are of in
terest to you, and get the name and telephone number of your 
best prospects on each street. Then of course there are city 
directories and voting lists that are useful too. Many dealers 
and service men hire boys to go around their neighborhoods and 
copy the names off the mail boxes, or to try and spot antennas 
and take down the names of those who own them. Of course 
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this applies only to suburban districts. If you can possibly make 
an arrangement with some radio dealer to furnish you with the 
names of those people to whom he has sold new sets, it will 
certainly be to your advantage to do so. If most of your busi
ness comes from apartment houses, go to the superintendent and 
ask him for the names of all the families in his building who own 
radios. If you offer to give him free tubes and service for his 
own radio receiver, he will usually give you this list, which should 
be very valuable to you. 

Before you go out to canvass your prospects, make out a 3" x 6" 
card for every name, with the address and phone number, and space 
to record the type and condition of her radio and electrical appliances 
(if you can find this out) and to make a note as to her reaction to your 
canvass and the date when a "call-back" should be made. Have a gen
eral idea of what you are going to say to your prospect before she 
opens the door. Some salesmen work best when they go through a 
regular routine with a memorized sales talk. Others sell better when 
they vary their talk to ftt the prospect and the circumstances. Which 
method is better depends entirely on the individual salesman. In any 
cue it is preferable to have an outline or a rough plan of how you are 
going to make your sale. 

In personal selling, the most important thing you can do is to 
make friends with your prospect, especially on your first call. 
Don't try to be smart or "flip". Don't annoy and antagonise 
your prospect with tactless bullying. Some salesmen have been 
very successful using "high-pressure" methods, but the average 
man is more successful when he avoids these methods entirely, 
and tries merely to tell a straightforward story in a natural, 
friendly way, expressing (without boasting) the self-confidence 
which every service man should have in his work. That is the 
easiest way to sell-and for most people is the most profitable. 
Needless to say, you should take pains to make your personal 
appearance as pleasing as possible-without unnecessary "flash". 

On all your calls carry a good kit with you, containing not 
only tubes, tools and some testing equipment, but also a few small 
electrical appliances (if you sell them). Whenever you get in
side the house to examine a radio, open up your kit conspicu
oUBly so the prospect will see its content&-it will impress her 
with the fact that you must know your business to have all 
those things there. 

In outside selling you cannot of course expect everyone you 
call on to be a prospect-only a small percentage of your calls 



1210 MODERN RADIO SERVICING CH.Xllll 

will be real prospects. But you must remember that sooner or 
later almost every one who owns a radio set will need service. 
The important thing on your first call is to make a contact-to 
get in and get known. Whether your first call is profitable or 
not, it may lead to business in the future, or it may provide you 
with an opening for some appliance which you carry as a side line. 

Give some real thought to the "approach" which you use. 
As you know, housewives are continually besieged by canvassers, 
so much so that they automatically put themselves in a negative 
frame of mind when they open the door-just for self-protection. 
In order to get her interest at all, you must "pack a wallop" in 
your first few words-otherwise you will find yourself facing a 
closed door again. A void generalities and commonplace expres
sions. The best possible kind of approach is to make the prospect 
some tangible, specific off er or proposition that appears to be a 
little different from what she usually hears. Here are a few open
ing phrases and ideas along this line that have been used with 
success: 

Open your conversation with, "Good morning! Is this Mrs. 
Blank? I am Jones the neighborhood radio man, and am mak
ing a": 
(1) "Check-up on radio sets .. " (You can generally get a lot 

of useful information on a check-up of this kind. After you 
get talking a bit with the housewife you will find it easy 
to swing the conversation into the subject of a tube test, a 
receiver check-up, or service.) 

(2) "Service survey." 
(3) "Noise survey in connection with all-wave sets." 
( 4) "Free inspection." (If you use this plan, have some im

pressive-looking forms printed. You can call them "Report 
of Condition", and fill out and sign. Even if you don't get 
an authorization to proceed with the repairs, your pros
pect will have this written report to show her husband and 
to act as a constant reminder. It will also be useful to 
refer to when you make a personal or telephone follow-up. 
Keep a carbon copy of the Report for future reference) . 

(5) "Courtesy call to all new residents in the neighborhood.'' 
Offer to help them install their radios and make necessary 
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adjustments at a special price-as a neighborly courtesy. 
Most people will greatly appreciate an act of gen
uine helpfulness such as this. You can count on them as 
regular customers in the future. 

(6) "Check on short-wave radio sets." (Your explanation can 
be that you have heard so many complaints from this neigh
borhood on noise and lack of good reception, that you are 
making an investigation as a service to your customers, and 
at the same time will be glad to check over her set without 
obligation and make recommendations for the elimination 
of noise. Of course you will want to do the job.) 

( 7) ''Free tube test as a special introduction to my. service." 
(There are few sets in use that couldn't be improved with 
one or more tube replacements, but most people don't real
ize it until they actually hear the difference when new tubes 
are inserted. Prove this difference by inserting the new 
tubes, and if your prospect doesn't want to buy them then, 
offer to leave them overnight so her husband can judge the 
difference. Be sure to leave the old tubes too so he can 
make a comparison-but mark your new ones properly for 
undisputed identification later.) 

(8) "Special offer on a 'tune-up' of your radio set for only 
11.50." (Many large service shops make a feature of this 
special offer. The following "12 Services" are the ones us
ually featured: 1. Check aerial installation. 2. Inspect 
and clean lead-in and ground connections. 3. Inspect light;
ning arrester. 4. Test all tubes and attach labels (bearing 
your shop name and address) on them to show their 
condition. 5. Check tube sockets for poor prong-contacts, 
and tighten tube shields. 6. Inspect and clean the chassis. 
7. Check all power connections. 8. Check speaker connec
tions and test it for "rattling". 9. Cherk volume control 
for noisy operation and "dead spots''. 10. Tighten dial 
knobs. 11. Clean inferior of cabinet. 12. Check operation 
of set over entire frequency range and submit free estim
ate for any additional repairs.) 

This "special" in itself is not very profitable of course, but 
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almost invariably, the service man uncovers a need for 
parts or repairs, and makes a real "pay call" out of his visit. 

(9) "Call to see how your new set is working." (This follow
up of a new sale-to see how the set is working-or after 
the service guarantee expires (in cooperation with a new
set dealer with whom you have a servicing arrangement) 
is an excellent way to keep up a friendly contact with your 
oustomer.) 

(10) "Announcement of a new short-wave adapter ( converter, 
antenna, or an attachable record-player)." ( Carry the 
equipment with you and offer to leave it twenty-four hours 
on trial.) 

(11) "Offer of a complete 'kit of tubes' with each repair job." (By 
quoting a lump price for the repair job together with all 
new tubes, you can often break down the resistance you 
meet on making single tube sales. While a few tubes may 
still be good in the receiver, you can point out that it is 
only a question of time before they will go too, neces
sitating another service call and another charge, so the 
prospect will probably save money by getting a complete 
replacement now.) 

(12) "Distribution of free radio logs." (Unless overdone in your 
neighborhood, this is always a good method of sales pro
motion, whether it is done purely as advertising (the logs 
being distributed by boys) or for the purpose of giving 
you an entree.) 

One large tube manufacturer laid out for his dealers an 
elaborate plan along this line and achieved unusual success 
through it. This plan called for postcards to be mailed out 
two days in advance of the salesman's call. The card stated 
that a representative would call in a few days to deliver a new 
radio log free, providing the postcard was retained and given 
to the salesman when he called. His name and photograph were 
on the card for identification. When the salesman called, he 
asked for the card, requesting permission to wait inside while 
it was being fetched. When the prospect returned with the 
card, the salesman opened up his kit (where he purposely kept 
the logs) gave her one and explained the kilocycle index by 
making a practical demonstration on her radio. This gave him 
the opportunity to check the set and take out his tube tester, 
explaining its purpose, and make a free tube check-up. As we 
shall see later (page 1248), attractive logs may be obtained at 
fairly low cost from a number of manufacturers. 
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32-5. Selling by Telephone.~ome service men are able 
to make very effective use of the telephone in selling. The 
advantages of this method are that it is personal; that it assures 
you of a direct contact with the prospect; and that it takes less 
time than personal canvassing. On the other hand, there are dis
advantages-your call may reach your prospect at an incon
venient time, causing him or her to resent the interruption; unless 
your prospect is sufficiently interested or gracious to give you 
plenty of time, you are not likely to be able to tell your whole 
story; and finally, every call costs a nickel, which is small com
pared with a personal call but large as against direct-mail solici
tation. Even so, if you are able to develop a real telephone sales
technique, you may find your sales cost lower in this medium 
than in any other. 

Where will you secure the names and phone numbers of pros
pects for phone-selling? Use your own lists of past customers, 
and any prospect lists you may have. The local telephone direc
tory will also furnish names. Get names from social items pub
lished in the local newspaper, and look them up in the phone book. 

In all telephone selling take care to develop the right ap
proach. Know exactly what you are going to say, and practice 
condensing your story until you get it down to the minimum 
number of words. Talk pleasantly and clearly, without hesti
tation, and without rushing. Be natural and friendly, but make 
your voice carry conviction and genuineness. Don't do all the 
talking-ask some questions-make it a conversation, not a 
monologue. Don't try to do too much selling on the telephone-
if you can get the prospect into your store or arrange an appoint
ment for an inspection, that is enough. A void calling at incon
venient times. 

Have some specific offer or proposition to make-a free 
premuim, a "special", a free test. If you haven't any really 
attractive offer to make, it is usally better to avoid tele
phone selling except in conjunction with other sales methods-
for example, to follow up a direct-mail campaign, or to "break 
the ice" for a personal call. Used in this connection, telephone 
selling can be very useful, especially in suburban communities. 

The telephone is good for following up old customers. With 
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them the major selling has already been done and a reminder is 
usually enough to keep their business coming your way. If you 
adopt this plan, do it consistently-call up first just a few days 
after you have made a repair or sold him tubes, and merely 
inquire how the set is working. Five or six months later call 
again to inquire about the set's performance, reminding your 
customer how long it has been since you did the job. Then keep 
calling up every few weeks, if necessary, to suggest another set 
inspection or tube test. Keep a "tickler file" of all your cus
tomers, which will automatically show you when these various 
phone calls are due. 

Whenever an outstanding "national" or "special" program is 
scheduled to be broadcast, there is always a good opportunity for 
a telephone solicitation. Call up your prospects and customers and 
say something like this: "Tomorrow night is the big Such-and
Such Broadcast, Mrs. Jones. I just thought I'd remina you-it's 
on Station XXX at 9 P. M. I hope you're planning to listen in." 
Then after her reply, add, "And by the way, how's your set work
ing these days?" If this lead doesn't produce a sales opening 
for you, you might continue in this manner-"You know, I'm 
so anxious to have the Such-and-Such program come in well on 
your radio that I'm going to do something very special for you, 
Mrs. Jones. I'm going to loan you a complete new set of tubes. 
No, there won't be any charge or obligation of any kind. I just 
want you to try these at my expense on this broadcast.-Do this, 
and then just notice how much better it comes in than the recep
tion you're getting now. I'll bring them right over now." When 
you or your assistant goes over to Mrs. Jones' to install the new 
set of tubes, don't try to do any selling at that time, but merely 
test and label the old tubes (leaving them there) and mark your 
new ones (positively) for identification. The time for the sell
ing is the next day when you come back to pick up the tubes. 
At that time, try to sell the tubes to her, along with what repairs 
you can see are necessary. 

32-6. Making your Advertising Eff ective.-After a few mis
guided splurges with the inevitable disappointing results, some 
service men are apt to come to the conclusion that advertising is 
just a means for throwing away money. Yet you will find few 
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large successful service organizations that do not consistently 
make use of some form of advertising. They have learned that 
well-directed advertising campaigns and merchandising plans not 
only made selling a lot easier and quicker, but in many cases did 
the whole selling job. There was a time when a service man could 
pick up a clientele if he merely put up a sign outsiae hie shop and 
printed some common business cards. Competition has changed 
that condition radically. Today a service man must know some
thing about advertising and be able to use it intelligently, if he 
expects to build up his business. True, if his advertising runs 
into any volume he will undoubtedly profit by hiring the services 
of professional advertising counsel, but even so, he should fam
iliarize himself with the fundamental principles of advertising 
for his own information. 

There is no simple formula for advertising success that can 
be glibly handed out. There are no circuit diagrams that will 
enable one to construct a sure-fire promotional campaign. Ad
vertising is a technique of trial and error, but many of the 
errors can be avoided by following a few general principles and 
benefitting by the tested experience of others. 

First of all, plan your advertising. Study the different ad
vertising mediums available to you. Select those you want to 
test. Then work out a consistent, logical plan, coordinating with 
your sales policy your direct mail, newspaper advertising, dis
plays and whatever other advertising or merchandising you rlo. 
Don't jump from one thing to another in hit-or-miss fashion. 
You will accomplish nothing that way. Before advertising be
gins to show any effects at all, it has to be used sufficiently long 
to make an impression. Any good advettising progtam must al
low for repetition, continuity, persistency, and plenty of it. 

Your advertising must have "attention-value" if you expect 
it to register in the minds of people who may be perfectly in
different to what you have to say. Without being offensive, it 
must make a striking impression in a flash. That impression 
may come from the message (idea-content), or from the physical 
appearance of the advertising, or preferably from both at once. 
To inject this quality into your message, your approach or ap
peal becomes, therefore, of utmost importance. Psychology shows 
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us that there are many ways of appealing to the average man 
or woman. You can appeal to his ego, to his comfort, to his 
sense of humor, to his love for new sensations, but most of all 
and strongest of all, to his pocket-book. If you can definitely 
show a man just how you can save or make money for him, 
you will always be sure to receive a sympathic audience. 

The same psychology can be used in the "hook"-the definite 
idea you must plant at the end of your advertising message 
that will give your prospect the stimulus to act-to buy what you 
want him to buy. There above all you must prove to him what 
he will gain by using your service, offering whatever inducements 
you are in a position to make. Show your prospect that a trans
action with you is not just a one-way proposition-make him 
feel that you are willing to give even more than you want him 
to give. A tangible demonstration of this practical type of "giv
ing" is the free premium. Being in the radio business you know 
to what extent the big national advertisers make use of the free 
gift or premium in order to get response from their audiences. 
You can use the same strategy in your own business. Radio 
logs are used as premiums by a great many service men. They 
are still good, especially in new and different formats, but by 
using a little ingenuity you will be able to devise other inexpen
sive "give-aways" to bait the hook in your message. 

Try to avoid the commonplace in all the advertising you do. 
Ideas wear out like tubes. You'll get much better reception if 
you replace worn-out expressions with fresh, original, naturally
expressed ideas. You ought to be able to think of plenty of them 
after a little thought. 

There ar.-, many different mediums of advertising. All of 
them are good, but not all are good to the same degree for all 
service men. You will have to do a little experimenting to find 
out which ones work best for you. Since direct-mail and display 
advertising have generally proved to be the most effective in 
this business, we will place most emphasis upon these two med
iums in this chapter, but the other mediums will not be neg
lected. 

32-7. Display Advertising.-The best type of display is 
that which demonstrates, as well as calls attention to, your ser-
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vice. Demonstration of the product is essential in any kind of 
selling. Radio servicing may not be quite as easy to demon
strate as some products, but those service men with imagination 
have found many interesting and effective means of doing this. 
The cathode-ray oscilloscope is proving to be an excellent med
ium for this purpose, for at last the many interesting things 
which go on inside a radio set can be made visible-and in an 
extremely fascinating way that never fails to attract attention 

\Vourtnv Radio RetaiLing and Butur & McVall Oo.) 

FIG. 32-1.-An attractive and unusual window display drama
tizing the idea of "First Aid to Sick Radio Tubes," and a free tube
testing service. 

(see Section 6 of Art. 32-8). Sets can be aligned, sound wave
forms can be shown, etc. 

Naturally you will have a store-front and sign that are at
tractive in appearance. But it's what you put in your window 
that is responsible for pulling the passer-by inside. Always re
member-the public likes to be entertained. So put on a radio 
show in your window-avoid the usual show cards and display 
pieces-try to dramatize your story-use showmanship. For ex
ample, a Pennsylvania tube dealer made up the fairly inexpen
sive window display illustrated in Fig. 32-1, dramatizing the idea 
of "Finat Aid to Sick Radio Tubes". From a to 6 o'clock from 
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Monday tu Friday, an<l from 3 to 9 P .M. on Saturday, an at
tractive girl dressed as a Red Cross nurse tested tubes in the 
window. The rest of the window was filled with various piles of 
old tubes, labelled, "We have howled our last tune,'' "We made 
a lot of noise," "Free Burial for Dead Tubes," etc. Under a 
sign "Radio Tube Cemetery" there was a "coffin" filled with worn
out tubes. The public was invited to guess the number of tubes 
in the coffin and win a valuable prize. This window more than 
doubled that dealer's tube business during the two weeks it was 
used and, in addition collected a number of good prospects for 

(Courteq Radio .VPw• an.d Ooloni, Rodie Oo.) 

FIG. ai-i.-A service bench and test panel that have a profes
sional touch. Notice the file cabinet for 3 x 5 inch index cards. This 
contains service records, customer lists, service data, etc., in a con
venient place where they can be reached easily. 
sets and electric appliances. A good, unusual idea like this can 
be used more than once-at sufficiently long intervals. 

Another enterprising dealer has three elaborate tube testing 
panels in use, not because he needs that many, but to impress 
his prospects. One of the panels is placed in the window ( along 
with appropriate display signs) so that it is visible from the 
street. A man is at work testing tubes with it! It brings in a 
lot of business for him. 

From time to time you can always make a display of your 
servicing equipment, within the limitations of your window 
space. Better still, keep a repairman at work in the window if 
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you can-especially with a cathode-ray oscilloscope. Put up a 
sign describing what the different pieces of equipment are and 
what they do. 

Don't leave one display up too long in your window. After it 
reaches the point of "diminishing returns", its effectiveness de
creases very rapidly. If you find one display that pulls excep
tionally well, keep repeating it, but alternate it with others. The 

(Oourteay Radio Retailing and Tatr'• Radio Bllo11) 

FIG. 32-3.-An unusual display of defective and worn out radio 
parts which is used in one radio shop to arouse the interest of the 
customer. It serves to drive home the fact that the parts of radio 
receivers may become worn out or inoperative and require replace
ment or repair just as the parts of any device that is used day after 
day do. 

posters and displays furnished by manufacturers are usually 
worth using for short periods, even though they impart no in
dividuality to your service. 

Inside your shop be sure that everything makes a good im
pression-that it looks clea~, business-like and modern. Display 
your equipment as prominently as possible. Don't be afraid to 
show off your business. It pays to build an impressive, modern 
test panel-it will do as much to sell your service as anything 
else. The ilh1Rtration in Fig. 32-2 shows a typical impressive 
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test panel and service bench. A California service man goes 
further than that. In his shop he keeps a permanent display 
of defective parts-condensers, transformers, etc. He has broken 
them down and mounted them on a board as shown in Fig. 32-3 
so he can demonstrate to his customers how the main parts in a 
radio set are built, and how they can go bad. l\Iost people do 
not realize that radio parts can actually wear out. They think 
that because the set has no visible moving parts in it, it 
should last forever. This display is convincing salesmanship. 
Another dealer, just for effect, has his walls literally lined with 
tube cartons. He sells 1,000 tubes a month I 

By setting a stage for your work, you can use the same prin
ciples of display when you are working in the customer's home. 
Lay out your equipment conspicuously and get good light on it 
-if necessary move a floor lamp. Explain your work as you go 
along if you find your customer is interested. This will enable 
you to create a friendly atmosphere. 

You can probably find additional opportunities for promo
tional displays among stores in your neighborhood. Simple show
cards announcing your service, if placed in a few electrical 
stores, garages, hardware stores, vacant stores, etc., may pull in 
quite a little business. If necessary, off er the store owners a 
small fee or commission for displaying your sign and ref erring 
business to you. 

32-8. Direct-Mail Advertising.-The advantage of direct
mail advertising is that it allows you to send your message to a 
selected group of prospects and customers at a relatively low 
cost. Although a tremendous amount of advertising is sent 
through the mails, most of it is seen by the recipients and, if in
teresting enough, is read. Direct-mail also has the advantage 
of being a medium which is comparatively easy to check up on 
for returns. Of course it is much more effective in some localities 
than it is in others, but it is worth a real test. 

The same material that you prepare for direct-mail can 
sometimes be distributed by hand. In this case, no addressing 
or list of prospects are necessary. However, distribution ma
terial lacks the personal touch of a letter or post-card and is 
not given the attention that direct mail receives. In your town 
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there may be one or more organizations which specialize in dis
tribution of advertising material, who will be glad to quote you 
rates. You may also find it satisfactory to direct the distribu
tion yourself, using Boy Scouts or school boys. 

Coming back to direct-mail, the matter of cost is important. 
Since the percentage of sales from direct-mail or any type of 
advertising is bound to be small, the cost must be kept down to a 
minimum in order to make your advertising pay. The cost de
pends on many factors-the format ( that is, the postcard, folder, 
letter, etc.), postage, cost of list, addressing, etc. 

As for formats, unquestionably the most economical is the 
postcard. And while the postcard isn't as impressive as some 
of the other formats, it often "pulls" just as well and even better. 
The postcard is also the best "buy" in postage, for it goes first
class for one cent. If you are in a position to make large mail
ings fairly frequently, it might be well to consider the purchase 
of a post-card printing and addressing machine, such as the Card
vertiser put out by the Elliott Addressing Machine Company of 
Cambridge, Mass. 

One disadvantage of the postcard which should be mentioned, 
is that it does not allow you much space for your message, but 
as we shall see, very effective postcards have been devised by 
careful thought. If you have a longer story to tell, probably 
your best format will be a form letter, but if you use letters be 
careful of their appearance. A multigraphed or "processed" let
ter is more expensive than a mimeographed letter, but in ap
pearance is far superior. Again, if you fill in the name and 
address of the prospect on the letter, be sure to do it well or 
not at all. As a matter of fact, tests will probably prove to you 
that you can get just as good results if you start your letters 
with, "Dear Friend", as you will if you go to the expense of a 
personal fill-in for each one. You will find letter shops (or multi
graphing and addressing organizations) listed in your telephone 
directory, who will quote you rates on multigraphing and also 
on addressing envelopes or post-cards. 

Folders are generally too expensive for the average service 
man to prepare himself. Blotters are so common today that 
they do not get the attention of the prospect that they did years 
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ago. The advertising value of novelties is highly questionable, 
as too of ten they fail to sell what they are intended to sell
the prospect's attention is diverted by interest in the novelty 
itself. 

Postage costs in the United States are as follows: (a) First
class sealed envelopes-2c local, 3c outside local zone; (b) 
First-class postcards, standard government size-le; (c) Third
class postcards, larger than government size-l½c, under Section 
562, PL&R (a permit may be obtained from your Postmaster); 
(d) Third-class unsealed envelopes-l½c, under Section 562, 
PL&R (e) Third-class unsealed envelopes, mailed in bulk-12c 
per pound (le each, if mailing unit weighs less than one and one
third ounces-see your Postmaster about bulk mailings). 

As you will remember from the discussion earlier in this chap
ter in connection with outside selling, you have a wide choice of 
mailing lists which you may use. For example-city directories, 
telephone directories, lists of club or lodge members, etc. Per
haps you can get your present customers to cooperate by giving 
you the names of their friends. A guessing contest in your win
dow, requiring all contestants to fill in their names and ad
dresses, will give you a good list. Likewise, a "noise" survey. 
Your mailing list plays a very important part in the success of 
your advertising. Take pains to build up a good one, and when 
you get it, keep it on cards or on stencil plates-and keep 
it up to date! Incidentally, the card-file idea illustrated in Fig. 
32-2 is a good one. 

The question is of ten asked whether it is better to use liter
ature furnished by tube manufacturers or for the service man 
to prepare his own advertising material. The tube manufac
turers are interested primarily in selling tubes. You on the other 
hand are interested in selling service as well as tubes. There
fore, while some manufacturers' literature is very skillfully pre
pared and is well worth your utilizing, it cannot entirely take 
the place of your own individualized advertising about your ser
vice. If you do use manufacturers' folders or postcards, be sure 
that your personal imprint is well done-a rubber stamp is false 
economy, have it printed I In many large cities there are print
in~ concerns that specialize in doing work of this kind. They 
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may be located by ref erring to a telephone directory under the 
heading of "Imprinting". 

When you decide to do some direct-mail advertising, make 
up your mind to plan a real campaign and actually go through 
with it. Don't get out a mailing piece one month and then wait 
another month or two until you get another bright idea or find 
yourself with a little surplus money for promotion. Don't start, 
unless you are prepared to carry on to a finish. Try to get out 
a mailing a month if you can; or one every two or three weeks 
during the good radio season. Plan your mailings in advance, 
so that your campaign will be logical in its development and 
continuity. Try to get out a mailing before each large national 
broadcast, whether it be a prize fight or a speech by the Presi
dent. Some special cards for such purposes will be shown later. 

If you mail out letters you will be able to enclose "Business Reply 
Cards" which the prospect can fill out. naming the date when he wants 
a service man to call, and mail back to you without postage. The
postman collects the postage due from you when he delivers the filled-in 
business reply card to you. For this service the Post Office Depart
ment charges you one cent more than the regular first-class rate, 
but it is more than worth it, for you do not pay anything for the cards 
which are not returned to you. Thus, if it is a return card (not an 
envelope), you pay the postman two cents. You are pretty sure of 
getting better returns if you use Business Reply Cards than if you 
merely ask the prospect to phone, for in the latter case he is likely to 
forget about it. One test made by a Kansas City service organization 
showed a 30% return from Business Reply Cards against 10% from 
requests to telephone. You can get a free permit from your post
master for using Business Reply Cards in the United States under 
Section 510, P.L.&R. 

As suggested previously, it is advisable to follow up your 
direct mail from time to time, either by telephone or personal 
call. This will at least give you the opportunity to check on your 
direct-mail and see if it is registering with the prospect. 

Below you will find tabulated and described a number of 
different ideas that you can use in planning your direct-mail 
advertising. In adapting these to your purposes, it is assumed 
that you will "personalize" them as much as possible, injecting 
all the elements you can to inrlividualize your service. 

( 1 ) Premiums. A logical use for direct mail is to off er a free 
gift or premium. There is, for example the postcard of
fering the free log ( described in Section 32-9 of this chap-
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ter). This may also contain the name and photograph of 
the salesman who will call to deliver the log. Person
alization of this kind is always good, but quite expensive. 
Several of the large tube companies supply their dealers 
with a stock postcard offering a free radio log with every 
service call. While this premium is given the most prom
inent display on the card, the copy of a postcard put out 
by the National Union Radio Corp. takes advantage of 
the reader's interest and does a straight selling job on ser
vice, as follows: 

"FREE RADIO LOG WITH EVERY SERVICE 
CALL. Call us to inspect or repair your radio. Expert 
service, all makes. Written guarantee. Standard parts, 
Professional work. We are equipped with up-to-the
minute data and modem precision testing instruments 
for most efficient radio service work. See Special Off er 
Other Side of Card." 

RCA puts out a stock card (see Fig. 32-4) with a blind 

(Oourteq BOA. BocliclerM Oe,) 

FIG. 32-4.-A direct-mail card 
which makes a "blind" premium 
offer counting on the reader's 
curiosity to attract him into the 
store. Naturally, he should be 
greeted in a friendly manner 
rather than by high-pressure 
sales methods. 

premium off er, counting on the reader's curiosity to get him 
into the store. The card reads: 

"We have an attractive and useful article for you 
which we will be glad to give you if you will call at our 
store during the coming week and bring this card. Please 
come early-the supply is limited." 

(2) Free inspection. If you really believe it is good business to 
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offer free tube tests or free set inspection (the general con
census of opinion among the radio servicing fraternity seems 
to be against this practice) it is most advisable to state 
specifically just what is free, in order to forestall complaints 
from your customers (see page 1211). For example, a Brook
lyn service company gets out a card offering a free 
check-up, which includes examination of the antenna and 
power pack, testing of tubes, speaker, voltages and noises. 
There is a place for the prospect to sign name and address. 

Another free inspection offer that purposely makes every
thing clear to avoid any possible misunderstanding is used 
by Marconi Brothers, Inc., of New York City. This is a 
double post-card, one half being a Business Reply Card 
for the prospect to fill out and mail back. The copy reads: 

"Is your Radio out of whack? FREE INSPECTION. 
Has that rich tone gone sour? Does it roar one minute 
and whisper the next? Or howl ... ? It's been a real 
friend ... perhaps just a simple adjustment or just a 
single tube or perhaps a more costly transformer re
placement is needed ... but what of it! Don't wait an
other minute I It's worth it, it's your real friend. Tele
phone-or mail the card I We have a real laboratory 
and our men are Radio Engineers. You can depend upon 
an absolutely accurate examination, you can know the 
complete cost in advance and above all know that the 
work will be done well. FREE INSPEG"TION EN
TAILS NO OBLIGATION." 

The natural, easy style of this copy cannot help but in
duce confidence and a feeling of friendliness. 

(3) In announcing a fixed charge for an examination or "tune
up" it is always advisable to state specifically what you 
will do for the money. Invariably this will be more impres
sive than mere generalities, and will avoid unfortunate mis
understandings and disputes later. An example of this is 
furnished by the double post-card put out by a large New 
York servicing organization, offering the "12 Services for 
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$1.". This pa .. ticular 
card is illustrated in 
Fig. 32-5. 

EVElW ltalio m ollould hove • "'Tune-up" acleasc once a yew. 
"'" ,.,,o .-blc, •« <>used by la<k of ""' ordln>ry -an. 

Here lswlu,,..w,H<bto yourrulio foe $1.00, (o...idcN. Y.C. IIJG\ 
I. R.einove corrotion from.:acnal and cround ~ 
2. T4;hrcn aerw and i,ound .,,,.,_n,. 
J. l,up«:t for all looc connc<tloru. 
~- T•tt rul>a and •tuck labo4 1!,o,,iac a>adllln. 
5. Cheek rube sockcu for poor coMCd:iom. 
'- Tiglum tube shield,. 
7. INp<a loud spc:,hr for nale< 
S. Otan expoccd volume control 
9. Clieck v<>lume coc,tfol for now-, opcntioo er J...I -

10. Ti1hu:n dial kncbo. 
I I. a.eek optt;1tlon ef .. , ova ontl•e t..quer,cy ,_. 
12:CbnchU¥J, 

I ...: my ndiio .,Tuned-up:• Hive \'our xfYti.:m..n 0111:1 °"': 

NAME _____________ _ 

ADDRESS ________ Apt. No. __ 

CITY _________ Pboroe ____ _ 

Mail Tha C.:rd - l'lo PN:ct N-.-,. Or Tdqh.u: 

LI.cbw~nn~ 4 .. S6ll • • • 9 A. M. 10 5 P. M. 
BEruool,unt 6 • 7?00 •••• S P. M. ro 10 P. M. 

(0ourtr8JI Dat1ega,-Oit11 Badia Oo.) 

If you don't believe 
in free examinations, 
etc., why not tell your 
customers so and give 
them your good reas
ons for doing so. The 
card shown in Fig. 
32-6 puts this mess
age across in friend
ly b u t convincing 
style and is likely to 
inspire admiration 
a n d confidence m 
your prospective cus
tomer as well. FIG. 32-5.-A direct-mail card which 
One of the most eff ec- lists 12 simple services for $1 and 

makes clear just what these will be 
tive subjects for a so that there will be no misunder-
direct mail piece is standing regarding them. 

that of "self-servicing". Almost anyone will read some
thing which looks as though it will tell him how to service 

"FREE" RADIO SERVICE ? ? 
Sun?y, you mwt know that ao hwhlm c:u c(ve you tomtt.hlng for nothing. 0,Jt 

NTYiceilni:.t!:t'!. 
But wt do offer you ~mething yw oeed• tofcs&tnal radio ~mu at u bonett 

,rice. We have Oe bvndedet, equipment sad i!,,tqrity to JIUL your set ln perfect condition. 
If your ndio ls not working at Its bes!~ reception b nolly 1M poor, wo:ii't )'GU 

l)Mne us now. We know thlt you will be more tun satis6ed with the mult.1. 

EELIABLE 

'

Tube Tei:!!ng 
voun 
OWN 
HOME: 

0 

P,w,11" 
0 ... ......, 

Pbone IlOa&:an Hills 6-0565 

AVINS RADIO SERVICE 
SOS Ricb=nd Road .:. New Dorp 

1-Mtvi/y - Rtlia/,;li/y - Quolity 

FIG. 32-6.-A 
direct-mail well
planned c a r d 
t h a t clearly 
states definite 
objections to 
free radio ser
vices and at the 
same time tends 
to command 
prestige a n d 
confidence f o r 
the sender. 

(Uourte8JI ROA 811rvict1 New, and A.t1iM Radio S•mc•) 

his own radio. ,vhile you may actually give away a few 
tips in such a piece, you can very easily make it apparent 
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to the reader that if he wants a real job of servicing done, 
it's necessary after all to get a trained technician. This i11 
the theme of two good direct-:nail pieces. One is a stock 
folder supplied by National Union and is illustrated in 
Fig. 32-7. The other card is used by Hulbert. of Los An-

• YOUR SIT PLAYi 
BIJ'I'-.... ---.., ...... ,_.,_ ___ , "-_,....,_ 
~z~·!:--=-~~1: , ..... ,_, ... ,_ ... 

....,. __ _, ... ......i., ...... __ 

,,..,_ .......... ....,_ ....... _ ...... ......... _,....,,_...,...,_ .... ~ ... ...... 
-- ...... - ,_ o-,.,,. 

n..., .. _,.,__.._.,.., ..... .w.. .... _ ..... ,.,_.__,_.. --. ,_ .... ...., -,_. ...... 
OIi iF-
Y- ....,,.._ IJpll Zll hllw II-.- dta; - ,- .W

• .. .. .__ .. ..._ .............. 11 _, __ 

,__ ........ ~ ... s. :..._.No': :.r::-.= 
.. 11.__. ..... ...., ... ....... .. _ 

If YOUR 11T II IILIIII' 
BUT-___ ., ___ .. __ .... , .... _..._. .................. _._. 

r ...... ,......,.,_ .. ._.__ ... , ......... ..,_, ............. ==~~ .... -=-~-=-~=.:t.·-= .,..._ w..,_... .. _...._ ........ c,.-,_.....,_ 
•-.1,_ ..... ..... _....._.---w ... ,.. __ 

t..l. .. - ii ,.. .. " _, - ......... - ' .. --.... _ ............. ......, _,,.., .,.._ ...... 
__,...... e,,.,_....,__ ....... _ ........... _...,_ 
t-l•-il,._ __ ....,._.._.___._ 
Y<K., 5l&Yla. J&.L'l - ........, .__ ._ ....... ~ ..... 

Oil- c.,-s-.--,_., __ 
:.-: :.::.. '::: .:'. ...... ..".:::!:' ':.=i.: ............................ ___ .......... ............ _ ............ ......,.., __ c.1,_,....__ 

WI a •COMMIMD NATIONAL aADIO TUHS FOR HST a •CIPTIOM 
( Court,a11 .\'ational Union Radio Corp. I 

FIG. 32-7.-A "self-servicing" folder which looks as though it 
might tell the recipient how to service his own radio set. It actually 
gives him a few tips and thereby commands his attention. 

geles and is shown in Fig. 32-8. The latter bas other good 
points, for it also illustrates Hulbert's test panel, and on 
the reverse side of the card has a station log and lists 
"News of the Hour" programs. 

The use of test panels and other test equipment for ad
vertising purposes has not received the amount of consider
ation that it merits from radio service men. If time and 
money are spent in an effort to equip the service shop with 
an elaborate test bench, then this equipment should be 
featured for advertising purposes for it is a worthwhile ae
set to the shop. Some service men gain a great deal of 
worthwhile advertising from their test equipment by hav
ing it located right out in the shop where everyone can see 
it. Others do not approve of this arrangement, but men
tion the equipment and even show illustrations of it ( see 
Fig. 32-8) in their direct-mail literature, using this method 
to bring it to the attention of their prospects and customers. 
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Another sales letter on the self-servicing theme is shown 
below: 

Dear Mr. Jones: 

Do you know how to give First Aid to a noisy radio? 
I'll tell you-but first of all, let me say that it all de

pends on what make and model radio you have. No two are 
exactly alike you know--each has its own little quirks and 
peculiarities; each calls for individual treatment. So let's 
assume an imaginary radio---say a "Blank-Model Z". 

Now when a Blank-Model Z develops a case of 
"noisitis", it might be due to any one of 11 different causes. 
Let me just list them for you-(1) loose connections; (2) 
loose connection to oscillator series condenser; (3) loose ele
ments in the tubes; (4) corroded rotor contact or tuning 
condenser; ( 5) "peeling" tuning condenser plates; ( 6) leaky 
detector plate by-pass condenser; (7) poorly soldered audio 
transformer leads; ( 8) dirty volume control contact; ( 9) dir
ty or poorly-adjusted switch contacts; (10) noisy plate cir
cuit resistor; (11) external electrical apparatus in vicinity. 

Well now, of course you might try to fix up your radio 
yourself by examining carefully each of those 11 trouble 
sources with the proper type of equipment, and using the 
proper remedy. Or you might call in some electrical tinkerer 
who is handy with a screwdriver and a jack-knife, but short 
on radio knowledge. 

But-if you really value your radio and if you really 
want to get that noise eliminated----eall on trained tech
nicians, skilled in servicing all types of radios. Have them 
make a complete examination with the latest methods and 
scientific instruments, and let them make your radio as 
sweet and healthy as the day you bought it. 

We will be glad to make an expert examination of your 
radio absolutely free of charge and before proceeding with 
any repairs we will be glad to give you our written "Diag
nosis" showing you just what needs to be done and just 
how much it will cost. Return the post-free card today--or 
telephone Main 0000-and our radio ambulance will be on 
its way! 

Sincerely yours, 
THE RADIO DOCTORS 

(signed) ---------------------- ·---------
Surgeon-in-Charge 

A variation on the radio doctor theme is the "radio den
tist". A postcard may be prepared with a humorous car
toon showing a "humanized" radio set being operated on in 
a dentist's chair. Next to this cartoon, suitable copy may 
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be imprinted to tie in with the illustration. Copy appro
priate for this purpose might read as follows: 

HOW LONG SINCE YOUR RADIO'S BEEN TO 
THE DENTIST? 

You can't neglect your radio and get away with it any 
more than you can your teeth. Play safe and let the Radio 
Dentists look it over today. 

Maybe it's only a filling or two. Or just a good clean
ing. But if it's so far gone that we have to make an extrac
tion, you can be sure we'll make it as painless to your pocket
book as we possibly can. 

Call Main 1000 now and we'll come right over. It's only 
a dollar for the examination and "tune-up". 

THE RADIO DENTISTS 

(signed) ________________ _ 

(6) Your servicing equipment is always a feature you can 
capitalize on. Here is a card (Fig. 32-9) with a simple 
illustration of a test panel, that reads: 

"EVER SEEN OUR TEST PANEL? It's the most 
up-to-date scientific instrument there is for spotting 
trouble in your radio. It tests your tubes, resistors and 
condensers. It tests for short-circuits, open-circuits, de
fective parts, alignment of fixed tuned stages, etc., etc. 
Bring your radio in and watch us put it through a com
plete set of tests-or phone Main 1000---and we'll come 
and get it. 

As mentioned in Art. 32-7, the Cathode-Ray-Oscilloscope 
makes an excellent attention getter. Fig. 32-10 shows a 
specially prepared card which uses the oscilloscope as bait 
to get the customer to visit the service shop. The Oscillo
scope can also be featured in a window display. 

(7) You can use a certain coming broadcast program as an 
attention-getter in direct mail as well as in telephone eell
in. This method is especially effective if the program is 
to be a national or international event that has been wide
ly publicized in the newspapers beforehand. Many people 
will consent to have a check-up of their radio receivers 
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FIG. 32-8. - Another 
"self-servicing" card which 
not only gives the set 
owner hints on determin
ing the cause of trouble 
in his set, but also illus
trates the test panel of the 
service man and tends to 
convince him that the ser
vice man is well prepared 
and equipped to make any 
tests and repairs that may 
be necessary in order to 
restore satisfactory oper
ation of the set. Direct
mail literature that illus
trates the test panel or 
other servicing equipment 
which the service man 
owns ( especially if it con
tains any exclusive or un
usual features) always 
helps to build up prestige 
for the shop. 

( CourteBJI Radio R.CaiZini, and 

Hulbert Radio Bl~ct. Oo.) 

made at such times. RCA has an attractive stock post
card (shown in Fig. 32-11) for this purpose. It reads: 

"DON'T MISS HEARING ______________________________________ On 
··------------------- _______ AL. _____________ M., over Station ___________________ _ 
This program is of special interest to everyone. We 
know you will want to hear it. If your set is not work
ing perfectly, call our service department. We will re
store your set to first class condition." 

Another effective card of this type is shown at the left 
of Fig. 32-11. The illustration and caption attract attention. 

<8) Some alert service men not only build up an excellent mail-
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ing list but also do some fine business by conducting Noise 
Surveys. Jackson's Radio Service in Lexington, Ky., dis-

• --"""_,..,__ " 8ver seen our ••2 00,00 ~~ TEST PANEL ? -D · •g_~ U!l!Jfj 1!1S Ibo moil up-lo-dale 1cl-

• ;:!1!~~:ni:~:1:11::• 7!:r 
ra41o. It heh .J'Our iube1, 

ll===;~iiiiiiii/'==U :::!:t;!; ::r::~~~::: n 
open--clTC'Qlh,, detectbe pa,rta1 

BLANK =~~:!. ot -tw4 tllll04 1tage1. 

RADIO SERVICE lll'ln& 70or ••t ln an4 ntcb 
100 Main Stniot 

NEWYORJC 
Phone •Main ·1000 

111 pa.t lt tbrOUBh a com:pleh 
•-t of le• t • •ttb oar teat i«D""' 
el - ,r pl,0111 llaln 1000 an4 
.. ,11 - am cet n. 

FIG. 32-9. - A direct
mail card that capitalizes 
on the test panel of the 
service man and creates 
the feeling that he is well 
equipped to solve any ser
vice problem that may 
arise. 

tributes a postcard (Fig. 32-12) which reads as follows: 

"RADIO OWNERS! IS LEXINGTON THE NOIS
IEST CITY FOR RADIO RECEPTION? Every resi
dential district is to be checked with special equipment 
for power leaks, sign flashers, etc., by JACKSON'S 
RADIO SERVICE as an extra service at no cost to you. 
Better radio reception will be the outcome of this radio 
noise survey. Please answer the following questions and 
mail at once so your district will be checked immediately. 
KIND OF NOISE _________________________________ TIME OF MOST 
INTERFERENCE ____________________________ YOUR NAME AND 

ADDRESS ------··---------··---·--·---··-----------·---··--------·---··--- MAKE 
OF RADIO------··------··---·-·---··---··--···-----·--···--- AGE-------···-----·" 

Of course the cards that come back give this dealer a made
to-order set of data to use in soliciting business. In the 

FIG. 32-10.-A direct-mail 
card that capitalizes on the 
interest which the visual pic
tures of the Cathode-Ray Os
cilloscope will arouse in the 
prospect. 

(Oourteq BOA Badiotron Oo.) 
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lnto OW' S.nice J>.putn\tan,I .... lff 

thla nmarbble lnatrv.m1nt. 

Wt ,--,J .,..J l•ll•II 14, RCA W..U.W,J,Aa- S.-, 
A Nc•nltr lot -'•fttt s1,o,r,..,.,. Ntt,elM. 

YOUR IMPRINT HERE 

store Jackson had a large map of Lexington on the wall 
with the trouble areas marked. This gave his customers 
proof thnt he really was "shooting interference" for them. 
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(9) You will make a hit with new residents in your community 
if you send them a friendly letter welcoming them and 
offering to install or adjust their radios at a special rate as 
a neighborly courtesy. Such an "introductory" offer is well 
justified as "sales promotion", for it is almost sure to re
sult in future "pay business" from those people. Lists of 
new residents are often available from merchants associa
tions, boards of trade, chambers of commerce, real estate 

You WiD Want to Heu 
.............................................. 
IC, •••••••••••• M • ..,.Stat.Joa .•••••••• , ••••.• 
1Tltlt-,etou1btNdnalaoflPICfalla1ffN1', 
ToeaJo, It ID lbe fu0..1 ,our Mt mvM bl •orl.• 
lD& propetly. 'Call out ndlo lffTb ~· 

m'.::c:=.-=.:.~rw1c:4.!~~ 

(Oaurttai, ROA. Rlldiatro11 Oo.) 

FIG. 32-11.-Two direct-mail cards that use a particular future 
broadcast program as an attention getter and as a reminder to have 
the radio set checked over beforehand so that the program will be 
received satisfactorily on the prospect's receiver. 

boards and community organizations-or they can be com
piled from the "personal" columns of the- daily "local" 
newspapers. 

(10) If you handle radio accessories, and get hold of some good 
equipment at a very low price, you can offer this "special" 
to advantage in a postcard or letter. It is risky to depend 
entirely on manufacturers' specials for your business, but 
when used in the right way they often have their value. 

(11) In times when people haven't the money to buy new sets, 
there is a good business opportunity in rebuilding sets. To 
get this type of business Mr. F. C. Rockhill of St. Regis 
Falls, N. Y. sent out this sales letter with good results: 

Dear Sir: 

Would you pay $20 for a new set? A new SUPERHET
ERODYNE with all the latest trimmings--automatic volume 
control, tone control, selectivity that allows you to cut 
through interfering stations and bring in the one you wish 
to hear clearly. Power enough to pull in far distant stations 
with ease. 
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With the advent of pentode and duplex-triode tubes, radio 
sets have been greatly improved. All the new sets have these 
tubes and we are prepared to rebuild your set so it will use 
them. 

We are proud that we can bring these improvements to 
you at such a low cost. We can safely guarantee that your 
set's power and selectivity will be doubled and the tone 
greatly improved. 

Very truly yours, 
F. C. ROCKHILL 

The National Union Radio Corp. supplies a series of post
cards primarily for securing new-chassis business. Many 

b Lexinaton the Noisiest City 
For Radio Reception? 

E...,-"rmdealial mstrict 1a to be<hodted oridi,pccial 

--- equlpcnent lo, pawor leak,."""' f1uhcn. ..._ br 

(Courte•11 li.adio Retailing and JacbOft'• 
Radio Sen-ice) 

JACKSON'S RADIO 
SERVICE 

Md to JACKSON'S RADIO SERVICE 
Hll ...... ,..A,.._ ,.,_...,..,. 

DAY ANO NIGHl. aaav,c1 11-wetn.,.,~~-..-,~ 

FIG. 32-12.-A direct-mail card that features a noise survey 
made in the locality. A card of this kind cannot help but create the 
impression that the service man in question knows all about the noise 
problem in the vicinity and is well qualified to eliminate interference 
in any radio installation. At the same time, it serves to give him 
leads to prospects who are really in need of his services. 

service men have done a considerable amount of this type 
of business on a very profitable basis. The improved re-
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ception resulting from fairly inexpensive installation of the 
modernized chassis never fails to win over a satisfied cus
tomer that can be counted on for future servicing business. 
One of the cards prepared especially for this purpose reads: 

"KEEP YOUR BEAUTIFUL RADIO CABINET, 
BUT .... Let us bring it up-to-date with a complete 
new radio chassis, including dynamic loudspeaker and 
all the latest improvements ... all-wave foreign recep
tion, automatic volume control, improved tone, noise sup
pression, superheterodyne circuit, etc. The cost is so low 
that it is comparable with the average "Midget" radio 
set. Call on us for any radio service or repair problem. 
Estimates gladly given. All work guaranteed." 

(12) The National Union Radio Corp. presents another good 
merchandising feature in one of its postcard offering to 

FIG. 32-13. - A 
direct-mail card 
that presents an
other good mer
~handising fea
ture - that of 
loaning a radio 
set free during 
the time the re
pair job is being 
done, so that no 
programs will be 
missed. 
t ('ov.rt~q NatioflGl 
l'ninn Tube Oorp.) 

loan a set free during the repair job. This card is illustrated 
in Fig. 32-13 and reads as follows: 

"RADIO SET LOANED FREE-WHILE WE ARE 
REPAIRING YOURS. We don't want you to miss a 
single moment of radio enjoyment. When we take your 
receiver to our shop for overhauling and repair work, we 
leave a set operating in your home. There is no charge 
or obligation for this special service. We are Qualified 
Radio Experts, fully equipped with modern instruments 
for radio testing and repairing. Lowest prices. Every 
job guaranteed. Call on us with confidence." 
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Every job guaranteed. Call on us with confidence." 
This offer is a good example of the "hook" which here not 
only stimulates action but acts as the main feature of the 
mailing. 

(13) Human-interest is a safe subject for any kind of adver
tising. Here is an illustrated post-card (Fig. 32-14) which 
was simpiy and inexpensively reproduced on a stencil and 

FIG. 32-14.-A human-in
terest type of direct-mail 
piece which is simple and in
expensive to produce. 
( Couruar, EllioU A ddreuin11 
Madine Co.) 

run off on an Elliott "Cardvertiser". This is a fairly in
expensive hand-operated machine which will automatically 
address from stencils and print the complete message on 
125 cards in less than 6 minutes. The copy for the card 
shown in Fig. 32-14 reads: 

"We got a swell radio- .. Gee' .. We can get ANY 
station-anywhere. So clear it's like havin' the orches
tras right in the same room. The Fire Chief an' Will 
Rogers walk right through the door ... Wasn't always 
that good, tho' ... just since Public Radio Service put 
it in shape. Dad said it cost next to nothing." 

You can use your own personality as a human-interest 

FIG. 32-16. - A direct
mail card that uses the 
personality of the radio 
service man as a human
interest subject and tells 
about his progressiveness 
and radio education at the 
same time. 

I went to school -
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111al.an. .. I ""' k oohool - 1- 1111 .,. 
'Na.I eac,ll.lalen. NI IIA&l.,lsRa. &4.le •11111.• 
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subject, too, and by using a similar card, with a stencil 
reproduction of your snapshot, you can get out a highly 
personalized mailing at low cost. For example, the card 
shown in Fig. 32-15, which reads: 

"I WENT TO SCHOOL-I wasn't satisfied with be
ing a radio 'handy-man'. I wanted to become an expert 
technician. So I went to school-learned all about os
cillators, set analyzers, audio amplifiers, intermediate 
frequencies, vacuum tubes, electrical interference, cath
ode-ray-well, in short, I studied all the latest scientific 
methods for doing a better job of servicing more eco
nomically. Perhaps that is why so many of my cus
tomers today recommend me to their friends. Perhaps 
they have to you-but in any case won't you come in, or 
call up-and let me look over your set without obliga
tion? I may be able to save you some money." 

(14) If you service electrical household appliances as well as 
radios, you will be interested in two mailing pieces that 
have been used with great success. One of them, issued by 
the Colony Radio Compan}· of Washington, D. C., is a 
7" x 9" card (shown in Fig. 32-16) which was distributed 
from door to door on a systematic schedule that kept a 
steady flow of business coming in all summer. The card 
features "REPAIR SERVICE ON ALL ELECTRICAL 
HOUSEHOLD APPLIANCES AS NEAR TO YOU AS 
YOUR PHONE" and has "thumb-nail" illustrations of 
waffle irons, house wiring, radios, washing machines, vac
uum cleaners, fans, irons, and miscellaneous appliances. 

Fischer & Smith of West Englewood, N. J. went a step 
further by offering specific types of repair service for defin
ite "flat-rate" prices. On radios, for example, they offered 
a general "tune-up" for $1.50 and a complete shop overhaul 
for $6. Likewise for washing machines. On this card 
(Fig. 32-17) the prospect had places to check the types of 
service desired and fill in his name, address and time when 
he wanted the service man to call. The back of the card 
was originally used for a Business Reply Card form, but 
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since it was found that most of the service requests came 
by phone, it was changed to a station log. A quantity of 
these were printed and distributed for a total cost of $20 and 
resulted in approximately $200 worth of extra business. 

(15) Radio accessories, like electrical appliances and manuf ac
turers' specials, are often worth promoting by direct mail. 

FIG. 32-16.-A direct-mail piece that tells about a general repair 
service for all household electrical devices as well as for radio seta. 
It also introduces the personality of the owner and manager. 

RCA has put out a number of post-cards for its dealers on 
Phonograph Record Players and Antenna Systems. One 
of theire spet>ial phonograph Record Player postcards is il
lulltratec: at the left of Fig. 32-18. It reads as follows: 
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"HA VE YOU OLD RECORDS ... AN OLD PHO
NOGRAPH? When you can't get what you want on the 
radio why not listen to your old favorites on your phono
graph-played through your radio? It costs very little 
to install an electric motor and pickup in your old phono
graph and connect it to your radio . . . Then you can 
have the music you want when you want it, without 
even bothering to wind a spring. Phone us; we'll be glad 
to tell you more about it." 

( Courte"lf Radio Rdailin11 and l'iach.er & .Smit/a) 

FIG. 82-17.-A direct-mail piece which offers not only specific 
types of service on all electrical household appliances for flat-rate 
prices but features a useful station log as well. 
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Many service men have capitalized on the phono-radio 
angle of the radio business, not only to sell phonograph 
pickups, electric turntables, etc., but also to sell tubes and 
minor repairs in the radio receiver. 

Here is the copy which appears on the Noise-Reducing 
Antenna System post-card shown at the right of Fig. 32-18: 

"YOUR RADIO CAN TAKE IT. It takes all the 
noise and interference and passes them on to you unless 
it is equipped with a scientific antenna system. For 
short-wave reception especially, you must have an effi
cient antenna. We specialize in antenna installations 
and recommend the noise-reducing RCA World-Wide 
Antenna System . . . a remarkable "double-doublet" 
system that reduces noise and brings in stations you 
never got before. Let us make a Certified Inatallation 
... Phone us today." 

(16) If your location is not well known to all your prospects 
(especially if you are new in the neighborhood) it may be 

•• HAVE'1'01JOLDRECORDS • • • 
. ~,, OU>PHONOCiRAPH Jg • 

....... yo• CMl°I fd wJr..t yo• ••ftt o" the ud,o, ..,hy ~ lidui lo vo•• 
.W lffOf.c.n • yo. pl.oAo,r,plr-pl.y,d tMollth ,~.,, ,.d10? 

~":.~!'::.'::::~a:,:::~ ,e: :: :e.~,. ,:~~ 
JC..-:, :7-i 9:.11;: te"• .. jj~ .::: .:-!"~~t to .,,.d , ,p,i"4J. 

YOUR IMPRINT HERE 
S.,et Addre. Pi10t11 N11•l:i .. 

C•r ,JMII SIN or sic,,,. .._,. 

Your R.dio Can Toltc It 

YOUR IMPRINT HERE 
S.,et Addre. Pi10t11 N11•l:i .. 

C•r ,JMII SIN or sic,,,. .._,. 

(Oourte111 ROA Radiotrot1 Co.) 

FIG. 32-18.-(Le/t): A direct-mail card that promotes the sale 
of electric phonograph motors and pickups. 

(Right): A direct-mail piece that promotes the sale of noise
reducing antenna installations-especially for short-wave reception. 

a good idea some time to get out a simple post-card with a 
rough map drawn on the stencil to show the exact location 
of your shop, such as the specimen illustrated in Fig. 32-19. 
This one even shows the sign that the customer will find 
hanging outside of the door of the shop when hE> rearhes it. 
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( 17) Illustrated in Figs. 32-20 and 32-21 you will find two direct
mail pieces advertising tubes and service. Another good 
piece (one side of which is shown in Fig. 32-22) is a folder 

Court,.-,, EUiott Addraanng 

FIG. 32-19. - A direct
mail <'ard that is especial
ly appropriate for a new 
service shop. It tells the 
prospect exactly where the 
shop is, and even illus
trates the sign which will 
be found outside the door. 

supplied by the Hygrade Sylvania Corp. to its dealers. It 
has particular merit in that it explains and illustrates servic
ing procedure in a way that is pretty sure to interest the 
average prospect. The copy reads as follows: 

"NOISE - FADING - TONE - DISTANCE - BLARE 
- INTERFERENCE - CRACKLING - WE CAN SPOT 
WHAT'S WRONG WITH YOUR RADIO AND FIX IT -
PROMPTLY - REASONABLY! ... IT MIGHT BE ONLY 
WIRING. Radio receivers-well made as they are--develop 
loose wires, corrosion, are subject to maladjustments due to long 
use, abuse and natural deterioration of parts. When your re
ception is off-color our expert service men will make repairs 
thoroughly. promptly. reasonably. SOMETIMES THE SPEAK
ER CRACKLES AND BUZZES. Room temperatures, vibration 
and wear all can affect the accuracy and quality of the modern 
speaker. Adjustment is usually a simple job for us-because 
we know how. MOST LIKELY ITS TUBES. Most radio 
noises are blamed on the receiver or local interference and static, 
when in reality it is worn out tubes giving you a warning you 
failed to understand. Don't let a few weak or worn out tubes 
spoil your radio enjoyment. We will gladly test your tubes at 
any time and demonstrate why Sylvania tubes-tested for a 
set like yours-will give your radio new life. And they cost 
so little. WHATEVER YOUR TROUBLE. Whether your 
radio needs circuit checking, speaker adjustment or one or more 
new tubes-whatever your trouble, you will find our service 
prompt and reasonable. Your inquiry puts you under no obli
gation. 'Change your Spark Plugs every 10,000 Miles,' 'See 
your Dentist Twice a Year,'--and let us CHECK YOUR RADIO 
IF ONLY ON SUSPICION. MAKE OUR SERVICE DE
PARTMENT YOUR RADIO HEADQUARTERS. We lay 
special emphasis on our personnel of trained radiotricians, com
plete testing equipment, stocks of tubes and small parts for 
prompt service in the home. Although our service call may 
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be short and the charge correspondingly small, we know you 
will not forget us when complete overhauling or perhaps a new 
radio is needed. And you will appreciate the busineii:;like and 
courteous manner with which our experts go about their work 
-and do the job well. BRING YOUR RADIO TUBES IN FOR 
FREE TEST--or call us for house service any time you need 
anything in radio." 

32-9. Other Forms of Advertising and Merchandising.
The value of newspaper advertising for the radio service busi
ness is always a matter of dispute. In some cases it pays out 
very well; in others it is a total loss so far as tangible results 
are concerned. The only way you will know its value in your 
own business is to test it out; nor can you expect to make a 
fair test with less than six insertions. Check the response as 

"IJT" 
-And That's About Alli 

Jmt becawe a tW .iiU lighta b no tip 
that it b e,pcntin:- u.lisuctoriJy. It may liie 
all &.t •out .. on iu kn and ytt cmliAoe 10 
;in.al' thal dcetp&il'e pim.mn-. Doa"t tab 
cbaca ..-ltb wwn«al tabts. Hau tbem. 
ae.&.td.'Wiu.tlhrmFREE. 

I l . 

w,_....., 
IICAllodlolroru 

Too Old to Fight? 
Radio 1ubm mm. &baa • yur cld eltcol4I 

be pbctd DQ 1he miffll Iii. Tbcy0n do. 
ah tu,•, a:poc&cd of &bem. U J'OG caa•, 

,..,,..,i.., ,_ - t.n.,. - la ... 
.e"D &a.e &bra/,- Oar .,,den, MIiia' IA 
lbolnrlllabout ..... eoodidoo--la
..,_aa..sm...a. 

FIG. 32-20.-Two interesting direct-mail pieces which dramatize 
the fact that tubes wear out and should be tested periodically. 

well as you can-ask the people who come into your store whether 
they have been noticing your advertising. 

The advantages of newspaper advertising are that it reaches 
a large audience at a relatively low cost per reader and gives 
you a good tie-up with your other advertising mediums. The 
disadvantages are that it is a non-selective audience (you have 
no way of picking your prospects), that you need constant repe
tition of your message in order to make any impression-and, 
in the case of large metropolitan newspapers, you also need large 
space. 

For the average service shop, large-space display advertising 
is generally inadvisable, except when there is some outstanding 
special item to offer. You can get the assistance of the newe
paper in laying out your advertisement and in obtaining the art 
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work necessary to give it the right appeal. Or you may prefer 
to use "mats" supplied free by manufacturers or purchased from 

IIOIIJ:LL 1 1 IIJ.llIO lllllYlCI 
671 ~ J.VZ, J.f &lot ft. Jiff TOIi CU'l' 

l'IIOD-llLDOWo ~:run 

FIG. 32-21. - Another dir
ect-mail piece which drama
tizes tube weakness and ad
vertises free tube tests. Lit;.. 
erature of this kind awakens 
the radio set owner to the 
realization that his tubes 
may need testing and replace
ment. 
(OourteBJI Elliott Addre11,int1 
Machine Oo.) 

a commercial "mat service". Some of the manufacturers' mats do 
a real job of promoting the interest of the service man. The one 

and Fix it-PROMPTLY· REASONABLY! 

It might be only WIRING 
1ledio rtttivrn---wdl made as they ue-dcrtlop k,oec 

wlra. corromon., arc ,ubjcct to maladjustmcntt due to~ 
.-_ ablac and natural dctcrior•tion or parq.. Whca your 
nccpdcln tS off-color OW' e,;pttt aavicc men wilJ mah 
npdn lhoroucJ:lJy. promptly, reuoru1bly 

Sometimes the 
SPEAKER 

Cracks and Buz:es 
Room tcrnpcratutts. vibration 
and wear all cnn &ff'tt:t the ac,:u. 
racy and quality of the modnn 
spcalr:tt. Adjuatmmt la wually 
11 s.impk Job for w-btta\UC' ,11·t 

know how 

Mo&t likely it's 
TUBES 

M05t r-adio noues att 
blamed on the receiver 
or loeol lntafercncc and 
eta.tic. when In reality 
1t is.womout radio tube, 
&ivinc you a waminc 
you fail to undcntand. 

pon•t :ct the: few weak 
or worn out tubes spoil 
your ra<lio enjoyment. 
We will 1,ladly test your 
tubcl·at any time and 
dcmorvtnte why Syl
vania tubes-tested ro, 
• Id' like youn-·will l[ive )"'OUf f'9dJo n(W life. Arid they 
«.t '° tittle. 

Whatever yout TROUBLE 
Whether yol.U' radio needs dn=uit chcckin&- speaker adjuat• 
rumt or one or more new tuba-whatever )'OW' troublt', 
you will find our Krvict prompt and rcmon.ablc. ?oW' 
inquiry puts you under no obliption. 

"Change your Spark Plup every 10,000 Miles" 

"Sec your Dentist Twice a Year" 

-and let us 

CHECK YOUR RADIO 
IF ONLY ON SUSPICION 

(Oourte'JI H1111ratk 811lva"iG Oorp.) 

FIG. 32-22.-A folder that dramatizes radio servicing procedure 
in a way that is very likely to interest the average non-technical 
prospect. 

which is illustrated in Fig. 32-23 is an example. (A mat, or 
matri.ce, is a piece of special composition cardboard in which an 



CH.XXXII HOW TO SELL YOUR SERVICE 1243 

impression from type has been made. The newspapers make an 
electrotype direct from this mat, inserting your name and ad
dress at the proper place in it. 

Small-space display advertisements are more practical, pro
vided they are used frequently enough. Star Radio Company 
of ,vashington, D. C., insert a simple one-inch sin~le-column 
advertisement (see Fig. 32-24) 
every day in the year and get good 
results from it. On the Sl. call 
advertised they furnish minor re
pairs, testing of antenna, ground, 
speaker, chassis, connections, tubes, 
general analysis and free dial 
lights. This is not very profitable 
in itself but it leads to good future 
business. An even better "card" 
to use regularly in the newspapers 
would be one which advertised 
some house specialty, stating 
specifically the service rendered, 
and used purely as a "come-on". 

A similar card, consistently 
used, often produces good results 
in the classified section of the 
newspaper, listed under "Radio 
Service". The same principle ap
plies to card advertising in your 
local classified telephone directory. 

Advertisil\g: on the programs 
of local radio stations is an op

A scientific 
mechan,sm used in 

modern radio service. 

Your radio is a delicate, 
comple.,c in,trument. Only fully 
equipped professional service 
experts can fix it right. We're 
equipped. We have complete 
data on all make sets. We Aive 
• writtt,n tuarantee on our 
work, use standard parts and 
charge fair prices. Call us for 
the expert radio service . . . 
quick and efficient. 

O!AU!t'S NAME AHO AOOIIISS 

NOTll: W• ar• ooop.,•tlnl w/tlt N•• 
lion.al Union /tadfo Co,p,o,et/on. 
manulaolut•ra ol pro• 
leuional. 1u•ra11t••d 
radio tube• to Improve 
t•dio eon-le• undo, th• 
Sltln ol Bllic;/at>0T. 

Fm. 32-23.-A typical part
column ad for insertion in 
the local newspaper. Mata 
for such ads are available 
from manufacturers. 

portunity that far too few service men take advantage of. There 
could be no better time to approach your prospects for business 
than when they are actually listening to a broadcast on their 
own radio set which may be giving them poor performance, and, 
furthermore, you can be sure that everyone who is listening is a 
real prospect either for the present or the future. The most prac
tical way to use radio advertising is through 11spot announce
ments", that is, commercial announcements one or two minutes 
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in length. The cost depends on the listening area and power of 
the station, and may run somewhere between $5. and $25. per 
minute. Consult your local station for rates. "Continuity" for 
this announcement can be obtained free from your station or 
from tube manufacturers. There is no reason, however, why you 
cannot write up your own continuity. If your station will per-

BETTER RADIO 
SERVICE· CALL 
STAR RADIO 
plume DIS. 4700 

DAY Oil NIGHT 

FIG. 32-24.-This simple 1-
inch single-column advertis• 
ment which has been inserted in 
the local newspaper every day 
in the year by one radio service 
shop has proved to be a worth 
while business getter. 

(Oovrt11-., Radio N11w• and Star 
Radio Co.) 

mit you to do it, a "blind" tagged on to the end of a good broad
cast announcement may pull the best results-something like 
this, for example: 

"We wish especially to request all our listeners to let us know 
1f they had good reception during this past program. Please 
write, addressing --, care of the station." 

In small towns, advertising slides in the moving picture 
theatres have some value. One must always remember, however, 
that many movie patrons are annoyed and antagonized by this 
form of advertising which is more or less boring because it is 
usually overdone. Arrangements for slide showings can often 
be made on an exchange basis for P-A service work on the thea
tre's sound equipment, and the slides themselves can be pro
cured free from some tube manufacturers. 

If you have a delivery truck, take every advantage of it as 
an advertising medium. Dress it up to give it the maximum dis
play. By using a little ingenuity you can make it distinctive. 
Anderson Radio Hospital of Seattle, for example, use a truck 
(shown in the upper right-hand corner of Fig. 32-25) that very 
cleverly suggests an ambulance. If you want to try something 
really sensational, set up a "Service Shop on Wheels", doing all 
your service work out in the field and carrying all your equip-
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(<-uu,to11 ICl..4 ""'"o l>•rnce .hew•; l-uwta'• Xadw ~tur~; AndH•un ltad1u '10•1,tlol; 
BacUo Bo•pitol of Akron, Ohio; A-1 Radio Co.; and Ca.teaaian Sound B~,). 

FIG. 32-26.-Five examples of impressive radio service trucks 
that give their owners a great deal of worthwhile advertising every 
day, besides providing transportation for receivers, supplies, etc. 
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ment in the truck. We have never seen it done, but there ought 
to be great advertising possibilities in it if it is handled right. 
By making arrangements with one or more local amateurs you 
could possibly have phone calls for service made direct to them, 
relayed on to you by short-wave which you can pick up in your 
truck. This will give you an exceptionally good opportunity to 
feature short-wave installations and adjustments. 

If you specialize on P-A work, you will of course want to use 
a sound truck, such as the one shown at the lower right of Fig. 
32-25 which is used by Cascadian Sound Equipment Company 
of Hood River, Oregon, and keep it circulating freely wherever 
crowds gather, at fairs, airports, parades, municipal events, ete. 
Of course the lettering on the panels of the truck should be done 
by an experienced sign painter so that it will look well. 

Even your business cards and letterheads should be designed 
from an advertising standpoint. If possible, illustrate them, and 
in any case, make them distinctive, but do not make the mis
take of trying to say too much on them. This applies especially 
to card )if you distribute them from door to door), for unless the 
cards really get attention, they are hardly worth the effort to 
distribute them. A typical example of a card which can be ob
tained at small cost is shown in Fig. 32-26. A neat letterhead 
which carries the same monogram as the card is shown in Fii?;. 
32-27. 

Make use of every opportunity you can get to obtain free 
publicity. Newspapers are often glad to take a story on some 
unusual prize contest or merchandising stunt. If you do P-A 
work there are many chances to publicize your installations. 
Perhaps you can write a Question and Answer column on radio 
problems in your local newspaper. That would not only give you 
good publicity, but would give you a little extra income besides. 

Keep your eyes open for every opportunity to promote a 
new merchandising stunt that will appeal to the public. A new 
twist to a special off er or deal might bring you a lot of business. 
Or try a prize contest to bolster up a slack season. For example, 
offer a free radio for the best list of stations rec;ived two hun
dred miles OT more distant. Furnish the contestants with free 
logs and verification cards. You will find that this will not only 
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create a lot of public interest, but will also stimulate some snlcs 
of antenna installations. Or make a feature of premiums nnd 
''give-aways". If nothing better is available, use logs. As you 

TEL. EVERGREl;N 7-9880 

aark's Radio Service 

GUAIIANTEED IIADIO 811:RVICIE 

WILLIAM CLARK 364 GRAHAM AVENUE 
RADIOTIIICIAN BROOKLYN. N. Y. 

FIG. 32-26.-A typical example of a small business card which 
effectively advertises the service business. A card of this kind would 
tie in well with the Radio Hospital service trucks illustrated in 
Fig. 32-25. 

know, there are elaborate logs in the form of booklets a,·nil
able at small cost from manufacturers. But even a simple sta
tion log has some merchandising value. There are many varia-

i1 Cl.ARK'S RADIO S6RVICE 
364GMHAMAnHUJ 

llaooa.Y1f, N. Y . • . 
0 U A A A 'i f I I D A A D I O SIAV&CI 

--·-

F10. 32-27.-An example of a neat letterhead designed to tie in 
with the business card shown above. It carries the same monogram. 

tions in form you can use in making up a log, and of course the 
more novel, the more interesting to the user. Green Radio of 
Kalamazoo, Michigan have gotten out and copyrighted an im-
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pressive dial log in celluloid (see Fig. 32-28), which is the sort 
of thing most any radio set owner would like to keep and use. 
Watch Radio Retailing, Radio News, and other trade publica
tions for news about novel merchandising ideas-in most cases 
you can apply them to your own business. 

The matter of making the right "contacts" is a very import
ant part of success in business. If you <lo not sell new sets, by 
all means make an arrangement with a good non-servicing new
set dealer to do servicing for his customers, and perhaps also to 
make his deliveries. You can work out your deal on some com
mission basis or perhaps exchange leads, turning over to him 
prospects for new sets and electrical equipment. Through clubs, 

Fm. 32-28.-A novel dial 
"log" printed on celluloid 
-with the name of the 
service shop at the top. It 
features both alphabetic 
and kc listings of "within 
range" stations; N denotes 
NBC chain stations, C de
notes Columbia network 
stations. If a program 
"fades" or comes in noisily 
on one station, the listener 
can find out immediately 
what other stations of the 
same broadcasting chain 
he can receive it on. 
(Court,8JI Mr. A. O. Green) 

schools, business groups, etc. you may be able to make many 
helpful contacts. And don't overlook your own local trade asso
ciations. 

32-10. Selling.Auto-Radio Servicing.-The auto-radio field 
is still growing and is one of the most lucrative side-lines for 
service men. It calls for special advertisting and merchandis
ing plans. It is well to contact all the garages and auto repair 
shops in your vicinity and endeavor to secure their cooperation 
in recommending all prospects for sales of new sets and servic
ing of old ones to you. Off er them a fair commission for every 
customer they turn over to you. If they will agree to this, fur-
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nish a conspicuous sign for them to display. This might read 
somewhat as follows: 

RADIOS 
Installed and Serviced 
in All Makes of Cars 

by Auto-Radio Experts 

When they get a call for this kind of work, you can either drive 
right down to the garage yourself, or have the motorist come to 
your shop. The extra advantages of specializing in auto-radio 
are that the greatest volume comes in the slack summer season 
and that it gives you an additional means for making contacte 
that will lead to home-radio work. Used-car dealers are also 
good prospects for you, since the resale value of a car is often 
increased when it has a radio installation. This type of business 
is profitably handled on a contract basis. The same holds true 
for taxi fleets. 

If you sell new auto-radio sets, you will find it helpful to 
arrange your different sets on display stands around the store 
and connect them up for convenient comparison. 

Your auto-radio business may justify the expense of getting 
a special demonstrating truck which you can keep circulating 
wherever motorists are apt to gather. In any case you can fit up 
your delivery truck for demonstration purposes on special oc
casions. If you are located in a suburban town, you can pick 
up some extra business by parking your demonstration truck at 
the railroad station late in the afternoon. If you do this, print 
up some inexpensive "hand-outs" on colored paper and slip them 
under the windshield-wipers of all cars parked there, offering to 
make a check-up or free demonstration on the spot. 

The best place to reach the motorist with an advertising mess
age is on the highway, so if you can put up some attractive signs 
in good locations which your local motorists pass by frequently, 
you find that they will serve to impress your name in their mem
ories and bring in new customers. 

32-11. Customer Follow-up.-People who have bought 
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radio service from you are your A-Number 1 prospects for fut
ure business. If they fail you, there are two very serious weak
nesses in your business---(1) either your service is unsatisfac
tory; or (2) your follow-up system is inadequate. Assuming 
that you know how to do a good service job, let us see what fol
low-up methods are advisable. 

First of all, you should not consider your servicing job com
pleted until you have made some kind of check on the set to 
see if it is working properly and if it is giving good reception. 
This should be made at the home of the customer within a week 
after the work is done, and it can be done by phone call, postcard 
or letter. The purpose of this contact is not only to demon
strate your personal interest to the customer, which is sure to 
please and flatter him, but also to eliminate any possibility of 
kick-backs. Here are the contents of a postcard which the Clark 
Radio Service Company of Granville, Ohio mail out one week 
after every service call: 

Dear Customer: 
Since our reputation depends upon the radio satisfac

tion of our customers, we take this method to check up 
on the services rendered during the past few days. 

\Vas everything satisfactory and are you pleased with 
the service? 

Any constructive criticism is welcome. We strive to 
do everything possible to give you the best radio service, 
and helpful ideas will be appreciated. 

CLARK RADIO SERVICE 

QRV Radio Service, Inc. of New York send out a letter right 
after completing a service job. It concludes with this thought: 

"May we also mention that, from years of experience 
with many thousands of radios, we have found every 
radio to require thorough testing and minor adjustments 
at least every four months, in order to insure continuous 
satisfactory operation and to avoid expensive repairs 
which often result from neglect of such regular service." 
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This letter opens the way for the regular series of follow-ups 
which every service man should use, and which unfortunately are 
so of ten neglected. The first step in such a system is a "tickler" 
file. That is, a card file of all your servicing jobs arranged ac
cording to the date when the follow-up should be made. Suppose 
you do a repair job on January 1st. You will at that time decide 
that July 1st will be the proper date to check on the customer 
for another inspection. So you will tabulate that customer's 
card in such a manner that on next July 1st his card will show 
up automatically. Some system of this kind should be used by 
every service man, just as it is used by aggressive dentists and 
optometrists. You should have a series of postcards, letters or 
phone calls all prepared to use on these customers upon the ex
piration of the period you have set. 

QRV Radio Service have a very fine series of postcards which 
they send out monthly to their customers four months after a 
job. They employ humor in these cards by personalizing the 
radio set. The first one reads as follows: 

"Hello, Doc QRY-It has been four months since you 
were here to see me, and you know it is tiine to look me 
over again. My volume control and tube sockets feel 
dusty, and some of my tubes are a little weak. When 
are you coming?" 

Ten months after the service work has been completed, this 
card (see Fig. 32-29) goes out: 

"Hello, Doc QRV.-Do you suppose my owner 
doesn't know that I could give much clearer programs 
if you came and made me well again? I'm pretty sick, 
and I'm getting worse, but I can't seem to make my 
owner understand that I need a good doctor." 

Both of these cards are designed to catch the attention of the 
set owner through humor, and to make him conscious cf the fact 
that his radio receiver may actually need checking over even 
though it is apparently operating satisfactorily. Any trouble it 
may have is likely to develop into a more serious one if neglected. 
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And the final card in the campaign reads: 

"Doc (weakly) it's a whole year since you were here, 
and now you'd better bring a vacuum cleaner and your 
entire set of operating tools. I have a high fever and my 
tubes have pneumonia or something. Perhaps you bet
ter bring me an ambulance. I'm very sick. I hope I 
don't die 1" 

You can be sure that with a series of cards like these, QRV 
Radio Service won't lose many customers. 

A variation on the straight follow-up method is to adopt a 

Your radio, which we have not serviced for ten months, again 
voices its woes! 

"Hefto, Doc ORV. Do you suppose my 
owner doesn't know that I could give much 
clearer programs if you ceme end made 
me weD again? I'm pretty sick, and I'm get
ting worse, but I can't seem to make my 
owner understand that 
I need a good doctor." 
The doctor wrn be very 
glad to respond to the 
attached retum card ! 

Sincerely yours. 
Doc QRV 

(Oourt,ai, Printer'11 lnk and QRV Rod.io 8et'11fo•) 

FIG. 32-29.-A good business-getting follow-up card which car
ries out the idea of "personalizing" the radio set by means of cartoons. 

policy of regular "inspections" on all jobs you have done. The 
.first card in a series of this kind might read: 

"Dear Mr. Blank: 
It is a policy of our firm to give all our customers a 

periodical inspection of radio sets which we have ser
viced. According to our records it is time for your set 
to be examined. Will you please note on the attached 
card what day and hour will be most convenient for our 
inspector to call. There is no charge for this service." 
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32-12. Meeting Specific Objections.-After making a cer
tain number of calls you will invariably find that the sales re
sistances you meet, or objections offered by the prospect, fall 
into a few definite classifications. If you analyze these carefully, 
and have good answers already prepared for a dozen or so gen
eral objections, you will be able to batter down the most serious 
obstacles to the sale of your service. 

For example, suppose your prospect says, "All the tubes 
light." A very good answer to that is contained in the postcard 
illustrated at the left of Fig. 32-20, which reads: 

"LIT"-"And That's About All! Just because a tube 
lights is no sign it is operating satisfactorily. It may be 
all but 'out' on its feet and yet continue to give off that 
deceptive glimmer. Don't take chances with worn-out 
tubes. Have them tested. We test them FREE." 

Or she may say-"The radio works O.K." You might answer 
that in some such fashion as this :-"It's just the same with a 
radio as it is with your teeth. Everyone knows it's wiser to go 
to a dentist periodically for an examination rather than wait for 
a toothache and the expensive work that may be involved later. 
So with a radio-it may seem to be all right, but there may be 
some trouble developing, not apparent to you, which if not 
checked by an examination may lead to an expensive repair job 
or replacement very soon. 

There are many answers to the sales resistance offered by 
cut-price tubes. You can counter by asking: "Do you care what 
you put into your stomach? Then don't put cheap tubes into a 
good radio if you want it to stay good." You can point out that 
cut-price tubes are often factory seconds or thirds. A Mount 
Vernon, N. Y. dealer has a very good method for cutting short 
any objections to the price of standard brand tubes. He takes a 
"second" off his shelf and offers to sell it to the customer for 
twelve cents. In answer to the customer's query as to the low 
price, he explains it is a "second", that it will work, but how 
well or for how long no one knows. If it's cheap mail-order tubes 
you're up against, often a comparison of readings of the plate 
current changes of the mail-order tubes against those of a stand-
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ard brand will show enough difference to convince the customer. 
If you have a fixed charge for an examination and run into a 

lot of competition from free examinations, you can meet it by 
pointing out frankly and fairly what the difference is between 
the two examinations. The card illustrated in Fig. 32-6 is an 
excellent example of how this may be done in a way that will 
really add to your own prestige. The man who makes a free 
check-up can do only a certain amount of work and still stay 
in business. You generally have a pretty good idea of what that 
is and you can point it out to your prospect, at the same time 
telling him specifically what you do in your examinations and 
tests and how much more comprehensive they are. 

There are of course many more general objections you will 
meet, and many more answers you can make, but by studying 
the problem systematically you will soon find there is some way 
you can overcome practically every sales resistance in your 
path. Make a conscious effort to learn those ways and you will 
never be "stumped" for an answer that will be convincing. 

32-13. Opportunities for Extra Profits.--Sometimee it's 
the "extras" that make the difference between profit and loss in a 
business. There is such a thing as having too many sidelines, 
but a few can always be handled without too much trouble. Be
low is a check-list of some that have been utilized profitably in 
connection with radio servicing: 
(1) A hook-up with a new-set dealer on an exchange basis, as 

mentioned previously. On all your servicing calls you will 
have a good opportunity to secure leads for new-set bmii
ness by recording the age and condition of the set on your 
customers' file card. 

(2) Auto-radio installations and servicing. Also testing and 
servicing auto batteries. 

(3) Installation of antenna systems for better reception and 
noise reduction. Converters for short-wave sets. 

( 4) Additional loud speakers in the home. Remote-control busi
ness. 

( 5) Remounting the receiver chassis in a new cabinet or in the 
wall to improve the decorative scheme of the house. 

(6) Modernizing old receivers or installing a new chassis. 
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(7) P-A business, not only for commercial purposes, but also 
in the home, as for nurseries, kitchens and maids' rooms. 

(8) Electrical household appliances-selling, servicing, or both. 
(Refrigerators, washers, ironers, vacuum cleaners, ranges, 
wiring, etc.) When you are making radio service calls or 
set inspections, you have an excellent chance to find out 
(through observation or questioning) what electrical equip
ment is in the house and what condition it is in. You can 
either make direct use of this information or sell the tips 
to someone in the business. Here is a sales letter used by 
the Radio Service Company of Hammond, La., in soliciting 
refrigerator servicing: 

My dear Mr.-: 

Do you realize that your refrigerator has been working 
away for you day and night for a longer period of time than 
you would expect of almost any other modern convenience
from your radio to your auto? And with warm weather 
definitely upon us an even greater burden will be placed on 
the machine for months to come. Would it not be worth 
while to have your refrigerator checked over NOW-for a 
few cents-and prevent a failure when you need it most
and which might very well run into considerable money? 

Perhaps you have noticed that, of late, it requires more 
frequent defrosting? Or is noisy? Or runs much more con
stantly than it did when first purchased? Has your cream 
soured, by any chance, for the first time since you have had 
the refrigerator? Are your electric light bills unusually 
high? 

All these things are symptomatic of troubles which can 
be quickly and easily eliminated, without interruption of ser
vice, and the savings actually effected in lowered electrical 
consumption will probably more than cover the cost of service. 

Our charges for inspection and adjustment are nominal; 
and where actual repairs are required the cost will be the 
lowest consistent with reliable work by refrigeration experts. 

Yours Sincerely-

See also the advertising pieces illustrated in Figures 32-16 
and 32-17. 

(9) Installation of phonograph pickups, adapters and automatic 
record changers in existing receivers. 

(10) In connection with the above-phonograph records, etc. 
(11) Servicing of sound equipment for local motion picture 

theatres. This may be carried out on a contract basis. 
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(12) "Electric Eye" installations. There are, of course, innum
erable commercial and industrial applications of the photo
electric cell that call for expert knowledge, but among the 
simpler installations that many radio service men can 
handle are those for burglar alarms, garage-door opening, 
and advertising novelties in store windows. 

(13) Marine radio. 
Much of this servicing business can be done on a contract 

basis, which, even if it amounts to only $5. to $10. a year per job 
will, in volume, serve as a mighty good backlog to stabilize your 
business. 

32-14. Business Methods.-While you need to be a good 
business man in order to run a service business successfully, 
plain common sense will tell you most all you need to know 
about the routine of things. It is important to standardize your 
charges and make them fair in order to gain the respect and con
fidence of your customers. Of course before you can do that 
properly you must know what your actual costs are-and those 
include not only parts and labor, but overhead and selling ex
pense as well. 

It is also important to determine upon a fixed policy that you 
will follow religiously. There is no one policy that will apply 
equally well to all service men. You will have to choose your 
own. Here are two good declarations of policy, even though they 
express different points of view. Robertson's Radio Service, of 
Long Beach, California, print this on their cards: 

"1. Free Inspection. 2. No Labor Charge over $1.00. 3. Work 
and Parts Guaranteed 6 Months. 4. Your Credit is Good." 

Mr. Ralph E. Loomis, of Tillamook, Oregon, states his policy 
as follows: 

"A 75-cent service call; sets checked and repairs estimated free 
if the set is brought to the shop; a charge of one dollar per hour 
for labor; all parts and tubes at list prices; a liberal guarantee; 
repair or merchandise, cash or thirty days. 10 per cent dis
count to amateurs and dealers for whom I make repairs. Shop 
hours from 8 a.m. till 6 p.m. Calls made at any time, any place. 
Mileage charged for on special out-of-town calls." 

You will notice that in both cases a guarantee has place in the 
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policy-and that is something that all service men should be able 
to adopt. 

32-15. How to Keep Service Records.-In conducting a 
successful radio service business, a most important consideration 
is that of keeping service records. This is important not only 
from a standpoint of regularity of business (which is self-evident) 
but that of efficiency I as well as establishing a means of com-
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FIG. 32-30.-Facsimile reproduction of the front of the "Send 
Order" sheet which is made out upon the sale of every radio receiver 
by one large radio sales-service organization. The rear of this sheet 
is shown in Fig. 82-31. 

puting "past" and possibly "future"' service costs and following up 
customers. There can be no doubt that the continued success 
of a service organization is largely dependent upon the method 
and type of service records it maintains. This statement may be 
illustrated by describing the working structure of an exceptionally 
progressive and successful sales and service organization which 
has developed a system for keeping accurate service records. 



1258 MODERN RADIO SERVICING CH.XXXII 

This department is maintained by a leading radio retail com
pany which operates a chain of retail stores. Upon the sale of 
a radio receiver, a "send order" is made out in triplicate and 
dispatched to the warehouse. One copy of the "send order" is 
kept for warehouse records after the receiver is delivered. The 
second is left with the customer. The third copy is given to the 
service department. The front and rear of this "send order" 

-----"'-

TOINl'J'ALID: 

la wbl - did roa bl ... followlq llllfClludlMf 

~ -·- --------------
1:ba --------------

Speabr --------------~---------------
Row _oat pacbdf __________ _ 

Dld,....-tu_.M_f __ " 
Did, .. _tu c-bowto_.. Illa oatf ____ _ 

Tim• of anlftl --------------
Timeefdaput,an ___________ _ 

Woaaalal ldl-f------------

Tr,eof aarlol-.i ------------

FIG. 32-31.-Facsi
mile reproduction of 
the rear of the "Send 
Order" sheet illus
trated in Fig. 32-30. 
Notice the installation 
data which the service 
man who installs the 
set is required to fill 
in. This provides a 
permanent record of 
the installation, and 
it is filed away so that 
it may be ref erred to 
in the shop at any 
time in the future. 
( Oourtuv Dov111•·0ittl 
Radio Oo.) 

are shown in Figs. 32-30 and 32-31 respectively. Each installa
tion sheet is stamped with a service number, and a folder is pre
pared with the same number immediately. Installations are 
usually made the day after delivery. This is done so that the 
customer may have ample opportunity to decide upon a definite 
location for the receiver and to avoid the possible appearance of 
the installer on the site before actual delivery is made. Of course, 
in the case of a small radio establishment, the latter is highly 
improbable, since installation is generally made upon delivery. 

The installer furnishes the customer with the standard guar
antee of the company ( unless some special guarantee has been 
given) and a service card containing the telephone number of 
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the service department, the customer's service number, and cer
tain definite instructions as to the proper manner of securing 
the speediest possible service. The installation sheet or "ticket" 
after being returned to the service department by the installer, 
is then placed into the folder bearing the customer's service num-
ber, and filed numerical
ly after the date of instal
lation has been stamped 
upon the outside of the 
folder. The name and 
address of the customer, 
as well as the date of pur
chase, store purchased 
from, and the mode of 
purchase, whether for cash 
or on account, is also 
noted upon the folder. 
At the same time, an in-
dex card is filled out with 
the customer's name and 
address, etc., with the ad
dress on top, and filed ac
cording to the address, so 
that the service number 
of any customer may 
readily be found. 

When service becomes 

·••---.. Davega,City Radio, Inc. 
~~°' SERVICE DEPT. m :;.-i-~=-;:... ___ .... -· n.. .. o .. • ---------llll..-

NAME 
ADDRESS-----------

Al>L---1'...__ ___ Clty, ____ _ 

M ______ s.ioJN.,_ __ _ 

Dat. al s.i. __ Ca!J Rec'd B1---''"" 
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CO~IPLAINT 

SERVICE CHARGE If A•._.. .. ..._--..,.,··--,-+
N• f,. hh ,...__.. ll _I....._ 

SERVICE CHAJlCE II•---------1-
!ERVICE CHAJlCE --------1--

AD .. ,....._ ,.,._ .... h ........... Swc.li .... 
l'f,-..U_....._ ..... tM.W--~U...._ rm-rm--

necessary, or is desired, ~c-o_.o _____________ __. 

the customer calls the < CaurU'JI Dai-ega-Cit11 Radio Oo.) 

given telephone number, FIG. 32-32.-Facsimile reproduction of 
and the "call" is received the front of the "Service Report" form 

sheet which the service man fills out 
by one of a group oper- for every service job. The rear of this 
ating a telephone switch- sheet is shown in Fig. 32-33. 

board. The service number, name, address, telephone number 
if any, apartment number, type of receiver, date and store of 
purchase, and the complaint of the customer is requested by the 
operator. An appointment is made (usually for the following day) 
for the service man to call, unless a later date is requested. AIJ 
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this information is filled in on a "Service Report" form sheet, a 
sample of which is shown in Fig. 32-32. 

All service requests are checked back against the filed records 
to determine whether the receiver is still within the service guar
antee period. The folders are withdrawn from the files and 
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placed into a separate 
compartment, after the 
date of service (the fol
lowing day) has been 
stamped upon the outside 
of the folder. All service 
requests for the following 
day are routed at night 
and assigned to the dif
ferent service men on the 
service staff, who report 
to the service department 
each morning. At the 
same time, small cards 
bearing the customer's 
name and address, and 
the name of the service 
man assigned to make 
this call are placed in a ~.,_.,., __ r....,,....,. 

.......... file box, so that the name 
SlcuhN ,., S.U.f~ ...,._ 

T'-•fAnfnl ___ _ 

X of the service man as-
s.nk-e••·-----

signed to the job may be 
(Oourtuy Davega-Oity Radio Co.) quickly and readily de-

FIG. 32-33.-Rear of the "Service Re- termined, as well as hav
port" sheet shown in Fig. 32-32. The 
complete service record is filled in on ing in convenient form, 
this side by the service man. the names and addresses 
of those customers whose receivers are being serviced, without the 
necessity of handling large cumbersome folders. 

After the "service calls" have been routed, those calls as
signed to each service man are listed on separate Daily Work 
Sheets (see Fig. 32-34) small checks being made regarding the 
disposition of the call ( whether an installation, service call or 
deliveru) and a duplicate furnished to the service man so that 
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the time of arrival and departure, C.O.D.'s if any, and a concise 
report of the job may be entered. This duplicate work sheet is 
turned in with the service calls of the preceding day when the 
service man reports each morning. 

Upon arrival at the customer's home, although the service 
request form may contain a specific complaint, the service man 
makes the proper inquiries, (these have been discussed in Chap
ter XVIII, Article 18-2), concerning the faulty operation or 
inoperation of the receiver in an effort to correctly diagnose or 
trace the cause for such operation or inoperation. Experience 

SERVICEMAN'S DAILY WORK RECORD 
DAT• 511:IIVICS MA .. 

c;usTOMn-aNA .. ·- -- .. .... - -· -- -
--

~ I.A9T Joe fl'INISMSD 
.. ,.. ___ l'l.'A,,_ __ m_ .... __ 

(Covrt,-., D1n1•ga,-Cit11 Radio Oo.) 

FIG. 32-34.-"Serviceman's Daily Work Record" sheet on which 
the daily service calls assigned to each service man are listed for his 
guidance and for future record. 

has proved that these preliminary questions are of prime im
portance, and in a great many cases they not only aid in locating 
trouble but cut the actual time required for the service work. 

A complete detailed report of the trouble found, and work 
done, must be made for each service call by the service man. 
Space is provided for this report on the back of the service form 
sheet (as shown in Fig. 32-33), in addition to the customer's 
definite complaint. In the event that some replacement com
ponent part not at hand, is needed, or additional work is to be 
performed, it is so stated. No promises to return at a definite 
time are made by the service man unless sanctioned by the ser-
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vice department and after it has first been determined that the 
required part is in stock. The reasons for this rule are obvious. 

Where the receiver cannot be conveniently repaired at the 
home of the customer for some reason, the entire chassis, tubes 
and reproducer, are returned to the service department the fol
lowing morning and checked in with the receiving clerk. The 
receiving ticket is attached to the service call, the service man 
turning in a duplicate receiving ticket in place of his original 
service call. Here, the "inside" service men who are directed by 
a shop foreman, make all necessary repairs upon the receiver. 
A complete detailed report and the time expended must also be 
made for each job by the individual shop men. This report is 
placed upon the receiving ticket for file record purposes and 
upon his own Daily \Vork Sheet. \Vhen receivers are returned 
or "repeat" calls are made with required material, a card is 
mailed to the customer, stating the date for such return. 

When the service reports are turned in each morning, a 
4'Checker" reads each report carefully and makes the proper 
disposition in each case. If the call is completed, it is filed away 
in the customer's folder. Should material be needed, a requisi
tion for such material is forwarded to the stock room so that the 
required merchandise may be "laid out", or placed on order. 
If the material is at hand, the requisition is then attached to the 
service call, which is re-routed for the date promised. The service 
man obtains the necessary part by presenting the requisition at 
the stock room. 

At the close of the guarantee period, the customer's folder 
is removed from the "guarantee" files and placed in the O.O.S. 
(Out Of Service) file. Should customers request service after this 
period, a service charge is made, plus the cost of material fur
nished. A separate department and group of service men, who are 
ealled "paycall men", are maintained for all O.O.S. service calls. 
This special department also renders service to owners of radio 
receivers which were not originally purchased from the com
pany. The records of completed "pay calls" are suitably filed 
for future reference. 

The advantages derived from accurate, well-kept service 
records are manyf old. As an example, let us take the case of 
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Mr. Smith who requested service on a Stromberg Carlson model 
64 receiver which had become inoperative. A service call was 
filled out, checked, and the customer's folder stamped with the 
date of service by the checker. About a week later, the Checker 
found another service request on file. The complaint again was 
"inoperative". From the customer's folder, it was seen that 
service had been rendered a few days previously, by reason of 
the date on the outside of the folder. Since it was possible that 
some different trouble had arisen, the call was checked through. 
However, a third request for service was made within a few days. 
The Checker examined the two previous service reports and 
discovered that, in both instances, the line fuse had been re
placed and nothing more. Acting upon the plausible theory 
that two fuses would not burn out "of their own accord", and 
that some receiver failure was the cause, the checker made a 
notation on the service call to this effect. The next service man 
who covered the call, having this information to "work on", 
found the temporary breakdown of the first filter condenser (a 
1.3 mfd. unit within the second audio transformer block) to be 
the reason for fuse failures. This example is cited solely to show 
the value of maintaining service records in view of furnishing 
more efficient service. Again, by counting the number of calls 
and adding the time spent on each call, a good idea of the cost of 
service may be determined in the least possible time, without 
external references. 

32-16. Conclusion.-Here is a little formula you can use 
with sure success on any problem you meet in your business. 
It has three parts: 1. The Objective; 2. The Resistances; 3. The 
Plan of Action. Your Objective is undoubtedly to make a suc
cess in the radio servicing business. The Resistances in the wny 
of attaining this Objective are the various obstacles that stand 
in the way of your making sales. The Plan of Action is what 
you formulate to overcome those Resistances and attain your 
Objective. Sounds simple-and it really is, when you attack 
every problem in this systematic way. Try it out and you'll see 
that it actually works. 

But you can't stop with just a plan of action. Just "thinking" 
about action isn't action after all. You've got to follow the 
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plan into action--and that means activity. In a recent edi
torial in the RCA Radio Service News there was a piece of 
excellent advice which is good food for any service man's thought. 
Here it is: 

"He also serves who only sits and waits-but in most cases 
he doesn't serve enough customers to spend his waiting time 
figuring out how to invest his surplus income. It is time for 
radio service men to stop sitting and waiting. In justice to our
selves and to the public, we must tell the public what it needs 
-what we have to offer." 

And of course there's a right way and a wrong way to tell 
and sell the public. Bull-headed, lmscrupulous, high-pressure 
aggressiveness may make a few sales, but it will lose more than 
it makes. If you can succeed in making your prospects like 
you-through sheer friendliness, self-confidence and a spirit of 
giving-then you won't find much difficulty in turning them into 
steady customers whose satisfaction in you will pyramid your 
business through repeat calls and recommendations to their 
friends. 

This attitude, plus a desire to make the best of every oppor
tunity, to learn new methods, to use the most up-to-date equip
men, can bring about only one result-a balance for you in the 
bank. 

There is just one thing more. Don't ever lose sight of the 
fact that you are one element in a big industry. Whatever you 
sell and whenever you sell-sell radio-"the cheapest form of 
entertainment in the world". And be a credit to your profession! 
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1/Ml'LIFIF/t r. $M.IPIN 
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67 PCTCC,.,,, 
/IFHTOPt NE/ITU 6F 

1/Ml'I.IFIF/t $M.6PIN 

66 PCTCCTOI w:flf.. HFIIU.t 6F 
IIMPUl'/£1 SM.61'111 

POWEi TRIPLE 
·1H 

n HE/ITER ME/l71'/lf 
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t/13 POWEi FIL. qp 
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TRIOPt - w,•Pm 
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t,(7 

1/MPilFIU f,0,::E SM.61'1/f 
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DESCRIPrlON AS£ IIIIX.IIME/'l. ,Flt.' CAPACJrANCE~ _ _(!!'ERArJIXG __ CO!jp!,rlo_Ns AJ'ID CHAltACrEJtNlrJC~ ~TY/JE 
- - - u Tl/. OVEllML <IMl'l1MIC~~F.~~ ~,i11ri:sca. J~•1o~u1r1~"'"· ,i11u MVT. - ,,,_.,_ ,vr_ 

I/SE TYPE CATllllt c 7 ~~-jju•u· Af#S (;#IIJ ; INPt/1:0IITNT WHENW/1/IS l""-Y!GI/D. I/AS CIMIF. FIKTOII IISIL CONA OIITl'VT -Iii$. 8111$ JWL 
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··· · 1~ 0.10 o.£(]J 4.o 11 -%%'-f/%I~>-1fr-.!,$g- 1~ 1.0 1160~.,.-~o 1 #. 
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I MIJM P£TECtOR ·•- ·• ur~r,R 6F Al~ o,_ ffi= • 1ST. PETECTOP OV 100 10 , -· '1)6 
_._._/!!!!!J:IFl£P'Ji',,%i ncn1', 1M.6,tlf T 7/f /;·ie Q.JOI 0-~l 5.l _.!_· 0
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I - - 1-n.,,..,_."" I I""""'•,..,• 6~ 12'fl.511.zG I ....._ __ .,_ __ UIOIEI FIL. 
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a,11 Fll'.J. IVAVE :fl(ln,, HEATE/l MED-I"" 4'f. t·'k, 2.0 s.o SOD 0.15() /400 440 S/0 385 
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4 .. 1-tg D.3 12.6 250 0.060 700 0.40 350 310 llllllr1nM 5M41'1/'I 

ZSZ$ IIWT/16£ "'"" HFIITEI 6c 4f '"• 0.., zs.o /ZS aJDO 700 1.40 350 200 DOtlllllll Vll':WH SM.IPIH 
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k IIRYTHEDN SPl!CIRL TU6E$ 
,~uPPL/£0 FO~ lt£PtRCEM£1'tT u,e OltLY) 

TYPE F/1.IIM~n, IR$ll'IQ 
CHHIICTERISTICS, US£ &DIME/I. 

TYH TYP• FILIIM£IIT ~'"" CHAIIIICTRISTICS, USE &PIMEII. 
TVH 

NO. WMn RMI'$. VIEW ;JH~tOCOIUtTO NO. NO. VDtT.S llll~S. VIEW SHIELD COHN. TO ltO. 

zs,/4s z.s 1.35 50 (IITHOPE PIN 
~/'l'l'()J(1l,,l1U"(1 r' 4/JIHR l)N l !Jl'J,t c,,,cr 
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APPENDIX B 

OPERA TING CHARACTERISTICS & BASE 
CONNECTIONS OF OCTAL-BASED 

ALL-METAL TUBES 

A chart presenting the operating characteristics and other 
important information for all-metal tubes in tabulated form is 
presented on Page 1275. 

The "octal" base provided on all-metal tubes has provisions 
for eight pins uniformly spaced 45 degrees apart. Where fewer 
than eight pins are required, the unnecessary ones are omitted 
and the spacing of the remaining pins is unchanged. These tube 
bases fit into a universal 8-hole "octal" socket.• 

The numbering of the pins is in accordance with the RMA 
standard numbering system. In this system, numbers are as
signed to each of the eight possible pin positions. Numbering 
starts at the shell pin, which is always the first pin to the left of 
the locating lug when the tube base is viewed from the bottom 
(with the lug toward the observer). The numbering is clockwise 
on the basis of possible pin positions (see octal tube base illus
tration on Page 1275). Thus, the numbers of the pins used in a 
particular 6-pin octal tube base might be: No. 1 (shell), 2, 3, 5, 
7 and 8 (normal cathode). 

•NoTE: A few manufacturers have placed sets on the market 
during the 1936-36 season with octal sockets in which the unnecessary 
pin holes are "blanked out"-in other words, not pierced. Since this 
practice tends to upset the "universal" features of the octal base, 
it is hoped that it will be short-lived. 
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An 8-pin "Octal" tube 
base ( viewed from the 
bottom) showing the eight 
pins, their numbers, and 
the guiding lug at the 
center. 
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The following table shows the pin positions, pin numbers, 
and terminal arrangements for each of the octal-base all-metal 
tubes. 

Tube 
T11pe 
No. 
5Z4 
6A8 
6C5 
6D5 
6F5 
6F6 
6H6 
6J7 
6K7 
6L7 

PIN POSITIONS AND NUMBERS 
-~-,--------,--;;---:----Top g

0
a.;; 1 I ! ! 3 4 I 5 I 6 I 7 8 Cap 

RMA 

6L ~H _ P2 1· P1 -- K & H 
SA S H P Ga & G11 G-~ G2 H K 
6Q S H P _ G ___ H K 
6Q S H P -- I G1 -- H K 
5- $ H - Gpn I _G ___ l - H K 
7S S H P • - H K & G1 
7Q S H P 2 K2 P 1 - H K1 
7R S H P G2 Ga - H K 
7R S H P G2 Ga - H K 
7T S H P G2 & G, Gs --- H K & G11 

The following chart shows the various internal elements, and 
their connections to the terminaJ pins, for each of the all-metal 
tubes listed above. These terminal-connection views are shown 
as they appear when the tube base is viewed from the bottom, 
(with the lug toward the observer). 

NOTE.·• ALL VIEWS 

ARE 5HOWN 

LOOKING~ M 
&OlTOM OF 
SOCKET OR 
TU&E &ASE 



INDEX 

(The figures refer to page numbers) 

-A-

Acceptor circuit, 626 
Accuracy, meter, 66-67 
A-C instruments, 36-66 

meter rectifier for, 41, 46-48 
movable-iron type, 36-39 
rectifier type, 40-66 

A-C, effective value of, 43-44 
maximum value of, 43-44 
peak value of, 43-44 

Acoustical labyrinth, 1200-1201 
Adapters, tube, 190-201 

for neutralizing receivers, 
700 

for output meters, 690 
for set analyzers, 264-274 
for testing tubes having high-

voltage filaments, 197-201 
how to make, 191 

Addressing, 1221 
Adjacent channel interference, 

1175-1177 
Advertising, business cards for, 

1246 
business reply cards, use .of, 

1223 
delivery truck, 1244-1246 
direct-mail, 1220-1241 
display, 1216-1220, 1241-

1243 
follow-ups, 1249 
for auto-radio business, 

1248-1249 
1277 

fundamentals, 1214-1216 
lantern-slides for, 1244 
letter beads for, 1246 
"logs" for, 1247-1248 
meeting specific objections 

in, 1263 
miscellaneous, 1241-1248 
newspaper, 1241, 1246 
plan for, 1263, 1264 
postcards for, 1220-1241-1249 
premiums, use of, 1223-1224 
radio station, 1243 
sales-resistance, overcoming, 

1253 
Aerial, auto-radio, comparison 

of, 918 
definition, 431 (footnote) 
directional characteristics of, 

1150-1156 
double-doublet, 1120-1121, 

1139-1149 
double-doublet, directional 

properties of, 1164 
double-doublet, length of, 

1120-1121 
doublet, 1131-1132, 1138 
doublet, directional proper-

ties of, 1163 
doublet, length of, 1120-1121 
for metal-top cars, 916-920 
imped. matching of, 1122-1128 
installing in fabric car-top, 

907-908 
installing in f oldiq car-top, 

912-916 



1278 INDEX 

Aerial (cont'd) 
installing in metal-bow top, 

908 
installing in metal-braced 

top, 909 
installing in poultry-wire 

tops, 906-907 
installing in slat-type car

tops, 898-906 
inverted-L, directional prop

erties, 1151; length of, 
1120-1121 

length of, 1120-1122 
loop type, directional, 1151 
pickup of interference by, 

1106-1107 
running-board type, 916-917 
screen, for auto-radio, 900-

903 
tape type, installing on car 

roof, 910-911 
testing for noise-free zone 

for, 1155-1158 
T-type, directional properties 

of, 1152 
under-car types, 915-920 
vertical type, directional 

properties, 1151 
wire type (under-car), 918 
( see also, Antennas) 

Air-core coils, troubles in, 670-
573 

Air gap, cleaning in speakers, 
821, 842 

in cores, 800-801 
Aligning, 

all-wave receivers, 723, 997-
1001 

necessity for, 682 
output indicator for, 689 
preliminary considerations 

for, 687 
procedure for flat-topped or 

band-pa18 i-f amplifiers, 
'121 

procedure for i-f amplif. of 
all-wave receivers, 723 

procedure for oscillator and 
r-f circuits, 727-730 

procedure for peaked i-f am
plifiers, 718-721 

procedure for receivers hav
ing ave, 730-732 

procedure for t-r-f receivers, 
690-695 

provisions for, 684-687 
receivers having ave, 730-732 
sequence for superhets, 716 
superheterodynes, 702-741, 

779-784 
test oscillator for, 333, 688, 

( see also, Test Oscillators) 
tools for, 739 
use of tuning wand for check

ing, 605 
with cathode-ray oscilloscope, 

739-741, 762-772, 779-784 
whose i-f is unknown, 732, 

1003 
Alignment, 

effects of misalignment, 604 
use of tuning wand for 

checking, 605 
(see also, Aligning) 

All-metal tubes, 1274-1276 
AU-wave oscillators, 398-423 
AU-wave receivers, 

aligning frequencies and pro-
cedure, 997-1003 

aligning i-f amplifiers of, 723 
antennas for, 1018-1020 
ant. switching systems for, 

1129-1131 
audio amplif. for, 1188-1190 
ave systems for, 990-991 
baffles for, 1193-1194, 1198-

1201 
beat-note filter for, 1188-1190 
coil shields in, 1013-1014 



INDEX 1279 

All-wave receivers (cont'd) 
coil-switching systems for, 

1004-1013 
dead-spots in, 1008, 1014 
determining i-f in, 1003 
dials for, 1016-1017 
double-doublet for, 1139-1149 
i-f amplifiers in, 989-990 
i-f response, variable, for, 

1177-1182 
image response in, 1001 
installation of, 1201 
iron-core i-f coils for, 1182 
linear detector for, 1183-1188 
line-up frequencies, 997-1003 
line-up procedure, 997-1003 
loud speakers for, 1192-1201 
mixer stage in, 991-994 
noise in, 1017-1018 
oscill. "padding" ck'ts. in, 995 
oscillator stage in, 994-995 
"padding" circuit in, 995-997 
resist. analysis of, 539-545 
RMA designations, 986-987 
second detector for, 1183-1188 
square-law detector for, 1183-

1188 
tone-control for, 1190-1192 
tuning bands in, 1015-1016 
tuning dials for, 1016-1017 
variable i-f amplifier for, 

1177-1182 

Amplified ave, 465-469 

Amplifier action of vac. tube, 337 

Amplifiers, (see Audio Ampli-
fiers) 

Amplitude stability of oscilla
tors, 368-369 

Analysis, point-to-point (see 
Point-to-Point Set An
alysis) 

voltage-current methods, 284-
239, 492-525 

Analyzer, commercial set, 309-
330 

current meas. with, 289 
how to construct, 293-306 
point-to-point, (see Point-to-

Point Analysis) 
resistance (dual-plug), 286 
resistance-voltage, 288 
selective, 323 
socket selector units, 323 
voltage, 291 
voltage-current, ( see Volt

age-Current Set Analyzer) 
Antenna, auto-radio, require

ments, 894-896 
circuit, checking over, 430-

435 
circuit, switching systems 

for, 1129 
directional characteristics of, 

1150-1155 
double-doublet, 1120-1121, 

1139-1149 
doublet, 1131-1132, 1138 
doublet, length of, 1120-1121 
for all-wave receivers, 1018-

1020 
for auto-radio, 892-920 
pickup of interference by, 

1102-1108 
troubles, 430-435 
(see also, Aerials) 

Armature, loud speaker, recen-
tering, 819-821 

sticking, 821 

Astatic crystal pickup, 844 
connection of, 850, 851 

Atmospheric static interference, 
1040-1043 

Attenuators, constant-imped
ance type, 373 

for test oscillators, 372-374, 
401, 404, 412, 422 

ladder type, 401 
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Audio amplifiers, 
Class A amplification, 657 
Class AB amplification, 664 
Class A-Prime amplif., 664 
Class B amplification, 658-

663, 665 
Class C amplification, 664 
classes of, 657 
direct-coupled, 653-657 
distortion, localizing, 774-

775 
fidelity, test of, 773 
for high-fidelity receivers, 

1188-1190 
obscure troubles in, 645-653 
tone control in, 1190-1192 

Audio chokes, repair of, 799 
see also (Coils, iron-core) 

Audio fidelity, 
test of in a-f amplifier, 775 
test of in a receiver, 773 

Audio transformers, 574-578 
repair of, 799 
see also (Coils, iron-core) 

Automatic record changers, 849-
850 

Automatic vol. control, 441-490 
action of, 444-459 
aligning superheterodyne re-

ceivers having, 730-732 
amplified, 465-469 
condensers in, -450 
delayed, 466-459 
in auto-radio receivers, 881-

882 
in all-wave receivers (use 

of), 990 
purpose of, 441-444 
quiet, 469-479 
system , various, 444-469 
troubles in, 459-465 
with combination diode-type 

tubes, 452 

Automobile, engine, operation of, 
922-926 

ignition systems, operation 
of, 926-932 

top construction, types of, 
896-898 

Auto-radio, antennas (built-in), 
892-893 

antennas, requirements of, 
894-896 

antennas, types and installa
tion of, 892-920 

connecting to car-battery, 
890-892 

elect. features of, 880-883 
flexible shaft, 888-889 
generator-type power supply 

units, 979-981 
installation problems, 870-

871 
interference, (external), 921-

922 
interference from car elec

trical system, 939-940 
interference from generator, 

940-945 
interference from ignition 

circuits, 945-969 
interference in, 920-921 
interference, stubborn, 968-

959, 964-971 
interference, tracing to 

source, 969-962 
plate-power supply for, 972-

981 
receiver, location in car, 883-

885 
receiver, mounting in the 

car, 886-887 
receiver troubles, 971-972 
receiver-wiring or chassis in

terference pickup elimina
tion, 962-964 

receivers, desirable construct. 
features, 875-877 
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Auto-radio (Cont'd) 
receivers, mechanical require

ments, 875 
service work equipment for, 

872-875 
service work, qualification 

for, 872 
servicing, selling, 1248-1249 
test bench, 874 
test cage, 873 
tire static, interference, 970 
tuning control arrangements, 

877-880 
tuning control, mounting of, 

887-890 
vibrator-type power-supply 

units, 979-981 
vibrator units, servicing, 976-

979 
(see also, Aerial) 

AVC action, check of, 335 
( see also, Automatic Volume 

Control) 
.. Average" value of a-c, 43 

-B-
Baffles, high-frequency speaker, 

1193-1194 
low-freq. speaker, 1198-1201 

Balanced armature speaker. (see 
Loud Speaker) 

Balanced transmission line, 1118 
Band-pass i-f amp., aligning, 

721, 739-741, 779-784 
for high-fidelity receivers, 

1177-1182 
Bands, tuning, 1015 
Battery, car, 932-933 

charger interference, 1089 
Bias cell, testing, 598 
Bias, grid, circuits for 500-607 
"Birdies", 630 
Bleeder screen circuits, 612-615 
Blotters, use of in adv't., 1221 
Bonding braid, 967 
B-power suppl:, units, vibrator 

type, 973-979 
generator type, 979-981 

Braun, Prof. F., 741 
Breakdown, of volt-ohm-milliam

meter circuits, 102-106 
of volt-ohmmeter circuit, 110 

Breaker points, 925-926 
Bridge circuit for oscillation sup

pression, 696 
Bridge, commercial, 70-71 

slide wire, 69-70 
Wheatstone, 66-69 

Broadcast band receiver, defini
tion, 987 

Browning & Hoskins, 904 
Burton-Webber No. 10 Test Os

cillator, 399 
Business cards, 1246 
Business, reply cards, use of, 

1223 
extra, household appliances, 

1255 
methods, 1256, 1257 

Buzzer interference, 1087 
By-pass condensers, (see Con

demers, Electrolytic) 
(see also, Condenser,, Solid

Dielectric) 

-C-

Cabinets, receiver, retinishi~, 
860-862 

Calibrating a test oscill., 384-396 
C-bias, cells, testing, 598 

circuits, 500-507 
Canvassing for sales, 1208-1209 
Capacity, meas. of, 120-125 

of solid-dielectric cond., 591 
ratio, 1006 
reactance, 126 
with cathode-ray oscill., 778 

Capacity meter (tester), how to 
construct, 127-131 

Capacity meters, 121, 122, 126 
calibrating, 127 
commercial, 131-188, 820 
constructing, 128-131 
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Capacity testers, 121-126 
commercial, 131-136 

Car tops, construct. of, 896-898 
Cardvertiser, 1236 
Cathode-ray, 743 
Cathode-ray oscilloscope, 

aligning r-f, i-f and oscill. 
stages with, 771, 779-784 

as business getter, 1229 
audio fidelity test with, 773, 

776 
capacity meas. with, 773 
connecting to receiver for 

aligning, 766 
current meas. with, 772 
inductance meas. with, 773 
interpreting resonance curves 

seen in, 767-771 
intermittent receiver oper

ation, testing for, 775 
localizing audio distortion 

with, 774-775 
need for in superhet. align

ment, 739-741 
precautions to observe when 

using, 776 
sensitivity of, 761 
uses for, 772-776 
voltage meas. with, 772 
(see also, Cathode-ray tube) 

Cathode-ray tube, 741-753 
action of, 747-753 
deflecting plates, action of, 

747-753 
electron gun of, 744 
fluorescent screen of, 745-747 
focusing electrodes of, 744 
interpreting resonance curves 

seen in, 767-771 
Lissajous' figures of, 752-754 
precaution to observe when 

using, 776 
sensitivity of, 761 
structure of, 742-747 
sweep circuit amplif. for, 761 

"sweep" voltage for, 753-762, 
780, 786-787 

"sweep" voltage, synchroni
zer for, 781 

"timing" voltage for, 753-762 
( see also, Cathode-ray O,cil,

loscope) 
Cathode-ray tun'g indicator, 490 
Charging rate of car generator, 

935-937 
Checker, tube, see Tube Check# 
Chokes, ( see Filter Choke,) 
Circuit breakdown, 

volt-ohm-milliam., 102-106 
volt-ohmmeter, 110 

Circuits, oscillator, 345-355 
Class A amplification, 657 
Class AB amplification, 664 
Class A-Prime amplification, 66, 
Class B amplif., 658-663-665 
Class C amplification, 663-664 
Clough-Brengle Model OC oscil-

lator, 402 
Code interference, 625-628 
Coil, magnetic field around, 8 
Coils, air core, repair of, 797-799 

air core, troubles in, 570-573, 
580-583 

cause of dead-spots, 1014 
change in the induct. of, 583 
i-f, 717, 799, 1182 
i-f, iron-core, 1182 
i-f, repair of, 799 
iron-core, i-f, 1182 
iron-core, troubles in, 578-

578, 582-583, 799 
leakage in coil-form, 573, 583, 

605, 799 
moisture in, 573, 583, 605, 
607, 799 
shields for, 1013-1014 
switches for, 1012-1013 
switching systems for, 1004-

1013 
testing, 578-583 

Colpitts oscillator, 351 
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Combination-tubes, failure of, 
644 

in ave circuits, 452 
structure, 167 
tests, 188 

Combining resistors, 533 
Commercial, a-c--d-c instru

ments, 51-54 
capacity meters (testers), 

131-138 
ohmmeters, 100-119 
oscilloscopes, 776-789 
output meters, 142-146, 154 
set analyzers, 309-330 
set testers, 291, 307-330 
te._t oscillators, 398-423 
tube checkers, 213-231 

Components, receiver, instru-
menw for testing, 553 

need for testing, 551-552 
repair of, (see Repair Of) 
repair, when justified, 793 
tests for, 552, 559-597 
tests of with test oscill. 335 

Compound, removing impregna
ting, 800-801 

Condenser, (electrolytic) effect 
on receiver analysis, 547 

repair of, 806-807 
leakage, (see Concknsers) 
loud speaker, repair, 843-844 

Condensers (electrolytic type) 
breakdown, causes of, 696-697 
checking with ohmmeter, 693 
construction of, 692-693 
leakage of, 126 
leakage tests, 694-696 
repair, 807 
types of, 683 
( see also Condenaer test.) 

Condensers (solid-dielectric 
type), breakdown, 686 

capacity check of, 691 
charging current of, 687 

earphone tests for, 588-589 
emergency tests for, 688 
grounds in, 692, 697 
leakage in, 126, 688 
neon lamp test for, 690 
ohmmeter tests for, 687-690 
puncture of, 585 
repair, 806 
testing, 586-592 (see also, 

Capacity measurement, 
Capacity meters, Conde• 
ser tests) 

troubles in, 684-686 
Condensers (variable), repair

ing, 808-810 
"shorts" in, 808-810 
testing, 597 

Condenser tests, 120 
electrolytic, tester, 129 
high-resistance, 126 
leakage, 126 
testers, 121-125 
(see also, Condensers) 

Conductor, magnetic field 
around, 6-7 

Cones, loud speaker, repairin~, 
822-823, 834-835, 841 

Confidence, Model C tube check
er, 213 

"Special" tube seller, 216 
Constant-current modulation, 

364 
Constant-imped. attenuator, 378 
Constructing, 

battery-operated test oscilla
tor, 377-382, 386-396 

capac. meter (tester), 127-181 
line-operated test oscillator,. 

382-384, 386-396 
ohmmeters, 86-98 
output meters, 160-164, 167-

160 
set analyzer, 293-306 
test oscill., 377-384, 386-396 
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Constructing, (Con'd) 
tube checker, 202-212 
universal meter, 61-63 
v-t voltmeter, 167-160 

Contacts, interference caused by, 
1086-1086 

Continuity, testing for, (see 
Ohmmeter) 

Controls, tone (see Tone Con
trols) 

volume (see Volume Con
trols) 

Copper-oxide rectifier, (see 
Meter Rectifier) 

Copper-oxide rectifier type in
struments, (see A-C in
struments) 

Corrosion of transformer wind
ings, 676 

Counter selling, 1206-1207 
Craft, marine, ( see Marine 

Craft) 
Crystal, phono pickup, 844, 860, 

861 
type loud speaker, 1197 

Current measurement with, met
ers, 14 

Cathode-ray Oscilloscope, 
772 

Customer follow-ups, 1249 
Cut-out on car generator, 934-

936 

-D-
Data, receiver, sources of, 493 

when not available, 646 
Dead spots in oscill., 380-381 

in all-wave receivers, 1008, 
1014 

Dealer demonstration antenna 
system, 1148-1149 

De-coupling filters, 614 
Deflecting vanes for spkrs. 1198 
Degeneration, 609 
Delayed ave, (see Automatic 

Volume Control) 

Delivery truck advertising, 1244-
1246 

Demonstration antenna system, 
1148-1149 

"Dependable", (see Radio Cit11) 
Detector, effect of on noise, 1186-

1188 
for high-fidelity, 1184-1188 
linear, 1184-1188 
square law, 1184-1188 

Diagram, receiver, not available, 
646 

Dial-light resonance indicator, 
485 

Dials for all-wave receivers, 
1016-1017 

Diathermy apparatus, elemen
tary interference caused 
by, 1092-1094 

Diode tube structure, 166 
Direct-coupled amplif. tube, 666 
Direct-coupled a-f amplifiers, 

653-657 
Direct mail selling, 1220-1241 
Directional characteristics of 

aerials, 1150-1155 
Display advertising, 1216-1220, 

1241-1243 
Distortio:i.t, causes of, 643-645, . 

674 
localizing in a-f amplif. 776 
localizing (audio) in a re

ceiver, 774 
test for, in a-f amplifier, 776 

Distributor, 925-926, 927 
suppressor resistor, 953-956 

Door bells, eliminating interfer
ence caused by, 1087 

Double-doublet aerial, dealer 
demonstration type, 1148-
1149 

directional characteristics, 
1154 
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for all-wave reception, 1139-
1149 

lenet;h of, 1120-1121 
Doublet aerial, 1131-1132 

directional characteristics, 
1163 

length of, 1120-1121 
with twisted-pair lead-in, 

1138 
Double-spot reception, 619-626 

elimination of, 621-626 
suppression circuits for, 734-

739 
Driver tube, 660 
Dual-wave receiver, def. of., 987 
Dummy tube for neutralizing, 

699 
Duo-diode triode, 168 
Duplex-diode pentode, 168 
Dynamic mutual conductance 

test, 200 
Dynamic loud speakers (see 

Loud speaker) 
Dynamic spk'r, field troubles, 674 

(see also, Loud speaker) 

-E-
"Effective" value of a-c, 43-44 
Electric refrigerator, interfer

ence caused by, 1089-1091 
Electrode arrangements of 

tubes, 166-168 
Electrolytic condenser testers, 

129-131 
commercial, 131-138 

Electrolytic condensers, effect 
on resistance analysis, 64 7 

(see Condensers, electrolytic) 
Electromagnets, 8 
Electron-coupled oscillator, 370-

372, 402, 417-421 
Electron-coupling, 371 
Electron gun, 7 44 
Electron lens, 7 46 

Electron modulators, 364-366 
Electro-medical apparatus, elim

inating interference 
caused by, 1091-1094 

Electrostatic shield, 1101, 1123 
Emergency tests, for resistors, 

664 
for solid-dielectric conden

sers, 688 
Emission tests for tubes, 169-172 

effect of gas on, 172 
English-reading, 179 

English-reading tube testers, 
179, 214-216, 224, 229 

Equivalent tubes for tests, 231 
(chart) 

Extra business, household appli
ances, 1266 

Extra profits, opportunities for, 
1264 

-F-

Fading in receivers, 638-641 
Fan switch, 1010 
Feedback, reversed, 347 

tickle.t, 346 
Fidelity, test of, 773, 776 
Field supply, speaker, 826-833 
Filter chokes, air gap in, 800 

repair of, 799-802 
speaker field as, 828-829 
troubles in, 674 

Filter circuits in power supply 
units, 620-623 

analyzing troubles in, 623-
626 

choke-input type, 621 
condenser-input type, 621 

Filter condensers, 
(see Condensers, electrolytic) 
(see Condensers, solid-di

electric) 
Filter, loud speaker, 672-673, 

1196-1197 

Filters, decouplin&', 61' 
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Filters, interference, at receiver, 
1099-1102 

best physical location for, 
1081-1082 

effect of "noisy ground" on, 
1082-1083 

for eliminating interference 
at the source, 1077-1081 
loud speaker, 1196-1197 
10 kc beat note, 1188-1190 

Firing order of automobile en
gine, 926, 928 

Fixed resistors, 664-666 
repair of, 794-796 

"Flashograph", 489 
Flat-top i-f amplifier, aligning, 

721, 739-741, 779-784 
Fluorescent screen, 746-747 
Folders, use of in advertising, 

1221 
Follow-ups, customer, 1249 
Forms, for installation records, 

1268 
for service records, 1269-

1263 
Franklin Model H-33 tube 

checker, 219 
Free service, discussion of, 1224-

1226 
Frequency bands, 988 
Frequency-"modulator", (see 

Frequency wobbler) 
Frequency ratio, 1006 
Frequency range for high-fidel

ity, 1166-1168 
Frequency stability of oscilla

tora, 368 
Frequeney-"wobbler" fc,r test 

oscillator, 762, 780-782 
Fundamental frequency,366, 367 

-G-

Gain measurement, 334 
Gep, air, 800-801 

cleaning, 821, 842 

Gas test for tubes, 172-173 
Generator (car), action, 933-936 

automatic voltage regulation, 
937-939 

brushes, cleaning and fittin~, 
943 

brushes, sparking at, 942, 944 
by-pass condenser, 944-945 
charging rate, 936-937 
cleaning commutator of, 942-

943 
commutator, turning down, 

942 
commutator, undercutting 

mica, 942-943 
cut-out on, 934 
interference, caused by, 940-

942 
interference, eliminating, 

942-946 
Generator type auto-radio pow

er supply units, 979-981 
Grid, moduation, 361 

suppressor, 611 
Grid bias, cells, testing, 698 

circuits for securing, 600-7 
readings, interpreting, 607-

610 
Grid-shift, method of shiftinc, 

grid bias, 177-179 
tests for vacuum tubes, 178-

177, 179 
Ground, checking over, 431-434 

high-resistance, 431 
in coils, 672, 577, 582 
in condensers, 592, 597 
in resistors, 660, 668 
interference pickup by, 1104-

1106 
Ground, noisy, 1082-1083 

-H-

Half-wave antenna, 1121 
Hand-capacity effects in oscilla

tor, 381 
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Harmonics, 366-360 
amplitude of, 369-360 
characteristics of, 387-389 
computation of, 367 
even, 368 
frequencies, 366-369 
how generated, 366 
odd, 368 
vs. fundamentals, use of, 396, 

399 
Hartley oscillator, 360, 377, 400 
Headlining, in auto top, 901 
Heising modulation, 364, 399 
Heterodyning, interference, 

1043-1044 
High-fidelity receiver, frequency 

range required, 1166-1168 
i-f amplifier of, 1176-1183 
monkey chatter in, 1176 
noise level in, 1170-1171 
oscillator in, 1172-1176 
RMA definition, 1167 
station interference problem 

in, 1176-1182 
tuned R-F circuits of, 1171-

1172 
volume range required for, 

1168-1170 
High-imped. phono pickup, 866 
High-resistance, condenser, 126 

voltmeters, 24-28 
"Hot" terminal of car battery, 

892 
Household appliances, extra 

business, 1266 
servicing, 1236-1237 

House-to-house canvassing, 1208-
1209 

Hum, bucking coil for in loud 
speaker, 830, 831 

-bucking condenser, 666 
-bucking potentiometer, 666 
caused by phono. motor, 849 

due to loose laminations, 674, 
578 

elimination in loud speakers, 
830-833 

in loud speakers, 829 
in phono pickup, 849 
modulation, causes of, 628-

630 
shading-ring for preventing, 

831 
steady, causes of, 630-636 
steady, tracing sources of, 

636-638 
tunable, causes of, 628-630 

-1-

lgnition systems, automobile, 
operation oi, 926-932 

Image frequency, definition of, 
619 

Image-frequency, definit. of, 619 
causing double-spot reception, 

620 
distinguishing from "oscilla

tion", 624 
elimin:1ting, 623-626 
elimin. by band-pass and re

jector circuits, 621-623 
in all-wave receivers, 1001-

1003 
suppression circuit for, 734. 

739 
Impedance-matching transf., 867 

connecting between lead-in 
and receiver, 1126-1129 

construction of, 1124-1126 
for aerials, 1122-1129 

Impedance-ratio, 867 
Impedance-coupled audio-fre

quency amplifiers, obscure 
trou hies in, 662 

Impregnating compound, remov
ing, 800-801 

Indicator, resistor, 669 
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Indicators, tuning, (see Tun.in.g 
indicators) 

Inductance measurement with 
cathode-ray oscillo., 773 

Installation records, forms for, 
1268 

keeping, 1268 
Insulation breakdown, 676-577 

in chokes and transformers, 
806 

Interaction, magnetic, 9-10 

lnterchannel noise, 470 
suppression of, 471-478 

Interference, adjacent-channel, 
1176-1177 

atmospheric-static type, 1040-
1043 

auto-radio, persistent, 968-
969, 964-971 

suto-radio, stubborn, 968-969 
auto-radio, tracing to source, 

969-962 
battery charger, eliminating, 

1089 
buzzer, eliminating, 1087 
caused by car generator, 940-

942 
caused by car ignition cir

cuits, 945-959 
caused by d-c motor, 1050-

1062 
caused by sparking, 1061 
caused by vibrators, 1064 
classification of by method 

of pickup by receiver, 1069-
1070 

code, 625-628 
conducted, 1063, 1069 
contact~, caused by, 1086-

1086 
devices used in various es

tablishments, 1065-1069 
diathermy machine, elimina

ting, 1092-1094 

directly-radiated, 1069 
door-bell, eliminating, 1087 
effect of noisy ground on, 

1082-1083 
effect of receiver improve

ment on, 1037-1039 
electric refrigerator, elimin

ating, 1089-1091 
electro-medical apparatus, 

eliminating, 1091-1094 
filters at receivei-, 1099-1102 
filters, best location for, 1081-

1082 
filters for eliminating at the 

source, 1077-1081 
from power line, suppressing, 

1099-1102 
general types of, 1040 
hunter (receiver), 1076 
identifying device by char-

acter of noise produced, 
1062-1065 

image, (see Image Interfer
ence) 

in high-fidelity receivers, 
1176-1182 

in marine-radio installations, 
1032 

in receivers, 1036-1036 
interstation, 1043-1044 
line filters, 1099-1102 
locator, 1155-1158 
locator (receiver), 1076 
man-made, 1048-1064 
minimizing at receiver equip-

ment, 1097-1099 
motor, eliminating, 1083-1086 
"natural" static type, 1040-

1043 

neon sign, eliminating, 1096-
1097 

oil burner, eliminating, 1087-
1089 

originating in the receiver, 
1044-1048 
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Interference (Cont'd) 
path to receiver, determina

tion of, 1056-1060 
pickup by the aerial, 1106-

1107 
pickup by antenna, 1102-1108 
pickup by the ground, 1104-

1106 
pickup by lead-in, 1107-1108 
power line, 1054-1055 
radiateJ, 1053 
ratio to signal, 1055-1056 
reduction by paralled feeder 

lead-in, 1132-1134 
reduction by shielded lead-in, 

1108-1116 
reduc. by transp's'd lead-in, 

(see Transposed Lead-in) 
reduction by twisted-pair 

lead-in (see Twisted-pair 
Lead-in) 

re-radiated, 1053, 1069 
shielding, source of, 1086 
sign-flasher, eliminatin&', 

1094-1096 
shielding the source of, 1086 
suppression at source v1. at 

receiver, 1060-1062 
surveys, 1231 

testing for noise-free zone, 
1155-1158 

thermostat, 1085-1086 
through power line, 1063 
tire static, 970 
tracing path by which it 

reaches receiver, 1066-1060 
tracking down source of, 

1070-1077 
tunable, 1052 
violet-ray, eliminating, 1091-

1092 
X-ray, eliminating, 1091 

Interference in auto-radio re
ceivers, 920-922, 939-940 

Intermediate frequency, ampli
fier, 704-705, 716-718 

amplifier, aligning procedure 
for, 718-723 

amplifier, aligning procedure 
for, (all-wave), 723 

amplifier aligning with cath
ode-ray oscilloscope, 739-
741, 762-772, 779-784 

amplifier, effects of misalign
ment in, 708-711 

amplifier, in all-wave receiv
ers, 989-990 

determining, 732-734, 1003 
amplifier in high-fidelity re

ceivers, 1176-1183 
amplifier, iron-core coils for, 

1182 
amplifier, variable, for high

fidelity, 1177-1182 
transformers, (see Coiu) 

Intermittent reception, 641-643 
tests for with cathode-ray os

cilloscope, 775 
Internal combustion engine, op

eration of, 922-926 
Interpreting voltage-current set 

analyzer readings, 499-526 
Interstage coupling, 612-617 
Inverted-L antenna, 1161 
Iron-core i-f coils, 1182 

-J-

Jackson, Model 440 oscillator, 
405-409 

-K

Kennelly-Heaviside layer, 1116-
1117 

Kilocycle, definition, 987 

-L-
Lag-loop, 487 
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Laminations, loose, 674, 678 
Lantern slide advertising, 1244 
Lead-in, connecting to receivers, 

1126-1129 
installing in a car, 903-906 
interference pickup by, 1107-

1108 
matching impedance of, 1122-

1129 
parallel feeder, 1132-1134 
shielded, for auto radio, 902 
shielded, for interference re-

duction, 1108-1116 
transposed wire, (see Trau

posed lead-in) 
twisted-pair, (see Twisted

pair lead-in) 
Leakage, coil-form, 573, 583, 606, 

799 
Leakage, condenser, 126 

of electrolytic cond., 694 
of solid-dielectric cond., 691 
tubes, in, 180-182 

Length of aerials, 1120-1122 
Letterheads, business, 1246 
Line filters, 1099-1102 
Lissajous' figures, 752-753 
Logs, station, for advertising, 

1224, 1247-1248 
Loop, antenna, 1075-1076, 1161 

magnetic field around, 7 
Loud speaker, acoustical labyr-

inth for, 1200 
air gap, cleaning, 841, 842 
armature, recentering, 819 
armature, sticking, 821 
baffles, for, 1193-1194, 1198-

1201 
balanced armature, repair of, 

818-823 
balanced armature, test of, 

816-817 
burr in, 636 
cable, testing of, 824 
cones, repairing, 822-823 
cone troubles, 834-6, 841-2 

condenser type, 843-844 
Loud speaker, (Cont'd) 

crystal type (tweeter), 1198 
deflecting vanes for, 1193 
dynamic, troubles in 823-824 
field as filter choke, 828 
field coil troubles, 824-826 
field supply circuit arrange-

ments and troubles, 828-
833 

filter, 672-673 
filter arrangement, 1196-1197 
high-fidelity, 1192-1201 
high-frequency, 1195-1198 
horn type magnetic, test and 

repair of, 812-816 
hum-bucking coil, 830-831 
hum elimination in, 830-833 
hum in, 829 
magnetic, repair of, 816-823 
magnetic, test of, 812-816 
multiple-unit type, 1194-1198 
obscure troubles in, 674-678 
permanent-magnet dynamic, 

repair of, 843 
phasing of, 674-678 
remagnetizing permanent 

magnets of, 817-818 
shading ring, 831 
spider repairing, 840 
spider troubles, 835 
substitution test, 812 
suspension ring, repair of, 

842 
test type, 812 
voice coil, recentering of, 836-

839 
voice coil, repairing of, 839 

Low-impedance phono pickup, 
857 

-M
"Magic eye", 490 
Magnet, electro-, 8-9 
Magnet, permanent, remagnetiz

ing, 817, 848 
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Magnetic field, around a coil, 8 
around a conductor, 6-7 
around a single-turn loop, 7 
of electromagnet, 8-9 

Magnetic interaction, 9-10 
Magnetic speakers, ( see Loud 

speaker) 
Mailing lists for direct-mail ad

vertising, 1222 
Man-made interfer., 1048-1049 

how generated and transmit
ted, 1049-1054 

Marine craft, classification of, 
1022-1023 

radio, notes, 1033-1034 
radio, ignition interference 

in, 1032 
radio installation, 1023-1030 
radio receiver, selecting the, 

1030-1031 
radio servicing, 1032-1033 

Matching, impedance, trans-
former, 857 

Maximum value of a-c, 43-44 
Meissner oscillator, 349 
Merchandising, 1241-1248 
Meshed duo-grid tube, 666 
Metal tubes, 1274-1276 
Meter movement, 10-12 

sensitivity of, 12, 26 
Meter, accuracy, 55-57 

range, selecting, 56, 63 
Meter rectifier, 41, 45-48 

characteristics of, 46-48 
construction of, 45-46 

Meters, (see Ammeters, Cap.. 
acity meters, Ohmmeters, 
Output meters, Power lev
el meters, Voltmeters, Volt
ohmmeters, Volt-ohffHJLil
liammeters) 

Meters, resistances of, 17 
Meter sensitivity, 12 
Meter shunts, 12-21 
Meter-switching systems of an-

alyzers, 242 

Methods, business, 1256-1257 
Mho, 175 
Microammeters, resist. of, 17 
Micromho, 175 
Microphonic howls, 644 
Milliammeters, 11, 14 

commercial a-c~-c, 51-54 
connection of, 15 
extending ranges of, 15-19 
making into voltmeters, 31-33 
multi-range, 19, 20 
rectif. type (a-c~-c), 48-55 
resistance values of, 17 
sensitivity of, 12 
shunts for, 12-21 

Modulated hum, (see Hum mod
ulation) 

Modulation, 360-368 
constant-current, 364 
electron, 364-366 
grid, 361 
prid-leak, 361 
Heising, 363, 399 
hum, (see Hum modulation) 
per cent, 361-363 
plate, 363, 415 
-self, 366-368, 413 
tube, 363 

Monkey chatter, 1175 

Moisture, in coils, 573, 583, 605, 
607, 799 

Motor interference, how caused, 
1050 

elimination of, 1083-1085 
Movable-iron meters, 36-39 

disadvantages of, 38 
voltmeters, extending range 

of, 39 
Movement, Weston, 10-12 
Multi-grid tube structure, 166 
Multiplier resistors, 24, 29-33 
Multi-range, ammeters, 19-20 

milliammeters, 19-20 
voltmetP-rs, 28-29 
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"Mute" switch, 470 
Mutual conductance, 174-175 

changing grid-bias for, 177-
180 

"dynamic" test, 200 
tests, 173-180 

-N-

Na-ald 950 TR tube testing adap
ter, 197 

Negative resistance, 354 
Networks, resistance, checking, 

534-539 
Neon lamp test for condensers, 

590 
Neon sign, eliminating interfer

ence from, 1096-1097 
Neutralizing, a receiver, 334 

an i-f amplifier, 723 
Neutralizing receivers, adapter 

for, 699-700 
dummy tube for, 699 
methods, 695-698 
necessity for, 695 
procedure for t-r-f receivers, 

699-701 
tools, 739 

Neutrodyne, 697 
Newspaper advertising, 1241, 

1246 
Noise, gate, QAVC systems, 476-

478 
in all-wave receivers, 1017-

1018 
interchannel, 470-478 
internal receiver, 1044-1048 
surveys, 1231 
(see Interference) 

Noise-free zone for aerial, teat
in for, 1156-1168 

Noise level in high-fidelity re
ceivers, 1170-1171 

Noise locator, 1166-1158 
Noise-reducing antenna Rystems 

(see Interference) 

Noisy ground, 1082-1083 

Noisy reception, (see Interfer
ence) 

Noisy resistors, 560 

-0-

Objections, meeting specific, 
1253 

Obscure troubles, in impedance
coupled a-f amplif., 652 

in loud speakers, 674-678 
in r-f and i-f amplifiers, 602-

645 
in receiver output circuits,. 

671-674 
in receivers, 601-678 
in resistance-coupled a-f am

plifier, 647-652 
in tone controls, 667-669 
in transformer-coupled a-f 

amplifier, 645-647 
in transformer-impedance 

coupled a-f amplif ., 652 
in volume controls, 669-671 

Ohmmeter, advantages of, 71, 
83-84 

calibrating, 88-90, 92-94 
combination series-shunt, 81 
commercial, 100-119 
constructing, 87-97 
extending ranges of 75-76"• 

79-80, 94-96 
high-range, construct., 96-98 
home made, 87-97 
how to construct, 87-97 
precautions for use, 81-83 
principle of, 72-74 
series, constructing, 87-90 
series- shunt type, 81 
series type, 72-77 
shunt, constructing, 90-94 
shunt type, 77-81 
testing coils and transform

ers with, 678-683 
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Ohmmeter, (Cont'd) 
testing condensers with, 686, 

589, 592, 593, 597 
testing resistors with, 563 
types, 72 

Ohmmeters, constructing, 86-98 
Ohm's Law, 62 
Ohms-per-volt, 27 
Oil burner, eliminating interfer

ence caused by, 1087-1089 
Open-circuits, emergency tests 

for, 564 
in coiis, 574-576, 578-580 
in condensers, 584-591, 597 
in resistors, 557, 563-566 

Opportunities, for extra profits, 
1254 

Oscillation, causes of in r-f cir
cuits, 611 

causes of, miscellaneous, 617 
distinguishing from image in

terference, 624 
due to interstage coupling, 

612-617 
neutralizing of, 695-701 
suppression of, 695-701 
suppressor, 511, 617 
(see also Oscillators) 

Oscillator, action of, 341-345 
amplitude stability of, 868-

369, 376 
calibration, 384-396 
circuits, various, 346-355 
coil data, 379 
Colpitts, 351 
coupling to the, 369-370 
electron-coupled, 370-372, 

402, 417 
frequency range, 333, 356-

359, 376 
freq. stability of, 368, 876 
grid bias, 343 
hand-capacity effects in, 881 
harmonics, characteristics of, 

387-889 

harmonics in, 355-360 
Hartley, 350, 400 
in all-wave receivers, 994-995 
Meissner, 349 
modulation, 360-368 (see also 

Modulation) 
"padding" circuits, 724-727 
regeneration, 342, 610 
requirements for oscill., 342 
reversed feedback, 347 
self-sustaining action, 342 
test, (see Test oscillators) 
tickler feedback, 346 
tracking, (incorrect) in sup-

erhet., 714, 724-730 
tuned-plate-tuned-grid, 348 

Oscillator, relaxation, 122-125 
Oscillograph, use of term, 789 
Oscilloscope, R.C.A. types TMV-

122-B, 776-779, 783-784 
use of term, 789 
Wireless Egert model CR-

500, 784-789 
(see Cathode-Ray oscillo

scope) 
Output circuits, obscure troubles 

in, 671 
Output meters, adapters for, 690 

commercial, 143-146 
connecting, meter types, 146-

150 
connection for superhetero

dyne alignment, 718 
connection for t-r-f receiver 

alignment, 689 
constructing, 150-154, 157-160 
crystal detector type, 150-152 
meter type vs. vacuum-tube 

voltmeter type, 161 
neon-tube type, 154 
tube-rectifier type, 152-153 
type of meter used in, 142 
uses for, 146 
v-t voltmeter type, 155-161 
why needed, 140-141 
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Output power tube test, 201 
Overcoming sales resist., 1253 

-P-

"Padder" circuits, in all-wave 
receivers, 995-997 

oscillator, 724-727 
Padding circuit adjustment, 334 
Paper rattle, 841 
Paper type condensers, (see 

Condensers, solid dielec
tric) 

Parallel circuits, 530 
Parallel-feeder lead-in, 1132-

1134 
"Peak" value of a-c, 43-44 
Pentagrid converter, 168 
Pentode tube tests, 187 
Permanent magnets, remagne-

tizing, 817, 846 
Phasing of multiple loud speak

ers, 67 4-678 
Philco, Model 024 test oscill. 409 
Philco, Model 048 combination 

tester, 115 
Phono pickup, adding to re-

ceivers, 850-856, 857-860 
astatic, crystal, 844, 850-851 
centering armature in, 845 
cleaning air-gap in, 846 
connecting to receivers, 850-

856, 857-860 
construction of, 844 
crystal, type, 844, 850-851 
high-impedance, 856 
hum-bucking coil in, 849 
low-impedance, 857 
oscillator type adapter, 857 
remagnetizing magnet of, 

846 
repairing coil in, 846 
replacing damping blocks in, 

846 
sales, for business, 1237-1289 

volume controls for, 856 
Phonograph motors, eliminating 

hum of, 849 
repair of, 848-849 

Phonograph turntables, repair, 
847-848 

sales for business, 1237-1239 
speed of, 848 
"wow" in, 848 

Pickup ( sec Phono pickup) 
Piezo-electric, loud speaker, 1197 

phono-pickup, 844, 850-851 
Pin-jack meter-connecting sys

tem, 243 
Plate modulation, 363 
Plate voltage readings., inter

preting, 510 
Point-to-point, current meas. 289 

reference point, 282 
resistance analysis, 282-283; 
"hot" analysis, 640 
resistance analyzer, dual-

plug type, 286 
resistance measurement, 281 
resistance tester, 284-286 
resistance-volt. analyzer, 288 
set analysis, 277-292 
testers, commercial, 291 
voltage analysis, 291 
(see Resistance Receiver an

alysis) 
Polarized waves, 1116, 1117 
Postcards for advertising, 1220-

1241, 1249 
Postage rates in U.S., 1221-1222 
Power level meter, 145 
Power rating of resist. 557-559 
Power-output tube test, 201 
Power supply unit, analysis of, 

519-525 
checking, 495 

Power transf., insulation in, 806 
repair of, 802-806 
rewinding, 803-804 
troubles, 678 
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Preliminary, questions before 
trouble shooting, 428 

tests before trouble shooting, 
430-440 

tests, limitations of, 439 
tests on receiver proper, 

436-438 
tests value of, 438 

Profits, extra, opportunities for, 
1254 

Push-button, switches, 246 
tap switches, 249 
toggle switches, 249 

-Q
QAVC systems, 469-479 

noise gate, 4 78 
servicing, 476 

Questions, preliminary, 428 
Quiet ave systems, (see 

QA VG systems) 

-R-
Radio City, Model 205, Super 

Multidapter, 198 
Model 303A tube checker, 216 
Model 304 tube tester, 217 
Model 403 volt-ohm-milliam-

meter, 101 
Model 501 set analyzer, 309 

Radio-frequency amplifier ef
fects of misalignment in, 
711-714 

Radio-frequency coils (see Coils, 
air core) 

Radio-phono., repair of, 844-850 
troubles, 678 

Radio spectrum, 987-989 
Radio station advertising, 1243 
Range, extending ammeter, 16-19 

extending milliammet., 16-19 
extending movable-iron volt-

meter, 39 
extending voltmeter, 29-81 
meter, selecting, 66, 63 
of resistance meas., 61 
selectivity meter, 63, 66 

RCA-Victor Model 97B Oscilla
tor, 409 

Model TMV-122-B Oscillo
scope, 776-779, 783-784 

Output Indicator, 154 
Reactance, capacitive, 126 
Readrite, Model 421-422 tube 

Models 553, 554 and 556 os
cillators, 412 
checkers, 221 

Model 720 tester, 311 
No. 850 Capacity Meter

Tester, 131 
Realignment of receivers, (see 

Aligning receivers) 
Receiver, high-fidelity (see 

High-Fidelity receiver) 
Receiver analysis, voltage-cur

rent method, 234-239, 492-
525 

( see Voltage-current receiver 
analysis) 

( see Resistance analysis of 
receivers) 

Receiver cabinets, refinishing, 
860-862 

Receiver data, sources of, 493 
Receiver designations, RMA, 

986, 987 
Receiver noise, 1044-1048 
Receiver trouble symptoms, 429-

430 
Recentering, armature in mag

netic speakers, 819-821 
armature in phono pickups, 

845-846 
voice coil, 835-839 

Record changers, automatic, 
849-50 

Recording set analyzer readings, 
499 

Records, service, 1259-1263 
installation, keeping, 1258 
servicing, keeping of, 1269-

1263 
Rectifier, characteristics of, 46-

48 
construction of ( copper ox• 

ide), 45-46 
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Rectifier, (Cont'd) 
meter, 41, 46-48 
meters calibrated for "effec

tive" values, 46 
meters measure "average" 

value, 44 
Rectifier tube tests, 170, 186 
Rectifier type instruments, 40-66 
Reference point, for set meas-

urements, 282 
Re.finishing set cabinets, 861 
Refrigerator, eliminating inter

fer. caused by, 1089-1091 
Regeneration, principle of, 342 

in a receiver, 610 
Relaxation oscillator, 122-126 
Remagnetizing permanent mag

nets, 817, 846 
Repair of, audio chokes and 

transformers, 799 
cabinets, receiver, 860-862 
condensers (electrolytic) 807 
condensers (solid dielectric) 

806-807 
condensers (variable), 808-

810 
filter chokes, 799-802 
fixed resistors, 794-796 
i-f coils, 799 
loud speakers ( condenser 

type), 843-844 
loud speakers (dynamic), 

823-843 
loud speakers (general), 

810-812 
loud speakers (magnetic), 

812-823 
phonograph pickups, 844-847 
phonograph record changers, 

849-850 
phono. turntables, 847-849 
power transformers, 802-805 
r-f coils, 797-799 
receiver cabinets, 860-862 
vacuum tubes, 806 

Replacement test, tubes, 163-166 
Reports, servicing, keeping, 

1259-1268 
Resistance, negative, 854 

positive, 354 

Resistance analysis, ( see Pomt
to-point analysis) 

Resistance-coupled a-f amplifier, 
faulty resist. units in, 660 

obscure troubles in, 647-662 
Resistance meas., ammeter-volt-

meter method, 62, 64 
by ohmmeter, 71-84 
point-to-point, 281, 627-660 
range of, 61 
slide-wire bridge method, 69-

70 
voltmeter method, 66-66 
Wheatstone bridge method, 

66-71 
Resistance method of set analy

sis, 279, 527-650 
(see Point-to-Point analysis) 
( see Resistance receiver an

alysis) 
Resistance networks, checkin~, 

534-639 
Resistance, receiver analysis, 

277-292, 627-560 
(see also Point-to-Point an

alysis) 
checking resistance networks, 

584-539 
effect of electrolytic conden

sers on, 647 
of complete all-wave receiv-

er, 689-646 
of r-f plate circuit, 639 
of r-f screen-grid circuit, 642 
of r-f suppressor-grid----eath-

ode circuit, 643 
parallel circuits, 630 
series circuits, 528 
using manufacturer's resist

ance data, 648 
without receiver circuit dia

gram, 646 
Resistance, sales, overcoming, 

1263 
temp. coetficient of, 661 
voltage coefficient of, 662 

Resistance tester for sets, 284-
286 

Realstance-voltage analyzer, 288 
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Resistor indicator, 669 
Resistors. carbon, 666 

combining, 633 
construction of, 663-666 
fixed, 664-666 
fixed, repair of, 794-796 
grid-bias, 600-607 
grounds in, 560-568 
indicator, 669 
moulded carbon, 666 
multiplier, 24, 29-33 
noisy, 660 
open-circuits in, 666, 663 
power rating of, 667-659 
repair of, 794-797 
short-circuits in, 559, 566, 668 
shunt, 12-21 
spark-plug suppressor, 950-

953 
suppressor (for oscillation) 

611, 617 
suppressor, (auto-radio), 950-

957 
temp. coefficient of, 561 
testing, 563-569 
tolerance of, 562 
voltage coefficient of, 562 
wire-wound, 654 

Resonance indicators, (see Tun
ing indicators) 

Rewinding power transformers, 
803-804 

RMA receiver designations, 986-
987 

Rotary switches, 249 
Rotor arm, 927 

-S-

Salesmanship, 1205-1206 
Saturable-core reactor, 485-48'1 
Saw-tooth voltage, 756-761 
Scales, meter, non-uniform, 39 
Screen circuits, bleeder type 

512-516 
double-series type, 517 
series type, 615-617 
shunt type, 517 

Selective analyzer, Weston, 323 
Selecting meter ranges, 63 
Selectivity, check of, 335 

variable in i-f amplifier, 1177-
1182 

Self-modulated oscill., 366-368 
Self-servicing literature, 1226-

1227 
Selling, counter, 1206-1207 

outside, 1207-1213 
telephone, 1212-1214 

Selling service, by direct-mail 
advertising, 1220-1241 

advertising, fundamentals 
for, 1214-1216 

advertisting, misc. 1241-1248 
auto-radio, 1248-1249 
business cards, for, 1246 
blotters, for, 1221 
canvassing, 1208-1209 
counter selling, 1206-1207 
customer follow-ups, for, 1249 
delivery truck advertising, 

for, 1244-1246 
direct-mail advertising for, 

1220-1241 
display advertising, 1216-

1220, 1241-1243 
extra profits, opportunities 

for, 1264 
folders, for, 1221 
follow-ups for, 1249 
lantern slides for, 1244 
letter heads, for, 1246 
logs, for, 1224, 1247-1248 
merchandising, 1241-1248 
uewspaper advertising, for, 

1241-1246 
outside selling, 1207-1213 
postcards, for, 1220-1241, 

1249 
plan, 1263-1264 
premiums, for, 1223-1224 
radio station advertising, 

for, 1243 
sales resistance to, overcom

ing, 1253 
service, business methods, 

1256-1267 
telephone selling, 1212-1214 
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Tetrode tube tests, 187 
Thermal agitation, 1017 
Thermostat interference, 1086-

1086 
Tickler feedback, 346 
Timing of spark, 926 
Timing voltage for cathode-ray 

tube, ( see Sweep voltage) 
Tire static, 970 
Tobe relaxation-oscillator con

denser-tester, 122 
Tolerance of resistors, 662 
Tone controls, 667-669, 1190-

1192 
Tools for aligning and neutral

izing, 739 
Tops, automobile, types of, 896-

898 
Transformers, impedance-match

ing, 867 
impedance ratio of, 867 
turns ratio of, 867 

Transformer-cpl'd. a-f amplif., 
obscure troubles in, 646-647 

Transformer-imped. cpld. a-f am
plif., obscure troubles in, 662 

Transformers, air core (see 
Coils, air core) 

insulation in, 576-677, 806 
iron-core, (see Coils, iron

core) 
power, (see Power trans

formers) 
Transmission line, balanced, 

1118 
Transposed lead-in, 1134-1138 

connecting at receiver, 1138 
connecting to receivers, 1126-

1129 
with doublet, 1134-1136 
(see also Interference) 
( see also Lead-ins) 

Transposition blocks, 1136 
Trimmer condensers, 685-687 
Triplett, No. 1125 Universal a-c 

-d-c meter, 53 
No. 1220 tester, 322 

Trouble-shooting, antenna and 
ground, 480-485 

by resistance tests, 627-550 
preliminary questions, 428 
preliminary tests, 430-440 
with voltage-current analy-

zer, 492-625 
Trouble sirnptoms, receiver, 429 
Troubles, obscure, (see Obscure 

troubles) 
Troubles, ave systems, 469-466 
Truck, advertising, 1244-1246 
Tube, adapters, 190-201 

cathode-ray (see Cathode-
ray tube) 

direct-coupled amplif ., 666 
meshed duo-grid, 666 
structure, 166-168 
Wunderlich, 666 

Tube checker construction of a 
202-212 

development of, 183-190 
how to construct, 202-212 
need for, 163-165 
( see also Tube tests) 

Tube checkers, commercial, 213-
231 

Tube currents and voltages, 
checking, 496 

Tubes, comparison with test os-
cillator, 334 

equivalent for tests, 231 
metal, 1274-1276 
"shot effect" in, 1017 
testing with analyzer, 497 
thermal agitation in, 1017 

Tube tests, cath.-h'tr. lkg., 180 
combination tubes, 188 
development of tester for, 

183-190 
dynamic mut. conduct., 200 
emission, 169-172 
English-reading tester, 179 
gas, 172-173 
grid-shift, 173-177 
leakage, 180-182 
mutual conductance, 173-177 
pentode, 187 
power output type, 201 
rectifier, 170, 186 
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Tube tests (Cont'd) 
replacement, 163-165 
satisfactory, 168-169 
"short'', 182 
tetrode, 187 

Tun-a-lite, 489 
Tunable hum, (see Hum, modu

lation) 
Tuned-plate-tuned-grid oscilla

tor, 348 
Tuned radio freq. receiver, 435 

alignment of, 690-695 
neutralizing, 699-701 

Tuning bands in all-wave receiv
ers, 1015 

Tuning circuits, realignment of, 
(see Aligning receivers) 

Tuning condensers, repairing, 
808-810 

testing, 597 
Tuning control arrangements 

for auto-radio receivers, 
877-880 

Tuning indicators, 479-490 
dial-light type, 485 
Flashograph, 489 
"Magic eye", 490 
Shadowgraph, 482-485 
Tun-a-lite, 489 
types, list of, 479-482 

Tuning wand, 605 
Twisted-pair lead-in, 1116-1119 

connecting, 1126-1129 

-U-
Universal instruments, 40-54 
Universal meter, how to con

struct, 51-53 
Universal motor, interference 

caused by, 1083-1084 
Universal test speaker, 812 

-V-
Vacuum tube, amplif. action, 337 

division of plate circuit 
power, 337 

metal types, 1274-1276 
oscillator action, 341-345 
plate load effect on, 340 
repair, 806 

Vacuum tube voltmeter, 155 
calibrating, 169-160 

compared to output meter, 161 
constructing one, 157-160 
principle of, 155-157 
uses of, 160-161 

Variable condensers, testing, 597 
repairing, 808-810 

Variable coupling in i-f ampli
fiers, 1177-1182 

Variable resistors, repair of, 
796-797 

Vertical antennas, 1151 
Vibrators, auto-radio power 

supply, 973-979 
servicing, 976-979 

Vibrators, cause of interference, 
1054 

Violet-ray apparatus, interfer
ence from, 1091-1092 

Voice coil, recentering, 835-839 
repairing, 839-840 
troubles, 833-835 

Voltage-current analysis chart, 
receiver, 493 

Voltage-current receiver analy
sis, 234-239, 492-525 

chart, 493 
checking power supply unit, 

495, 519-525 
checking tube voltages and 

currents, 496 
interpreting grid-bias read

ings of, 507 
interpreting readings on 

bleeder-type screen cir
cuits, 512-514 

interpreting readings o n 
double-series screen and 
plate circuits, 517 

interpreting readings on ser
ies-connected screen cir
cuits, 515 

interpreting readings on 
shunt-connected screen 
circuits, 517 

recording readings of, 499 
starting, 494 
testing tubes, 497 

Voltage-current set analyzer, 239 
adapters for, 264-274 
advantages of, 274 
checking currents with, 258 



1302 INDEX 

Voltage (Cont'd) 
checking tube circuits with, 

257-260, 263 
checking voltages, 250, 256 
commercial, 309-330 
development of, 242 
interp. of readings, 492-493 
limitation of, 277 
meter-switching system, 242 
pin-jack meter, connecting 

system in, 243 
purpose of, 494 
satisfactory conditions for, 

278 
step-by-step development of, 

250-264 
testing tubes and resistances 

with, 262 
use of switches for, 245 

Voltage coeff. of resistors, 562 
Voltage divider, in power sup

ply unit, 524 
Voltage measurement with cath

ode-ray oscilloscope, 772 
Voltage regulation of car gener

ator, 937-939 
Volt-ammeters, 33-35 
Voltmeter, cathode-ray, 773 

commercial a-c--d-c, 51-64 
extending range of, 29-31 
high-resistance, 24-28 
makin~ from milliammeter, 

31-33 
method of resist. meas., 65-66 
movable-iron, extending 

range, 39 
movable-iron type, 36-38 
multiplier res1stors for, 24, 

29-33 
multiplier, unusual, 319 
multi-range, 28-29 
ohms-per-volt value, 27 
principle of, 22-24 
rectifier type, 48-54 
vacuum-tube type, 155-161 

Volt-ohmmeter, 100 
circuit breakdown, 110 
commercial, 106-111 
(see "Shallcross", "Sup

reme", "Westot&") 

Volt-ohm-milliammeters, 100-106 
breakdown of circuit, 102-106 
commercial, 101, 111-117 
(see "Radio City", "Weston") 

Volume controls, 669-671 
automatic, 441-468 
connecting phono-pickup, 856 
open circuited, 560-561, 671 
repair of, 796-797 
troubles in, 561, 670-671 

-W
Wavelength, 987 
Wave trap, 626 
Weston, meter movement, 10-12 

meters, resistance of, 17 
movable-iron meter, 36-38 

Weston, Combin. tester, 118-119 
No. 301 Univ. Meter Kit, 51 
No. 571 Output Meter, 143-144 
No. 654 Volt-ohmmeter, 111 
No. 663 Volt-ohm-milliam-

meter, 111 
No. 664 Capacity Meter, 135-

138 
No. 665 Analyzer, 323 
No. 666 Socket Selector 

Units, 323 
No. 681 Tube Checker, 228 
No. 682 Tube Checker, 229 
No. 694 Oscillator, 419 
No. 695 Power-Level Meter, 

145 
.No. 698 Selective Set Ser

vicer, 328 
Wheatstone bridge, 66-71 

commercial, 70-71 
slide-wire type, 69-70 

Wireless-Egert, No. CR-500 Os
cilloscope, 784-789 

No. 99 Test Oscillator, 421 
Wire-wound resistors, 554 

repair of, 794-797 
"Wow", phono. turntable, 848 
Wright-De Coster speaker, 812 
Wunderlich tube, 666 

-X-
X-ray apparatus, eliminatinc in

terference from, 1091 


	Modern Radio Servicing
	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219
	0220
	0221
	0222
	0223
	0224
	0225
	0226
	0227
	0228
	0229
	0230
	0231
	0232
	0233
	0234
	0235
	0236
	0237
	0238
	0239
	0240
	0241
	0242
	0243
	0244
	0245
	0246
	0247
	0248
	0249
	0250
	0251
	0252
	0253
	0254
	0255
	0256
	0257
	0258
	0259
	0260
	0261
	0262
	0263
	0264
	0265
	0266
	0267
	0268
	0269
	0270
	0271
	0272
	0273
	0274
	0275
	0276
	0277
	0278
	0279
	0280
	0281
	0282
	0283
	0284
	0285
	0286
	0287
	0288
	0289
	0290
	0291
	0292
	0293
	0294
	0295
	0296
	0297
	0298
	0299
	0300
	0301
	0302
	0303
	0304
	0305
	0306
	0307
	0308
	0309
	0310
	0311
	0312
	0313
	0314
	0315
	0316
	0317
	0318
	0319
	0320
	0321
	0322
	0323
	0324
	0325
	0326
	0327
	0328
	0329
	0330
	0331
	0332
	0333
	0334
	0335
	0336
	0337
	0338
	0339
	0340
	0341
	0342
	0343
	0344
	0345
	0346
	0347
	0348
	0349
	0350
	0351
	0352
	0353
	0354
	0355
	0356
	0357
	0358
	0359
	0360
	0361
	0362
	0363
	0364
	0365
	0366
	0367
	0368
	0369
	0370
	0371
	0372
	0373
	0374
	0375
	0376
	0377
	0378
	0379
	0380
	0381
	0382
	0383
	0384
	0385
	0386
	0387
	0388
	0389
	0390
	0391
	0392
	0393
	0394
	0395
	0396
	0397
	0398
	0399
	0400
	0401
	0402
	0403
	0404
	0405
	0406
	0407
	0408
	0409
	0410
	0411
	0412
	0413
	0414
	0415
	0416
	0417
	0418
	0419
	0420
	0421
	0422
	0423
	0424
	0425
	0426
	0427
	0428
	0429
	0430
	0431
	0432
	0433
	0434
	0435
	0436
	0437
	0438
	0439
	0440
	0441
	0442
	0443
	0444
	0445
	0446
	0447
	0448
	0449
	0450
	0451
	0452
	0453
	0454
	0455
	0456
	0457
	0458
	0459
	0460
	0461
	0462
	0463
	0464
	0465
	0466
	0467
	0468
	0469
	0470
	0471
	0472
	0473
	0474
	0475
	0476
	0477
	0478
	0479
	0480
	0481
	0482
	0483
	0484
	0485
	0486
	0487
	0488
	0489
	0490
	0491
	0492
	0493
	0494
	0495
	0496
	0497
	0498
	0499
	0500
	0501
	0502
	0503
	0504
	0505
	0506
	0507
	0508
	0509
	0510
	0511
	0512
	0513
	0514
	0515
	0516
	0517
	0518
	0519
	0520
	0521
	0522
	0523
	0524
	0525
	0526
	0527
	0528
	0529
	0530
	0531
	0532
	0533
	0534
	0535
	0536
	0537
	0538
	0539
	0540
	0541
	0542
	0543
	0544
	0545
	0546
	0547
	0548
	0549
	0552
	0553
	0554
	0555
	0556
	0557
	0558
	0559
	0560
	0561
	0562
	0563
	0564
	0565
	0566
	0567
	0568
	0569
	0570
	0571
	0572
	0573
	0574
	0575
	0576
	0577
	0578
	0579
	0580
	0581
	0582
	0583
	0584
	0585
	0586
	0587
	0588
	0589
	0590
	0591
	0592
	0593
	0594
	0595
	0596
	0597
	0598
	0599
	0600
	0601
	0602
	0603
	0604
	0605
	0606
	0607
	0608
	0609
	0610
	0611
	0612
	0613
	0614
	0615
	0616
	0617
	0618
	0619
	0620
	0621
	0622
	0623
	0624
	0625
	0626
	0627
	0628
	0629
	0630
	0631
	0632
	0633
	0634
	0635
	0636
	0637
	0638
	0639
	0640
	0641
	0642
	0643
	0644
	0645
	0646
	0647
	0648
	0649
	0650
	0651
	0652
	0653
	0654
	0655
	0656
	0657
	0658
	0659
	0660
	0661
	0662
	0663
	0664
	0665
	0666
	0667
	0668
	0669
	0670
	0671
	0672
	0673
	0674
	0675
	0676
	0677
	0678
	0679
	0680
	0681
	0682
	0683
	0684
	0685
	0686
	0687
	0688
	0689
	0690
	0691
	0692
	0693
	0694
	0695
	0696
	0697
	0698
	0699
	0700
	0701
	0702
	0703
	0704
	0705
	0706
	0707
	0708
	0709
	0710
	0711
	0712
	0713
	0714
	0715
	0716
	0717
	0718
	0719
	0720
	0721
	0722
	0723
	0724
	0725
	0726
	0727
	0728
	0729
	0730
	0731
	0732
	0733
	0734
	0735
	0736
	0737
	0738
	0739
	0740
	0741
	0742
	0743
	0744
	0745
	0746
	0747
	0748
	0749
	0750
	0751
	0752
	0753
	0754
	0755
	0756
	0757
	0758
	0759
	0760
	0761
	0762
	0763
	0764
	0765
	0766
	0767
	0768
	0769
	0770
	0771
	0772
	0773
	0774
	0775
	0776
	0777
	0778
	0779
	0780
	0781
	0782
	0783
	0784
	0785
	0786
	0787
	0788
	0789
	0790
	0791
	0792
	0793
	0794
	0795
	0796
	0797
	0798
	0799
	0800
	0801
	0802
	0803
	0804
	0805
	0806
	0807
	0808
	0809
	0810
	0811
	0811a
	0812
	0813
	0814
	0815
	0816
	0817
	0818
	0819
	0820
	0821
	0822
	0823
	0824
	0825
	0826
	0827
	0828
	0829
	0830
	0831
	0832
	0833
	0834
	0835
	0836
	0837
	0838
	0840
	0841
	0842
	0843
	0844
	0845
	0846
	0847
	0848
	0849
	0850
	0851
	0852
	0853
	0854
	0855
	0856
	0857
	0858
	0859
	0860
	0861
	0862
	0863
	0864
	0865
	0866
	0867
	0868
	0869
	0870
	0871
	0872
	0873
	0874
	0875
	0876
	0877
	0878
	0879
	0880
	0881
	0882
	0883
	0884
	0885
	0886
	0887
	0888
	0889
	0890
	0891
	0892
	0893
	0894
	0895
	0896
	0897
	0898
	0899
	0900
	0901
	0902
	0903
	0904
	0905
	0906
	0907
	0908
	0909
	0910
	0911
	0912
	0913
	0914
	0915
	0916
	0917
	0918
	0919
	0920
	0921
	0922
	0923
	0924
	0925
	0926
	0927
	0928
	0929
	0930
	0931
	0932
	0933
	0934
	0935
	0936
	0937
	0938
	0939
	0940
	0941
	0942
	0943
	0944
	0945
	0946
	0947
	0948
	0949
	0950
	0951
	0952
	0953
	0954
	0955
	0956
	0957
	0958
	0959
	0960
	0961
	0962
	0963
	0964
	0965
	0966
	0967
	0968
	0970
	0971
	0972
	0973
	0974
	0975
	0976
	0977
	0978
	0979
	0980
	0981
	0982
	0983
	0984
	0985
	0986
	0987
	0988
	0989
	0990
	0991
	0992
	0993
	0994
	0995
	0996
	0997
	0998
	0999
	1000
	1001
	1002
	1003
	1004
	1005
	1006
	1007
	1008
	1009
	1011
	1012
	1013
	1014
	1015
	1016
	1017
	1018
	1019
	1020
	1021
	1022
	1023
	1024
	1025
	1026
	1027
	1028
	1029
	1030
	1031
	1032
	1033
	1034
	1035
	1036
	1037
	1038
	1039
	1040
	1041
	1042
	1043
	1044
	1045
	1046
	1047
	1048
	1049
	1050
	1051
	1052
	1053
	1054
	1055
	1056
	1057
	1058
	1059
	1060
	1061
	1062
	1063
	1064
	1065
	1066
	1067
	1068
	1069
	1070
	1071
	1072
	1073
	1074
	1075
	1076
	1077
	1078
	1079
	1080
	1081
	1082
	1083
	1084
	1085
	1086
	1087
	1088
	1089
	1090
	1091
	1092
	1093
	1094
	1095
	1096
	1097
	1098
	1099
	1100
	1101
	1102
	1103
	1104
	1105
	1106
	1107
	1108
	1109
	1110
	1111
	1112
	1113
	1114
	1115
	1116
	1117
	1118
	1119
	1120
	1121
	1122
	1123
	1124
	1125
	1126
	1127
	1128
	1129
	1130
	1131
	1132
	1133
	1134
	1135
	1136
	1137
	1138
	1139
	1140
	1141
	1142
	1143
	1144
	1145
	1146
	1147
	1148
	1149
	1150
	1151
	1152
	1153
	1154
	1154a
	1155
	1156
	1157
	1158
	1159
	1160
	1161
	1162
	1163
	1164
	1165
	1166
	1167
	1168
	1169
	1170
	1171
	1172
	1173
	1174
	1175
	1176
	1177
	1178
	1179
	1180
	1181
	1182
	1183
	1184
	1185
	1186
	1187
	1188
	1189
	1190
	1191
	1192
	1193
	1194
	1195
	1196
	1197
	1198
	1199
	1200
	1201
	1202
	1203
	1204
	1205
	1206
	1207
	1208
	1209
	1210
	1211
	1212
	1213
	1214
	1215
	1216
	1217
	1218
	1219
	1220
	1221
	1222
	1223
	1224
	1225
	1226
	1227
	1228
	1229
	1230
	1231
	1232
	1233
	1234
	1235
	1236
	1237
	1238
	1239
	1240
	1241
	1242
	1243
	1244
	1245
	1246
	1247
	1248
	1249
	1250
	1251
	1252
	1253
	1254
	1255
	1256
	1257
	1258
	1259
	1260
	1261
	1262
	1263
	1264
	1265
	1266
	1267
	1268
	1269
	1270
	1271
	1272
	1273
	1274
	1275
	1276
	1277
	1278
	1279
	1280
	1281
	1282
	1283
	1284
	1285
	1286
	1287
	1288
	1289
	1290
	1291
	1292
	1293
	1294
	1295
	1296
	1297
	1298
	1299
	1300
	1301
	1302
	1303
	1304
	1305
	1306
	1307
	1308
	1309
	1310
	1311

