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Frontispiece Courtesy “RADIO TODAY”

What goes wrong with radio receivers—and why! These are
the common troubles which develop in present-day receivers, based
on the experience of servicing organizations handling more than
100,000 sets annually. Note that similar “trouble sympton}a" may
result from several different troubles. The task of locating and
repairing these many troubles in all makes and models of receivers,
forms the bulk of the radio service man’s work.




PREFACE

The enthusiastic manner in which the original edition of this
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,
modern 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




vi PREFACE

The present book, Modern 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 ite com-
prehensive scope. ’

It is the firm conviction of the author that too much time
can 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 modern 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
through 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 Modern 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 the text; to Mr. T. S. Ruggles for his work
in putting the chapter, 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 was
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.

PREFACE TO THE FIFTH IMFRESSION

In this fifth impression, a new revised and enlarged Receiving
Tube Operating Characteristics and Basing Diagram chart has
been added on page 1265. This chart gives important data on
742 receiving tube types that radio serviceren may now en-
counter in old and recent models of radio receivers.

A A G

April 1943
s
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MODERN
RADIO SERVICING

CHAPTER 1
INTRODUCTORY

Important and far-reaching changes have taken place in the
radio industry during the past few years. The superheterodyne
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 reproduction,
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




2 MODERN RADIO SERVICING CH.1

High-fidelity receivers also possess new ecircuit features, ad-
justments and peculiarities not found in any previous commer-
oial receivers. These adjustments must be made in certain ways
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 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 is
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 im’
1930, mean to the radio service man of today—the man who is
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 characteristics
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 onh how a
poorly equipped, unprogressive, ‘“old timer” would attempt to
align the tuning circuits of a modern 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-
ern 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. Modern radio ser-
vicing practice ealls for the type of men who have not only the
necessary knowledge and equipment to meet today‘'s problems,
but who will also Lave 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 chmmeters 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 modern 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 oad background knowledge of electrical and radio
princip{es', and who desire to make a speciallized study of
radio sefviting 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. All
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 third 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
Cn:plex phases of service work without breaks in continuity.

* The Radio Physics Course by Alfred A. Ghirardi was written
specially 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 troublés 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 in 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, ochmmeters, circuit testers, etc., used in radio service
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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 & magnetic substance,

DIRECTION OF

WIRE

CURRENT FLOW F1G. 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.

]
\:f’)‘ MAGNETIC LINES
b OF FORCE

.

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 II; Fig. 9-14 means the fourteenth figure
in Chapter IX, ete. g
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The second impoi'tant principle regarding magetism produced
by the flow of electric current is:

“The strength of the magnetic field produced at any
point 18 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

WIRE _
Fig. 2-2—Iron filings are / +
attracted ﬁt(idthe dwm:i by t!l::; /
magnetic field produced arou / /
it due to the flow of current // BATT. /
through it. When the flow of i

current is stopped, the iron ¢
filings drop off, pr’oving that f{?;mnwx
the magnetism is present only “"\#&M* ¥~ IRON

while the current flows. FILINGS

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 thert 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 magnetie
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

MAGNETIC
FIELD
DIRECTION
OF
CURRENT
FLOW DIRECTION OF CURRENT,

Fic. 2-3. — How the mag- Fig. 2-4. — If the coil is

netic lines of force arrange
themselves 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

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

the inside of the loop. lines.

resultant magnetic field (or force) around, and fhrough, 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 Jorce leave, is called the north pole (N), and the end
which they enter is called the south (S) pole.”

2-5. Electromagnets.—If an iron core is placed 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.)
2. Number of turns of wire.
3. 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-
-d 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

DIRECTION OF
MWEMENT)

(&

E \ef_sl ’ |

(A) (B)

c

F16. 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 per-
manent magnet. Likewise, the S-pole of the coil will be at-
tracted by the N-, and repelled by the S-pole, of the permanent



10 MODERN RADIO SERVICING CH.I1

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

g=1 »

(A) * (B)

Oourtesy Weston Klect. Im.r. COorp.

FiG. 2-6.—(A): Assembled Weston 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

A
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this type is shown at (A4) 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

Fi6. 2-7. — A typical com-
mercial 0-1 d-¢ 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.

Oourtesy Weston 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 the function of always returning the coil to a definite
zero pogition 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 full scale.

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

When referring to voltmeters, the sensitivity is usually re-
ferred 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 meters
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 smail. 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 (4) 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
defimite, 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
1t 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, a8 shown at (B).

Now, if the shunt resistance R, is made just equal to the resist-
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 1 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

(A) (B) ({3}

F1e. 2-8.—How shunts are connected in parallel with the mov-
able coil of the meter. The shunts carry a definite fraction of the
total current to be measured, permitting the usé 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 usinia 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, light-weight meter movement (employing a
movable coil wound with very flne 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 “total”
circuit eurrent 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 oirouit

MILLIAMMETER MILLIAMETER
——T > >
LINE é}l LINE \
CORRECT X < INCORRECT
v AMMETER
=% (==
AMMETER
(A ®

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

Fi1g. 2-10.—In order
to multiply the meter
range by 10, a shunt
resistance R, is con- -
nected across the meter .
terminals. The meter jo I—»

resistance is Rm. The Rpm
shunt must carry 9/10 cyrRENT

of the total current, TO- BE 21
and the meter must MEASURED ‘\';V\AN‘.
carry 1/10 of it. There- T—> v R, ) I—s»

fore the shunt resist-
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 current 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-¢ 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 R,,, 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, = n—1I

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, = — =10_1 =9— = 3 ohms.
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-¢ 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 approrimate 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
Microampas.| Resistance Divisions Resistance | Divisions
[ D-C | (Ohms) | on Scale (Ohms) on Scale
200 b 40 140 40
300 - —_— | 140 . 60
600 66 60 140 50
Milliamps. |
D-C ]
1. 27 650 , 30 60
1.6 18 76 30 [ 6
2. 18 40 | 26 | 40
3. 18 60 I 20 l 60
b. 12 60 | 12 60
10. 8.6 60 7 ’ 50
16. 3.2 5 l 5 [
20. 1.6 40 —_ —
26. 1.2 , 60 { 3 l 60
30. 1.2 60 | - | =
60. 2.0 60 | 1.6 60
100. 1.0 60 | 0.76 | 650
160. 0.66 76 0.5 76
200. 05 | 40 037 | 40
250. 04 | 50 | = | =
300. 0.38 60 0256 | 60
500. 0.2 50 l 0.15 50
800. 0.126 40 — | —
1000. 01 | 50 ! - | =
Weston (Model 600) High- ||  Weston (Model 600) A-C
sensitivity D-C Microammeters || Rectifier-Type Microammeters
Range Approx. ’ l Approx.
Microamps. Resistance || M.Ra“ge | Resistance
D-C ( Ohms) I {croamps. ! ( Ohms)
30 2000 I 100 ‘ 3700
60 2000 | 200 2600
76 1760 ‘ 260 \ 2300
100 1300 |
200 66 ;
300 65
500 30 |
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which are familiar to service men. The microammeters and the
0-1 milliammeters are used a great deal by radio servicemen for
making home-made 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-

. 'vr
B
“‘ METER
’ Courtesy Weston Nlsct. Instr. Oorp.
SHUNT (Rg)

F16. 2-11.—(Left): Circuit employed for making meter shunts
by trial. R

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

ance 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 V. (about 200 ohms 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 mazi-
mum value, for safety. ;

Now the current-adjusting resistor should be adjusted carefull
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. 2-18)
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 ]l>ointed 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 meter 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 Manganin 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-range
meter of greater usefulness. '

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

@METER @METER

R
250 N
J 2 50 ' 5 150
W ! 250
Y AW s
Rg 1
F1G. 2-12.—Multi-range mil- Fig. 2-13.—Multi-range mil-
liammeter, or ammeter, usin, ‘liammeter or ammeter using a
individual shunt resistors an single, tapped shunt resistor
a range-selector switch S. and a range-selector switch.

80 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 8, is shown in Fig. 2-12. Another
arrangement which employs a tapped shunt resistor 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
affect 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; and R, are in series with each other to form
the shunt. When 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 B; 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, mult{-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, milliammeters 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

Fic. 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 ranges
available,

——
0-1 RANGE

0-100 RANGE

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
I=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 wvoltage 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-¢
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 I=E/R—=100/27—38.7 amperes, or 8700 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

vy yswypwyws:
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the scale (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=FE/I, 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=—FE/I=100/0.001—=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 100,0004-27=100,027
ohms. However, the resistance of the meter itself can be disregarded

TS
MILLIAMPER \NOL
s A5 .6 gD

° 30 AD 50 60 70 80

F16. 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.

Fic. 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

The scale is calibrated to read range of the meter. The scale
“milliamperes”—up to 1 ma. 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 resistors 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
oourse, 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-¢ 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 un.derstand 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 (4) of Fig. 2-17. A voltage of 200 volts is being
applied across resistors B, 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=IXR=0.01X10,000=100 volts.

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

o~
©
10,000\ 100
OHMS VOLTS
200
VOLTS
10350 100
(ohms) VOLTS
©—=
75 (8

Fi16. 2-17.—(A4): 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,. The
voltmeter draws so much current from the circuit, that it alters the
voltages acrosg R, and R,, and therefore gives a false reading.

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

RB;XR, 10,000<10,000

R = RIE, 10 000+-10,000 =5,000 ohms, which, when in series

with resistor B4 of 10,000 ohms, results in a total circuit resist-
ance R; of 50004-10,000—=15,000 chms. 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,—0.0133)¢10,000=133 volts, and that
across R, and the voltmeter s but 200—133, or 67 volts!
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. 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 (ils resistance for the
partieular range employed) should be at least 10 times the re-
sistance of the circuit across which it is connected when making
the voltage measurement. Thus, if in Fig. 2-17, the resistance
R,, of the voltmeter employed had been 100,000 ohms, the change
in voltage across B; 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-reststance voltmeters’ in radio test work.

2-20. High-resistance Volitmeters.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 is, 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 strong 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! 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 1-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 3003 1000=300,000 ohms.

The ohms-per-volt value of a voltmeter is equal to
the total resistance of the meter, divided by the mazi--
mum voltage marked wpon 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

Courtesy Weston Elect. Instr. Cors.

Fig. 2-18—(Left): A typical miniature, portable, 3-range,
1000-ohms-per-volt voltmeter having ranges of 10; 250 and 750 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 as 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 rangés 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
& more “sensitive” basic meter “movement’—one that requires
less current 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

v, MULTIPLIER
RESISTOR ‘

RANGE
SWITCH

MULTIPLIER
RESISTOR )

F16. 2-19.—A d-c¢ voltmeter Fi1g. 2-20.—A d-c voltmeter
employing a tapped multiplier employing a tapped multiplief
resistor, and individual term- resistor and a range-switch
inals for each range. 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 shuwn 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

MULT IPLIER

MULTIPLIER
(RESISTORS) (Rssnsroas }

LOwW MED L HIGH
© -

F1G. 2-21.——A d-c voltmeter Fic. 2-22.—A d-c¢ voltmeter
employing individual multiplier émploying individual multiplier
resistors and individual term- resistors and a range-switch
inals for each range. This ar- for switching from one range
rangement is used in the volt- to another quickly.
meter illustrated in Fig. 2-18
(Left).

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:
' Rn=R,XRangeX (n-1)
where R,=required multiplier resistance in ohms.
R,=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 range is to be multiplied by 750/150, or 5. There-
fore, the required multiplier resistance Ra=—R.X RangeX (n-1)

=200%¢ 1503 (5-1) ==30,000¢ (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 VOLTMETER

EXTERNAL MULTIPLIER

RES |STOR ADPERR 0 Fic. 2-23—A suitable ex-
*HIGH” RANGE OF ternal multiplier resistance
VOLTMETER. may be connected to the

“HIGH” range terminal of a
voltmeter in order to increase
A its range.

X~ NEW HIGH-RANGE
TERMINAL

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-¢

Fig. 2-24.—~How to obtain MULTIPLIER
RESISTOR

® lower range than those for ORIGINAL
- For MULTIPLIERS
which the voltmeter was de- LOWER ALREADY IN
RANGE INSTRUMENT

tiplier resistance is conmected
directly to the lead going to
the movable coil.

signed. A new suitable maul- \

= . LOW HIGH
NEW “LOW ' TERMINAL

voltmeter by connecting suitable multiplier resistors to it (see
Figs. 2-19, 20, 21, 22). Of course, & 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 ochms for the
required multiplier resistor. This will result in & voltmeter hav-
ing a sensitivity of 1000 chms-per-volt.

As the internal resistance of most d-¢ 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. When 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, 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.

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

Ranges of the Microammeters or Milliammeters to be Employed

Voltage _ 1000
Range | 100 | 200 | 300 | 500 ‘wa. | 15 | 2 8 5
Desired | ua. ua. ua. ua. ~—— | ma. ma. ma. ma.
(Volts) \ | 1ma. |
; Required “Multiplier” Resistances in ohms
1 ’ 10,000 5,000 | 38,330 3,000 1,000 667 500 888 200
1.8 [ 15,000 7,600 5,000 3,000 1,600 1,000 760 500 300
2 20,000 10,000 8,870 4,000 2,000 1,330 1,000 667 400
3 || 80000 15000 10,000 8,000 3.000 2,000 1,500 1,000 00
& | 50,000 25,000 18,700 10,000 l 5,000 8,830 1,600 1,670 1,000
7.5 | 76,000 87,600 26,000 15,000 1,600 5,000 8,760 1,500 1,500
19 || 100,000 50,000 83,800 | 20,000 10,000 6,870 5,000 8,830 2,000
18 ! 150,000 75,000 50,000 } 80,000 15,000 10,000 1,800 5,000 3,000
» | 800,000 150,000 100,000 60,000 80,000 20,000 185,000 10,000 8,000
50 500,000 150,000 167,000 190,000 50,000 83,800 15,000 18,700 10,000
180 1 Meg. 500,000 | 338,000 200,000 100,000 66,700 50,000 88,800 20,000
180 || 1.5 Mes. | 750,000 | 500,000 | 800,000 | 150,000 | 100,000 | 75,000 | 50,000 | 80,000
20 8 Mo 15 Meg. | 1 Mos 600,000 | 800000 | 300,000 | 150,000 | 100,000 60,000
500 5 Meg. | 2.5 Meg. | 1,667,000 1 Moeg. ! 500,000 888,000 250,000 167,000 100,000
1,000 10. Meg. 5 Meg. | 8,838,000 2 Mog. | 1 Meg. 666,000 500,000 | 833,000 300,000

Note: ua.——microamperes, ma.—mniilliamperes, meg.—megohms,

F1G. 2-25.—~Chart showing the exact multiplier resistance (in ohms),
to be used to convert any common low-resistance d-¢
microammeter, or milliammeter, into a d-¢ 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

B e T e T e

Courtesy Weston Elect. Instru. Courtesy International Resistor Oo.

Fi6. 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-¢ 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 resistors 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 MODEL 301
M 0-i MA. METER
(RESIS.227 OHMS)

R
1,000,000 OHMS 10 $:0,0027 OHMS
AMR -

R:100,000 OHMS gg0V $:0.027 OHMS
HAWAWWWA—e

1
100V, sy AMP,
d $:0.273 OHMS
1000——MAAW
ov. MA,
R:1,000 OHMS $:3 OHMS

- ——— | o e MWW

R:10.000 OHMS

Sw-|

F16. 2-27.—Complete circuit diagram of a 1-ma. d-¢ 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-2 may be
turned to the right to select any of the shunt resistors S in order
to convert the meter into a multi-range milliammeter or amme-
ter. When switch SW-I is open, and selector switch SW-2 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,
these 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:1,000,000 OHMS

WESTON

MODEL 30!

0—1 MA. METER
(RESIS. 27 OHMS)

$:0.0027 OHMS
AME

R100,000 OHMS 108ov. ®  5.0027 OHMS

100V.

R:10,000 OHMS

A
$:0.273 OHMS

v 100

R:1,000 OHMS MA-" 5 :30HMS

10 MA.
COMMON
TERMINAL
| §
(o.c.)\ (2 E)
+© VouTs © il +

AMP,

F1g. 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 Instruments.—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 hlgh
resxstance

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,

Fi16. 2-29.—The movable-iron type movement used in some a-¢
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 & 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

Fi16. 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.

COourtesy Weston Elect. Instr. 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 repulsion
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-¢ 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 radiq 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

Fic. 2-31.—Exterior view of a
small 2-inch diameter a-¢ 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.)

Oourtesy Weston Blect. Instr. COorp.

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! 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
poinier is proportional to the square of the current flowing. In
" the d-¢ 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,

(ie., if d=I*, then I=\/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

Fig. 2-82.—A portable triple-range
a-c voltmeter of the movable-iron type.
Four terminals are provided—one is
a common terminal. (Weston Model
528.)

COourtesy Weston Elect. Instr. Corp.

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-¢ meters. The value of the multiplier
Tesistance 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.
VOLTAGE

RECTIFIER M  D.C. METER
MOVEMENT WITH
A.C.{ HALF-WAVE
< RECTIFIER

(C) CURRENT FLOW

.., F16. 2-83.—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-¢ 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 thé readings obtained would be far
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from accurate. Whereas, d-c-voltmeters requiring an actuating
current of only 14 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 which current is able

APPLIED A.C.
VOLTAGE

FULL-WAVE
RECTIFIED
CURRENT
( PULSATING D.C.)

D.C. METER
MOVEMENT
WITH

A.C. PyLL-WAVE
RECTIFIER

C)
RECTIFIERS
CURRENT

FLOW

Fi16, 2-34.—If the a-c voitage 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 a8 d-¢ 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 cireuit, it will be
seen that the current flows down through rectifier C, up through the:
meter movement M, down through rectiger 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-¢ line has now
reversed, the lower terminal now being “positive.” 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-

CURRENT FLOW
(A) (B)

CURRENT FLOW

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-¢ 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 mazximum values of
sine-wave alternating currents or voltages is shown by Fig.

\V}
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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, 100.707=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 10%0.635=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-

| voLT
0.707 VOLT S (PEAK
0.635VOLN ecrecTive { VALUE)
(AVERAGE( oz Ot
VALUE)|

Fic. 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. 2-87.—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.)

. COourtesy Weston Elsct. Instr. Oorp.
the true “effective” value of the a-¢ 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-¢ 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

Fig. 2-38.—A typical copper-
oxide type meter rectifier. It
measures only % x % inches. The
actual circuit connections of a rec-

e reusete tifier of this type are shown in
Oourtery Leo Taussiy. Figs. 2-39 and 2-40.

Wheatstone bridge (see Fig. 2-34) and assembled to make a
single compact unit measuring less than 14 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-¢ 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 througﬁn each one, and compare them!

2-34. 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 this 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 14 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 60° F. and above

T0 D.C. MILLI-
LEAD A.C. e AMMETER )
WASHERS | CIRCUIT OXIDE mgxs_
DISC r
g’ COPPER I "
— DISC \ ICOPPER
.. Al ] 10XIDE
aal | IRECTI-
] |FIER
- + i |i"i'>ﬁ
1
Lo _|-—_ -
BRASS
TERMINAL é
PLATES
D.C. MILLIAMMETER A £
MOVEMENT C. LIN
Fig. 2-89.—The actual cir- Fi1g. 2-40 — Conventional

cuit connections made to the
various elements of a copper-
oxide full-wave rectifier when
it is connected to a d-¢ milliam-
meter movement (with no
shunt) to make an a-¢ milli-
ammeter.

circuit diagram for the recti-
fler type a-c milliammeter ar-
rangement shown in Fig, 2-89.
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-¢ 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

D.C. MILLI-
AMMETER
MOVEMENT

D.C. MILLI~
AMMETER
OVEMENT

r—b
COPPER COPPER
OXIDE OXIDE

RECTIFIER RECTIFER
UNIT NIT
W v
S—AANAA

pUSBYOUN

SHUNTS b @ MULTIPLIER
oA co— A.C. RESISTORS

Fig. 2-41.—How a d-¢ milli-
ammeter movement, a meter
rectifier and shunts may be
connected together to make a
multi-range rectifier type a-c
milliammeter.

F1G6. 2-42.—How a d-¢ 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-¢ 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.

O~ MILLIAMMETER

MULTIPLIER .
RECTIFIER » D.C. RESISTORS —
( SHUNTS)
UN'T] METER 11,000,000 OHMS 000, AU
= e 5 (VMWW
R 100,000 OHMS tAMR
Frr— 100V,
0" 1 10,000 OHMS 100 MA.
o MWVWWA—8 10V, 5u5] - @AWW
D.C 5,000 OHMS 10 MA.
\ MWW ——e5v. e
1,000 OHMs A | '™

17 ac | ac
o — © bc. ©oc
TRIPLE- POL VoLTS—
DOUBLE-THROW - +

PUSH-BUTTON
SWITCH

FiG. 2-43.—A handy multi-range a-¢ 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 circuit.

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, & 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-2 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-2 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
flexibility 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 amd 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
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F1G. 2-44.—Schematic circuit diagram of the Weston Model 801
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. TIts 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

Oourtesy Weston Elect. Instr. Corp.

F16. 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.

1-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-¢ 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

Fic. 2-46.—A reduced re- OHMS X1000
production of the instrument ®
scale of the universal meter R 7 A.C.

illustrated in Fig. 2-456. Note
the separate a-c and d-c scales;
also the “ohms” scale for re-
sistance measurements, at the
top. ° "o“.

reading by scale factor); 25-50,000-500,000-5,000,000 ochms 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
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Fic. 2-47. — A-C utility o
meter which provides for the g
measurement of a-c voltage, =

resistance, capacity and in- Fi1g. 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-¢ 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-¢ with equal facility. By the
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proper manipulation of the triple-pole, 11-position selector
switeh, the following voltage and current ranges may be ob-
tained: 15, 150, 750 volts a-¢ or d-¢; 1.5, 15, 150 d-¢ milli-
amperes; 15, 150 a-¢ milliamperes. It is also arranged to meas-

ouTPUT
+ 0.5 MF. J:
D.PD.T. - *
SW~Y —©
— 9
AC +

135,000 @
600,000 /
L -

400w

RECTHFIER

WA
! AC.

Courtesy Triplett Elect. Instr. Oe.

F16. 2-49.—Circuit arrangement of a typicgl volt-ohm-milli-
ammeter which employs a 0-500 d-c microammeter equipped with a
copper-oxide type rectifier. (Triplett Model 1125.) The complete
instrument is shown in Fig. 2-50.
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 perfec-
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 practlce Courtesy Triplett Elect. Instr. Oo.
for instrument manufac-
turers to make good- Fic. 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
meters, and movable- oo in jts carrying case.

iron 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 5% 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 2%, 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 jull-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 whén”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 50
is 2 volts in 50, i.e. 2/50, or 4% of the indicated value—quite an ap-
preciable amount in some work!)

1f this same meter had, say a 50 volt range, and a reading of 50
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 voits, 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 reading—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 pointer actually is at. However, since the
divisions at one end of such scales are very crowded (excepting
in rectifier-type a-¢ 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
4 2%. Then the reading will be 52 volts. Now assume that the
50-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 50 minus (2% of 50), 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 volts when the 100-volt range is used is 4 2% of
100, or 2 volts (plus), whereas the error in volts when the 50 volt
range is used is—2% of 50, or 1 volt (minus)!

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 havin

th highest meter resistance. In general service work, this rule wil
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, wouid look if it were
visible.
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Where are the magnetic poles on the coil in Question 3? Mark
them on the diagram.

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.

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

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?

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?

What is the function of the shunt in a d-c ammeter?

How must a voltmeter always be connected in a circuit? Why?
How must an ammeter be connected in a circuit? Why?

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;
(¢) the voltage drop across the rheostat.

A certain 0-1 d-c milliammeter has a resistance of 50 ohms.
Calculate the resistances of the shunts required to extend its
range to; (e¢) 10 milliamperes; (b) 50 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.

A voltmeter having a sensitivity of 1000 ohms-per-volt, has
three ranges, 15 volts, 150 volts and 450 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?

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. (¢) 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
750-volt range is being used?

It is desired to make a voltmeter having ranges of 5, 150 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 connections—marking all electrical values on it.

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

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.

20.

21,
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36.

What are the essential requirements of satisfactory meter multi-
plier resistors? How accurate need their resistance value be?

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 alF resistors should be shown, but their values need
not be calculated.

(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? (¢) What are the objections to its
use? '

What is a rectifier.

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. .

Define: (a) ‘“half-wave rectification”; (b) full-wave rectifica-
tion.

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

Explain, by means of a sketch, what is meant b{ (a) peak value;
(b) average value; (c) effective value, of an alternating current
or voltage.

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

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

Draw a diagram showing the method used to connect a meter
rectifier to a 0-1 ma, d-c meter of 80 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.

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

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 b0-division 1000-volt scale.

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?

Which is more sensitive, a meter having a resistance of 1000
ohms-per-volt, or one having a resistance of 2000 ohms-per-volt?
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!
(a) Why are the scale divisions on movable-iron type a-¢ 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”,
“gtounds”, 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.

80
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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 1nd1v1dual radio
parts will be presented in Chap. XXII. .

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 chmmeter
may become damaged; 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-¢ 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

Fi1c. 8-1.—Preferable circuit
arrangement for measuring
“low” resistances by the am-
meter-voltmeter method. (See
also, Fig. 8-2.)

series with a source of steady e.m.f. (such as a 414 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 = 5
where, R—=Resistance in ohms
E=Voltage in volts
I=Current 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 current 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
414-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-¢ 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-¢ 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 theé 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 4%-volt “C”
battery as the voltage source. Using Ohm’s law, I—=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 omly, as shown
in Fig. 8-1, the miliammeter, which is employed to measure the small
current, indicates the sum of both the current flowing through the
registor 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
is 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

F1G. 3-2.—Preferable circuit
arrangement for measuring
“high” resistances by the am-
meter-voltmeter method. (See
also Fig. 3-1.)

L source
= OF 1Y
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both the resistor and the milliammeter, but, since the resistance
of the average milliammeter is only from 20 to 50 ohms (sce 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/I 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 (thousandths
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. 3-8.—Circuit arrange-

ment for measuring high re- £
sistances with a voltmeter = SOURCE OF :
whose total resistance is = E.MF s
known. ‘i‘

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 S is 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 K must be
calculated by the formula:

R=(%_1)><R..

where R=Unknown resistance in chms
E,=Voltage of the source of e.m.f. (switch closed)
E=Voltage reading with resistance R in series (switch
open)
R,.—=Resistance of the voltmeter (chms).
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Problem: We are using the 150-volt range of a 0-15, 150, 450-
volt voltmeter having a resistance of 1000 ohms-per- -volt. When
the meter is connected directly across the source of em.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 150-volt
range is being used is 150 W 1000—=150,000 ohms (see Art. 2-20).
Therefore, the unknown resistance

110
R—=(Zr —1)Rp—=(-"+—1 150,000
( ) (100 ) %4

= (1.1—1) X 150,000.__0.1 %150,000—=15,000 ohms. Amns.

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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bridge—preferably 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; 8 and T are also variable resistors of known
value, or at least their ratio is known. A sensitive current-indi-

Fi1e. 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.

|

Sw

cating 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
difference 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 S and 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 products of the resistances of the opposite arms of a Wheat-
stone bridge are “equal”, when the bridge is “balanced”.

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

—EXS
*==7

. 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
5, 46 and 15 ohms, respectively., What is the value of unknown re-
sistor X ? [

Solution: X—_-E'%§ =§>§;—5=—g125—5~=15 ohms. Ans.
Notice, that in the formula for the Wheatstone bridge, the
ratto 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 b
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. Ans.

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 @, 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

‘—Illl'r————o?v?-——

. BATT
Fig. 3-5.—Sim-
ple slide-wire AN AN
form of Wheat- X ] R
stone ,bridge. ":j' & B
Here, a piece of T dvs ¥
resistance  wire \c LOW-RESIS.
(called the slide 4 cscaLes CONNECTING
wire) forms the A STRIPS ¢
ratio-arm resist- A(SLIDE WIRE:Z
ors S and T. 2 D ¢ SLIDER
IRANRRANRA ARRNARARR I NARRRARNI
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with those in Fig. 3-4. Point D is 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 D is 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 S/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 resist-
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 S and 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. 86. —
Schematic circuit
SENSITIVITY diagram of the

T

cial form of
Wheatstone
bridge shown in
Fig. 8-7.

,_I UW\/WL typical commer-
X .

(Oourtesy Shalloross
Mfg. 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 in Fig. 3-6, the ratio-arm resistors
S-T consist of eight resistor sectiohs 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 high 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 4%-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.

F1G. 3-7.—The Wheat-
stone bridge whose cir-
cuit diagram is shown in
Fig. 8-6. Notice the gal-
vanometer at the center,
and the ratio dial at the
upper left. (Shalleross
No. 630.)

Courtesy Shallerose Mfg. Co.

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, etec. 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 ohmmeter 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 désign 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, chmmeters
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 chm-
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 sertes type.
(2) The “shunt” type.
(8) 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 éach 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 B of suitable value, as shown at (A4) 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 B, can be
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connected in sertes with the circuit, the addition of this resist~
ance will cause the current flowing through the circuit to decrease
—resulting 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-

MILLIAMMETER
M

MILLIAMMETER
M

|| I l — e am———— | | 1 | o—4—e-——@'r
BATT SwW gart oW A M
Layeann 4

(A) (R Rx

F16. 8-8.—(A) : Fundamental circuit arrangement for a “series”
type ohmmeter.

(B): Simple series type chmmeter 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—i.e., 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
geries 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 B is made variable, so that when the battery ages and its
closed-circuit voltage drops, resistor B can be decreased in value
in order to bring the meter reading up to full-scale value when
the test terminals 7-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 B 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

Fic. 3-9. — A

= ||H—+—— simple series type
BATT ohmmeter with
. “zero-ohms” ad-
justing resistors
R and N in par-
S (Vg T@—— allel with the

A Y meter.

A
L AN d

Ry

touched together (“zero resistance”). As will be seen later, in our
study of commercial forms of ohmmeéters 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

)
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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 chmmeter 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 S in parallel with
S, ete. 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

F1c. 8-11. — The
series ohmmeter of
Fig. 8-10 with two
shunt resistors S and
S1 added. These
provide two addi-
tional ranges. For
high resistances, the
45-volt battery and
current-limiting re-
sistor C are put in
series with the cir-
cuit by switch SW-2.
This results in-an
ohmmeter with four
ranges.

1 1
Lagaisanad

444444

commercial chmmeters 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 414-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-2 for connecting
either the 414-volt, or the 45-volt battery and additional cur-
rent-limiting resistor C, into the circuit. Obviously, switches
SW-1 and SW-2 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
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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-2 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.—The
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). TFurther 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/I=
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 B 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 4 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

R B R(2950 OHMS)
’ A
Sw. TN, SW.
po - o
%I 3 ‘\
0-1 D-C ? \ O-l
MILLIAMMETER ‘52;CR£45A)
RES. Ry (50w) .
(50w RES.) A x B

F1G. 8-12—(A4): Simple series-type ohmmeter circuit with a
650-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 ohms”
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 25 ohms.

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 75 ohms.
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 first 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
instde 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

Fic. 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.

——
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. R .
e ||»—_——W

(3 V)

Rs ) F1G. 3-14.—Here the meter is
0-1MA __ . shunted by shunt resistor R, in
(Ry 500) I\h order to make it possible to
> b measure lower values of re-
Sw. sistance. .
T ©T

———
TO RESISTANCE TO
BE MEASURED

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 ag any external resistance R, to be measured
is concerned, the meter unit now has an effective resistance of 25
ohms (R, and R, 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 down 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 226 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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F16. 8-15.—(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 chmmeters
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 (4) 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 E 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 Modern
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 observed 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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F1c. 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
and 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 rapld measurement without need for any
calculations. .

The Wheatstone 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 ochmmeter 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 mllllamperes (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?

6. 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 ohms-
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 durmg a resistance measure-
ment, it is found that the “bridge ratio” is 160, and the other
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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 chmmeter 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 ohmmefer to serve also as a voltmeter having
four ranges.

Explain two precautions to be observed when using an ohmmeter
for high-resistance measurements.

Does the ohmmeter indicate a resistance higher, 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 often 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 prefer-
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 434-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 plus, or all minus), 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 414-
volt “C"” battery and calibrating resistance R, as shown in Fig.
4-1. The latter is made up of a fixed section R7 and a variable
section R2. 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
batterv. 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 chmmeter. If
the terminals T-T are short-circuited (‘““zero”-resistance), 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/I=4.5/0.001=4,500 ohms, to make the pointer

. deflect over the full seale, i.e., to make 1 milliampere of current

gmi‘ 0-1 MILLIAMME TER Fic. 4-1—Cir-
79 L/ 3000 oHMS 2000 OHMS cuit diagram of a
simple series-type

R1 R2 ohmmeter whose

=a4.5v. \'""T—___/ design and con-
- struction are con-
sidered here. A
TERMINALS ©_—_ reduced facsimile
TT - T reproduction  of
Lo e~ —— -l the scale for this
R’X meter is shown in

RESISTANCE TO BE Fig. 4-2. .

MEASURED

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 B
must be 4,500 ohms. We can then use a 3,000-ohm fixed resistor
for R1, and a 2,000-ohm variable resistor for R2, as shown. The
latter can be set at 1,500-ohm value to meet these circuit condi-
tions. The 1-ma. point on the meter scale can then also be
marked “O” 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-
gistance 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,:R (M-m)
m

Where, R, = the resistance being measured (ohms)
R = 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 chmmeter.

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 B in the above formula be equal to the “calibrating” resistance
plug 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
4,600-ohm series 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:
R, _ _E(M-m) 4500 (1-06)  4500%0.4 2000len Ay
m 0.6 0.6

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

Fi1c. 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 B2 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 1%, ohm to about 50,000 ohms in two
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ranges: % 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 (accurate 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 71 and T2 are for low-
resistance measurements; 71 and T8 are for high-resistance
measurements. Two 4%-volt dry-cell “C” batteries are em-
ployed to furnish the necessary 9 volts of potential.

Resistor R 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

——-|+ IIIIIIIIII'———MM—— i

9 VOLTS 5000 OHMS

F1G. 4-8.—The cir-
cuit for a double-
range shunt-type
ohmmeter whose
construction is de-
scribed here. .

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

If the resistance to be measured is low (between about 14
ohm and about 100 ohms), it should be connected across ter-
minals 71 - T2. 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 is
reduced. The lower the resistance to be measured is, the more
the meter deflection is reduced, hence the low-resistance end of
the scale in this type of chmmeter is at the left.

When terminals T1 - T8 are used, the shunting effect is in-
creased due to the presence of resistor R2 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 - T#, 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 soales
of the chmmeter 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..
(J‘_f_)_z
m
Where, R, = the resistance being measured (ohrmus)
R,, = the internal resistance of the milliammeter (ochms)
M = the full-scale range of the meter (ma.)

m = the meter reading (ma.) when R, is connected to
terminals 71 - T2.

R,=

To illustrate the use of this formula for the low rapge (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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v‘vl}en the resistance to be measured is connected to low-range ter-
minalg 7,-T,. What is the value of this resistance?

R.
Solution: R, = - ﬂ = 6.76 ohms. Ans.

- 27
M
(%) () ™
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 R2 is automatically
put into the shunted circuit. This alters the circuit conditions
in such & 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 referring 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 & 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 approzimate 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.
These may be used as a guide if this ohmmeter is constructed.
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“LOW” RANGE “HIGH” RANGE

R: Meter Reading R« Meter Reading
(ohms) (ma) (ohms) (ma)

03 0.01 62 e .- 0.01

06 . 0.02 123 . 0.04

b e 0.16 1,160 . __ 0.87

66 o 0.22 1,700 0.47

L. e 0,28 2,320 ... 056

20 o 044 6.020 ... __ 0.72

40 . 0.62 9800 . . 084

60 . 0.72 16,070 0.89

80 . 0.6 19,450 —0.90
118 .. 0.80 . 24,100 e 0.92
266 . . _ 090 32,000 . 096
666 e 0.95 38,000 0.97
1440 . ___ 098 456,000 . 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 chmmeters), 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

A)
F1G. 4-4.—The high-resistance range of a series-type ohmmetex
(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 1-ma. meter and a 414-volt battery are
used in the series ohmmeter, the highest readable range is usually
around 100,000 ohms. Therefore an external voltage source of
41410, 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
414X100=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 chmmeter which em-
ploys a built-in high-voltage supply unit, and which will meas-
ure resistances from 1% 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 R3, 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 & smoother rectified current flow. Only a condenser
with a rated working voltage of over 450 volts should be used,
as 8 breakdown may be disastrous to the power transformer.
Resistor R3 is a 250,000-ohm unit, and is used with R4, a
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F1G. 4-5.—Circuit diagrom of a high-voltage supply unit (within
the dotted line rectangle) capable of delivering 450 volts, and an
ohmmeter circuit capable of measuring from !2-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-¢ voltmeter.

500,000-ohm adjustable rheostat, to limit the current flow to the
meter. The voltage-supply unit abtains 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
SI is first opened, in order to disconnect the 9-volt battery en-
tirely from the circuit. Now the high-voltage supply unit is ¢on-
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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 “COMMON?” 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, care should be
observed in the handling of the ohmmeter test prods, since high poten-
tial exists across them. The bare metal portions should not be touched
or held by the hands.

If multiplier resistors R5, R6, R? and R8 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-¢ voltmeter, thus greatly increasing its
usefulness. Of course, in this case, SI 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 80 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 ohmmeter can be increased.
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11.

12,

(b) What determines the “multiplying factor” by which the¢ “hm-
meter scale readings must be multiplied in order to fix the
actual resistance when the range-increase method of (a) is
employed ?
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 operatlon
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 manufac-
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 ochmmeter 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
ag, “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

F1G. 5-1.—The volt-ohm-milli-
ammeter whose compl-te circuit
diagram is shown in Fig. 5-2.
Any one of the various voltage,
current and resistance ranges .
can be selected quickly by the
range-selector switch knob at
the center.

Oourtssy Radio City Products 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 i3 a combination volt-
meter, milliammeter and ochmmeter 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 ohmis; also 3-500 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.



102 MODERN RADIO SERVICING CH.V

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
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F16. 65-2.—The schematic circuit diagram of the volt-ohm-milli-
ammeter illustrated in Fig. 6-1. The three sections “A”, “B” and
“C" of the range-selector switeh 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 b5-6.

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 4, 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-7 and finishing at terminal J-2, 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
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FiG. 5-3.—“Breakdown” of the circuit of Fig. 5-2 when the
selector switch A-B-C is on contact No. I. 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 4, B and C make contact with their
respective No. 2 contacts in order to provide the 50-milliampere
range, we can trace through the circuit of Fig. 5-2 again, starting
at terminal J-7 and finishing at terminal J-2, tracing through
that part of the wiring which is now in the meter circuit. This
portion of the instrument wiring is shown at (A4) 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 (4) of Fig. 5-5.
In this case, we have omitted the intermediate diagram showing
the switches. Note that the shunt S1 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-2, will be in series with the meter
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F16. 5-4—“Breakdown” of the circuit of Fig. 5-2 when the
selector switch A-B-C is on contact No. 2. The actual circuit through
the switches is shown at (A). The simplified circuit is shown at (B).
This places shunt resistor S7 across the meter terminals, providing
the 50 milliamp. range.

and battery. The fixed series resistance is R 7 plus a portion of
RV1. Resistor RV1 becomes the zero-adjusting resistor.

In its fourth position, the selector switch connects in R2 and
RV 1 without the meter shunt S 7. This results in an ochmmeter
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. &
on the switches), the circuit is as shown at (C) of Fig. 5-5. Re-
sistors R 3 and R V I 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-
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FiG. 5-5.—“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. 3. 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 (A4) (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.

VM ©+

SWITCH ‘A" J-l 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 6 is in series, and the range
18 0-50 volts. When it is on contact No. 8, R 6 is in series, snd
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 BV 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

F1c. 5-7T.—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).

Courtesy Shallcross Mfg. Oo.

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.

5-5. “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

10,000 OHMS
900,000 :

F1G. 5-8.—Schem- OHMS
a;'tich'circtllit }(liiagr:m
of the volt-ohmmeter

shown in Fig. b5-7. 48:320
All ranges are
selected by means of 500,000
the double-pole LIS
switch S. A facsim-
ile reproduction of
the scale of the in-
strument is shown g|-pOLAR
in Fig. 5-9. SWITCH

S)

45,000 OHMS

1 MA.METER
TERMINALS

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 ochms, 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 range, 3,000 ohms, is engraved on the scale. This posi-
tion is marked X 1,000, the “X” meaning “multiply by.” For
position No. 2 of the switch, the ohmmeter becomes a simple
“geries” 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. 3, 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 posi-

OHMS
9w %9t2m0
FiG. 5-9.—Reduced fac- qyRe® BT R e e
simile reproduction of the eo:.,{".‘ S
scale of the ohmmeter il- > 4 ' 6 .
lustrated in Figs. 6-7 and 1o 2001300 &
5-8 o \' | o

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

Fi1g. 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.)

Courtesy Supreme Elect. Instr. Corp.

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 “gzero-ohm” adjustments, a 3,600-ohm rheostat is connected
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F1G. 5-11.—Schematic circuit diagram of the volt-ohmmeter shown
iF"l Fig. 6-10. The ohmmeter section has been redrawn separately in
ig. 5-12.

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
resistance 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

31,500 1,000,000 OHMS
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F1G. 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-

Fic. 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.)

COourtesy Weston Elesct. Instr, Oorp.

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.

5-7. “Weston” Model 654 Volit-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.
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F1G. b5-14.—Schematic circuit diagram of the volt-ohmmeter
illustrated in Fig. 6-13.
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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,
S 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, S 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.

5-8. “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-¢ 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 I of the 3-section selector switch, the meter is discon-
nected entirely from the circuit. This is the “off” position. On
position 2, the 5,000-ohm fixed and the 15,000-ohm variable re-
sistors are connected in series, and the combination is connected

Fig. 5-16. — A volt-
ohm-milliammeter which
provides four current
ranges, six 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.
b-17. A facsimile re-
production of its scale is
shown in Fig. 5-16.

Courtesy Weston Elect. Instr. Corp.

across the meter; the variable resistor provides for “zero-adjust-
ment”. At the same time, the ohmmeter tefminals 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-

N
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gistor 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

F1G. 5-16.—A facsimile
reproduction (reduced)
of the scale of the volt- p
ohm-milliammeter shown
in Fig. 5-15. Notice the
non-uniform “Ohms”
scale. WESION EECTRKAL WSTRUMINT CORP NEWARK N J U5 &

MODEL 663

o

Q

b LvoLts
AMPERES 59

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 L1.5-volt battery is used. The 10-
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 114 volts. The remaining lower ranges are obtained by shunt-
ing the meter to obtain various sensitivities.

When 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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F16. 5-17.—The schematic circuit diagram of the volt-ohm-milli-
ammeter shown in Fig, 5-15. A 8-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-

M 2\ 30 MICROAMPERES
o \./+— 2500 OHMS
15,000 OHMS
Fic. 5-18—“Break- | Lte
down” of the circuit
of Fig. 6-17 when the Tl
selector switch is in
A . 484
position 2 — making OHMS ) OHMS 2000 OHMS-+
the instrument an {0
ohmmeter. 11,500
L5 OHMS &-|—>
fvours OHMMETER o
l' © TERMINALS

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

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

F16. 6-19.—A com-
bination testing wunit
incorporating a cir-
cuit tester having
voltage, current and
resistance ranges, and
a service test oscilla-
tor. The circuit dia-

ram is shown in

igs. 5-20 and 6-21.
The circuit diagram
of the test oscillator
ortion is shown in

ig. 17-9. (Philco
Model 048.)

Oeurtesy Philco Radio & Telsv. Oo.

5-10. The “Philco” Model 048 Combination Tester. —
An interesting example of a combination tester is the Model 048
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, & capacity
tester, a 105 to 2,000 ke 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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F16. 5-20.—Schematic circuit diagram of the circuit tester portion
of the combination tester illustrated in Fig. 5-19, The ohmmeter sec-
tion of this tester is drawn separately in Fig. 5-21.

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 (4) of Fig.
5-21. A 250-ohm rheostat is connected directly across the meter
toprovide 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 2 open

METER METER .

SO~ ) 250w

875w
+©~
b 1500 OHMS COMMON 1500 +
. OHMS
150,000 OHMS
CA) t8)

F16. 5-21.—A “breakdown” circuit diagram of the ohmmeter
portion of the tester shown in Fig. 5-20.

(A4) Circuit arrangement when the 150,000; and 1,600,000-ohm
ranges of the ohmmeter are used.

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

a8 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 §2 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 S1 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

COourtesy Weaton Elect. Instr. Corp.

F1g. 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 oseillator, and miscellaneous plugs and cables.

illustrated in Fig. 5-22. It consists of a volt-ohm-milliammeter,
shown in the lower left corner of the illustration; set analyzer,
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, ete.
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-¢, d-¢ volt-ohm-milliammeter,
an output meter and a capacity meter. Still others are only out-
put meters and capacity meters. There is & 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 ochmmeters possess.

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

8. Trace through the circuit diagram in Fig. 6-8 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 £; (¢) switeh
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.

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

8. Whether it is open-circuited.

3. Whether its leakage is excessive.

4. Whether 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
tnstruments 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 many 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, ¢te.

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 capacily
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 microfarads. 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 & 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 '01A 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 84, 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, C1, and a number
of resistors are connected by means of the “leakage-control
switch”” S5 across the neon tube. The condenser C, 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,, a momentary charging current will
flow, which will also charge CI to a potential high enough to
ignite the neon lamp. As soon as C, is fully charged, the current
stops flowing, condenser C1 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
C! again. When a high enough potential is built up, C1 dis-
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charges through the neon lamp indicator which again flashes.
As soon as the voltage of C1 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 REFFECTIV?

+

TEST 4 ©X
=8 NEON TUBE -

L AW

10 69
ss 3 Hci
0" 30———whRI
4
O————— W4
;3 s R2
VOLTAGE ;’W’W— R3

LEAKAGE .
CONTROL CONTROL

FIG. 6-1—Schematic circuit diagram of the relaxatlon-osclllator
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 C1 charges and discharges, and the
more rapidly the lamp will flash. In this manner the “goodness”
of & 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,, say from 0.05 mfd. to 50 mfd., 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 C1 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 aily value and type will be indicated
by a steady glow of the lamp when the leakage-control switch
is set in either positions 1, 2, 3, 4 or 4, since & steady current now

Fig. 6-2. — The re-
laxation oscillator type
condenser analyzer
whose circuit diagram
is shown in Fig. 6-1.

Oourtesy Tobe Deutschmann Corp.

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 6, 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 S2, which is ganged to line-switch SI 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 C, 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 XXII. 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 of the
resistance, a-c of a definite frequency is used for voltage supply

0-1 A-C

Fi16. 6-8. — The fun- cX MA, 2|
damental circuit of a
simple capacity meter.
The a-¢ milliammeter
measures the current
flowing through the
condenser circuit.

100 V.
A-C SOURCE

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

Consider the simplé 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. When the condenser C, 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 reactance (opposition to a-c current flow) of a condenser
may be expressed numerically by the expression

1
~ 628XfXC
Where, X, = the capacitive reactance (in ohms).

f = the frequency of the voltage source (in cycles per
sec).

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

Xo

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
capacity. 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.., 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 R, 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, because
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R, ana the reactance of C, in parallel is less than the reactance
of C, alone.

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

A~-C

cx px  Ma. (XS
AA A
IlP"' 3
R R
loov. ©
A-C SOURCE A-C SOURCE
(A) (8)

F1G. 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 chms when 4 and
B are short-circuited. For the meter to read half-scale (14 ma.)
the combined impedance of C, 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)°*=R?4-
X2, where X, is the reactance of the condenser. If R is 100,000
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ohms, then C, for a half-scale reading works out to be about
0.00015 mfd. It is evident that the calculation of the capacity
values by this method would involve considerable computation
if the entire scale of 8 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 R! or R2, all in
series with each other. The meter is shunted by resistor R3 and
R/—depending upon the position of the switch.

The two variable shunt resistances R3 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.

0-1 MA,
b~C

COPPER-OXIDE
DOUBLE-POLE

RECTIFIER >
SWITCH Ve /~ DOUBLE-THROW
RANGE=0,001 MF,~ 0. MF, RANGE SWITCH

25,000 OHMS

SWITCH DOWN
RANGE=0.| MF,— 3 MF, R3

100,000 OHMS

CONDENSER @ 1HOV. 60
‘UNDER TEST lL nn_) A-CLINE
e —suuT
F1G6. 6-5.—Schematic circuit diagram of a capacity meter having
a range from 0.001 to 8 mfd. This meter tests paper and mica type
condensers only.

Resistors R, 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
of 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 often necessary or desirable actually to
measure the capacity of €lectrolytic 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, does
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 Aerovozx 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-

6.3 VOLTS
AMMETER
CAPPROX.) b SHUNTS

SW.

? UNDER
0.7 )
OHMS \' ﬁ-

SW. TEST
x 0—I MA. p

F1G. 6-6.—Schematic cireuit diagram of a capacity meter designed
especially to measure the capacity of electrolytic condensers. The

1o v. eon O— VW~
A—C LINE e CONDENSER
' -
100 OHMS Fo— =]
0 MA. £33
design of this meter is such that it may be constructed easily by
radio service men.

rove 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 Weston 1-milliampere a-¢ 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
usﬁd t):o supply power to light the heaters of 6.3-volt automotive type
tubes).

In practice the voltage across the condenser is set at exactly 2.66
volts. Then the reading in milliamperes will be equal to the com-
denmser capacity 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 Range| Shunt Resist. }Capacity Range| Shunt Resist.
(Mfd.) (Ohms.) (Mfd.) (Ohms.)
10 1,149.0 ‘ 3 317.2
100 106.7 i 30 316
1,000 ‘ 11.65 300 3.6
10,000 ‘ 106 | 3,000 0.34

Total voltmeter resistance—5,430 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 mfds. 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
X, 1
2%¢3.1416% fX C
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 = 628 EX60XC = 3TIXEXC
In terms of mfds. and milliamperes, the current is equal to

lpe = 377><E><led. X 10-3

If, nofv(\ir, the scale reading in milliamperes is to be equal to the capacity
in mfds, .

I— =62 X EXfXC

: Ima.
I = Cpyqg or Core =1

Substituting this in the foregoing equation, we obtain

1 = 37TTXE X103, or E ! =2
p=——r - or —_— =] =
XEXA0S 377%10-8 377 371
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 malliamperes on the meter will be equal to the
capacity in mfds.

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

= 2.6b6 volts
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simple, interesting instrument, shown in Fig. 6-7, represents a
typical low-priced commercial capacity meter-tester. Itisa dual
instrument, employing two meters, and is capable of measuring
the capacity of solid-dielectric condensers directly, and testing

Couitesy Readrite Meter Works

FI16. 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 mfd. The circuit diagram of this por-
tion of the instrument is shown in Fig. 6-8. It is evident that it
is 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-

Fi1Gc. 6-8.—Schem- 100 V. A—C VOLTMETER
atie circuit diagram @ CALIBRATED IN MF.
of the portion of the
capacity meter of ; cx
Fig. 6-7 which is @'-——1
usiatzi 4 for testing s SLOW™ ) T i':';
solid-dielectric con-
densers from 0.008 HI = ___j
to 10 mfd. in two OHMS
ranges, and indicat- 3000w PLUG TO
ing their capacity —Whwv 1i0-140 v

directly.

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
first 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 cLip
RESISTOR
o\ , ; 27,000~ A\ReD )
I OHMS WIRE(+) |
g 20— |
2.
o 30 TIP JACKS -
z L 25
2N 13
(9] o:)
3\ e ' | 3%
3 |
J)' 20 |
\ |
\ ' 200
Vo OHMS
32 (SHUNTS) ADAPTER
O—AWWWWA—S
- - 00 W
lFVOLTS POSIT. 8 0-500 V.
2:FORM" POSIT. 0-25-100
3<MILL-AMP” _@;\\J MA.
POSITION
D-C METER

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 and 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-
Iytic condensers which are inoperative or leak badly will not form prop-
erly. If, after leaving it in the circuit from 10 to 16 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
15 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. 22-3b 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
receivérs’ 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
microfarads: 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
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-

COourtesy Weston Elect. Instr. Corp.

F1G. 6-10.—A typical commer-

cial capacity meter which is de- milliammete.r described in
SIfgned tqtmeas(;xre a lalzge ranlgte Art. 5-8. Since the measure-
Ol capacily and a-c voitage. 8

schematic circuit diagram is men.ts made are fundamental,
shown in Fig. 6-11. (Weston the instruments are not likely
Model 664.)

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-¢
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, “3¢ 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 %4 milliampere sensitivity and the 10-volt transformer tap is
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brought into play. The position, — 1,000, is the highest sensitivity of
1 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-
microfarads. This is divided into 10 parts so that the first small

ﬂvou‘s

METER (IOV.60~  capaCITY
A-C ©

4000
OHMS?

1500 OHMS
39.1 OHMS
130 W

200,000 -
OHMS

F16. 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 voltages 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 “CAPACITY” 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-ciréuited condensers will indicate “full scale”
and open-circuited condensers will indicate “zero”.

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

PR 1,746,935 '&77.%

WICROFARADg

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

0
0
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WESTON ELECTRICAL INSTRUMENT CORP. (4
NEWARK, N.LLUSA.

oapacity 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. gtate four tests which may be made on an electrolytic filter con-
enser.

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

8. 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: (@) 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;
(¢) 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 Needed—When making

certain adjustments or tests upon radio receivers and amplifiers, .

it is often 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 XXIV and
XXYV). 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 maxiraum value (‘“peaked”). Naturally, he
must have some accurate way of telling when the receiver output
18 mazrimum, 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 humsan 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



CH.VII OUTPUT METERS AND V.T. VOLTMETERS 141

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”.

F16. 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-
OBSERVER tively insensitive to
small changes in the

RECEIVER 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

OUTPUT

) i / \\\\ METER
. thf‘ ’ﬁitlnﬁf%’}gt'ﬁi // / iy \\ &

output accurately by
means of a suitable
form of ‘“output
meter”.

RO TRL LY

RECEIVER

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

*NorE: 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 wvisual 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-
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.

put meter must not only be
capable of accurately meas-
uring audio-frequency a-c
: voltages, but must consume

Fia. 7-8.—A typical “meter  vyery little current itself. To
i G CEe WD G meet these requirements, the
diagram is shown in Fig. 7-4. « o
(Weston Model 571.) meter type” of output meter
employs & copper-oxide rec-

tifier-type a-¢ 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-

COourtesy Weston Elect. Instr. Oorp.

It is apparent that the out- .
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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 &

RECTIFIER UNIT
(APPROX. RESIS. &>

P ——

739 OHMS) |
l ]
| AP PROX
| 3500
I OHMS |
R
/60
OHMS 150 (1.5
300 : >aaa.sw
OHMS SOHMS
S
600 o——1
ERIES > } 4
R:SISTORé CHS E s g3a19 > SHUNT
3 60 V. SOHMS ;
b 6V. 3 RESISTORS
30003 1.5 150 s62.1
OHMS 2 v. V. SoHMS
3 240.4
TOHMS
2 MF.I(:.oo v.)
[ L
x _SERIE
A COND. B a
SERIES + Vm
COND.

Fi16. 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 S.
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

: are non-inductively wound.
Thus, the complete output
neter 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

Oourtesy Weston Elect. Instr. Corp.

F1e. 7-5. — A typical power
level meter and voltmeter. Theé
scale is calibrated to read the
voltage, and also the power level

power output of the radio re-
ceiver or amplifier to which
the output metér may be con-
nected. Since the meter pre-

in decibels. Its schematic cir-
cuit diagram js shown in Fig.
T-1. (Weston Model 695.)

sents a constant non-inductive
load of 4,000 ohms, we héve:

E E* E*
X X 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

—~ DECIBELS +«

F16. 7-6. — Facsimile A
reproduction of the
multi-range voltage and

decibel ?i:ale of the '19“
meter illustrated in
: vons %
Fig. 7-5 RECTIFIER TYPE %3

ZERO POWER LEVEL
QQ 6 MILLIWATTS 500 OHMS {’g‘o

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-

3 3 3 3 3 3

] < © o)

32 3 3 49 o g P o & ©

pge: & 8 8 & £ 2
A D © 1]

N maw 2 ¥ Q ) 0 a h

'HﬁDB
+20 DB.

W; +24 DB. 60V.

+28 DB.
+32 DB. I50 V.

—®
D-C 300 MICROAMPERE MODEL 30| |
MICROAMME TER AND RECTIFIER ®
UNIT .

F16. 7-T.—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, +8, +12, +16, 420, 124,
428 and +32 decibels, selected by means of a marked dial-*
switeh. Its resistance is 2,667 ohms-per-volt, or 4,000 ohms fotal
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 turn.

(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 OUTPUT OUTPUT
POWER METER TRANSFORMER
TUBE -

GROUND TO

. r E
CHASSIS 4 F FIELD | V.C.

SERIES COND.

(UNLESS ONE IS A {
INCORPORATED IN B+
— OUTPUT METER) DYNAMIC
- SPEAKER

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. i

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 cireuit connections are again the
same as shown in Fig. 7-8.

(2). Push-pull Qutput 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

¢

OUTPUT
QUTPUT METER

POWER TUBES

éECONDARY VOICE COIL

TERMINALS TERMINALS

DYNAMIC SPEAKER

F1G. 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.

OUTPUT
METER |OUTPUT
o« TRANSFORMER
é F1G. 7-10.—Prefer-

TO VOICE able way of connect~
CoIL OF ing an output meter
POWER TUBES DY NAMIC when the receiver
/ o SPEAKER employs a push-pull
SERIESI output stage.
COND. —

B+

‘GROUND TO CHASSIS

(3). Single-tube Output Feeding Directly inte 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-

\W4
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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-

Fic. 7-11. — How g:‘sz‘:&c
an output meter }
should be connected
in cases where % ‘§ G
single power outpu :
tube feeds a mag- RCHERRUEE N
netic speaker with- \
out a coupling device SERIES
between them. COND.

B+

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-mfd.
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 Pig. 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

a
z
S
Ve Loy
Fw oK
w
Wy a
3 Z4g L
J
[UIN] 2=
<a ol
POWER Zwa
TUBE
—

R S A UTPUT

COND. . fouTPUT
ITRANSF. 1°2¢ioke
A) B+ ® BY mag

SPEAKER

F16. 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), 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.,

”};RYSTAL

DETECTOR FiG. 7-13.—A simple output
T A meter consisting of a qrystal
Ll 0-1 MA. detector and a 0-1 d-c¢ milliam-
/ p-c A meter.
MILLIAMMETER

©

by connecting a 0-1 ma. d-¢ 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. 7-14, by means of its own coupling
transformer, to prevent excessive current from damaging the

1000 OHM
d RHEOS TAT CRYSTAL
i DETECTOR
- BREAK-IN o
ADAPTER 0-1 MA.D-c #
POWER ~— MILLIAMME TER
TUBE IN N\
RECEIVER OR T
AMPLIFIER To LouD COUPLING
TRANSFORMER
SPEAKER
\ourpur
TRANSFORMER

Fi1c. 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,
8o 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-¢ milliammeter is employed as a
1,000 ohms-per-volt voltmeter (by means of the series multiplier
resistors) with ranges of 14, 14, 1, and 5 volts.

Although the crystal-detector type output meter is compara-
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tively simple and inexpensive to construct, severab 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

250w 0
-‘V.
500 w .
——AIW—o }v.
{ 1000 w
CRYSTAL $——VWWWWA—@IV.
DETECTOR 5000 w
O \—/vwvwww—osw
TERMINALS o
; -
©
COUPLING z¥ @ 0-1 D-C
TRANSFORMER MILLIAMMETER

Fic. 7-15.—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,
80 that a sensitive d-¢ milliammeter could be employed fcr 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 & 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, is to keep the
output indications within the range of the meter scale. The vari-
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able resistance R, 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

0-1 MA D-C
MILLIAMMETER

TYPE '30
R, TUBE
F16. 7-16.—A sim- s 1000 OHMS =
ple tub e-rectifier TERMINALS
type of output meter. o =
A Wyng
TD 30 OHMS

3vorrs b
“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

0-1 MA. D-C

MILLIAMME TER

TYPE ‘30
TUBE

BREAK-IN
ADAPTER

POWER TUBE R,
IN RECEIVER OR
AMPLIFIER Ity LIS
TO LOUD ‘ I'I'J

ouTPYT = SPEAKER 3v
TRANSFORMER
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F16. 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
having a ratio of 80 to 1, a potentiometer R;, 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

RD =
|
P
S BLatn
=8
5 NEOW Cow
D Lawe
BLE “TBLacK

Fic. 7-18.—(Left). 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.

CQourtesy ROA Victor Co.

H to L, 1.5-ohms from O to L and 4-chms 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,
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 typé 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 sensttivity
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 modern 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—Ip 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-
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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—passetf 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 flue-
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

TYPE ‘30
TUSE -[__
APPLIED Cb
F1a. 7-20.—Circuit VOLTAGE TO
diagram of a simple BE MEAS.
vacuum-tube volt-
meter.
=iz = l'l'l‘j-__
4v.°C” 45 v."B"
-2+2
V. V.

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; fourth, it should
be economical to operate (line operation is desirable); and fifth,
its calibration 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-2 at position 7, mult 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
different suitable potentiometer arrangement.

The input resistance of the voltmeter is 1 megohm. This
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value may not be sufficiently high to prevent disturbing all ave
eircuits 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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Fic. 7-21.—Schematic circuit diagram of an easily constructed
V.T. voltmeter for use by radio service men.

B is 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-¢ 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 be 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



v

160 ~ MODERN RADIO SERVICING CH.VII .

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.

It P })

==, TO /\f Fig. 7-22.—Circuit
= INPUT arrangement for cal-
8= v | TERMINALS ibrating the V.T.

T o OF VT voltmeter of Fig.

I Z) VOLTMETER 7-21.

¢

REVERSING SWITCH

This V.T. voltmeter can be used to measure either a-¢ or d-¢
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, ete.

Note: When measuring a-¢ voltages, switch SW-8 (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
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that across the stage output, so that the gain may be determined. In-
termittent operation, poor alignment, ete., 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 as
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 mo 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, ete. :

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.

10.

11.

REVIEW QUESTIONS

What is the output meter used for in radio service work, and why
is it necessary?

Can a d-c meter or a movable-iron type a-¢ meter be employed in
place of an.output meter? Explain!

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?

Mention three different types of output meters and explain the
principle of operation of each. Draw sketches to illustrate.
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. A

Explain the advantages of the copper-oxide type output meter.
Mention some of its uses.

What is the purpose of the series condenser in an output meter?
What may oceur if it is not employed?

State the disadvantages, if any, of the crystal detector output
meter,

What is a vacuum tube voltmeter? What are its advantages?
Disadvantages ?

Upon what principle does the vacuum-tube voltmeter operate ?
Draw a circuit of a simple vacuum-tube voltmeter.

How would you calibrate a vacuum-tube voltmeter? How would
you make it read “effective” values? 5



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



164 MODERN RADIO SERVICING CH. VIl

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 automgtically 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 avc used; the greater
the sensitivity and the more the avc 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 recejvers. 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 Modern 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 modern 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 modern combina-
*Note: For a more detailed and comprehensive treatment of the

subject of vacuum tubes, consult the Radio Physics Course, by Alfred
A Ghirardi. (Radid & 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 amg-le 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 (4) 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 (@) is shown a filament type
tetrode, or four-element tube. GI is the control-grid. The addi-
tional grid G2 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 G3 (the suppressor grid) between G2 and P, as shown at
(IN. 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 G3 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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Fic. 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 (5-electrode) tubes at (I) and
) 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 & 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 elestrode
arrangement in these tubes is shown at (L) of Fig. 8-1.

8-8. A Satisfactory Test for Tubes.—Just 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,” though universally used,
has been changed by the Standardization Committee of the Institute
of Radio Engineers 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.—If 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- Fig. 8-3.— Circuit arrange-
ment for a simple emission test ment for making an emission
on a 2-electrode tube (diode). 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 hot; 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
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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
8o 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, ete.,
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-¢ 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. Thie 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 oconsulted 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 (4) of
Fig. 8-4. A simple triode is connected to batteries and a meter,
as shown. 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 difference 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 & change in the
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F1c. 8-4.— Action of the circuit arrangement employed to make
a “gas” test on a vacuum tube.
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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 across 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 & 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 G,,). 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
18 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, G, 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
mentary circuit ar-

(ﬁ
rangement for de- =
termining the mut- 1 * M
ual conductance of a o &)
tube. Fv B
- ST

which time the plate current meter reads 7.4 ma. The mutual
conductance of this tube then is,

G, =

Fig. 8-5. — Ele-

change in plate current produced (in amperes)

change in grid voltage producing it (in volts)
0.0074 — 0.004 0.0034

— 275—150 125

Mutual conductance is measured in mhos. The mutual con-

ductance of radio tubes is so small, however, that one-millionth

part of & mho, the micromho, is the unit universally employed for

expressing the G,, of radio tubes. To convert mhos into micro-

mhos, simply move the decimal point siz places to the right, ie.,

multiply by 1,000,000. The G,, 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 miutual 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.

= 0.00272 mhos.
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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-

Fic. 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 B! 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 fized 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 various
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
often 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. With S in position I, the voltage drop across both
R1 and R2 is applied to the tube as a negative grid bias; with S
in position 2, only R1I 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 (4) 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

PORTION 13 PLATE CURRENT
(SWITCH AT POSIT. 1)

1O V. L PORTION 23 PLATE CURRENT
'L A-C LINE Y (SWITCH AT POSIT.2)
A ®

F1g. 8-T—(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 ¢ as B
plus. Contact I is connected to both the cathode and the filament.

(B) Portion ! shows the plate current when switp}.\ S is in
position 1.” Portion 2 shows it when the switch is in position 2.

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).

When § is in position 2, 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 @ to b. This causes
the plate current to increase, as is shown by portion £ 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

| PRIM.
1o V. S—
'; A-C LINE
A) . o B3)

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 2) 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 each 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-¢
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”, ete. 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 nitial 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



~

180 MODERN RADIO SERVICING CH. VIII

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 X111, 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 is
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 volfage drop across the primary). One side of the
primary connects through a resistor R (used to limit the plate

F1c. 8-9.—A typical
circuit arrangement
employed in tube check-
ers for making cath-’
ode-heater leakage
tests.

¥ TO 110 V. A-C LINE

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-¢). 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
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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 dut 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 offenders, 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



CH. VIII THE TUBE CHECKER 188

in connection with the commercial tube checkers described in
Chapter X.

Line voltage variations are 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
modern 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
circuit 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

3-ELECTRODE TUBE
@ a )

FiG. 8-10.—Funda-
mental grid-shift
type battery-oper- $
ated tube tester cap-

able of testing 3- GRID-SHIFT
electrode tubes only. SW. 6V H l90 V'-'
Al gerhbis,
C'BATT.  STORAGE ‘B"BATT.
BATT.

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 referred 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

4-PRONG 5-PRONG
SOCHET SOCKET

Ty 10

GRID =
SHIFT SW.

F1G. 8-11.—Here, a 5-prong socket has been added to the tester
of Fig. 8-10. This makes it possible to test both 8- 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.



CH. VIII THE TUBE CHECKER 186

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

5-PRONG
“SOCKET

4-PRONG
jSOCKET

r .

’
o s 2 2250 50 OHMS
GRID- R23Z = LOAD
SHIFTsw.| L 3 Ao DLZ RESIS.

k‘( LINE
SWITCH
IOV, A-C LINE 3

F1G. 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 4 RS,
with the switech marked “grid-shift”. The grid-bias voltage
is obtained automatically from the fall of potential across R2
and R3, caused by the flow through them of the plate current
of the tube being tested. As mentioned, when the “grid-shift”
switch i8 pressed, B2 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. 1In 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 SwW.

LOAD
RESIST

2 K LINE
SWITCH

HO V. A=C LINE

F1G. 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-

SHIFT sw.

C sS—vY*®

EATHODE—

HEATER
LEAKAGE
TEST

50 MA.
10 MA. j SHUNT

FiL. D-C M
TRANSF.

PRIM. LOAD RESIS. PRESS FOR
1500 OHMS Lo MA.
CINE AN

Sw.

Yiov. A-C LINE 3

F1G. 8-14.—The tube checker circuit of Fig. 8-18 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.

_PR

CATHODE- H'T'R
PL

ESS FOR 2ND|
L LLEAKAGE TEST ATE

50 MA. SHUNT

10 MA.

-C™a

FiIL. -
TRANSE 10 MA. RANGE
A
LOAD RESIS
1500 OHMS

W} 1HOV. A-C LINE $LINESW.

FiG. 8-15.—The tube checker circuit of Fig. 8-14 is here provided
with additional sockets so that tetrodes and pentodes may also
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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Fic. 8-16.—Here three additional sockets have been added to the tube checker of Fig. 8-15, 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.
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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 & 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-
seribed 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.

(2) 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.

(3) Lack of proper 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. e 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

W =
Fic. 8-17.—A suggested arrange- gllvATER-TYPE

ment for home-made adapters. The SOCKET
wafer type socket is fastened to the 2 *\
discarded tube base by means of the 4l oLp Tuee
long machine screw and nut through q BASE

the center.

" "'.
g @ MACHINE SCREW
@ AND NUT

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

o)
© (D) U[] I

Courtesy Alden Products Oo.

Fi1c. 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 b-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 (4) 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 (4).. A complete
adapter designed to make it possible to test 2A 7 and 2B 7
tubes in the 24 socket of a tube tester, and test 6A 7, 6B 7,
6C7,6D7, 6E7 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.

(C)

F1G. 8-19.—(A) Wiring of an adapter for testing the 57, 58,
71, 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. 8, 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.—When the
tube checker comes already equipped for testing type ’27 or 37
tubes, the adapter shown at (4) of Fig. 8-19 may be used for
testing type ’57, '58, ’77, '78, ete., triple-grid 6-prong heater-type

©)

Fig. 8-20.—(A) Wiring of an' adapter suitable for testing the
2A7, 6A7, 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 (4) 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 2A7, 6A7, 6D7, 6E7, and similar type tubes are to
be tested. Should it be desired to test the type 2B7 antd 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
124 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 (4) of Fig 8-21. This adapter is constructed with a
6-hole socket and a 5-prong tube base with a small SP.D.T. tog-

(BY

F1g. 8-21.—(A) Wiring of an adapter 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

FI1g. 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 (4)
of Fig. 8-22. In this adapter, a SP.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.

F1G. 8-23.—An adapter for test-
ing the '19 tube in the 45 socket
of a tube checker.

O

S.PD.T.
TOGGLE
SWITCH

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.

AL TOGGLE SW. 8)

Fic. 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 25Z5 tubes. Two
switches are employed. i

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 (4) of Fig. 8-24
may be constructed for testing the 2525 voltage-doubler tube in
an old tube checker. A SP.D.T. toggle switch is incorporated

V5%
967
%
E-LCLP TO (/4
CAP OM
TUBE
S.PD.T
K TOGSLE

F1G. 8-26.—(A) Wiring of an adapter for testing the 6F7 tube
in the "87 socket of a tube checker. (B) Adapter for testing the 41
and 42 tubes in the ’87 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 (A4) 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 (4) 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

F16. 8-26.—(A) Wiring of an adapter for testing 6Z5 tubes in
the ’37 socket of a tube checker. (B) An adapter for testing 6Y5
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 & 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 10, 13, 14, 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
possible the testing of all high-voltage
filament type tubes. Thus, it enables
the old tube checker to test theése tubes.

As is evident from Fig. 8-27, this
adapter has composite 4-5-6 prong
sockets, i.e., sockets made to take
Courtesy Alden Products Co. four, five and six-prong tubes. Each

e B o £ e is identified by a letter referred to in
checking adapter which the direction chart on the bottom of
enables tubes with high-  the adapter. It makes it possible to
voltage filaments 0 %€ test all high-voltage filament tubes
contained - step-up trans-  such as the 12Z3, 14, 17, 18, 25Z3,
O oeoTR sHapusy  20Z5 (each plate), 43, 48, 96, 262A,

272A, A22, A26, A28, A30, A32, A40,
A48, AE, HZ50, RA1, 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 follows:
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The 4-prong plug (shown at the lower left) of the cable is in-
serted into the ’01A socket of the old tester. The tube tc.be tested
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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 b 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 T1. The 5-volt primary of
this transformer is now energized
from the filament terminals of the
'01A 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 80 volts to the
filament.

Resistor BRI is connected into
the plate circuit by pressing switch

Courtesy Radio City Producte Oo.

Fi1c. 8-29.—The tube test-
ing adapter unit whose circuit
diagram is shown in Fig.
8-30. (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, J2, etec, provided
on the panel.

TOP VIEW OF SOCKETS
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FiG. 8-30.—Schematic circuit diagram of the tube testing adapter
illustrated in Fig. 8-29. The transformer T1 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 milllammeter. The power output of the
tube is approximately equal to:

Power Output — (d-c_current in Amps.)? % 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.

15. 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 '87 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 25738 tubes?



. CHAPTER IX
HOW TO CONSTRUCT A MODERN TUBE CHECKER

9-1. Introduction.—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 modern, 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 tibes
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.*

*NoTeE: See footnote at bottom of page 212.
202
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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 thése 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
1s 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 testea 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 Available.—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 S3, 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 SI, 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-¢ 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-
gwitch 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
cheeker 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 S6 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 S12. 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 R3
in the grid circuit. This resistance is shunted by a closed-circuit
S.P.S.T. push-button switch, S6, 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 S2. 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 S9 and S10. At the same time,
however, it is necessary to press the “second plate” switch, S2,
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 & 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 (4) 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 '01A, 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, 1V,
6723, 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 R3, a zero reading should not be expected.

9-11. What Socket No. 2 Tests.—Socket No 2 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. 3 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.
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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, Wunderlich 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
87 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 S8 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 S9 and then switeh 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

~

o
; CATHODE
S g5 LEAKAGE -~
o 105, 2ND
o o125 PLATE '

i OFF

Fi1g. 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 S7. 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-



210 MODERN RADIO SERVICING CH. IX

TEST CHART For TUBE CHECKER SHOWN IN FiG. 9-1

Tube Set Fil. Use e | SetFil. | Use
Type Sw.at | Socket Tub Sw.at |Socket
~ (Volts) | No. Type | (Volts) | No.
'00A 5.0 1 | 56 256 10
'01A 5.0 1 56 2.6 1
01AA 5.0 1 ‘ 56A 6.3 1
1 6.3 1 57 2.5 2
1V 63 1 | o7 63 2
10 7.5 1 || 57AS 6.3 2
12 5.0 1 58 2.5 2
12A 5.0 1 58A 6.3 2
13 5.0 4 | 58AS 6.3 2
14 16.0 2 59 2.6 3
15 |20 2 59B 2.5 3
16 |15 4 64 6.3 2
17 15.0 1 64A 6.3 2
18 16.0 1 65 6.3 2
19 2.0 5 65A 6.3 2
20 3.3 1 67 6.3 1
22 3.3 2 67A 6.3 1
24 2.5 2 68 6.3 2
24A 2.5 2 | 68A 6.3 2 -
26 1.6 1 | 69 6.3 4
27 2.5 1 70 6.3 4
29 2.0 4 71 5.0 1
30 2.0 1 T1A 5.0 1
31 2.0 1 75 6.3 10
32 2.0 2 6 6.3 1
33 2.0 3 77 6.3 2
34 2.0 2 78 6.3 2
35 2.5 2 79 6.3 5
36 6.3 2 80 5.0 4
36A 6.3 2 80M 5.0 4
37 6.3 1 81 75 4
37A 6.3 1 81M 7.5 4
38 6.3 2 82 2.5 4
38A | 63 2 83 5.0 4
39 6.3 2 83V 5.0 4
39A 6.3 2 84 6.3 4
40 5.0 1 85 6.3 10
41 6.3 1 89 6.3 1
42 6.3 1 90 2.6 4
43 25.0 1 92 6.3 4
44 6.3 2 95 2.6 1
45 2.6 1 | 98 6.3 4
46 2.5 3 182 5.0 1
47 2.5 3 || 182B 5.0 1
48 30.0 1 183 5.0 1
49 2.0 3 482A 5.0 1
50 7.5 1 482B 5.0 1
51 2.5 2 483 5.0 1
52 6.3 3 484 3.3 1
53 2.5 6 484A | 33 1
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TEeST CHART (CONT’D.)

. y g
Tube | SetFil. | Use Tube Set Fil. | Use
I Sw.at Socket Sw.at |Sockst
Type (Volts) | No. Type (Volts) | No.
4856 3.3 1 iWunderlich
486 3.3 1 B 2.6 4
b8b 7.6 1 Wunderlich
586 7.5 1 \ BB 6.3 4
686 7.5 1 1A6 2.0 2
864 1.5 1 \ 1C6 2.0 2
A22 15.0 2 2A3 2.5 1
A26 15.0 1 2A5 2.6 1
A28 15.0 1 2A6 25 10
A30 15.0 1 2A7 2.5 10
A32 15.0 1 ’ 2B6 2.5 9
A40 15.0 1 || 2B7 2.6 10
A48 15.0 1 || 2F7 2.5 7
AD 6.3 1 573 5.0 4
AE 15.0 1 6A4 6.3 3
AF 2.5 4 | 6AT 6.3 10
AG 5.0 4 | 6B7 6.3 10
G2 2.5 4 6C6 6.3 2
G2S 2.5 4 6CT 6.3 10
G4 2.5 4 6D6 6.3 2
G4S 2.5 4 6D7 6.3 10
G84 2.5 4 6E7 6.3 10
GA 5.0 3 6F7 6.3 7
HZ50 15.0 1 6Y5 6.3 11
KR1 6.3 1 6Z3 6.3 1
KR2 5.0 1 6Z4 6.3 4
KR5 6.3 3 625 15.0 8
KR25 25 1 12A5 15.0 11
LA ‘5.0 3 12A7 15.0 12
PA 6.3 1 1273 15.0 1,
PZ 25 3 1275 15.0 8
PZH 6.3 1 2573 25.0 1
RA1 15.0 1 | 25Z5 25.0 5
S01 16.0 1 | | l

former, the nearest voltage to that required has been used.
Three-volt tubes are tested on 3.3 volts; 12.5-volt and 14-velt

(A) (B) (C)

(D)
Oourtesy Alden Products Co.

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 (S1)
'6—S.P.D.T. push-button type switches (S, 84, S7, S8,
S9, 810)
3—S.P.S.T. push-button “closed” type (S3, S6, S12)
1—S.P.D.T. toggle switch (S5)
1—S.P.D.T. toggle switch (S11)
1—filament transformer, 1.5, 2.0, 2.5, 33, 5.0, 6.3, 7.5, 15.0,
25.0, 30.0 volts; primary tapped at 105, 115, 125 volts.
1—1,500-0hm wire-wound resistor (25 watts) (K1) .
1—1,000-ohm wire-wound resistor (25 watts) (E2)
1—500,000-0hm ¢arbon resistor (R3)
1—pilot-light socket
© 1—6 V. pilot light
2—tip-jacks
1—control-grid clip and lead
Miscellaneous wire, solder, screws, nuts, ete.

*Nore: 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, thus

*Note: 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,
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eliminating the possibility of any injury to a tube by placing it
in & 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

‘ 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
v either side of normal is propor-

k- tional to the change in plate im-
P pedance, or emission, from nor-
mal. Hence, the swing of the

% needle is proportional to the
amount of “poorness” of the

: tube.
e Tubes with short-circuited
e AR A R A elements will not injure the
P S meter on this tester because the

= M ]

relationship between the “regu-

lation” of the transformer out-

put, the hot resistance of the

Mf:llecf EO'%{,L;T}Eﬁstceﬁf'ﬁdﬁ’;‘iﬁ pilot lamp and the shunt' vglues

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.

Qourtesy Apparatus Design Co.

Any short-cireuit from plate or screen-grid to grid, catho&ie,
filament, suppressor, etc., will automatically light the Short
indicator lamp brightly. Some of the high-plate-current type
tubes will cause a siight 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
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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 Courtesy Apparatus Design Co.
a pilot lamp, which indicates

. Fig. 10-2.—The Confidence
short-circuits from plate or special tube tester. Nate the
screen grid to any other element. unique selector dial at the
A separate cathode-to-heater 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 volts.

10-4. “Dependable” Model 303A Tube Checker.—This
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

Fic. 10-3. —  “Dependable”
Model 303A tube checker. The
schematic circuit diagram of
this instrument is shown in Fig.
10-4.

Courtesy Radio City Products Co.

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
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F1G. 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 is
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,
ete.

The use of this tester in-
volves two operations. First,
the tube to be tested is in-
gerted in the proper socket
and tested for short-circuits,
gas, etc. Then the Biags-Test
switch is thrown, and the
reading noted. The differ-
ence between this reading and
the one obtained before
throwing the switch is the Courtesy Radio City Products Oo.
relative mutual conductance
of the tube. The cOrrect 505 fubo foster. P ios divere
value for any particular tube reading tester of the emission-
c e . test type. Its schematic circuit
1s Indicated on a chart fur- diagram is shown in Fig. 10-6.
nished in the cover of the in- :
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 Questionable.
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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

Fre. 10-6. —
Schematic circuit
" E diagram of the

tube tester illus-
trated in Fig.
10-5.

an

N

i -

B
ke g
- ‘l‘ 35
= L
L =)

i~ 4
: TuB! ALY
. & <
ve > sw.‘}%‘.f 51‘,’3 SWITCH
ICLI T | 3 sw.2
A L = = ‘F 3 ‘i-trl
( haCay C . I e—r 3+ ——
[ (o, P AT KY€ by < b AR S
o @ 3 ° o i S o) & rg"l:
b o -
o oY \woy \w0o3 o o0y |- |-ToP ew
= < b « x X
Vi V2 v3 vd 73

second meter, M2, 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 SWI1. This
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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. KEight different combinations for indicating
inter-element shorts and leaks are available with this switch.
The two selector switches STV2 and STV3 are used for test-
ing purposes. SW2 has twelve positions, 4 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

Fi1c. 10-7.—The Franklin
Model H-33 tube checker.
Its schematic circuit diagram
is shown in Fig. 10-8.

Courtesy Franklin Radio Products Corp.

counter type models to meet the requirements of both ficld 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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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 7.5-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 Tig.
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, 2, 3, etc., is set to the proper
position indicated by a chart supplied with the instrument. The
second selector switch marked 4, 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 deflec-

Fic. 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.

Courtesy Readrite Meter Works

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 tse 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
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Fi1c. 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
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
chart supplied.

F1G. 10-11. — Supreme A cathode-heater short is
Mot " esins 2oMEE  revealed by pressing the K-H
diagram is shown in Fig. Leakage button. If the plate
10-12. milliammeter drops to O when
this button is pressed, the cathode and heater are frec from each
other. Control-grid-to-cathode short-circuits will result in no
change in plate current when the “Grid Shift” button is pressed.
Plate-to-cathode (or filament), and control-grid-to-plate short-
circuits will cause the meter needle to vibrate about the O
position when the “grid shift” button is pressed.

10-9. “Supreme” ‘Model 85 Tube Checker.—This versa-

-

3 B

OQourtesy Supreme Instr. Corp.
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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

4

FIL-HTI
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SELECTOR
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SHIFT

F16. 10-12.—Schematic circuit diagram of the tube checker illus-
trated in Fig. 10-11. Note the intricate selector switch at ‘the center.

F1G. 10-13.—Supreme
Model 85 tube checker.
Note the direct-reading
meter at the center.
The neon glow lamp
reveals leakages or

short-vircuits. See Fig.

10-14 for the schem-
atic circuit diagram of
this tester.

Oourtesy Supreme Instr. 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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F1G. 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. i

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 far 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

Fie. 10-15. —- Weston Model
681 counter type tube checker.
Notice the unusually large direct
reading meter, the clear and
simple layout of its scale.

Courtesy Weaton EBlact. Instr. Corp.

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 '01A 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



228 MODERN RADIO SERVICING CH.X

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
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F16. 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 modern “tube seller.” It
18 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 imstruction sheet. Short-circuited
tubes are indicated on the scale in a Isrge 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 ssglfﬁbio-cﬁc?x e:}fggnMﬁg:el
the sockets are for present use. in its portable carrying case.

* The instrumen’? is shown in }:ssi%};:;"?;‘%,icgci’&fl‘;fagram
Fig. 10-15 and its schematic
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-
ston 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 afier 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.

Caurtesy Weston Elect. Instr. Oorp.
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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 ‘sockzts
into which the tubes that can be tested are inserted, and also
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Fic. 10-18.—Schematic circuit diagram of the “emission” type
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 is 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 1V 00A 01A 10 12-\ H 15 17 18 *19 20 22 24A 26 27 29

3
Fil. Selector 6 6 3 3 7 8 2 X8 38 2 4 3 1 3 3
Tube Sel'tor 47 16 30 37 42 AI() 4231 42 10 3y 27 '&0 38 40 40 43
Socket DD ¢ € ¢ ¢ ¢ ¢ ¢ ¢ 6 ¢ ¢ ¢ C C C

Tube Type 30 31 32 33 34 35 36 37 38 39 40 4t 42 43 45 46 47 48
Fil. Seleetor 2 2 2 2 2 3 6 6 6 6 5 6 6 3 3 3 9
Tube Sel'tor 33 37 37 39 37 40 42 1242 41 03y 42 41 l(‘) 44 44 41 47
Socket C C C D C C C ¢C € ¢ C C CcC ¢ C DD C

Tube Type 49 50 52 *53 55 56 57 58 59 69 TiA 75 76 77 78 *79  *80
Fil. Selector 2 7 6 3 3 3 3 3 3 6 3 6 6 6 6 6 5
Tube Selector 40 41 44 16 41 4 45 44 41 43 43 41 45 44 43 44 38
Socket D C D K E € € ¢ J ¢ C E € C C ¥ |
Tube Type 81 *82 *83 '83V *84 85 89 99 1A6 1C6 2A3 2A3H 2A5 2A6
Fil, Selector 7 3 3 6 6 6 4 2 3 3 3
Tube Sel'tor 36 48 48 18 45 41 43 9 30 ';6 47 46 43 43
Socket D E E E E E C C C C C C C E
Tube Type 2A7 2B6 2B7 *523 6A4 6A7 6B7 6C7 6D7 6E7 6F7 *6Y5 *6Z5
Fil. Selector 3 3 3 6 6 6 6 6 6 6 6 6
Tube Selector 45 44 41 -ﬂ 43 44 41 44 45 44 42 47 45
Socket J J J E D J J J J J J 1 1
Tube Tvpe  12A5 12A7 12Z3 *12Z5 25Z3 *25Z5 182B 183 485 950 KR2 *G-4

Fil. Selector 8 8 8 8 9 9 5 5 4 2 3 3

Tibe Selector 43 43 47 46 47 47 42 42 37 38 47 20

Socket L J D I D H ¢ € C b D E

*CATHODE LEAKAGE: While taking TEST reading, pull cathode leakage awilch. Pointer should come
back to Green Arrow.

*.\lnnipulnle NORMAL PLATE—SECOND PLATE switch for second plate reading.
THE FOLLOWING HAVE EQUIVALENT TEST READINGS:
e O =

0JAA = OlA 67 = 31 95 = 2A§ 951 = 32 AF = 82 P.861 = B4
21HM = 5 68 = 38 98 = 84 =17 AG = 83 PZ =

4 = 39 80M = B3 482\ = 71A = G2 = G4 PZH AS

51 = 35 81M = 81 482B = 182B =1 GB5-8 = Wunderlich = 29
57A8 = 77 82v = 82 483 = 183 74 = B4 KRl = 1 Wund. Auto. = 69
58AS = 78 88 = 83 184 = 483 = 1223 KRS = 6A4

64 = 36 90 = 29 585 = 50 = 83 KR25 = 2A5

65 = 39 92 = 69 586 = 50 AD =1 LA = 6A4

F1G6. 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). —

R e —

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 X1
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 is
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-

232
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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 cases.
combinations of these methods are required, etec. 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 meny 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 modern receiver circuits 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 and 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, ete.,
(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 associated with one of the
tubes in the receiver will cause a change in the voltage
existing at one or more of the tube prongs, or a change in
the current flowing in at least one of the tube circuits.



CH.XI THE VOLTAGE-CURRENT SET ANALYZER 286

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 trouble. 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 Bbtained, 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 XXII. The proper remedy is then applied.
Thus there are really three main steps to this method of radio
receiver testing. They are:

1. TRhe voltage-current analysis at the tube socket term-
inals of the entire receiver and consequent localization
of the trouble to some particular offending circust.
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2. Testing of the various components and wiring in the

offending circuit.

3. Repair or replacement of the inoperative part (or other

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

NEXT
STAGE

R1

B+ B+

Fic. 11-1.—A typical screen-grid r-f amplifier stage with by-pass
condensers, bias resistor, and voltage-dropping resistors connected
in their proper places. The connections of all the separate meters
required for a complete voltage-current analysis 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 C1. 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 C2. The other end of the resistance RI 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 iz
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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-¢ 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 milliasmmeter 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 fups-
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 referred 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 referred 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 refer-
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 R2. 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 plate
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 R2.

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 XXII. If the
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F16. 11-2—The principle of voltage-current receiver analysis is
illustrated 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 were 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

fTUBE FROM  EXTENSION RECEIVER

RECEIVER
SOCKET

RECEIVER SOCKET

ANALYZERZY UNDER TEST

F1Gc. 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 erxtended 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 modern 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 patiemce
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. This
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 presscd 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 modern
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 modern
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 switch method.
3. The rotary switch method.

At first glance, the meter-connection arrangements used in set
analyzers may appear rather complica.ed; 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
leaas 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 surface 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 current flowing in any circuit may be
measured by inserting the meter test prods into the A and B pin
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jacks of that particular circuzt. 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

S R\\k\‘( liR
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FiG. 11-4.—Pictorial representation of the fundamental idea in-
volved in a simple set aralyzer 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 sucket
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
pm-_)ack 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

(A) \Y
Courtesy Weaton Elect. Instr. Corp.

F16. 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 (8.P.D.T.)
{¢) double-pole single-throw (D.P.S.T.)
(d) double-pole double-throw (D.P.D.T.)
{e) triple-pole single-threw (7.P.S.T.)
(f) triple-pole double-throw (7.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
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. Fi16. 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)
COourtesy Weston Elect. Instr. Corp.

Fic. 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 (4)
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
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F1G. 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 7 is pushed down so that its contact piece engages, or
makes contact with, that of blade £. This switch is of the open-
circuit type because it is open unless the button is pressed down.
Ou the other hand, it is possible to arrange the blades as shown
at (B), so that when the button is pressed, the long blade 2
is pushed away from blade 1, thus breaking the circuit. This
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18 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 I 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 Loth circuits.

The switch at (E), eomposed 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. swjtch.
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.
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F16. 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 niay be combined to construct a D.P.S.T. switch which
‘will open two circuits (instead of closing 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 switch. 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

Fi16. 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.
b on the dial plate. Rota-
tion of the single knob
turns all of the contact
arms simultaneously.

Courtesy Radio City Products Co.

points by means of a knob, dial or pointer. A simple rotary tap
switch is illustrated at (4) of Fig. 11-9. This type of switch
i8 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 meter 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
getting.

11-14. Toggle Switches.—Another form of switch fre-
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quently employed in set analyzers and other electrical equipment
is the foggle 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 (4) of Fig. 11-11. A single-pole triple-throw

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.

(A) (B)
Courtesy Weston Elsct. Instr. Corp.

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. We 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 ¥, 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
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F1G. 11-12.—Here a voltmeter is used with a single-arm contact
‘switeh 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 (4) 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 cases where a reversed filament-voltage reading is
obtained—for instance, in receivers which have their tube fila-
ments connected in serics 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 0-15C volts or higher (which is necessary for
reading the plate voltage) is used. Therefore, we must employ
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Fic. 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, ete.

(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 (B). 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
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FiG. 11-14,—The circuit arrangement of (B) in Fig. 11-18, 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 R;, R, and R;.

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 neecessary 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 clearly 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 set 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 (A4) 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, R,, R,, Ry 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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F1c. 11-15.—“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

PLATE MA, SHUNT

o (&}
TO < P
TEST T F+
-«
PLUG o 11 o A o A.C.
<« = .
\" 2| —5" SHUNT VOLTMETER
3 : =
4-WIRE CABLE-! 4 ’d ’pf
VOLTAGE
SWITCHES ™\ 7 /
OF- P+ @
MULTIPLIERS J
. 150
A
AW —-+——A~
w
MAA—D+——a
| ko
FAAAN b
. ) 4
; -y
SWITCH
CURRENT SWITCH

e =31

POLARITY REVERSING
MILLIAMMETER SWITCH -

F1G. 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-¢ 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-¢ volt-
meter to the filament circuit by means of a five point tap-switch,
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T0\3I==5 o

PLUG S5 F+

T

\y

(A)

Fi6. 11-17.—(A) How a b-prong socket is added to our analyzer
to make it possible to analyze the circuits leading to 5-prong tubes
in receivers.

(B) A 4-hole 5-prong adapter to be used at the end of the
4-prong dummy plug when the circuits to a 5-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, 80 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 removabhle 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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F1G. 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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F1G. 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
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“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
b-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-¢ 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
sereen 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 (4) 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 (A4) 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.-S8.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 double-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 bc 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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F16. 11-21.—Circuit arrangement for incorporating a grid-shift
test for testing tubes in the set gnalyzer.
and 8-15) by the “grid-shift” test. Invariably, this is done by
noting the change in plate current when a small 3- or 414-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 41%-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 tubes. 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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Fi1c. 11-22.—Circuit arrangement for using the meter in the
analyzer as a “series” type ohmmeter.

cut analyzer with a minimum 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.

Fic. 11-23.-—- Seven-
prong analyzer dum-
my plug and four adap-
ters for adapting it to
{ 6-, 5-, 4- and 7 (large
No.2930-B base) -hole sockets. See

. Fig. 11-24 for the in-
) ternal wiring of these
adapters. Notice the
control-grid studs on
- the dummy plug.

i } ! | Courtesy The Radio Producte Co.

No.2989-B No.2987-8 No.2988-8

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.

Fic. 11-24.—In-
ternal wiring of
the four analyzer
adapters illus-
trated in Fig.
11-23.

(C) 7-5 ADAPTER (D) 7-4 ADAPTER

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

cLIP cLip
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’

F1g. 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.

(A) »

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

cuip cLIP
6"LEAD ,r36"LEADS 6~
“ = . LEAD
F1G. 11-26.—Two-part G Sep', G

adapter for analyzing
the circuits to '24, ’85,
'36, 38, ’39, '44 and ’51
type tubes when the
analyzer is equipped
with a 4-prong test
plug and a 4-wire cable.

(A3 (B)

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.

36" LEAD~
]

Fi1G. 11-27.—Two-part
adapter for analyzing
the circuits to ’33, 46,
’47, ’49, etc., tubes with
an analyzer equipped
with a d4-prong test
plug and 4-wire cable.

(A) (8)

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. / and 3 are connected -to-
gether, clip No. 4 is connected to the control-grid lead of the
stage in the recetver 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. 3 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

CLIP NO.I NO.2 NO.3 NO. 4

Fi1c. 11-28.—Two-part -
adapter for analyzing
the circuits to 65, 67,
'68, '77, '18, etc., and
’18, ’41, '42, '43, ’48,
PZH, ete., tubes when
the analyzer is equipped
with a 4-prong plug
and a 4-wire cable.

(AY ({-3]

device consists of two adapters, one of which (A4) 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,

CLIP CLIP

8” LEAD
= 36" LEAD

Fic. 11-29.—Two-part
adapter for analyzing
the circuits to 22, 82,
'34, ’24, '36 and °’bl
tube when the analyzer
is equipped with a B-
prong plug and a 5-

oo i, P i J
4 W wire cable.

AKX
E F ¢ E E F Wés

(A) (B)

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

36 LEADy
/
G
Fig. 11-30.—Two-part
p adapter for analyzing
the circuits to 33, 46,
F 47, '49, etc.,, tubes
G when the analyzer is
equipped with a 5-
P prong test plug and a
b-wire cable.
F F
8

low cathode voltage measurements, or to none at all, as is the
case with sore old testers, the combination adapter shown in
Fig. 11-30 may be used. Section (4) of the adapter is placed
on the test plug and section (B) is inserted in the analyzer

CLIP NO.I NO.2 NO. 23 NO.4

Fic. 11-31.—Two-part
adapter for analyzing
the circuits to ’55, '67,
58, '75, 71, '18, ete.,
tubes, and the '18, 42,
143, ’48, PZH, ete. tubes
when the analyzer is
equipped with a B&-
prong test plug and a
5-wire cable.

(A}

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 combination 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

CLIP NO_(

F16. 11-32.—Two-panrt
adapter for analyzing
the circuits of 2A7,
2B7, 6D7, 6E7 and '59,
57B types of tubes
when the analyzer is
equipped with a 5-prong
test plug and a b-wire
cable,

(A) 8

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. I
is connected to clip No. 8, clip No. 2 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. 2, and clip
No. 8 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 analyszers 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,
157, '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 tube 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 (A4) of the adapter is
placed on the test plug and section (B) is inserted in the an-
alyzer. In this case, however, clip No. I is fastened to the

CLIP NO. I CLIP NO. 2
€
6 LEAD
Fi1c. 11-33.—Adapter
for analyzing the cir- G s
cuits to ’565, 617, '58, "5, K .

"1, "8, etc., tubes, and
to ’18, 41, ’42, '43, '48,
PZH, etc., tubes when
the analyzer is equip-
ped with a b-prong

plug and 6-wire cable. E

control-grid stud of the test plug and clip No. £ 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
conventicnal 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 ’563, 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
& 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
& 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. I 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

CLIP NO.1 CLIP NO.2

. - 36" LEADS :_—: >6'
FiG. 11-34.—Two-part 3\?“ .~ x Xa

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.

be made with this adapter. In the case of the types ’59 and 59B
7-prong tubes, clip No. I 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 2A7,
2B7, 6A7, 6B7, 6D7 and 6E7, clip No. I is connected to clip
No. 2. 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 '591 tubes, clip No. I is connected to the test plug
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stud and clip No. 2 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-

CLIP NO.I CLIP NO.2

6" LEAD —

X s Fic. 11-36.—Adapter
for analyzing the cir-

K P cuits to 2A7, 2B7, 6A7,
6B7, 6D7, 6ET, ete.,

tubes, and °’69, ’69B

s tubes when the analy-

zer is equipped with a

K e 6-prong test plug and
E T-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.

10.
11.

12.
13.

14,

15.

16.

17.

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?

Explain briefly the idea of the set analyzer. Draw a single
sketch illustrating its principle of operation.

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). .

Explain the advantages of employing meter-switching and meter-
range multiplying systems in radio set analyzers.

What is a push-button switch? What inherent advantages, if
any, does this type of switch possess?

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.

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?

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 eircuit
also).

For what tests is an a-c voltmeter used in a set analyzer?

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?

What is meant by a “locking” type push-button switch?

Explain the value of incorporating a grid current test into the
analyzer. Draw a simple sketch showing clearly how this is
done.

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
tlﬁis ktest: in the set analyzer instead of with a separate tube
checker.

Your analyzer is equipped for the testing of 5-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 Appendiz at the rear of this book.)
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.

What are the advantages of test adapters? Mention briefly
several instances when test adapters are impractical.
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18.

19,

20.

21.

22,

MODERN RADIO SERVICING. CH. X1

Draw clear sketches showing the socket connections of the ’37,
"1, 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. o

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.
What difference would it make if the tube taken from the receiver
under test were not plugged into the analyzer during the analy-
gis of the circuits leading to that tube? Explain!

In your opinion, what is the difference between an “inoperative”
receiver and a ‘‘defective” receiver,

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 gircuit 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, ete., 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 fault 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 comparatively 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
smit 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 fault 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
burn 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 faults
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 betweer 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-

_ OHM-
T8 ME TER .
= “OPEN

F1G. 12-1.—Checking the re-
sistgnce between the plate and
cathode in a simple radio cir-
cuit by means of a milliam-

F16. 12-2.—Checking the re-
sistance between the plate and
cathode in a simple radio cir-
cuit by means of an ohmmeter.

meter and a voltmeter.

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 chimn-
meter that can measure resistances within the range from g
- fraction of an ohm to several million ohms. Such ohmmeters are
readily available (see Chapter V).

12-4, Point-to-Point Resistance Measurement. — This
measurcment 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 citcuit, the one fixed point being
called the common reference point. The reason for this refcrence
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 modern 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 modern tube and
receiver design imposes limitations on the use of this method for
gome 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 4, 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

10,000 OHMS

500
% OHMS

= :CHASSIS AND B-

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 By and L. It may not be
possible to read exactly 9,550 ohms on the ohmmeter; but, since
it is known that L is 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 R;, 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 A4 will check the total resistance of the circuit between B
and 4, and an additional check of the individual resistors may
be made by measuring the resistance between points 4-G and
A-C. In order to obtain the resistance of R,, 9,500 ohms (the
resistance of B;) must be subtracted from the 4-C reading,.

When checking resistance by this latter method, it should be
noted that point A4, 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.—It is interesting to know that points 4, B, C, F
and G are readily accessible from the sockets and chassis of the
set, and that by means of an ochmmeter 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 ochmmeter.
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 4, 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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F1G. 12-4.—A resistance testing arrangement in which a switch
S and a 19-wire cable are used to connect the ohmmeter to the
varjous 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, S, and S;, 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 olimmeter with
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Fi1c. 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
cases, 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
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F1e. 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 he 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-



.

288 " MODERN RADIO SERVICING CH. X1

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 ochmmeter.

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, the
single-plug arrangement meets all requirements.

12-8. The Combination Point-to-Pgpint 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 & 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.
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F1g. 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. 38 hap-
pens to be connected to the screen-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
geries 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 pofnt-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 purpos¢ 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 cperation. 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, ete.,, 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 ochmmeter indicated a
resistance of 10,500 ohms between ‘“chassis” and point E, and
10,500 ohms between “chassis” and point D. What would this
indicate?

10. Suppose you are using the analyzer of Fig. 12-7 (with a suitable
b-prong adapter) to make a point-to-point voltage and resistance
analysis on the circuit of Fig. 12-3. Using 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
mormally 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.
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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-¢ 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, S, 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-¢ volts at 1,000 ohms-per-volt; 1, 10, 100 and 500 d-¢ 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:R?,
5,000 ohms; R2, 10,000 ohms; R3, 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 0 to 1,000 ohms (with which it is possible
to read accurately resistance values as low as 14 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
cn the 100,000-ohm scale by 10. When this is done, additional
current-limiting resistor R10 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 S3, which connect
any range of the voltmeter, milliammeter, or ohmmeter selected
by the “Range” switch SI 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 S3 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 refer 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-t0-5, a 7-t0-6, 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 SI 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, S2 and 83 it is
safest to set the a-c—d-c switch, S4, 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 modern point-to-point instrument reauires 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” (4), so that the polarity of

o the meter will be correct without resorting to the use of the
polarity-reversing switch, S5.

. 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 G1 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 minus

P “Circuit” switch rotated to G1 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 H4. 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,
84, 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 S12, 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, 53,
625, etc., (see Art. 8-26). By placing one of the “Circuit”
switches on the correct terminals (on the GI 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 voitage impressed on one plate is read
with one “Circuit” switch upon P or G1, and the other upon H—
or H+4. 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 '53, '79, 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 precess 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 S3, 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 S1 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
Tor 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 chmmeter
circuit 8o 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
1s 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 chmmeter 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. When 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.

With 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 feceivers 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 1o 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 casily 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

F1G. 13-2.—Simple adap-
ter for making capacity
measurements with the an-
TEST alyzer of Fig. 13-1.

‘"EADS

EXT.
RANGE
FOSTS <

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 terminals. ;
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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13-1.
that in Pig. 18-1.

F16. 18-8.—A suggested panel layout for the analyzer of Fig.
The labeling of the various parts shown here corresponds to
The compartment at the top contains the two

4%-volt dry cell batteries and also serves as storage space for the
test plug and cable, adapters, ete.

troubles.

to insure permanent contact.

Likewise, care should be observed in the assembling
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 (S2 and S$) 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, S6, S7, S8, S9, S10.)

Seven S.P.S.T. push-button switches (S11, Si2, S8, S14, S15,
S16, S17). Normal position, “closed-circuit”.

Two S.P.S.T. toggle-switches (S18 and S19).

Six wire-wound resistors with a tolerance of 2% plus or minus:
5,000 ohms (R1); 10,000 ohms (R2); 100,000 ohms (R$);
250,000 ohms (R4); and two 500,000-ohm resistors (RS,
R6).

Three shunt resistors (R?, R8, 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 (R12). ’
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, T-to-5,
T-to-6, and 7-to-7) for large-base tubes.

One 0.6 mfd. by-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, ete.

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-
807
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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-
ation upon which future advancements in the field may be com-

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
g‘ig.) 14-2. (Dependable Model

01. :

Courtesy Radio City Products Co.

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 ccnsiderable 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 &l-
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Fic. 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.

.
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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. Referring 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. I terminals of the
sockets connect together and to the No. I 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 J; and J,

set analyzer. The eable, 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.)

Courtesy Readrite Meter Works

into which the terminals of the voltmeter-ohmmeter-milliam-
meter plug. Jacks J, to J,, 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: to J;, inclusive, must be used.

This instrument is versatile in the sense that measurements
may be made between any two terminals on the sockets pro-

Fic. 14-3.—A complete radio”
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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

ANALYZER PLUG

GND OR
CHASSIS CLIP

GND

PAIRS OF
TIP JACKS

[sececTorsw] \!
POSITIONS | .

*1 BLANK
2 15v. D-C
*3 150V.D-C
*4 300V.D-C
*5 600V.D-C
%6 15 MA.
‘7 BLANK
%8 150 MA.
%9 750V.AC
10 150V.AC
11 25V A-C
12 10V. A-C
13 BLANK
off

BATTERY
ONNECTED HERE [ JACKS
WILL BREAK THE

F1G. 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. I 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 be meas-
ured; the closed circuit is automatically opened by the test prod.

Section No. 2 consists of a suitable a-c and d-¢ 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-¢ volt-
meter ranges to 750 volts complete the facilities of this section.
Two terminals enable the batteries to be connected for resistance

Fic. 14-5.—A typical single-
meter pomt—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.)

Courtesy Supreme Elect. Instr. Corp,

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-

METER
F1G. 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 N

position, and again when it is e B

thrown to the a-c side. Notice CONNECTED™ P

that for d-c measurements the RECTIFIER N Pre

meter is shunted by the 1600

ohm resistor. 7004 1200w l

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



814 MODERN RADIO SERVICING CH. XIV

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

METER
0-2000 W

..... AAAA
----- \Add Ad

ZERO
90000 & 9724 & 85990 555..) ggg 300w | ADJUST
1 WA WA
110w
500M oM

NOTE
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TO EXTERNAL 45V. 5MEG 5M IMEG. MEggHoh:{gs
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- + L
EA.S v (’20/
= /val
SO0M, S50M
7
5 MEG. 7 5M

s2 I Iv
l RESISTANCE

TO BE MEASURED

F1G. 14-7—One portion of the ohmmeter section of the set an-
alyzer illustrated in Fig. 14-5.

two arms connect tc 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, SI and S$2, 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 TO NO 2 TERMINAL
ANALYZER PLUG IN SOCKETS
IN ANALYZER

"K' MILLIAMMETER
INSERTED

F1G6. 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
gelected, in a manner similar to the right-hand switch. This fea-
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FiG. 14-9. — Circuit
arrangement employed
for capacity measure-.
ments in the set analy-
zer of Fig. 14-6. 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 locatéd 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 mfd. 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 pecrtable or shop use. In
‘a single case it contains a tube tester, a service oscillator, a

Fic. 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-
meter providing numerous
ranges, a capacity meter, a
point-to-point tester, etc.

CQourtesy Supreme Elect. Instr. Corp.

6-range milliammeter to 1,250 ma., a 6-range a-¢ and d-c volt-
meter to 1,250 V., 3-range capacity-measuring facilities to 12.5
mfd., a 3-range ochmmeter 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 methdd 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-
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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.

»=



CH.XIV TYPICAL COMMERCIAL SET ANALYZERS 819

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-¢ 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 50 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

: 1250 V.
I ST T
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condenser across the 20,000-ohm resistor should be 0.08 X 60,50,
or 0.096 mfd, 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 con-
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
raeasured is shown connected to the 1.25 mfd.-range terminal.

©0.125 MFD,
3
3
. W=OHMS o
1.25 MFD, X’
=== 1K
o2 |
-« 3 |
S
T q];—@i? 5 MFD. |
3
& 3z -2 :
= 1% Ltﬂ—@————
5 o3 Tov. 1 1
3% 1 AMP. |
2 3 Fuse } 10 ¢
- I 110V.
< A-C

F1G. 14-18.—Circuit arrangement of the capacity-measuring 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-¢ 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 destribed previously in Art. 6-6.

The circuit arrangemept for the ohmmeter is not unususl.
The reader is referred to Chapter III for chmmeter details.

Set Analyzer:

The “analyzer” section of the instrument employs the point-
to-point system discussed previously in chapter XII. The cable
18 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 cxisting
between any two elements of & tube is to be measured, the sclec-
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-¢ 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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. Fic. 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 facilitiea
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

Fic. 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)

Courtesy Triplett Elect. Instr. Co.

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, whieh
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 Units.—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-

C-G
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-

GND
T %cmssm VAR
= OR GND
S CLIP

Fi16. 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.
milliammeter and circuit selector arrangement, known as the
“gelective 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 rectangilar
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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

F16. 14-17.—Assembly of a
Weston Model 666 Socket Selec-
tor Unit plugged into the 6656
Selective Analyzer Unit contain-
ing the meter and switching cir-
ruits. A detailed view of the
socket selector unit is shown in
Fig. 14-18.

CQourtesy Weston Elect. Instr. Corp.

Analyzer so that it may be plugged into it, as shown in 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.

F1G. 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

Oourtesy Weston Elect. Instr. 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 thg Type 2 instrument.
If the current flowing in any tube ecircuit is to be cheeked, 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-¢ 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 ¢urrent 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,




CH.XIV TYPICAL COMMERCIAL SET ANALYZERS 327

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, 50, 100, 250, 500, and 1,000 a-c and d-c volts at
1,000 ohms-per-volt; 1, 2.5, 5, 10, 25, 50, 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 1-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

F1G. 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)

Oourtesy Weston Elect. Instr. Corp.

cannot be obtained until either the d-¢ 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),
and the Model 698 Selective Set Servicer, 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-
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Fic. 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,
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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,
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strument to 10,000 3/, 500 ATT.
times scale reading. ‘OHM

KESISTOR

— YO RESISTANCE,
~UNOER TEST

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
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Oourtesy Weston Elect. Instr. Corp.

F16. 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 QUESTIONS

1. Explain how current and voltage measurements are made in the
Dependable Model 501 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?

8. 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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10.
11.

In the analyzer of Question 4, what means is used to measure
current?

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.
One of the resistors used in the capacity measuring section of the
Supreme Standard Diagnometer has a value of 22 ohms when
used on 80 cycles. What should be its value when used on a 60-
cycle line?

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?

Draw the schematic circuit of the socket selector unit used with
the Weston model 665 and 698 analyzers for 7-prong tubes.
What external connections are required when the Model 698
Weston tester is to be used for tube testing? Explain them!
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
18 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 fault,
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 intensity
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
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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.

2. For aligning oscillator padding circuits in super-
heterodynes.

3. For neutralizing receivers using any type of neu-
tralizing circuit.

4. For checking the condition of tubes.

5. 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 ke to 30,000 ke.
Such a source of signal is properly fed to the receiver or amplifier

“§
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under test in place of the usual broadecast 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 XXVIII.

(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 XXIV.

(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 avc 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 ke below to a few ke
above the resonant frequency. For ordinary good fidelity, the
curve plotted should have substantially the same height 5 ke
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 & 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 signab gen-
erator. Insofar as service work is concerned, the oscillator is a
convenient source 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-
1stics. 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

i

LOAD |VOLTAGE
Ry |Across Rg:

VOL JAGE :

=Y FROM PLATE i

SIGNAL TO CATHODE _—._,.’
Lp e Y V+

F1G. 16-1.—Fundamental circuit of a vacuum tube amplifier stage.

across the load resistor, R;, in the plate circwit. 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 7s 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,




338 MODERN RADIO SERVICING CH. XV

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-loagd of the

o 0 (A
FLUCTUATIONS IN — }GRID BIAS
GRID POTENTIAL ___ A A . 5~A1y |~~~
DUE TO APPLIED - NORMAL GRID POTENT-
SIGNAL VOLTAGE — 2—1

IAL DUE TO GRID BIAS

FLUCTUATIONS IN —

8)

THE PLATE CURRENT e
TO SIGNAL)
(DUE TO NORMAL PLATE
CURRENT WITH
o | | l —O0“ NO SIGNAL

FLUCTUATIONS IN THE
VOLTAGE-DROP ACROSS cH

Ry (DUE TO SIGNAL)

STEADY VOLT-
DROP ACROSS

RQ WITH NO
0 l l ] 0/ SIGNAL
\ D)

ACTUAL PLATE VOLTAGE

FLUCTUATIONS IN THE
(DUE TO SIGNAL)

STEADY PLATE
VOLTAGE WITH
NO SIGNAL

(_JiNS TANTANEOOUS
\ PLATE VOLTAGE

FIG. 16-2.-—Graphs showing the simultaneous etfects 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 (A4) 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 R,
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 sketech 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, R;, 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 éntire 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 Keating 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!

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 R, 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 often referred 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, L;, 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

Fic. 16-3.—An am-
plifier tube with an
inductive load in its
plate circuit.

B— B+

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
L;. Now if this coil is placed near the grid coil L, as shown in

Fi1G. 15-4.—Producing a re-
generative feedback action in
the circuit of Fig. 15-3 by in-
ductively coupling energy from
the plate circuit back into the
grid circuit.

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 L; are correct, so that its magnetic polarity
is correct, the voltage it induces into L, will aid (be in phase
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 L, for additional amplification. The part returned to
the grid circuit automatically adjusts itself to that required to
supply only 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,
ie. 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 explanatlon. 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 transferred 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.—Without 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 results 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
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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 (4) 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 voliages) will cause a voltage im-

Fi16. 156-5.—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 L;. 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 (4) 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
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Fi6. 16-6.—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.—We 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 coramon
use, and the service man will do well to thoroughly acquaint
himself with their fundamental connections 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.

F1c. 15-7.—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 L, 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 L, and the grid coil L,, the stronger the oscillation. With
the connections to L, fixed, the polarity of the wiring to tickler
L; 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 a

conventional feedback circuit is J_L
shown in Fig. 15-8. Note here Cp
that the tuned circuit is in the
plate circuit instead of in the

H'

grid circuit, and that the proper
grid voltage is obtained by in-

ducing a voltage in L,. This cir- <

cuit is the reverse of the one

shown in Fig. 15-7, and hence is FiG. 15-8.—Reversed feed-
called the reversed feedback back oscillator cireuit.

circuit. This circuit is not used

in service test 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 as 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 Cj,
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-
gociated with a condenser, because of the charge and discharge
of the condenser plates, which
means that part of the energy
in the plate circuit (obtained
from some random initial dis-
turbance) may be transferred
to the grid circuit 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

F16. 15-9.—Tuned grid—  will oscillate because the grid
tuned plate oscillator cir- . : es .
cuit. 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,,. '

Only a small amount of grid excitation is neéded 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, the
resonant frequency being determined by a separate circuit com-

F1e. 15-10. — The
Meissner oscillator
dircuit. A separate
tuned circuit com-
posed of L and C is
employed.

m

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 LC; de-
termines the frequency of oscillation. The plate of the tube

F16. 15-11.—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 14 the
total number of turns from the bottom. Thus the coil L is
divided into two sections, L, and L.

Any initial disturbance sets up a voltage in the plate coil

R-F CHOKE

*‘l FIG. 15-12.—Parallel

— feed Hartley oscilla-
atm = tor circuit. The feed-
TCZ _I 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 LC;; 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 conneeted 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-
ouit, the d-c plate current does not flow through L,, because of
the by-pass condenser Cj, but the r-f current is forced through
it by the r-f choke.

The construction details for both a practical battery-operated

F16. 15-13.—Circuit
arrangement of the
Colpitts oscillator.
The tuning capacity

=

|l|||

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 XVL

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; and C, in series, the combination being in parallel with
the coil L. The grid leak is connécted 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 C; is in parallel with the choke.
Now a voltage across C, will cause condenser C, 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, is that which actu-
ates the grid; and the one across C, 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, corresponds
to the voltage across L,. 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,

Fic. 15-14.—Funda-
mental dynatron char-
acteristic of a sereen
grid tube. Over re-
gion B-C an increase
in plate voltage re-
sults in a decrease in
plate current i.e., the
tube exhibits a nega-
tive resistance char-
acteristic.

PLATE CURRENT

DYNATR&D’ -~ PLATE VOLTAGE ——
OPERATING RANGE

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
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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

Fi1g. 15-15. — Fundamental
circuit arrangement of the dy-
natron oscillator. LC forms the
tuned cireuit.

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”.

1t 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 dynatrom region.
Resistance is equal to voltage divided by current. 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 1
which an increase in voltage is accompanied by a decrease in cur- J‘
rent. Therefore, since in the region between B and C (Fig. 15-14), j

|

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 hencé 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 l
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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

';_ of— L . E . CH—
R
e L HAS ~~\ PLATE CURRENT OUT-
o 2 ) PUT FOR SIGNAL “P"
= c < A3 -
v %
w
23 OUTPUT FOR
J SIGNAL "Q”

Fig. 15-16.—Diagram il-
lustrating how harmonic
frequencies may be gener-
ated in ampiifier and oscil-
lator tubes. Operation of
the tube at the lower bend
produces distorted wave-
form S which represents .a
condition where  harmonie
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 harmontes of the fun-
damental. Let us revert to the theory of the vacuum tube op-
erating as an amplificr, for a plausable explanation of this.
Figure 15-16 shows the grid-voltage—platc-current charac-
teristic curve H-G-D of a tvpical triode. Assume that a grid
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bias, designated by the distance O-4, 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 1-2-3-4-5-6, is now impressed on the grid of the tube, the
plate current will vary in accordance with the corresponding
plate-current curve B, marked 1-2-3-4-5-6. Since the tube is
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 decreases
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 affairs.
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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 osecillator would be induced in this
circuit. Each of these individual currents would be purc 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 ke. 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 ke, 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 ke,
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 tmpulses and become
distorted, resulting in a generation of multiple frequencies (har-
monics) in addition to that frequency (fundamental}) to which
the oscillating circuit 1is 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 ke, the second harmonic would be 200 ke,
the third 300 ke, 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 cycles
per sec.) of a resonant circuit is

¢ 159,000
- Vi "L (in microhenries) X C '(in microfarads)

the frequency coverage ratio is 4:1. This means that the max-
imum fundamental frequency would be 400 ke (obtained at the
minimum-capacity setting of the tuning condenser). The fifth
harmonic of this maximum frequency is 2,000 ke. 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 ke.

" 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 ke without harmonies, and from
400 to 8,000 ke with harmonies.

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 ke (or, better still, up to 30,000 ke)
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 S in 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 part of
Chapter XVI, after the constluctlon 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,
harmonicsof 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 because 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 speaking
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 as

modulation. There are various ways in which this may be done.
e
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The simplest method for explanatory purposes is shown in Fige
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

a

Fig. 15-17.—Circuit [wwwlRe 4
arrangement of a . 'I W

simple grid-modulated .

oscillator with tickler
feedback. Modulation
is securcd here by the
use of an audio signal
and transformer T.
Condenser C, is mere-

=T
ly an r-f by-pass. o
. T0
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 (4) 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 envclopes the entire r-f wave.

15-24. Per Cent Modulation.—In the example shown in
Fig. 15-18, the amplitude of the unmodulated wave (A4) is rep-
resented 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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F16. 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.
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;:—_

age (B) were but one-half that of the unmodulated r-f voltage
(4); then the resulting radio wave would be as shown at (D).
The amplitude now does 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 509 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. .

15-25. 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 I and 2; 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, to which the audio
modulator signal is fed. Variations in the grid potential of V,
(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

MODULATOR
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Fic. 156-19.—Heising or “platé” 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 I 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 docs one side of the
tank coil.  Grids § and 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 munner, 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
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Fig. 15-20.—An elcetron modulator system. Modulating grid G,
controls the flow of the stream of clectrons between the cathode and
plate and modulates it in accordance with the modulating signal im-
pressed upon it.

“modulates” 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. 2 and the modulating grid No. 4, etc. As long as the tube
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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, 1

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. TFor the radio service work ordinarily 1
encountered, extreme stability and accuracy are not necessary
nor desirable from the standpoint of cost, portability, upkecp, 1
fragility, and test requirements. A simple one-tube oscillator,
capable of modulating itself, or of being modulated from an ecx- i
ternal source such as a phonograph pickup, an a-f oscillator, etec., 1
is really what is desired. The modulating system must be simple
- and fairly reliable. There are many oscillators available that |
use separate modulatcrs 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 1
-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 osecillating 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
starting 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. Coummereial 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 1arge 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
1s very good, unless the dynatron is used. As pointed out in
Art. 15-17, the dynatron is inherently an unstable form of oseil-
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”. When 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-
loration 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, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>