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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 symptoms” 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.
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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 organisations.
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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 its 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
NEwW York CITy,

May, 1935.

PREFACE TO THE SECOND IMPRESSION

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

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

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

A. A G.
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MODERN
RADIO SERVICING

CHAPTER 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 circuit features, ad-
justments and peculiarities not found in any previous commer-
cial 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 1,000 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 in
1939, mean to the radio service man of today—the man who is
oalled 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 automatio volume control circuits, inter-station noise sup-
pressors, linear detection, band-pass tuning circuits, alignment
of all-wave receivers, etc., would surely bring to light only the
relatively few facts gleaned by actual experience, and any ques-
tions touching facts the least bit outside of that experience
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would be met by vigorous attempts to change the subject. Mind
you, experience in the field is probably the most important asset
of the service man, but if it is not coupled with knowledge,
understanding, and the desire to learn and keep up to date
upon every phase of the radio servicing art, it will not get any
service man very far. It is interesting to speculate on how a
poorly equipped, unprogressive ‘‘old timer” would attempt to
align the tuning circuits of a 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 calls for the type of men who have not only the
necessary knowledge and equipment to meet today‘s problems,
but, who will also have the energy and ambition to keep abreast
of all new developments as fast as they are put into use.

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

New receiver circuit arrangements are making it necessary
to employ voltmeters, milliammeters and ohmmeters with wider
ranges than has heretofore been necessary, and many old forms
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of set analyzers are incapable of giving any real information
about the complicated circuit networks in 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 a broad background knowledge of electrical and radio
principles*, and who desire to make a speciallized study of
radio servicing equipment and methods.

Considerable thought has been given to the arrangement of
the material in the book, and the sequence of study. The entire
book has been divided into four main parts. The theory, oper-
ating instructions, and construction and descriptions of typical
commercial units, of all forms of test equipment are considered
first, for it is only after all the test equipment is thoroughly
understood that its uses and applications can be studied. 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
complex phases of service work without breaks in continuity.

* The Radio Physics Course by Alfred A. Ghirardi was written
especially for this phase of radio instruction.



CHAPTER 11
MILLIAMMETERS, AMMETERS & VOLTMETERS

2-1. Importance of Electrical Measuring Instruments.—
Since human beings are unable to see, feel, taste, hear or smell
electric current directly, but can only observe it by the indirect
“effects” it produces, we are forced to employ specially designed
instruments for its detection and measurement. These electrical
measuring instruments are especially necessary in the servicing
of radio equipment, since they enable us to test the various cir-
cuits and parts in order to obtain quickly all information needed
for locating and correcting the various troubles which may arise.
Since they form the very backbone of the entire radio servicing
art, it is essential that we first understand clearly all about the
theory of operation, construction and use of the various forms
commonly employed. For this reason, we will first make a de-
tailed and comprehensive study of all forms of modern service
instruments—starting with the very simple current and voltage
measuring meters and progressing to the more complicated in-
struments for analyzing and aligning. The circuits of these com-
plicated instruments will be developed 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, chmmeters, circuit testers, etc., used in radio service

5



6 MODERN RADIO SERVICING CH.II

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-
voitage current source) and dipping the wire into some iron
filings as shown in Fig. 2-2. The iron is a magnetic substance,

DIRECTION OF
CURRENT FLOW

Fi1G. 2-1.—The magnetic field
~x  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.

X MAGNETIC LINES
ol - 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, etc.
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The second important principle regarding magetism produced
by the flow of electric current is:

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

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

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

WIRE

F1c. 2-2.—Iron ﬁlin%s are
attracted to the wire by the
magnetic field produced around
it due to the flow of current
through it. When the flow of
current is stopped, the iron

filings drop off, proving that o h
the magnetism is present only .‘M'W YN 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 there than existed around the wire when it was
straight. Consequently, bending the wire in the form of a loop
has the effect of greatly increasing the intensity of the magnetic
effect at the center. However, the total number of lines of force
in the space around the outside of the loop is the same as the
total number threading through the inside of the loop.
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2-4. Magnetic Field Around a Coil.—By winding a num-
ber of these loops, or turns, of wire close together as shown in
Fig. 2-4, a solenoid or “coil” is formed. The magnetic fields, or
forces, surrounding the individual turns of wire unite to form a

" MAGNETIC
FIELD

DIRECTION
OF

CURRENT \

FLOW DIRECTION OF CURRENT,

F16. 2-3. — How the mag-
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
the inside of the loop.

F16. 2-4. — If the coil is
wound with many turns of
wire, the magnetic field is
stronger, a magnetic pole is
produced at each end, and the
lines of force take the paths
shown by the curved dotted
lines.

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

“The end of the coil from which the magnetic lines
of force leave, ts 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.
8. Material, shape and size of the core.

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

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

The principle demonstrated by this experiment is employed
for creating strong magnetic fields—with electromagnets.
2-6. Interaction Between a Coil and Magnetic Poles.—If
a current-carrying coil is mounted on pivots and is placed be-
tween the poles of a strong permanent magnet, the current
flowing through it will produce magnetic poles at its ends, as

e\
lﬂiiliﬂ?

A\

X 14 y N
= RO
{ R N
PERMARENT
MAGREY
(A) (B)

Fi6. 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
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magnet. This will cause the coil to rotate, or deflect, clock-
wise in the direction of the arrow, as shown at (B).

If a permanent magnet of a fixed strength is used, the force
tending to cause the coil to rotate or “deflect” will depend upon
the strength of the poles of the coil—which, for any given coil
will depend upon the strength of the current flowitng 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

(A) (B)
Oourtesy Weston Elect. Instr. Corp:

F16. 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
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this type is shown at (4) 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

F1c. 2-7. — A typical com-
mercial 0-1 d-c¢ milliammeter
employing the type of move-
ment shown in Fig. 2-6. Notice
the pointer, and the scale
graduated and calibrated to
indicate directly the number of
“milliamperes” of current
which are flowing through the
movable coil at any time.

/

Courtesy Weston Elect. Instr. Qorp.

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 deseribed 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 desecription, 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 position after the current is shut off. A pointer is attached to
the movable coil to enable its position to be read accurately from a
suitably calibrated scale. The assembly of coil and form L, springs
S, and pointer P are shown at (C).

A typical 0-1 d-¢ 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 small. Also, if it is to be caused to rotate
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by the small attractive force of very small currents, it must be
light in weight, have very little inertia, and have an appreciable
number of turns of wire on it. All of these requirements make it
necessary to have the movable coil of very fine insulated wire—
wire finer than a human hair is employed for the movable coils
of the portable high-sensitivity instruments used in some service
work.

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

The former arrangement is impracticable, and is not used, for
it would result in a heavy, clumsy coil which would cause numer-
ous constructional difficulties (such as impracticable large size,
weight, inertia and bearing friction). The latter method is the
one actually employed to extend the fundamental range of meter
“movements”, when they are used as milliammeters and amme-
ters. In practice, the current to be measured is made to divide
go that only a definite, known, small part of it flows through the
movable coil. The remainder 1s “shunted” around the coil by
means of a low resistance, or shunt Rs, connected across it, as
shown at (B) of Fig. 2-8.

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

Now, if the shunt resistance R, is made just equal to the 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 % of the
total current will flow through the movable coil (the other 3% flows
through the two shunts), and the reading obtained on the instrument
scale will have to be multiplied by 3 to determine the “total” current

MOVABLE
COiL

(A) B8 )

Fi1c. 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 use of an ordinary
milliammeter movement as an ammeter to measure larger currents
than the movable coil is able to carry safely.

flowing in the circuit. We might continue this indefinitely, adding
any number of equal shunt resistors in parallel (or using a single
shunt of the proper value), and making the proportion of the “total”
current actually flowing through the meter coil less and less. In this
way we can use a simple, light-weight meter movement (employing a
movable coil wound with very fine wire), together with the proper
shunts, for measuring d-c currents of almost any value. In actual
commercial instruments the scale is calibrated to indicate the “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 circuit

MILLIAMMETER @ MILLIAMETER
p > P -
LINE {)?l (Line I‘.@ {)é{
CORRECT < X <INCORRECT
v AMMETER
> >
LINE | LINE I:@ é#l
\ > \ — -
AMMETER
(A) ®

Fi1e. 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 (4) 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

F16. 2-10.—In order

to multiply the meter
range by 10, a shunt

resistance R, is con- /oo
nected across the meter . :;a:‘
terminals. The meter 6l—

resistance is Rm. The Rp

shunt must carry 9/10 cyRrRReNT
of the total current, TO BE 9

and the meter must MEASURED ol —
carry 1/10 of it. There- I— VVWWV I—s
fore the shunt resist- Rs

ance must be 1/9 that

of the meter resistance.

this when they desire to use a certain meter to measure larger
currents than it was designed for.
Suppose that the meter on hand has a range of only 1-ma..
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and that a range of 10 ma. (a range 10 times as large), is needed.
A shunt must then be connected across the meter. Its value must
be such that the meter will carry 1/10 (1 milliampere) of the
total 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-c¢ milliammeter is 27 ohms, the shunt
resistance required to make a 0-10 milliammeter of it will be
1/9 x 27 = 3 ohms. After this shunt is properly connected, every
current reading taken on the scale of the meter must be multi-
plied by the multiplying ratio (10 in this case), to obtain the true
current reading.

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

R

R, = n—I1

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

R =2 _30n
‘= a7 T10—1 g T oomms

which checks with the value found in Art. 2-12.

2-14. Table of Milliammeter Resistance Values.—It is evi-
dent that in order to calculate the value of shunt resistance re-
quired to extend the range of any d-c milliammeter or ammeter,
the exact value of the total internal resistance of the meter must
be known if the formula given in Art. 2-13 is to be employed. Be-
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low will be found, for reference purposes, the 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 801) D-C Meters Corresp. Jewell Meters
Range Approx. Number of Approx. | Number of
Microamps.| Resistance Divisions Resistance | Divisions
- (Ohms) on Scale (Ohms) | on Scale
200 bb 40 140 40
300 — — 140 60
500 56 50 140 50
Milliamps.
D-C |
1. 27 50 | 30 50
1.6 18 76 30 75
2. 18 40 25 40
3. 18 60 20 60
5. 12 50 12 50
10. 8.6 50 7 50
16. 3.2 75 b 6
20. 1.5 40 — —_
25. 1.2 50 3 50
30. 1.2 60 —_ —
50. 2.0 50 1.6 50
100. 1.0 50 0.76 50
150. 0.66 75 0.6 75
200. 0.6 40 0.37 40
250. 0.4 50 —_ —_
300. 0.33 60 0.26 60
500. 0.2 50 0.16 50
800. 0.126 40 — —_
1000. 0.1 50 — —
Weston (Model 600) High- Weston (Model 600) A-C
sensitivity D-C Microammeters || Rectifier-Type Microammeters
Range Approx. Approx.
Microamps. Resistance M_Range Resistance
-.C ( Oth) croamps. ( Ohm)
30 2000 100 3700
50 2000 200 2500
15 1750 250 2300
100 1300
200 65
300 66
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-

Ly |
||

SHUNT (Rg

Courtesy Weston BElect. Instr. Oerp.

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

(Right) : Three shunts for a milliammeter. The one at the left
(thick wire) is for the highest current range; that at the right 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 1.6 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 maxi-
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. 2-16)
until the meter reads 1/5 of its previous reading, that is, 2 milliam-
peres. Under such conditions (with the shunt connected), a reading of
2 milliamperes on the meter would mean that 10 milliamperes were
actually flowing through the main circuit. Likewise, full-scale de-
flection (10 ma.) would indicate a 50 milliampere flow, although the
needle pointed only to the 10 milliampere division of the scale. Con-
sequently, in this particular case, whenever the shunt is connected,
any current reading obtained on the 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-
stlver 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
é250 VYV $
S 50 5 |50
05-—’VVVWW-—- ! 250
MWW s
Rg 1
Fi16. 2-12.—Multi-range mil- F16. 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.

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

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

Most multi-range meters are designed to have ranges in
various multiples of 5, such as 0-1, 0-5, 0-50, 0-250, etc. Multi-
range, milliammeters and ammeters are employed extensively in
many of the common test instruments used in radio test and

” o«

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

F1G6. 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,

O0-1 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 s 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. 2-16. 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—8.7 amperes, or 3700 milliamperes, will flow
through it! Obviously this will not only make the pointer go past the
end of the scale and damage itself against the “stop”, but it will act-
ually burn out the thin wire of the movable coil as well (remember
what was said in Art. 2-9 about the current-carrying capacity of
movable coils).

It is clear that we must put something in the meter circuit to
limit the current to 1 milliampere when the 100 volts is applied to it,
so that the pointer will be deflected merely to the last division on
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the 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—E/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—E/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. 2-168 in order to complete our 100-volt range voltmeter. Actual-
‘ly, the total resistance of the meter will now be 100,000-}-27—100,027
ohms. However, the resistance of the meter itself can be disregarded

MILLIAMPES \NOLTS
456 7°

20 20 A0 50 60 20

8o

[

©=
VOLTS

F16. 2-156.—The internal ar-
rangement of our 1-ma. range
milliammeter before convert-
ing it into the voltmeter of
Fig. 2-16. The resistance R.
of the movable coil, is 27 ohms.
The scale is calibrated to read

F1G6. 2-16.—The general ar-
rangement of the instrument
of Fig. 2-15 after a multiplier
resistor B has been connected
in series with its movable coil.
This multiplier determines the
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
course, complete voltmeters already equipped with proper multi-
plier resistors and suitable scales are made by electrical instru-
ment manufacturers. These are the voltmeters usually purchased.

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

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

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

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

Consider (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;+4R;) 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=0.01}X10,000=100 volts.

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

+ +
P © P >
©- : A ©-
(n o,ooo) 100
OHMS VOLTS
200 200 Rm
VOLTS R (10,000 w)
10,0601 3 90 § 3
(of-w 3)< fvoLts
©=
A (B

Fic. 2-17.—(A): A typlcal 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 across 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

R— R XRm 10000)(100005000 b hich, wh
=R, 1R, — 10,000410,000 ohms, which, when in series

with resistor R; of 10,000 ohms, results in a total circuit resist-
ance R, of 5000-410,000=15,000 ohms. The total current now
flowing is, then, I—E/R=200/15,000—=0.0133 ampere. The volt-
age actually existing across R, when the voltmeter is connected
across R, is E,=IXR,=0.0133X10,000=133 volts, and that
across R, 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 (its resistance for the
particular range employed) should be at least 10 ttmes 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-resistance voltmeters in radio test work.

2-20. High-resistance Voltmeters.OQur 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
“gensitive”, 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-¢ 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 300<1000=300,000 ohms.

The ohms-per-volt value of a voltmeter is equal to
the total resistance of the meter, divided by the maxi-
mum voltage marked upon that scale for which this re-
sistance 1s 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. Corp.

Fi1c. 2-18.—(Left): A typical miniature, portable, 3-range,
1000-ohms-per-volt voltmeter having ranges of 10; 250 and 760 volts
d-c. (Weston Model 489.)

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

basic meter “movement”, that is, one in which the needle moves
across the full scale when 50 microamperes (0.00005 ampere)
flows through the movable coil. Such a voltmeter has a resist-
ance of 1/0.00005=20,000 ohms per volt of its range, i.e., 20,000
ohms-per-volt. This meter is 20 times as sensitive as the 1,000
ohms-per-volt type, and, since its resistance is 20 times 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 ranges of 10; 250 and 750 volts d-c. The meter at
the right is a 2-inch diameter d-c panel-type voltmeter, also hav-
ing a resistance of 1,000 ohms-per-volt. Voltmeters employed in
radio service work are also built as integral parts of volt-ohm-
meters, circuit testers, set analyzers, etc., as we shall see later.

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

MULTIPLIER
RESISTOR }

MULTIPLIER
RESISTOR ‘

RANGE
SWITCH

Fic. 2-19.—A d-¢ voltmeter
employing a tapped multiplier
resistor, and individual term-
inals for each range.

Fi1e. 2-20.—A d-¢ voltmeter
employing a tapped multiplier
resistor and a range-switch
for switching from one range

to another quickly..

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

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

MULTIPLIER v MULTIPLIER
v {RESISTORS {RESISTORS 1
- MED

RANGE _LOW HigH

SWITCH 2

LOwW MEDL HIGH

Fi16. 2-21.—A d-¢ voltmeter F1c. 2-22.—A d-¢ voltmeter
employing individual multiplier employing 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:
Ra=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%¢ 150 (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

RESISTOR ADDED TO Fyg. 2-23.— ita -
INCREASE FORMER 2 231t' ‘IA sul b.letaex
‘HIGH” RANGE OF erna multiplier resistance

VOLTMETER. may be connected to the
“HIGH” range terminal of a
voltmeter in order to increase

AMAAA its range.

-

NEW HIGH~RANGE
N 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-c

MOVABLE COIL
Fiec. 2-24.—How to obtain MULTIPLIER

RESISTOR
a lower range than those for FER ORIGINAL
. OR MULTIPLIERS
which the voltmeter was de- LOWER ALREADY IN
RANGE INSTRUMENT

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

signed. A new suitable mul- {

.= . Y) Low HiGH
NEW "LOW “TERMINAL

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

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

As the internal resistance of most d-¢ 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 ua. 1.5 2 3 6
Desired ua. us. ua. ua. —_ ma. ma. ma. ma.
(Volts) 1 ma.
Required “Multiplier” Resistances in ohms
1 10,000 5,000 3,330 1,000 1,000 667 500 ‘ 888 200
1.6 15,000 7.500 5,000 3,000 1,500 1,000 50 800 300
3 20,000 10,000 6,670 4,000 1,000 1,830 1,000 ' 87 400
] 30,000 15,000 10,000 8,000 3,000 2,000 1,500 1,000 400
s 50,000 | 25,000 18,700 | 10,000 5,000 3.330 2,500 1,670 1,000
1.5 75,000 | 87,500 25,000 | 15,000 1,500 5,000 3750 3,500 1,800
10 160,000 50,000 38,300 20,000 10,000 6,870 5,000 ' 8,880 2,000
18 150,000 75,000 50,000 30.000 15,000 10,000 7.500 5,000 3,000
0 300,000 | 150,000 | 100,000 | 60,000 | 80,000 | 20,000 15,000 | 10,000 8,000
[ 1] 500,000 250,000 167,000 100,000 50,000 88,300 25,000 16,700 10,000
100 1 Meg. | 500,000 | 333,000 | 200,000 | 100,000 | 66,700 50,000 | 83,300 20,000
180 1.5 Meg. 750,000 500,000 300,000 150,000 100,000 75,000 | 50,000 80,000
300 3 Meg. | 1.5 Meg. 1 Meg. 600,000 300,000 200.000 150,000 | 100,000 80,000
500 5 Meg. | 2.5 Mog. | 1,667,000 | 1 Meg. | 500,000 | 835,000 | 250,000 167,000 | 100,000
1,000 10. Meg. 5 Meg. | 3,333,000 2 Moeg. 1 Meg. 668,000 500,000 , 833,000 200,000
Note: ua.—microamperes, ma.—milliamperes, meg.—megohms.

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

To illustrate the use of this chart, let it be desired to convert

a 1.5-ma. milliammeter into a voltmeter having ranges of 1, 10,
150 and 500 volts. Individual multiplier resistors are to be used,
connected as shown in Fig. 2-21. Glancing down the vertical
column headed 1.5 ma., we find that for a range of 1 volt, a
multiplier resistor of 667 ohms is required; for 10 volts, 6,670
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ohms; for 150 volts, 100,000 ohms; for 500 volts, 333,000 ohms.

2-24. Multiplier Resistors for Voltmeters. — The resistors
used as ‘“multipliers” to extend the ranges of voltmeters, or to
convert milliammeters into voltmeters, should be of the precision
type with a tolerance not over 2 per cent, and permanent in
value. Some typical resistors made especially for this purpose
are shown in Fig. 2-26. It is possible to procure commercial re-
sistors of a high degree of accuracy, having a tolerance of 1 per
cent or less, plus or minus. These special wire-wound resistors
make it simple to convert meters into multi-range instruments
with every assurance that the readings will be as accurate as the
original accuracy of the meter movement employed will permit.

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

(LA P
=48 PRECISION |

‘ WIRE WOUND
R — s T3 ¥

=y i e

Courtesy Weston Elect. Instru. Courtesy International Resstor Oe.

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

meter movement for a d-c ammeter is exactly the same as that of
a d-¢ 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-¢ 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 0-1 MA. METER
(RESIS.=27 OHMS)

R
1,000,000 OHMS

0 $:0,0027 OHMS
AMP, 1
R*100,000 OHMS  jo80v $:0.027 OHMS
| @————— AW

o0V, AMP,
| R:10.000 OHMS 100V swe o S:0-273 OHms|
NNV

ioVv. MA.

R:1.000 OHMS S:3 OHMS
"Www v, ' 10 MA. WWWWH
MA.

Swe} D.C.)
VOLTS

Ma, ©
AMP.

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, 18 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-1 is open, and selector switch SW-2 is
turned to the left, the multiplier resistors B 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-

WESTON

MODEL 301
M 0—-1 MA. METER
(RESIS. 27 OHMS)
R:1,000,000 OHMS o $:0.0027 OHMS
)
R:100,000 OHMS of0v, $:0.027 OHMS
foov. Ap‘q
MPWWWWW———9 :
iov. VA,
R:1,000 OHMS S = 3 OHMS
e v
. 10 MA.
COMMON
TERMINAI\

°
IMA.
L
L (D.c) @L (DC) £
+© VouTS © AMP

F16. 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, conneected in series with this coil is an accurately-adjusted high
resistance.

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

Fi16. 2-29.—The movable-iron type movement used in some a-c
instruments. The repulsion between the magnetized iron vanes
M and N causes the pointer to move over the scale, A portion of the
coil C has been cut away in this view to show the interior arrange-
ment of the parts.

semi-circular in shape, secured to a vertical shaft supported so
it can turn freely in jewel bearings. The pointer P is fastened
to the upper end of the shaft and turns with it. A small, loose
fitting, thin vane (not shown) is attached to the pointer and
moves in & 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

F16. 2-30.—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.

Qourtesy Weston Elsct. 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 radio work is shown in Fig. 2-31.

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

Fi1g. 2-31.—Exterior view of a
small 2-inch diameter a-c voltmeter
of the movable-iron type shown in
Fig. 2-29. Note the non-uniform
scale divisions—crowded at the
lower end. (Weston Model 517.)

Courtesy Weston Elect. Instr. Oorp.

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-¢ 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 1s difficult to read the position of the pointer accurately.

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

(i.e., if d=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

F15. 2-32.—A portable triple-range
a-c¢ voltmeter of the movable-iron type.
Four terminals are provided—one is
a common terminal. (Weston Model
528.)

Courtesy Weston Elect. Instr. Oorp.

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

2-30. Rectifier Type A-C Instruments.-In the measurement
of alternating current or voltage in a radio receiver, it is import-
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Fi16. 2-33.—How a simple half-wave rectifier connected in series
with a d-c meter movement in an a-c circuit allows a current to flow
in only one direction (d-¢ 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 the readings obtained would be far
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from accurate. Whereas, d-¢ 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-¢ 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-¢ 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 (A4) 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
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F16. 2-34.—If the a-c voltage shown at (A) is applied to a full-
wave rectifier circuit, current will flow in the same direction during
each half cycle—as shown at (B). A full-wave rectifier may be
connected to a d-c meter movement, as shown at (C), so that the d-c
instrument may be used to measure alternating current or voltage.

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

The circuit condition existing during those halves of the cycles
when the top terminal of the a-¢ voltage source is positive, and the
bottom terminal is negative, is shown at (A). Starting at the posi-
tive terminal of the line, and tracing through the circuit, it will be
seen that the current flows down through rectifier C, up through the
meter movement M, down through rectifier 4, and out of the negative
terminal-——as shown by the arrows. Rectifiers B and D do not pass
any current during this half cyele. The conditions during the next
half cycle are shown at (B). The polarity of the a-c line has now
reversed, the lower terminal now being “pasitive.” 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

CURRENT FLOW
(A) (B8)

F1c. 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-¢ 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 showa by Fig.
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2-36. The “peak” value here is taken arbitrarily as 1 volt. The
effective value is 0.707 of the peak value, and the average
value (that indicated by all d-¢c meter movements) is 0.635 of
the peak value.

The “effective value” of an alternating current is defined as
that value of a-¢ 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, 10)<0.707—=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-¢ is sent through the same
resistor, exactly the same amount of heat will be produced as
when the 10 amperes of a-¢ 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-

I VOLT
0.707 VOLT S (PEAK
0.635VOUI, perecTiVE | VALUE)
(AVERAGE VALUE

VALUE)/

F1c. 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

Fic. 2-37.—A typical cop-
per-oxide rectifier-type a-c
voltmeter having a resistance
of 1000 ohms-per-volt. Notice
the almost-uniform scale divi-
sions. (Weston Model 3801.)

Oourtesy Weston Elect. Instr. Corp.

the true “effective” value of the a-c current or voltage being
measured, 50 no correction is necessary. Fig. 2-37 shows a typical
meter of this type. Notice that the scale divisions on this meter
are practically uniformly spaced (similar to those in the d-c volt-
meter at the right of Fig. 2-18) rather than being of the incon-
venient “square law” type (crowded at the lower end as in the
movable-iron type meter illustrated in Fig. 2-31). At present,
these rectifier-type meters are offered as the only practical means
of constructing high-sensitivity a-c voltmeters (particularly of
low ranges), and sensitive a-c¢ microammeters and milliammeters.
Rectifier type voltmeters having a sensitivity as high as 2,000
ohms-per-volt are now in common use.

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

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

Fic. 2-38.—A typical copper-
oxide type meter rectifier. It
measures only % x 3% inches. The
actual circuit connections of a rec-
tifier of this type are shown in
Figs. 2-39 and 2-40.

Wheatstone bridge (see Fig. 2-34) and assembled to make a
single compact unit measuring less than 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-¢ milliammeter (without shunts) is shown
in Fig. 2-39. The conventional circuit diagram for this, in which
the usual symbols are shown for the various rectifier units, is
shown in Fig. 2-40. Trace through each one, and compare them!

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 146 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
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F16. 2-39.—The actual eir-
cuit connections made to the
various elements of a copper-
oxide full-wave rectifier when
it is connected to a d-c milliam-
meter movement (with no
shunt) to make an a-¢ milli-
ammeter.

F16. 2-40 — Conventional
circuit diagram for the recti-
fier type a-¢ milliammeter ar-
rangement shown in Fig, 2-39.
Notice that the complete in-
strument is connected in series
with one side of the a-¢ line.

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

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

If current is to be mcasured with this arrangement, the
terminals of the complete instrument should be connected in
sertes with one side of the a-c circuit as shown in Fig. 2-40, in
D.C. MILLI-
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Fi6. 2-41.—How a d-c¢ milli- Fi1G. 2-42.—How a d-¢ milli-
ammeter movement, a meter ammeter movement, a meter
rectifier and shunts may be rectifier and multiplier resis-
connected together to make a tors may be connected together
muiti-range rectifier type a-c to make a multi-range recti-
milliammeter. fier type a-c voltmeter.

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

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

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

0-1 MILLIAMMETER .y FIPLIER

RECTIFIER » D.C. RESISTORS —)
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Fi1e. 2-43.—A handy multi-range a-¢c and d-¢ 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, a copper-oxide meter rectifier and the proper
shunt and multiplier resistors, may be combined to form a very
useful multi-range a-c—d-c instrument, as shown in Fig. 2-43.
The triple-pole double-throw switch SW-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,
gince this useful feature can be added to the instrument at very
little additional cost. (Resistance measurements will be dis-
cussed at length in Chapter 3). Many of these instruments also
incorporate provisions for making capacity and inpedance
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measurements. Descriptions of several typical commercial in-
struments of this kind follow.

2-38. Weston Model 301 A-C—D-C Universal Meter Kit.
—This is a practical kit for general measurement work. The in-
strument furnished with the kit is a Model 301 universal meter,
with self-contained d-c ranges of 50 mv., 1 ma., and an a-c range
of 5 volts. All voltage readings are on the basis of 1000 ohms-
per-volt. A copper-oxide type rectifier is incorporated within
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F16. 2-44.—Schematic circuit diagram of the Weston Model 301
AC-DC Universal Meter Kit. The various parts for use in this
meter are shown in Fig. 2-45,

the meter. When the proper resistances and switches furnished
with the kit are connected as shown in Fig. 2-44, the following
ranges are available: 5, 10, 50, 100, 250, 500, 1,000 volts a-c and
d-¢; 1 volt d-¢; 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-¢ current measurements, a miniature step-
down transformer with ranges of 0.2, 0.5, 1, and 5 amperes a-c is
obtainable. Its connections may be seen in Fig. 2-44.

The accuracy on d-c measurements is within 2% ; but on
a-¢, 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.

Fi16. 2-46.—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-¢ 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 X 1000
production of the instrument
scale of the universal meter
illustrated in Fig. 2-45. Note
the separate a-c and d-c scales;
also the “ohms” scale for re-
sistance measurements, at the
top.

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

2-40. Triplet Universal A-C—D-C Meter No. 1125.—This
instrument is a universal volt-ohm-milliammeter. It employs a
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Qourtesy Shalloross Mfg. Oe.
ar
F1e. 2-47. — A-C utility (XN
meter which provides for the g

measurement of a-c voltage, =

registance, capacity and in- Fi16. 2-48.—The circuit ar-

ductance. The various ranges rangement of the a-c utility

are selected by the switch at meter shown in Fig. 2-47. A

the center. 1-ma. a-c meter is employed.
sensitive 0-500 d-c microammeter equipped with a copper-
oxide rectifier, permitting the accurate measurement of both a-c
and d-¢ currents and potentials. Its circuit diagram is shown
in Fig. 2-49. The complete instrument is illustrated in Fig. 2-50.
A double-pole double-throw switch marked a-c—d-c enables the
meter to be used on either-a-c or d-c with equal facility. By the
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proper manipulation of the triple-pole, 1l-position selector
switch, the following voltage and current ranges may be ob-
tained: 15, 150, 750 volts a-c¢ or d-c; 1.5, 15, 150 d-¢ milli-
amperes; 15, 150 a-c milliamperes. It is also arranged to meas-

OUTPUT

0.DT. 0-5 MF. om *

135,000 &

600,000 [—0

\/
\§

A 4

RECT|IFIER

>J C
e r
Oeourtesy Triplett EBlect. Inetr. Qo.

Fic. 2-49.—Circuit arrangement of a typical volt-ohm-milli-
ammeter which employs a 0-500 d-¢c microammeter equipped with a
copper-oxide type rectifier. (Triplett Model 1126.) 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.

P

jlll

It is common practice c ,, iplett Elect. 1 Co.
for instrument manufac- aniEny Tmpleth Wiest. St €0
turers to make good- F1G. 2-50.—The volt-ohm-milliammeter
quality permanent mag-  yhose circuit diagram is shown in Fig.
net movable-coil type d-¢c  2.49, The entire instrument is shown
meters, and movable-  pore in its 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-¢ measurements, they may be expected to read ac-
curate to within 29%. It must be mentioned here that accuractes
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 full-scale value
of the range which is being used. To make this clear, let us con-
sider the following typical case:

Suppose a certain voltmeter has a 100-volt range (with a uni-
formly divided seale 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 4+ 2 volts (2% of 100).
For instance, if the meter reads 100 volts when a measurement is
being made, the true voltage might be as much as two volts above (or
below) this, i.e. some voltage between 98 and 102. Now if the reading
happened to be, say, 50 volts instead, the true voltage might be as
much as 2 volts (still 2% of the full scale value of 100) above or
below this, i.e. between 48 and 52 volts. (It is important to note at
this point that whereas the possible error in the case of a full-scale
reading was 29, the possible error for the half scale reading of 50
is 2 volts in 50, i.e. 2/50, or 49 of the indicated value—quite an ap-
preciable amount in some work!)

If 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 61 volts. For a scale reading of say 20 volts, the true voltage
might be some value between 19 and 21 volts, etc. This important
point should be remembered; the meter accuracy figure stated by the
manufacturer is based on the full-range value of the particular range
used, and not on the actual value of a 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-c meters), such meters should never be read
at the crowded part of the range if observational errors are to

be avoided and accurate readings are to be obtained.

An apparent mystery which troubles many servicemen and re-
sults in numerous unjustified complaints to instrument manufacturers
can well be solved at this point. Notice that if a 50-volt voltage is
measured with the 100-volt range of the voltmeter we just considered,
the reading obtained might be anything between 48 and 52 volts. Let
us assume that the accuracy of this range of the meter is definitely
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—29%. The reading obtained would
then be 50 minus (2% of 50), or 49 volts! Apparently there is
something wrong, for when the two ran 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 60, 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 smalﬁ:r 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 wiﬁ
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
G_t}:)xl'ns, with current flowing through it, would look if it were
visible,
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16.

16.

117.
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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 meter 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-¢ 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-
in%; also indicate the connections of voltmeters to read, (a) the
voltage of the battery; (b) the voltage across the tube filament;
(c) the voltage drop across the rheostat.

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; (a) 10 milliamperes; (b) 50 milliamperes; (¢) 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. (c¢) Incorporate these changes in the diagram you
drew for Question 14. (d) What multiplying factor must be
applied to all readings taken on the 150-volt scale when the
750-volt range is being used?

It is desired to make a voltmeter having ranges of 5, 160 and 300
volts from a 1 milliampere meter. (a) Calculate the value of the
multiplier resistors required. (b) Draw a diagram showing all
of the 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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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 6 voltage ranges. The
connection of all 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-¢? (¢) 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 by (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.
(al) Vyhat is its “average’ value? (b) What is its “effective”
value?

The average value of a sine-wave alternating current is 10 amps.
(a) 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 30 ohms resistance. Also show
the multiplier resistances necessary to convert the meter into
an a-c—d-¢ 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 8 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 50-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-c¢ in-
struments not uniformly spaced? (b) What is the main objec-
tion to such scales?



CHAPTER III

METHODS AND INSTRUMENTS FOR MEASURING
RESISTANCE

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

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

M«

or whether it is “open”, “grounded”, “shorted”, etec.

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

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

4. When analyzing the receiver by the ‘“point-to-point”

method of receiver testing.
80



CH. 111 MEASURING RESISTANCE 61

In this chapter, we will study the various common ways of
measuring resistance, and typical apparatus employed for this
work. A detailed study of the actual testing of individual radio
parts will be presented in Chap. 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 ohmmeter
may become de#maged; 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
“yolt-ohmmeters”, volt-ohm-milliammeters, etc., will be studied
at some length later (in Chapter V).

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

v
@ A Fic. 3-1.—Preferable circuit
1 P — Z arrangement for measuring
+ R 1 “low” resistances by the am-
= sogt_&ce ' meter-voltmeter method. (See
% EM.F n also, Fig. 3-2.)

. 5

series with a source of steady e.m.f. (such as a 415 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:I—

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.-vim.—Of course, the problems of selecting instruments
baving 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-c electric light circuit may be used as a
voltage source. The range of the voltmeter to be employed de-
pends entirely upon the voltage source. If it is a 6-volt battery,
a 0-10 volt d-c voltmeter will do. If it is a 110-volt line, a 0-150
volt meter is necessary, etc. The range of the current-measuring
instrument depends, of course, on the voltage source employed,

and the value of the resistance being measured.

One way to settle on this is by first guessing as closely as pos-
sible what the approximate value of the resistance to be measured
is. Dividing this value into the voltage of the voltage-source gives
the approximate current which will flow—and a clue to the meter
range required. For instance, suppose it is desired to check the
resistance of a volume-control resistor. The service man knows by
experience that volume controls of this type are usually of say 1,000
or 1,500 ohms resistance. Also, since the resistance wire is very
thin, he cannot send very much current through it during the
measurement. Therefore, he decides to use a common 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 knowm resistance was connected in
the circuit alone, it shows the resistance to be measured is less than
the value of the known resistor and hence it is not safe to make the
final measurement with a current meter of that range, for the
pointer will go off scale. A higher current measuring range must
be used. A setup of this kind may be conveniently arranged with
a switch connected across the known resistance so as to “short”
this resistance out of the circuit quickly as soon as everything is
ready for the final unknown resistance measurement to be made.

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

If the voltmeter is connected across the resistor only, as shown
in Fig. 8-1, the miliammeter, which is employed to measure the small
current, indicates the sum of both the current flowing through the
resistor and that flowing through the voltmeter. Since the resistance
R is large, the current flowing through it is small. Under these
conditions the current flowing through the voltmeter may be almost
as great as that through B (unless a very high-resistance voltmeter
18 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

F16. 3-2.—Preferable circuit
arrangement for measuring
“high” resistances by the am-

—_ sog'?CE Iy meter-voltmeter method. (See

_-l- E.M.F. also Fig. 38-1.)

both the resistor and the milliammeter, but, since the resistance
of the average milliammeter is only from 20 to 50 ohms (see Art.
2-14), adding this to the high resistance to be measured does not
affect the result appreciably. Therefore, when the connection
shown in Fig. 3-2 is used, the usual formula R=E/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

(Rpy) @
Fi1c. 8-8.—Circuit arrange- & ' R
ment for measuring high re- =
sistances with a voltmeter —= SOURCE OF Lo
whose total resistance is = EMmF s
known. "]-:

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 R must be
calculated by the formula:

R=(2—1) xR,

where R=Unknown resistance in ohms
E,=Voltage of the source of e.m.f. (switch closed)
E=Voltage reading with resistance R in series (switch
open)
R.—Resistance of the voltmeter (ochms).
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Problem: We are using the 150-volt range of a 0-15, 1560, 4650-
volt voltmeter having a resistance of 1000 ohms-per-volt. When
the meter is connected directly across the source of e.m.f., it reads
110 volts. When connected in series with the unknown resistance,
it reads 100 volts. What is the value of the unknown resistance?

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

E. 110
= 1)Rm=(+——1)%150,0
R=(% VB n=({55-—1) 150,000

=(1.1—1) % 150,000—=0.1X¢150,000—=15,000 ohms. Ans.

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 18 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; S and T are also variable resistors of known
value, or at least their ratio is known. A sensitive current-indi-

Fi1c. 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 i3 “balanced”.

Thus, X times its opposite arm 7', is equal to R times its op-
posite arm S, i.e.,, XT—RS. From this relation we obtain:

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

Problem: When the bridge has been ‘“balanced” so that the
meter reads “zero”, the values of resistors R, S and T in Fig. 3-4 are
b, 46 a;% 16 ohms, respectively. What is the value of unknown re-
sistor X?

Solution: X=R—XS =5X—45=ﬁ=15 ohms. Ans.

T 16 16

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

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

Solution: X=R)<-%=5><3=15 ohms. Anas.

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 B by the “bridge ratio.”
A commercial bridge of this form will be described in Art. 3-10.

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

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

Ll >—oap————
o)
BATT.

Fi16. 8-5.—Sim-
ple slide-wire
form of Wheat-
stone bridge.
Here, a piece of
resistance  wire
(called the slide
wire) forms the
ratio-arm resist-
ors S and T.

A A
AW

LOW-RESIS. |
CONNECTING}
STRIPS  cH4

21N (SCALE)
(SLIDE WIRE)

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
registance 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

GALY @ F16. 86 —
an)H ' gphematic ?rc‘gt
SENSITIVIT'Y_-I_a..'VMM_L‘ LOW t;;?::lm cgmm:rf

Y

SENS 4
: cial form of
T]r 'It Wheatstone

bridge shown in
Fig. 3-1.

(Oourtesy Shallcross
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 sections to a 9-point switch. Resistor R
consists of three decade units (note: decade means “in steps of ten”).
High-sensitivity Leeds and Northrup galvanometer G is provided with
a sensitivity switch which throws resistor E in series with the gal-
vanometer for low sensitivity when the preliminary adjustments are
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being made, and cuts the resistor out of the circuit when 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.

F16. 3-7.—The Wheat-
stone bridge whose cir-
cuit diagram is shown in
Fig. 3-6. Notice the gal-
vanometer at the center,
and the ratio dial at the
upper left. (Shallcross
No. 630.)

Courtesy Shallcross 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, etc. The number of ohms may be marked directly
on the scale, or may be found by referring the reading of the
ohmmeter to an accompanying chart, from which the resistance
value in ohms may be read. The chart may be in the form of
a curve on graph paper, or in the form of a tabulation—it makes
little difference.

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

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

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

(1) The 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 each of those types separately.

3-13. Principle of the “Series” Type Ohmmeter.—If a d-c
milliammeter is connected in series with a battery and variable
resistor B of suitable value, as shown at (4) of Fig. 3-8, the
resistor may be adjusted to produce full-scale reading of the
meter M, as shown. Now, if this circuit is arranged with ter-
minals T-T, as shown at (B), so that another resistor R, can be
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connected in 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 malli-
amperes of current flowing through the circuit, we can
calibrate it to read “directly” in “ohms” whatever value
of resistance R, 18 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 MILLIAMMETER

LA s 80, o~
(A) (B) Rx

Fi1c. 8-8.—(A) : Fundamental circuit arrangement for a “series”
type ohmmeter.

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

meter. This is the principle of operation of the series type chm-
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 R 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

Fie. 3-9. — A
simple series type
ohmmeter with
“zero-ohms” ad-
justing resistors
R and N in par-

~—@® allel with the
T T? meter.

tJlJiwﬂdﬂ‘A‘A,l

Ry

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

)
Fi16. 3-10.—The - +
series ohmmeter WAV~ IsH——.

of Fig. 3-9 with A Nt P 4% v

a shunt resistor
S added to pro- { I
S
SE—'Y V'V 'Y

vide a low range.
The arrows show
the direction of

current flow. @
-t T T @——4———4

111111

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 ochms. 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 B, would be propor-
tionately smaller than if this shunt were not connected. There-
fore, remembering that in a series ohmmeter the lower the value
of resistance being measured, the greater is the meter deflection,
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it is evident that we can now accurately measure lower values
of resistance than we could before. A still lower range can be
provided by connecting another shunt resistor S in parallel with
S, etc. If we bring the ends of these resistors to a switch SW-1,
we can connect either, or both, of them into the circuit at will,
to provide several low ranges, as shown in Fig. 3-11. Typical

F16. 8-11. — The
series ohmmeter of
Fig. 3-10 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 eir-
cuit by switch SW-2.
This results in an
ohmmeter with four

ranges.

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

In order to make it possible to measure higher resistances
than the “intermediate” range of the meter provides for, it is
necessary only to increase the battery voltage so as to send the
current through the higher resistance. If the intermediate range
goes up to, say, 100,000 ohms when a 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). Further suppose that the resistance of the meter is, say,
50 ohms and that the battery has a voltage of 3 volts. If the
full-scale range of the meter is 1 ma. (0.001 amp.), then the re-
sistance of the complete circuit must have a value of R=E/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 R must be
3,000—50=2,950 ohms.

Now suppose that the meter is shunted by another resistor R,
of 50 ohms as shown at (B); then if R is 2,950 ohms, the total
circuit resistance becomes 2,950 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 B,. The reading of the meter will now be only 0.5 ma.—
half as large as before. Therefore, since the meter will always

B R(2950 OHMS)

-" L g
0-1 D-C '/le/"tyzl T o~
MILLIAMMETER AV “D-C MA.
(50w RES) (4, Ry (50w) (500 RES.)

Fie. 3-12.—(A): Simple series-type ohmmeter circuit with a
50-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, “60 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 7-T' (“open-
circuit”). Then the resistor whose value is to be determined is
connected across terminals T-7', thus shunting it across the me-
ter, and its resistance is read directly on the scale of the meter.
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It should be noted that the lower the value of resistance to be
measured, the less will be the deflection of the meter, since this
resistance presents an additional current-path which shunts cur-
rent away from the meter. Therefore, the scale on this type of
meter has the low resistance values at the left and the high re-
sistance values at the right.

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

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

F16. 8-13.—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 7-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 B, (having a value of, say, 50 ohms) is connected directly
across the meter whose resistance is also 50 ohms, as shown in

| BATT. ‘R
)= M

(3V)

Re Fi16. 3-14.—Here the meter is
0-1 MA __ shunted by shunt resistor R, in
(Ry 50 |‘m order to make it possible to
7 o«—Ppo measure lower values of re-
SW. sistance.
T oT

—
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 as any external resistance K, 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 225 ohms for the
particular meter shown. If, as is usually the case in practice,
98 % of the scale is graduated, this chmmeter 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
8o 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

HOLDING

AN RESISTANCE /s INSULATED
h T YT T YYY Y S s HANDLE
ol (8)

FiG. 3-16.—(A): Incorrect way to hold the test prods when
using an ohmmeter. The fingers are touching the bare metal of the
test prods, thereby shunting the resistance of the body across them.

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

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

If the bare metal portion of the test prods of an ohmmeter
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employing & 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 R in parallel. For this reason it is important to keep
the fingers away from the metal of the test prods and the unin-
sulated parts of the component under test, when making high-
resistance measurements. The test prods should be held at the
insulated part, as shown at (B).

It is very often found that a resistor whose value in “ohms”
is actually marked upon it, or whose value is determined from
its color code markings (see “RMA Resistor Color Code” in
Radio Field Service Data & Answer Book Supplement to 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 eritical. 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



CH.I11 MEASURING RESISTANCE 83

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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F16. 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 rapid 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 ohmmeter and therefore is not as well suited for port-
able use. Also, it takes longer to make the measurement and
the necessary calculations. For accuracy, though, there can be
no doubt as to which instrument must be used—the bridge far
surpasses any of the others in accuracy.

REVIEW QUESTIONS AND PROBLEMS

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

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

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

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

6. In the measurement of Question 4 the readings of the voltmeter
are 110 volts, and 90 volts. The 1650-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 chmmeter.

7. Since the Wheatstone bridge is a more precise instrument for
resistance measurement than the chmmeter, 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 bridgc has been balanced during a resistance measure-
ment, it is found that the “bridge ratio’” is 160, and the other
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12.
13.

14,
16.
16.

17,

18.

19.
20.

known resistor has a value of 95 ohms. Calculate the value of
the resistance being measured.

Explain the principle of operation of a simple ohmmeter.

What is the main limitation of the “ohmmeter method” of re-
sistance measurement?

Explain the advantages and disadvantages, if any, of the shunt
type of ohmmeter over that of the series circuit type.

What are the advantages gained by employing in an ohmmeter
a 0-1 ma. milliammeter, instead of one of larger range.

Your series ohmmeter now employs a 0-1 ma. milliammeter hav-
ing a resistance of 27 ohms. The ohmmeter has a range of
0-100,000 ohms. Draw a circuit sketch showing how you would
provide (a) a 10,000-ohm range; (b) a 1,000-ohm range.

You wish to multiply the original range of the ohmmeter in
Question 16 by ten. Explain how you would do this.

Draw a diagram showing how you would convert a simple, single-
range series-type ohmmeter to serve also as a voltmeter 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 chmmeter 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 41l4-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 chmme-
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 41/-
volt “C” battery and calibrating resistance R, as shown in Fig.
4-1. The latter is made up of a fixed section R! and a variable
section B2. As is well known, the internal resistance of a dry-
cell battery is not constant, but increases with age and use. This
results in an apparent reduction in the terminal voltage of the
battery. Therefore, a provision for adjusting the resistance of
the ohmmeter circuit is necessary in order to make it possible to
adjust the pointer deflection to full-scale when the terminals
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T-T (which are usually “test prods”) are shorted together—even
though the battery voltage may have decreased as much as 25
per cent.

We will now consider the design of this simple ohmmeter. If
the terminals T-T are short-circuited (‘“‘zero”-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=FE/I—=4.5/0.001=4,500 ohms, to make the pointer
deflect over the full scale, i.e., to make 1 milliampere of current

am:-:‘ 0-1 MILLIAMMETER Fi1c. 4-1.—Cir-
27 3000 OHMS 2000 OHMS cuit diagram of a
simple series-type

RI R2 ohmmeter whose

=4y \'“"T"-_—J design and con-
- struction are con-
Si%ere% }}ere._ f\
TERMINA ¢_____ reduce .acslml e
T ? ERMINALS T reproduction of
| W AN ----l the scale for this
RX 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 R
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 B2, 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 ochms to be
connected across test terminals 7-T, only half as much current
will flow, and only a half-scale deflection will be produced on the
meter. Therefore, on this particular ohmmeter, the 0.5 ma. point
on the scale can also be marked “4,500 ohms”’, for, whenever the
instrument is connected to a 4,500-ohm resistor, the meter will
read 0.5 ma. Similarly, other points on the scale can be marked
with their corresponding resistance values for direct reading.

4-4, Calibrating the “Ohms” Scale of the Series-type
Ohmmeter.—The scale of the milliammeter can be calibrated
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directly to read “ohms”’, by actually noticing the meter readings
when several accurate resistors of known values are connected,
in turn, across test terminals T-T. This is the most simple
method.

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

R(M-m)
~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 ohmmeter.

Note: This formula negleets 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
plus the internal resistance of the meter movement.

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

Example: A 0-1 milliammeter is connected in series with a
4,500-ohm series resistor B, 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, - R(M-m) . 4,600 (1-0.6)- 4,500)(0.4- 3,000 ohms. Ame.
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.

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

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

It should be remembered that once, each time before the ohm-
meter is used, resistor B2 should be adjusted so the meter reads
full-scale (zero ohms) when the chmmeter 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 14 ohm to about 50,000 ohms in two
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ranges: Y% 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 B2 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 T! and T2 are for low-
resistance measurements; 71 and T8 are for high-resistance
measurements. Two 414-volt dry-cell “C” batteries are em-
ployed to furnish the necessary 9 volts of potential.

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

- RI
i)
9 VOLTS 5000 OHMS
F16. 4-3.—The cir- 0-1MA,
cuit for a double- R2
range shunt-type 6000 OHMS
ohmmeter whose

construction is de-
seribed here.

\_Y-J

“Low”
e

“HIGH”

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

1f the resistance to be measured is low (between about 14
ohm and about 100 ohms), it should be connected across ter-
minals T1 - 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 ohmmeter is at the left.

When terminals T1 - TS are used, the shunting effect is in-
creased due to the presence of resistor B2 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 T'1 - T'2, 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 scales
of the ohmmeter described in Art. 4-5 are best calibrated directly
in ohms by actually noticing and recording the readings of the
meter when a sufficient number of accurate resistors of known
value are actually connected in turn to the terminals for both
ranges. This is the simplest way of calibrating the “ohms” scale.

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

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

m = the meter reading (ma.) when R, is connected to
terminals T'1 - T2.

R, =

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

Example: A 1-ma. meter having an internal resistance of
27 ohms is employed, and the reading of the meter is 0.2 ma.
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when the resistance to be measured is connected to low-range ter-
minals T,-T,. What is the value of this resistance?

Solution: R, = ;' - 2: - ﬁ = 6.76 ohms. Ans.
(5 ()

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-
gistance values corresponding to readings on the “high” range,
for when the “high” range is used, resistor R is automatically
put into the shunted circuit. This alters the circuit conditions
in such a way that the formula becomes inapplicable if accurate
results are to be obtained.

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

Inasmuch as the author has found that the internal resistance
of meters such as Weston and Jewell 0-1 milliammeters vary as
much as 20 per cent from the 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 . .. 001 62 o 0.01
06 . 0.02 123 . 0.04
6 016 1,160 ... 037
66 022 1,700 ..o 047
10 .. 0.28 2,320 . - 0.65
20 _ . 044 5.020 - 0.72
40 _. 0.62 9,800 .. .. 084
60 .. 072 15,070 . 0.89
80 _ . 096 194560 . 0.90
118 0.80 24,100 . 0.92
266 _ . ... 090 32,000 ... ... 095
666 . .. 0.95 38,000 .. 097
1,440 0.98 45,000 098

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 chmmeters, it is necessary to
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extend their highest range in some way. If the ohmmeter is of
the “series” type when the high range is being used (this is the
case for most commercial ohmmeters), either a more sensitive
meter may be employed, or the voltage may be raised, in order
to increase the high-resistance range. Although the simplest
method is that of substituting a more sensitive meter for the one
already in the ohmmeter, this involves the purchase of a new
meter, which is more or less expensive. The only remaining alter-
native is to employ some external voltage source of much higher
voltage than that already incorporated within the voltmeter, and
preferably an “even multiple” of it, to make measurements up to
1 or 10 megohms possible.

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

OHMMETER
VOLTAGE—O
PP
R TS SUPPLY UNIT
[>T ov
- I - I
/TEST PRODS— .
(A) B)

F1g. 4-4.—The high-resistance range of a series-type ohmmeter
(4), 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
414X 100=450 volts, etc. Since this external voltage source
must be cheap, very compact, and light in weight in order to be
practical and portable, the use of batteries for furnishing as high
a voltage as this is out of the question.

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

4-8. How to Construct a High-range Ohmmeter—The
complete circuit diagram for a high-range ohmmeter which em-
ploys a built-in high-voltage supply unit, and which will meas-
ure resistances 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 7 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 B3, and ‘“zero-ohms adjusting” resistor B4. It will be
seen that the balance of the circuit is identical with that of the
double-range shunt-type ohmmeter described in Art. 4-5 and
illustrated in Fig. 4-3. This circuit operated by the 9-volt bat-
tery is employed for the “LOW” and “INT” ranges of the instru-
ment. For the “HIGH” range, the circuit becomes the “series”
type, with the vacuum-tube voltage-supply unit furnishing 450
volts for its operation.

The power transformer T may be of the “midget” type, since
its output need be but 450 volts, and the only load placed upon
both it and the rectifier tube is 1 milliampere—the full-scale
consumption of the meter. The filter condenser C has a capacity
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of 0.1 mfd. This value is not critical, since it is used only to
produce a smoother rectified current flow. Only a condenser
with a rated working voltage of over 450 volts should be used,
as a breakdown may be disastrous to the power transformer.
Resistor RS is a 250,000-ohm unit, and is used with R4, a
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[SUPPLY um‘rj (ADJUST. RESISTOR)
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Fi1G. 4-b.—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 l%-ohm to 10 megohms
in 4 ranges. If the resistors shown at the right (drawn dotted) are
employed, the meter can also be used as a 4-range d-c¢ voltmeter.

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

The “LOW?” and “INT” ohmmeter range may be calibrated
and operated in the same way as described in Art. 4-6. When
high-resistance measurements are to be made, toggle switch
81 is first opened, in order to disconnect the 9-volt battery en-
tirely from the circuit. Now the high-voltage supply unit is con-
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nected to the a-c line and switched on. Resistor R4 is then
adjusted for full-scale deflection (‘“zero” resistance), when the
“HIGH” ohms and “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 R6, 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 30 ohms, and the calibrating resist-
ance R is 4,000 ohms. Calibration points should be taken at 0.1
ma. intervals along the scale.

8. Explain how you performed the calculations in Problem 7.

9. Draw the complete “milliampere” and low-range “ohms” scales
for the chmmeter of Problem 7 (see Fig. 4-2 for sample).

10. (a) Explain how the upper resistance-measuring range of a
simple series chmmeter can he increased.



CH.1V HOW TO CONSTRUCT OHMMETERS 99

(b) What determines the “multiplying factor” by which the ohm-
meter scale readings must be multiplied in order to find the
actual resistance when the range-increase method of (a) is
employed ?

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

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



CHAPTER V
TYPICAL COMMERCIAL OHMMETERS

§-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
gsome 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 chmmeter 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
a8, “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

F1G6. 65-1.—The volt-ohm-milli-
ammeter whose complete 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.

Oourtesy 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 is a combination volt-
meter, milliammeter and ohmmeter designed especially for radio
service work. The voltmeter provides four ranges, the ohm-
meter three ranges, and the milliammeter two ranges, as follows:
0-5, 0-50, 0-250, 0-750 volts d-c¢ only; 0-2000, 0-200,000,
0-2,000,000 ohms; also 0-500 microamperes and 0-50 milliam-
peres, d-¢ only.

Ag shown in the schematic circuit diagram in Fig. 5-2,
switching is automatically accomplished by means of a triple-
pole (arranged in three decks), ten-position selector switch con-
nected to the various resistors and 500-microampere meter M.
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5-4. “Break-down” Circuit Analysis of the Volt-ohm-
milliammeter. — Since the schematic circuit diagram of the fore-
going instrument appears more complicated than it really is, it is
desirable to “break down” the circuit when studying it, in order
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F16. 6-2.—The schematic circuit diagram of the volt-ohm-milli-
ammeter illustrated in Fig. 5-1. The three sections “A”, “B” and
“C” of the range-selector switch are here shown independently, with
their respective contact points. The “breakdowns” of this circuit
for various positions of the switches are shown in Figs. 5-3 to b-6.

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

Let us suppose that the selector switch has been set to ob-
tain the 500-microampere range—by turning it to the “500-
microamp” position. When this is done, the contact arms in
switch sections A, B and C (see Fig. 5-2) touch the respective
No. 1 contacts. If we carefully trace through the circuit connec-
tions for this condition, starting at the instrument “output” ter-
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minal J-1 and finishing at terminal J-2, we will find the actual
meter circuit to be as shown at (4) 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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Fiec. 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 A, 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-1 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 (A) of Fig. 5-4.
This wiring in more simplified form with the switches omitted
from the drawing is shown at (B).

If the selector switch is set so that the switch arms make
contact with their respective No. 3 contacts, the meter is auto-
matically connected as an ohmmeter of 0-2,000 ohm range. If
we trace through the circuit diagram of Fig. 5-2 and “break it
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down” in the same way as before, for this position of the switch-
es, we will find the meter circuit to be as shown at (4) of Fig. §-5.
In this case, we have omitted the intermediate diagram showing
the switches. Note that the shunt S 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-I 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 S! across the meter terminals, providing
the 50 milliamp. range.

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

In its fourth position, the selector switch connects in R2 and
R V 1 without the meter shunt S 1. This results in an ohmmeter
having the circuit shown at (B) of Fig. 5-5, and having a range
of 0-200,000 ohms. In both this, and the previous positions of
the switch, only 1.5 volts of the self-contained battery is used.

When the 0-2,000,000 ohm range is selected (contact No. §
on the switches), the circuit is as shown at (C) of Fig. 5-56. Re-
gistors B8 and R V 1 are now in series with the meter in con-
junction with the full 15-volt potential of the battery.
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When the selector switch is in positions No. 6 to No. 9, in-
clusive, only sections A and B are effective, and the circuit ar-
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Fi16. 5-b.—“Breakdown” of the circuit of Fig. 5-2. The circuit
connections for the instrument are shown for the following conditions:

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

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

(C). Selector switch is on contacts Nos. 5. This makes it a
0-2,000,000 ohm ohmmeter.
rangement becomes that shown in Fig. 5-6. Here, 6, 7, 8, 9 repre-
sent the contacts on switch (A) (see Fig. 5-2 also). The four
resistors now become series multiplier resistors, and make the

F16. 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. O+
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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
is 0-50 volts. When it is on contact No. 8, R 6 is in series, and
the range is 0-250 volts. When it is on contact No. 9, R 6 and
R 7 are in series, and the range is 0-750 volts.

Resistor RV 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

F16. 5-7.—A quick-change volt-
ohmmeter which provides four volt-
age ranges and four resistance
ranges. Its schematie circuit dia-
gram is shown in Fig. 5-8. (Shall-
cross volt-ohmmeter No. 681).

Courtesy Shallecross 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.



CH.V TYPICAL COMMERCIAL OHMMETERS 107

—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 '
F16. 5-8.—Schem- OHMS
a;ichcircllxit }(llli:.gram
of the volt-ohmmeter
shown in Fig. b-T. 43’%.’2‘0
All ranges are 500,000
selected by means of OHMS

the double-pole
switch S. A facsim-
ile reproduction of
the scale of the in-
strument is shown BI-POLAR
in Fig. b-9. SWITCH
s)

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 chmmeter
with a maximum range of 3,000,000 ohms, when an external 45-
volt “B”-battery is connected in series with the instrument (a
0-1 ma. meter). The scale, shown in Fig. 5-9, is then multiplied
by 1,000 to obtain the correct value in ohms, since the lowest
ohmmeter 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. 8, 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-

Fi1c. 5-9.—Reduced fac-
simile reproduction of the
scale of the ohmmeter il-
lsugtrated in Figs. 5-7 and

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

Fi1c. 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. b5-11.
(Supreme Model 111.)

QOourtesy Supreme Elect. Instr. Oorp.

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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. _F16. 5-11.—Schematic circuit diagram of the volt-ohmmeter shown
I‘u‘x. Fxg.lg-lo. The ohmmeter section has been redrawn separately in
ig. 6-12.

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

From the schematic circuit, Fig. 5-11, it is seen that when
the 1,000-ohm-range terminals of the chmmeter 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
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Fi1c. 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-

F1G. 5-13.—A volt-ohm-
meter which provides two
resistance ranges and four
d-c voltage ranges at 1,000
ohms-per-volt. All volt-
age ranges are brought
out at the upper pin jacks.
The schematic circuit dia-
gram is shown in Fig.
5-14. (Weston Model 564.)

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

5-7. “Weston” Model 654 Volt-ohmmeter.—This instru-
ment is equipped with a 0-1 milliammeter, whose scale is directly
calibrated in two resistance ranges of 0-10,000 and 0-100,000
ohms, and four voltage ranges of 3, 30,300 and 600 volts, at 1,000
ohms-per-volt. A self-contained 4.5-volt “C” battery provides
the necessary potential. As shown by the photograph of Fig.
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Fi1e. 5-14.—Schematic circuit diagram of the volt-ohmmeter
illustrated in Fig. 5-18.

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-
gistors are connected in series, and the combination is connected

F1G. 5-15. — 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.
6-17. 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 chmmeter terminals are connected
in series with one cell (1.5 volts) a 11,500-, a 2,000-, and a 7,500-
ohm resistor across the meter movement. Also, a 484-ohm re-
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sistor i8 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-
ohm-milliammeter shown
in Fig. 5-16. Notice the

non-uniform “Ohms”
scale WESTON ELZCTWCAL MSTRUSIENT CORP. REWARK ¥ J U S &
° Y

MODEL ee3
o

rotating the selector switch to the multiplying or dividing factor
mark engraved upon the instrument panel. The instrument will
indicate readings below 10 ohms to as low as 0.1 ohm, since the
first calibrated meter division of this scale is 1.0 ohms. A bat-
tery voltage compensator is provided with a control knob marked
“Ohmmeter Adjuster.” A 1.5-volt battery is used. The 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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Fi1e. 5-17.—The schematic circuit diagram of the volt-ohm-milli-
ammeter shown in Fig. 5-15. A 3-section selector switch makes all
the necessary circuit changes.

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

Fi1c. 5-18.—“Break-
down” of the circuit
of Fig. 5-17 when the
selector switch is in

position £ — making
the instrument an
ohmmeter.
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ing case or into a single instrument. Such instruments are known

as combination testers.

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

Fi16. 5-19.—A com-
bination testing unit
incorporating a cir-
cuit tester having
voltage, current and
resistance ranges, and
a service test oscilla-
tor. The circuit dia-
ram is shown in

igs. 5-20 and b6-21.
The circuit diagram
of the test oscillator
ortion is shown in

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

Oourtesy Philco Radio @ Telev. Co.

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-¢ milliammeter ranges,
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three ohmmeter ranges, five a-¢c output-meter ranges, a capacity
tester, a 105 to 2,000 kc oscillator, and a tube tester, all built
into a single case, as shown in Fig. 5-19.

The voltmeter-ohmmeter-milliammeter sections of the tester
are of special interest to us at this time. The diagram of this
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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-¢ 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-¢ 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
to provide for zero adjustment. The switch S I, 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 . |

St -,
’—'-’..—.—-1' Av‘v‘v LWA-‘v‘v ,azo Aon) M~
200" 3230 3v.
———= L
= 200%
GANGED = ,)
I éms«)
+©~ ©
1500 OHMS COMMON 1500 +
150,000 OHMS OHMS
CA) (8)

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

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

(B) Circuit arrangement when the 1,600-ohm range is used.

as shown, the 1.5-megohm and 150,000-ohm ranges of the ohm-
meter may be used by merely plugging one tip-jack into the
proper terminal. However, when the 1500-ohm range is to be
used, the switch S 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

Oourtesy Weston Elect. Instr. Oorp.

F16. 5-22.—A typical example of an unusually complete com-
bination test unit consisting of separate units grouped together in a
common carrying case to form a complete radio testing outfit. This
assembly contains a volt-ohm-milliammeter, set analyzer, capacity
meter, tube checker, test oscillator, and miscellaneous plugs and cables.

illustrated in Fig. 5-22. It consists of a volt-ohm-milliammeter,
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, etc.
in the upper center compartment. The entire assembly is in a
carrying case, but any individual instrument may be removed at
any time if desired. Such an assembly of test instruments really
forms a portable test laboratory, and the wide range of tests and
measurements that can be made with it can easily be appreciated.

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

REVIEW QUESTIONS

[y

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

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

3. Trace through the circuit diagram in Fig. 5-8 and break it
down, drawing separate simplified diagrams showing the circuit
connections which exist for the following positions of the switch;
(a) switch in position 1; (b) switch in position 8; (¢) 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. 6-12 and explain just

what the circuit arrangement is for each ohmmeter range.



CHAPTER VI

CONDENSER TESTERS AND CAPACITY METERS.

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

1. Whether it is short-circuited.

2. 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
instruments employed for condenser testing.

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

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

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

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

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

6-3. Distinction Between “Condenser Testers” and “Capa-
city Meters—Before proceeding further with our study of
instruments for testing condensers, it will be well to point
out a distinction in nomenclature, a distinction between
the terms ‘“capacity tester”, “condenser tester”, “condenser an-
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alyzer”, etc., and capacity meter. Strictly speaking, a capacity
tester, condenser tester, or condenser analyzer is merely a device
which tells whether or not a given condenser is “good”, “leaky”,
“open” or ‘“shorted”. A capacity meter measures and indicates
the effective capacity in 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 a very novel instrument for testing the
condition of condensers (not the capacity) is shown in Fig. 6-1.
The complete instrument is shown in the illustration of Fig. 6-2.
The 110-volt a-c¢ input is stepped up by means of power trans-
former T, and the output is rectified by means of a ’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 S4, and also limits current flow in the event of a
“dead short.” A neon tube having a very low “striking voltage”
(glows with little voltage) is connected in the negative return
line, as shown. A “flash-control” condenser, 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 C! 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
C1 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
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Fi16. 6-1.—Schematic circuit diagram of the relaxation-oscillator
type condenser analyzer illustrated in Fig. 6-2.

Hence, a fairly good condenser will manifest itself by alternate
flashes of the neon lamp, and, in a new, good condenser, the
flashes of the lamp may be as much as ten minutes apart. The
lower the resistance of the leakage path (the worse the con-
denser) the more quickly C1 charges and discharges, and the
more rapidly the lamp will flash. In this manner the “goodness”
of a condenser may be estimated by the frequency of the flashes.
Poor condensers may flash several times a second. A chart sup-
plied with the instrument indicates permissible rate of flash for
good condensers. The reason for the name “relaxation oscilla-
tor” is obvious from the theory of operation of the device.

For small values of C,, 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 C! in an appreciable time. The
lamp will glow, however, if the condenser is shorted, and it will
flash on charge and discharge of the condenser. Under these
conditions, the device does not operate as a relaxation oscillator.
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Shorted condensers of any value and type will be indicated
by a steady glow of the lamp when the leakage-control switch
is set in either positions 1, 2, 3, 4 or 5, since a steady current now

F16. 6-2, — The re-
laxation oscillator type
condenser analyzer
whose circuit diagram
is shown in Fig. 6-1.

Courtesy 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 §, 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.
1t 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
F16. 6-3. — The fun- cX MA, =
damental circuit of a 'l_A
simple capacity meter. A B
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 simple circuit of Fig. 6-3. A condenser whose
capacity is to be measured is connected in series with a resist-
ance, an a-c source, and an a-c¢ milliammeter. With points A and
B shorted, the resistance R is adjusted so that the a-c meter
(a 0-1 ma. d-c meter with a copper-oxide rectifier is convenient
for this purpose) reads full scale. 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
° = 6.28XfXC

Where, X, = the capacitive reactance (in ohms).
/ = the frequency of the voltage source (in cycles per
sec).
C = the capacity of the condenser (in farads).

An inspection of this formula for capacitive reactance reveals
that the larger the capacity of the condenser, the lower is its
reactance; likewise, the smaller the capacity, the greater is the
reactance. Hence, in the arrangement of Fig. 6-3, condensers of
smaller capacity have higher reactance, allow less current to flow,
and so produce lower meter readings than do those of larger
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.e., it i8 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

X
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R, and the reactance of C, in parallel is less than the reactance
of C, alone.

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

A-C
CX Rx 8 MA.
- -
R
100v. @ 100 V.
A-C SOURCE A—C SOURCE

(A) (8)

F1c. 6-4.—(A) What happens when a “high-resistance” conden-
ser is connected to a capacity meter. The condenser resistance R, is
in series with the circuit and reduces the meter deflection.

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

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

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

In the circuit arrangement of Fig. 6-3, in order for the meter
to read 1 ma., R must have a value of 100,000 ohms when A and
B are short-circuited. For the meter to read half-scale (1% 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)2=R2+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 a home-made capacity meter were to be cali-
brated in this way. This may be avoided by calibrating the
scale by connecting various condensers of known values at C,
and noting the reading of the meter in each case.

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

As will be seen from the circuit diagram, the source of voltage
i8 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 B! or R2, all in
series with each other. The meter is shunted by resistor RS and
R4—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-¢ 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.

01 MA,

COPPER-OXIDE D-C

RECTIFIER 2

DOUBLE-POLE

SWITCH VP DOUBLE-THROW
RANGE= 0,001 MF,- 0.1 MF, RANGE SWITCH
25,000 OHMS

SWITCH _DOWN
RANGE=0.l MF.— 3 MF, R3
100,000 OHMS
R1
50 OHMS
R4
CONDENSER ® 110V. 80
UNDER TEST | nn j A—C LINE

= SSUuT
F1G. 6-5.—Schematic circuit diagram of a capacity meter having

a range from 0.001 to 3 mfd. This meter tests paper and mica type
condensers only.

Resistors R, or R4 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 electrolytic condensers. This problem is
not so simple a matter as measuring the capacity of an air dielec-
tric condenser, or of mica or paper-type condensers. Since the
capacity meter whose circuit is shown in Fig. 6-6 is simple, 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 Aerovoxr 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 ’P WA
AMMETER
1o V. 80~ é} o—wWWwwW~
A—C LINE CONDENSER
T @ UNDER
SW, TEST
0—1 MA. -
T o-i c3
100 QHMS MA (2]
SW. 0.7 _——d
’ OHMS v ?

F1G. 6-6.—Schematic circuit diagram of a capacity meter designed
especially to measure the capacity of electrolytic condensers. The
design of this meter is such that it may be constructed easily by
radio service men.

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

The meters are both Weston 1l-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
usgd ;o supply power to light the heaters of 6.3-volt automotive type
tubes).

In practice the voltage across the conderser is set at exactly 2.65
volts. Then the reading in milliamperes will be equal to the con-
denser 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.
(M£d. (Mfd.)

d.) | (Ohms.) (Ohms.)
10 1,149.0 3 317.2
100 106.7 30 31.b
1,000 11.65 300 3.6
10,000 1.056 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-
ghough for general service, shunts of the value indicated will be satis-
actory.

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

—_—_f_('_-_— Z —628XEX/fXC
2% 3.1416% X C

Where, E — Applied a-c voltage (volts)
J = Frequency in cycles per second

Cc = Capacity of the condenser (in farads)

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

1 —= 6.28%EX60XC = 3TTXEXC
In terms of mfds. and milliamperes, the current is equal to
Ly = 377XE><Cmfd. X 10-3
If, :ff‘g' the seale reading in milliamperes is to be equal to the capacity
in 8,

I
I = C or 2. —1
mao. mfd. Cmrd.
Substituting this in the foregoing equation, we obtain
1 103 1,000

377108 377 377

The last equation indicates that when the voltage is equal to 2.65
volts then the current in milliamperes is equal to the capacity in mfds.,
that is, any reading in milliamperes 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

1 = 37TTXEX10-3, or E — — 2.65 volts
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simple, interesting instrument, shown in Fig. 6-7, represents a
typical low-priced commercial capacity meter-tester. It is a dual
instrument, employing two meters, and is capable of measuring
the capacity of solid-dielectric condensers directly, and testing

*i
LW

Ooutrtesy Readrite Meter Works

F16. 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-

F16. 6-8.—Schem- I00V. A-C VOLTMETER
atic circuit diagram @ CALIBRATED IN MF.
of the portion of the ox

capacity meter of

Fig. 67 which is ©--
usia«;(l1 4 flor testing LOW” T Ei‘g
solid-dielectric con- M T
densers from 0.008 'Hol'_%_ I___{
to 10 mfd. in two OHMS

ranges, and indicat- 3000w PLUG TO
ing their ecapacity —WAWY 110~-140 V
directly. 1 L?;J g

ter employed in this case is a 0-25-100 ma. d-¢ 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-¢ 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-¢ 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-¢ 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).

MULTIPL IER cLip
RESISTOR

S
-

27,000 \ RED

)
T OHMS WIRE (+) :
(9]
£ !
& l
4 [ ::,‘5
o\ <a
=a
b=s 45
ol o
P \ ! >- | >9
i 20 :
K 30 :
\ 200
\. OHMS J
O—WWwW—9e
32 (SHUNTS) ADAPTER
O—WWWWWWA—$
N v w
ISVOLTS" POSIT. 800 0-500 V.
2ZFORM" POSIT. 0-25-100
3=MILL-AMP” _%./MA.
POSITION
D-C METER

F16. 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-
lytic condensers which are inoperative or leak badly will not form prop-
erly. If, after leaving it in the circuit from 10 to 15 minutes, no indi-
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cation of forming can be seen, the condenser is judged to be inopera-
tive, and no further tests need be made. New electrolytic condensers,
or those which have been out of use for 2 weeks or more, require about
156 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
receivers require much more complete filtration of the plate and
screen supply voltages than others do, in order to provide operation
without objectionable hum. In general, receivers which are capable
of reproducing the low audio frequencies require more perfect filter-
ing than those which do not. Also in some receivers, the load on
the rectifier tube and filter chokes is already so great that additional
load caused by excessive leakage in one of the filter condensers may
increase the hum greatly.

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

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

The instrument now to be described is designed for a wide
range of capacity and a-c¢ voltage measurements, and is very
suitable for the requirements of radio servicing. Through the use
of a sensitive 250-microampere rectifier-type meter, and a selee-
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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

WESTON CAPACITYMETER MODEL 664 ~ s
e , Fig. 6-10. Its complete schem-
Sy e s 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

F1G. 6-10.—A typical commer- Wi-th. the Model 603 YOIt-Ohx-n-
cial cz;.pacit'y metet? which is de- milliammeter described in
signed to measure a large range Art. 5-8. Since the measure-

of capacity and a-c voltage. Its
schematic circuit diagram is ments 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-c
voltage does not seem to do any damage to electrolytic condensers, and
no polarizing voltage is apparently needed. The scale is shown in Fig.
6-12, and will be seen to be remarkably uniform over a good portion of
its length,

The high range to 200 microfarads is obtained by switching to a
position marked, ‘“*¢ 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 funec-
tions at 1% milliampere sensitivity and the 10-volt transformer tap is

Courtesy Weston Elect. Instr. Corp.
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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

—-©voLrs
NOV. 80~  capacITY pt
T X

1500 OHMS
130 W

160,000
OHMS

36,500 OHMS

©200v,

200,000
OHMS

364,000 OHMS

400,000
OHMS

© 800V,

F1G6. 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-circuited 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-

“1‘ L148.033 '-.77_00.

CROFARA
W s F1G6. 6-12.—Reduced
facsimile  reprodue-
tion of the scale of
the capacity meter
shown in Figs. 6-10
and 6-11. Notice the
fairly uniform divi-
sion spacings.

L
NEWARK. N.LUSA.

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

REVIEW QUESTIONS AND PROBLEMS

1. 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.

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

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

5. (a). What is a “relaxation oscillator”?
(b). How does it work?

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

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

8. Ezxplain 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 maximum value (“peaked”). Naturally, he
must have some accurate way of telling when the receiver output
18 maximum, so that he can leave the trimmer adjustment fixed
at this point.

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

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

Fi16. 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 1huma.n ear is rel:(—)

tively insensitive
iy e o OBSERVER 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
METER

the Satority otthe //////, \\\\\\
i b

output accurately by
means of a suitable

form of “output

meter”,

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

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

RECEIVER

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

Since the voltage to be measured in the output circuit of an
audio amplifier, or radio receiver, consists of rapid pulsations at
audio frequencies, an ordinary d-c meter cannot be utilized (see
Art. 2-26). The movable-iron type a-¢ 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.

It is apparent that the out-
put meter must not only be
capable of accurately meas-
uring audio-frequency a-c
voltages, but must consume

Fic. 7-3.—A typical “meter very little current itself. To
type™ output. meter; Its eireuit meet these requirements, the
diagram is shown in Fig. 7-4. % -
(Weston Model 571.) meter type” of output meter

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

7-3. Typical “Meter-type” Output Meters.—The con-

QOourtesy Weston Elect. Instr. Oorp.
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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 & r —-————————
RECTIFIER UNIT |
(APPROX. RESIS. o—>|
739 OHMS) |
-
{ 60 <
OHMS 2 |I50 1.5
300 2 | : 888.9
OHMS S . OHMS
SERIES 600
< OHMS 23419 L
RESISTORS ] :EOHMS SHUNT
L_3 RESISTORS
3000 z62.1
OHMS : SOHMS
:;40.4
\ FOHMS
2 MF.(400 V.)
x_SERIES
éA COND. 8 c
SERIES + Vm
COND.

F16. 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
80 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

Courtesy Weston Elect. Instr. Corp.

Fi16. 7-6. — A typical power
level meter and voltmeter. The
scale is calibrated to read the
voltage, and also the power level
in decibels. Its schematic cir-
cuit diagram is shown in Fig.
7-7. (Weston Model 695.)

P=EXI=EX

where P=power in watts.

E

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

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

E® E*

R

R 4,000

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 N
reproduction of the
multi-range voltage and
decibel scale of the
meter illustrated in

%

Fig. 7-5. RECTIFIER TYPE g
' 2ERO POWER LEVEL 6#' >
A\ 6 MILLWATTS 500 OHMS oo

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-

Lo

14,762 W
23,392 &
37,084 4
58,768 o
93,140 W

147,616 @

H

9314 W

1 3
[-.]

m 3
o ~
[4'] m

:‘3:“ },5,;5{1' 15V.+12 DB.
| 2 +80B. ¢ JRALLLY
: , 6V. +408. +20 DB.
i ‘ 0 DB. +24 DB. 60 V.
— ——e ~—
]
" -4 DB. S _+28D8B.
| - .
1.5V. -8 DB. o e+32DB. 150V.
D-C 300 MICROAMPERE MODEL 301 [ ©
MICROAMME TER AND RECTIFIER ®

UNIT

F16. 7-7.—The schematic circuit diagram of the power level meter
illustrated in Fig. 7-7.

gram is shown in Fig. 7-7. A facsimile of its multi-range scale
is reproduced in Fig. 7-6.

An inspection of the circuit diagram shows that the meter
consists essentially of a copper-oxide rectifier-type multiple-
range voltmeter. It provides voltage ranges of 1.5, 6. 16, 60 and



146 MODERN RADIO SERVICING CH. V11

150 volts and —8, —4, 0, +4, 48, +12, 416, +20, 424,
428 and 432 decibels, selected by means of a marked dial-
switch. Its resistance is 2,667 ohms-per-volt, or 4,000 ohms total
on its lowest range, and 400,000 ohms total on its highest range
when used as a voltmeter.

As a power level meter, the instrument, which is bridged
across the load, is calibrated to read directly the power level in
decibels above or below 6 milliwatts for a 500-ohm load—or &
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 distinet 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
gsignal 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 ouUTPUT OUTPUT
POWER METER TRANSFORMER
TUBE

GROUND TO

CHASSIS {
SERIES COND. FIELD [ v.c.
(UNLESS ONE IS Y
INCORPORATED IN B+
— OUTPUT METER) DYNAMIC
T 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.

be almost 20 times as large as when it is connected across a low-im-
pedance voice coil. (The exact increase depends upon the ratio of
the output transformer windings). The series condenser, which may
be of any value between about 0.1 mfd. and 2 mfd., prevents direct
current from flowing through the output meter, and permits only the
alternating, or pulsating, component of the signal voltage to be meas-
ured. Most commercial output meters already contain a built-in
series condenser (see Fig. 7-4) for this mode of application.

The connection of Fig. 7-8 may be made by turning the receiver
chassis upside down, and connecting a wire from the output meter to
the “plate” terminal of the power tube socket. Instead of disturbing
the chassis, an ordinary “plate-lead adapter” may be utilized to make
connection to the “plate” prong of the power tube. In this case, the
power tube is first removed from its socket, and the tube prongs are
placed into this adapter—the lead of which is connected to one ter-
minal of the output meter. Now the tube (with the adapter on) is
inserted back into its socket. Then the other terminal of the output
meter is connected properly. The circuit connections are again the
same as shown in Fig. 7-8.

(2). Push-pull Output Stage Feeding Dynamic Speaker: In the
case of receivers employing a push-pull output stage, the output me-
ter may be connected directly across the terminals of the voice coil
or the secondary terminals of the output transformer (whichever are
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most accessible), as shown in Fig. 7-9. However, as explained in the
previous section, this arrangement will give a rather low reading on
the output meter and changes in the output signal voltage are not
easily noted.

The output meter may also be connected across the ‘“plate” ter-
minals of both output tubes, by slipping a “plate-lead” adapter over

QUTPUT
ouUTPUT METER
TRANSFORMER

—_l—— e

Y
\ (V
éECONDARY VOICE COIL

TERMINALS TERMINALS

y<

W

POWER TUBES

L 2

DYNAMIC SPEAKER

F16. 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
TRANSFORMER
Fi16. 7-10.—Prefer-
TO VOICE able way of connect-
COIL OF ing an output meter
POWER TUBES DYNAMIC when the receiver
o SPEAKER employs a push-pull
SERIES output stage.
COND. —

A B+

"GROUND'TO CHASSIS

(3). Single-tube Output Feeding Directly into Magnetic Type
Speaker: If output indications are desired on receivers in which a
single-tube output stage feeds directly into a magnetic type loud
speaker (without any coupling device between), the output meter
(with a 2-mfd. series condenser) should be connected directly across
the terminals of the speaker, as shown in Fig. 7-11. This is per-
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missible since the magnetic speaker usually has a high impedance—
around 4,000 ohms,

(4). Single-tube Output Feeding Magnetic Speaker Through
Coupler: In many receivers in which magnetic speakers are em-
ployed, a coupling device, which may be in the form of an output
transformer, or a choke-condenser filter, is connected between the out-

-

Fi16. 7-11. — How g:g:‘lfsrl'\c
an output meter '6 OUTPUT }
should be connected N METER
in cases where a 'Q -
single power output POWER TUBE I i

tube feeds a mag-
netic speaker with-
out a coupling device SERIES
between them. COND.

e+

put tube and the magnetic speaker, to prevent the direct plate current
from passing through the windings of the speaker. In cases of this
kind, it is best to connect the output meter (in series with its 2-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 Fig. 7-12. When
the receiver has a choke-condenser speaker filter, the arrangement
shown at (B) is used.

(5). Push-pull Output Stage Feeding Magnetic Type Speaker:
When a receiver has a push-pull output stage feeding into a magnetic

o
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Q- ~w =) [+ 4 aw
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>3 |83 i [52
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conD. |QNARSE COND. ogggxg
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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.,

*\ CRYSTAL
DETECTOR FiG. 7-13.—A sir;xple outpuil:
™ meter consisting of a crysta
TERMINALS 0-1 MA.(b detector and a 0-1 d-¢ 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

IOOO OHM

RHEOSTAT C RYSTAL
DETECTOR

0-1 MA.D-C
MILLIAMMETER

X

BREAK-IN
} ADAPTER
POWER

TUBE IN

RECEIVER OR k
AMPLIFIER T0 LOUD COUPLING
TRANSFORMER
SPEAKER
‘\ ouUTPUT
TRANSFORMER
B+

Fie. 7-14.—A coupling transformer and current-limiting resistor
have been added to the simple crystal detector output meter of Fig.
7-13. A break-in adapter is used to break into the plate circuit of
the output tube of the receiver.

crystal. A 1,000-ohm rheostat is shown shunted across the sec-
ondary of the transformer, to keep the signal indications within
the range of the meter—preferably near the center of the scale.

By employing a “plate circuit break-in adapter”, neither
the output transformer nor magnetic speaker wires need be dis-
turbed. The output tube, or one of the push-pull output tubes,
is removed from its socket and placed into the adapter which
has been inserted into the tube socket. The terminals of the
instrument are connected to the adapter terminals, as shown.
The crystal rectifies the a-c signal voltage present in the second-
ary circuit of the transformer, just as it rectifies a radio signal,
so that the current flowing through the d-c meter is unidirec-
tional and will cause the d-c meter to read “average” values.

Another crystal-detector output meter arrangement is shown
in Fig. 7-15. Here, a 0-1 ma. d-¢ 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, several disadvantages
are encountered because of the inherent characteristics of the
crystal. The varying sensitivity of the crystal makes frequent
adjustments necessary, which interferes with stable operation.
This instability prevents the instrument from maintaining its

250w .
W\ v
500 w . '\
————AMMAV—@ 3 V.
1000 w
CRYSTAL ——VWWWW—@ V.
DETECTOR 5000 w 5y

R N
TERMINALS
P

COUPLING =¥
TRANSFORMER

0-1 D-C
MILLIAMMETER

F16. 7-16.—A crystal detector type output meter in which a 0-1
d-¢c milliammeter is employed as a low-range d-¢ 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,
8o that a sensitive d-c¢ milliammeter could be employed for meas-
uring the low output signal voltage of a radio receiver or ampli-
fier. A third method utilizes the rectifying ability of a three-
element vacuum tube, connected in a circuit with a 0-1 ma. d-¢
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 B4 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-! MA D-C
MILLIAMMETER

TYPE ‘30
R, TUBE
FIG. 7-16.—A sim- ,'3\ 1000 OHMS
ple tub e-rectifier TERMINALS
type of output meter. o R

| 2
(‘r“ 30 OHMS

3 VOLTS —JI'M—

“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
° .
2 TYPE ‘30
/‘f BREAK-IN 3 TUBE
ADAPTER
POWER TUBE 3 R, 2>
IN RECEIVER OR
AMPLIFIER 1000 OHMS
TO LOUD :|l|||-1
ouTPUT “= SPEAKER av
TRANSFORMER

R; 30 OHMS

FiG. 7-17.—A tube rectifier type output meter connected into the
plate circuit of one of the output tubes of a receiver or amplifier by
means of a break-in adapter.

lends itself more readily to more accurate calibration than the
crystal detector type. Calibrations may be made by applying
known a-c¢ voltages across the input terminals. It is also wise
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to check the filament voltage by means of a separate or built-in
voltmeter to be certain that it is the same at all times. Any
change in filament voltage will shift the calibration of the in-
strument, the amount of shift depending upon the amount of
change in filament voltage.

7-8. A Neon-Tube Type Output Indicator.—Both the cir-
cuit diagram and an illustration of an unusual type of output
indicator designed especially to furnish a visual indication of the
relative output of a receiver when its tuned stages are being
aligned, are shown in Fig. 7-18. This instrument, which is com-
pact and portable, consists of a tapped step-up transformer T,
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

o § 5 Bt ath
o % NEON GLOw i
i3 LAMP
BLUE~ BUACK

F1c. 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.

Courtesy ROA Victor Co.

H to L, 1.5-ohms from O to L and 4-ohms from O to H, are
available. These make it possible to match the impedance of
the instrument to the impedance of the voice-coil winding of
the speaker transformers in most receivers which employ dy-
namic speakers.

The signal voltage fed to the primary of transformer T,
by the receiver is stepped up by the transformer. Any fractional
part, or all, of this voltage may be selected by the potentiometer
and applied to the neon lamp. Since its brightness varies with
the applied voltage, it serves as a visual indicator of the relative
output signal strength of the receiver. The glow lamp, which
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has a “striking” voltage of 50-60 volts, is very sensitive, follow-
ing variations in signal frequency and intensity. Naturally, this
provides a very sensitive indicator for adjusting ‘“trimmer”
capacitors to their optimum position.

The instrument is used by connecting it directly across the
voice-coil winding of the loud speaker transformer—either with
the voice-coil connected or disconnected.

7-9. The Vacuum-Tube Voltmeter. — A vacuum-tube
voltmeter is a type of voltmeter which employs one or more vac-
uum tubes for measuring voltages applied to its terminals. The
two most important characteristics which make the vacuum-tube
voltmeter extremely useful in radio service work are:

1. When properly designed and constructed, a V.T. volt-
meter can be calibrated at 60 cycles and used there-
after at all frequencies from approximately 40 cycles
up through the standard receiver short-wave ranges.

2. If the V.T. voltmeter is built without a resistance-type
voltage divider in its input circuit, it presents practic-
ally an infinite resistance across the circuit whose volt-
age is to be measured. It may therefore be considered
to have practically infinite ohms-per-volt sensitivity
and consumes practically no current from the circuit
under test.

The first characteristic makes the v-t voltmeter particularly
useful for measuring the gain-per-stage (or overall gain) of either
the r-f, i-f, or a-f amplifiers of receivers, because it will register
correctly on any of these frequencies. Intermittent operation,
poor alignment, etc., of each individual r-f or i-f stage may also
be checked.

The second characteristic makes the V.T. voltmeter especially
useful for checking the voltages in ave circuits—as we shall see
in Art. 7-13.

7-10. Principle of Operation of the V. T. Voltmeter.—
The principle of operation of one common form of V.T. voltmeter
is similar to that of the three-element “biased detector” so wide-
ly used in 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-

oo
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PLATE VOLTAGE:= L z
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F16. 7-19.—Diagram illustrating the action
taking place in one type of vacuum-tube volt-
meter. The tube is biased to its “cut-off” point.
The voltage to be measured is impressed on
the grid circuit (see Fig. 7-20). The plate
current change it produces (measured by
means of a by-passed milliammeter connected
in the plate circuit) is a measure of this
voltage.

brated directly to read the voltage being measured. The plate
circuit milliammeter must be thoroughly by-passed to all 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
TUBE
APPLIED -E CJD
Fi6. 7-20.—Circuit VOLTAGE TO
diagram of a simi)le BE MEAS.
vacuum-tube volt-
meter.
L
4v.C" § 45v.°8"
-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 I 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, must be
adjusted so that the plate meter reads full scale when the grid
voltage is zero; the adjustment being made by varying the size
of the plate resistor (it is shown here as 9000 ohms, but values as
high as 13,00 ohms are necessary in some cases) and keeping the
tap switch at position 7.

After the meter has been adjusted for full-scale reading
with the tap-switch in position 7, it will likely be found that it
does not read exactly zero for any other position of the switch,
(when no voltage is applied to the “INPUT” terminals).
This small residual current always flows and may be “bucked
out” if desired. However, for the general run of service work,
it is not necessary to do this. The adjustment becomes compli-
cated and has little significance, except for accurate work. If
the zero reading is very small—about a division or two—the zero
setting of the meter may be changed to bring the reading to zero.

The maximum voltage that may be applied to the
“input” terminals of this voltmeter is 22.5 volts peak, for, by
means of the potentiometer shown, a known fraction of the input
voltage may be applied to the grid of the tube. For instance,
with the tap on position 4, only 2/5, or 0.4, of the “input” voltage
is actually applied to the tube. For any position of the potentio-
meter tap, the meter reading must be multiplied by a definite
“multiplying factor”. These factors are:

Tap Multiplying Factor

1 1.00
2 1.25
3 1.66
4 2.50
6 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
circuits to which it may be connected in service work. The im-
pedance is constant for any position of the potentiometer.
7-12, Calibrating the V.T. Voltmeter. — Calibration of
the voltmeter described in Art. 7-11 may be effected by the sim-
ple arrangement shown in Fig. 7-22. A small 6- or 10-volt battery
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F1c. 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
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according to specifications, there will be but a very small change
in the reading of the plate meter for one position of the reversing
switch, and so this operation may be dispensed with.

The calibration obtained will correspond to the peak values
of sine wave input voltages. Each voltage reading on voltmeter
V should be multiplied by 0.7 to obtain the effective value.

®

At P
- To /,/ Fic. 7-22.—Circuit
. - INPUT arrangement for cal-
88— TERMINALS ibrating the V.T.

OF VT voltmeter of Fig.
C]?) VOLTMETEP 7-21.

REVERSING SWITCH

This V.T. voltmeter can be used to measure either a-c or d-c
voltages whenever a voltmeter that draws little or no current is
needed. The calibration obtained by the method described in
Art. 7-12 will be valid for all frequencies (within a tolerable per-
cent for service work) within the audio band, and should give
excellent comparative readings in r-f measurements. Even
though the calibration may not hold exactly for the higher fre-
quencies, it at least enables us to know the order of the voltage
—whether it is near 5, or 10, or 15 volts, etec.

Note: When measuring a-c voltages, switch SW-3 (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 %am) 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, etc., of each individual r-f or
i-f stage of a receiver can also be checked in this way..

The voltages existing across some parts of avc 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-c 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.

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 occur 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?



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 i1s 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
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that the best test for a tube is simply to replace it in the receiver
with another of the same type. If the signals increase in strength,
then the original tube is poor; if they remain the same, the
original tube is good. They maintain that this test is simple,
and has the distinct advantage that the’ tube is being “tested”
under actual operating conditions and in the receiver in which
it is used. Perhaps there is an excuse for this test when no
other means are available for determining the worth of a tube.
If the tubes in a receiver must be tested, and if no tester is
at hand, then the logical thing to do is to replace those in the
receiver with other tubes, one by one, each known to be good.
However, every radio service man should be equipped to
test tubes satisfactorily with suitable instruments. These make
it unnecessary to carry around a good tube of every type for
test purposes, and give a more accurate test of the condition of
the tubes—especially for receivers using ave—as we shall now see.

8-3. Disadvantages of the Replacement Test.—The or-
dinary “replacement test” was satisfactory when tubes and cir-
cuits were simple, and when small differences in the characteris-
tics of two tubes manifested themselves by noticeably different
signal strength. But today, the design of many circuits is such
that a tube may be poor enough to be replaced, and yet it will not
be detected by this test until a relatively weak signal is tuned in.
Receivers are now equipped with automatic volume controls,
which vary the sensitivity of the r-f and/or i-f portions of the
set as the intensity of the signal varies. Thus, on a loud local
signal, the sensitivity of the receiver automatically decreases,
and a poor tube in the r-f or i-f portion of the receiver will not
manifest itself. Even if it is replaced with a normal tube, the
increased signal strength so obtained automatically causes the
sensitivity of the set to decrease to the point where the output is
the same as when the poor tube was in use. In such receivers,
then, the “replacement test’’ is utterly useless. Furthermore, the
types of tubes used in the r-f portion of the receiver are not the
same as those used in the a-f section, where the replacement test
has some, though few, merits.

If a tuning meter is used in the receiver, or if the receiver be
tuned to such a weak signal that the automatic volume control
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does not act (under which conditions the sensitivity of the re-
ceiver is at maximum), then a poor tube will be shown up by
weak and sometimes distorted signals. The deflection of the
tuning meter is an indication of the signal strength reaching the
second detector in a superheterodyne, and hence, though the
audio output remains constant, the reading of the meter will
change when a good tube is substituted for a poor one. Hence it
also serves to show up a poor tube.

However, comparatively few receivers are equipped with tun-
ing meters, and it is rare that a properly weak signal can be
found. Then, too, the signal must be weak for the particular
receiver under test, which means that every receiver requires a
different degree of signal weakness for every location of the re-
ceiver. The degree of required weakness depends upon the sen-
sitivity of the receiver and the amount of 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 receivers. He must have a device that works
independently of the receiver itself, and upon which he can rely
with complete confidence. It is the purpose of this, and the
following two chapters, to present a comprehensive study of tube
checkers for accomplishing this task satisfactorily.

8-4. Structures of 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. (Radio & 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 dtode, so called because it consists of a filament, or heater,
and a single plate. The filament or heater emits electrons which
are collected by the plate whenever the plate is positive; no
electrons are collected when the plate is negative. The arrange-
ment of the elements in such a tube is illustrated in (A) and (B)
of Fig. 8-1. This type of tube is used almost exclusively for
power rectifiers (filament type, with few exceptions) and for sig-
nal detection (heater type). This type of rectifier is the “half-
wave” type. Two plates may be incorporated, as shown at (C)
and (D), to obtain “full-wave” rectification.

A single “grid” in a filament-type diode makes the tube a
triode, as shown at (E), and the tube is still a triode if the emit-
ter of electrons (simply called the emitter) is equipped with a
cathode, as in (F). Note that this latter structure has four ele-
ments, although only three are actively concerned with the elec-
tron flow (the heater is used solely for heating the cathode),
hence the name “triode” still persists.

8-6. Multi-grid Tubes.—At (G) is shown a filament type
tetrode, or four-element tube. G1 is the control-grid. The addi-
tional grid 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
(I). This gives us the pentode (5-electrode) type tubes. This
type of structure is in common use at this time. In the indirect-
heater form of this tube the connection of this grid 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
(J) and the combination tubes at (K) and (L).

tubes, the suppressor grid G, is already connected (inside the
tube) to the center of the filament—as shown at (J).

8-7. Combination Tubes. — Almost any combination of
these structures may be built into a single glass envelope and
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properly called a single tube. For example, as shown in (K),
the double diode plates of (C) and (D) and the triode of (F) are
united to form a single unit. A typical “multi-unit”, or combi-
nation tube employing this arrangement is the '565, and it is known
as a duo-diode triode. The same structure with slightly different
characteristics is used in the '75 and '85 tubes. The diode section
of the tube is placed directly below the triode section. It is inde-
pendent of it, and functions just as if the triode were not present.
In fact, two separate tubes could be used instead, with substan-
tially the same results.

Pentodes and triodes, pentodes and diodes, two separate tri-
odes, etc., have been built into a single tube and are used for a
variety of special purposes. Such combinations lead to names
such as duplex-diode pentode, etc. A complete chart giving a
list of these tubes and their socket terminal connections will be
found in the Appendix at the back of this book.

Another class of combination, or multiple-unit, tubes com-
bines features of the previous classes. Typical of this class are
the 2A7 and the 6A7 pentagrid converter types. These are tubes
having an unusually large number of electrodes (seven exclusive
of the heater), all of which affect the same electron stream and
yet perform two operations (oscillator and mixer for superhetero-
dyne circuits) independently but stmultaneously. The electrode
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 Engimeers 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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Fi1c. 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). te(eist) 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-
ston for the particular tube under test, the condition of the
emitter may be determined. This is the fundamental basis of
the so-called emzission 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
pe 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
go that the currents are not excessive and so they all will
fall within the range of a single meter.

The circuit diagram of a typical emission tester may be
represented essentially as shown in Fig. 8-3. Of course, the
necessary switching facilities to reduce the plate current, etc.,
could be added. Also, in commercial designs, the finished in-
strument works directly from the a-c supply line. A-c is sup-
plied to the plate and filament or heater, and the d-c¢ milliam-
meter reads the average value of the plate-circuit current, as
does the d-c instrument of a copper-oxide type meter (see Art.
2-32). (Plate current flows only during one-half of each cycle,
since the grid and plate are negative during the other half cycle.)

8-12. Calibration of an Emission Tester.—The calibration
of such an instrument involves the testing of a number of good
tubes of each type. The readings of the meter M for each tube
type are recorded and averaged. Thir average is taken as
“good” for the particular type tube. From additional tests
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with “fair” and “poor” tubes, arbitrary limits are set between
which a tube is said to be good. From still more tests with
“poor” and ‘“fair” tubes, the limits between which a tube is
“fair” can be determined. All readings below the lower limit
of “fair”, for a particular tube type, are “poor”. The calibration
cannot be “computed” by means of a formula with any degree
of success; the only calibration method is that of actually test-
ing different tubes whose condition is known. A chart is then
compiled with the meter reading limits for every type of tube and
is consulted whenever a test is made with the tester.

8-13. Effect of Gas and Emission Test.—A small amount
of gas in a tube may make its operation totally unsatisfactory. If
a tube contains gas, and if the emission is fairly large, this gas
becomes ionized, the positive charges traveling through the tube
to the nearest negative electrode and the electron (the negative
particles) traveling to the plate. This motion of the charges is,
in reality, plate current; and, if there is sufficient gas present, this
current (composite of the normal plate current and the gas cur-
rent) may be sufficiently large to damage the tube by overheat-
ing of the elements.

In modern tubes the gas content is so small that danger of
overheating because of ionization is small; it is possible, though,
that the characteristics of the tube may change. When the tube
is operating in the receiver and the grid bias is small, a little
ionization may cause grid current to flow, which reduces the in-
put resistance of the tube, causing weak signals, broad tuning (if
in an r-f amplifier) and distortion (if in an audio amplifier). It
is well to be able to test a tube for gas content.

8-14. Testing for Gas.—If the grid current is very small
with the bias near zero, then the tube may be assumed to have a
negligible amount of gas. This is the principle upon which the
typical gas-test indicator works. Consider the circuit (A) of
Fig. 8-4. A simple triode is connected to batteries and a meter,
as 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 a change in the
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Fi16. 8-4.—Action of the circuit arrangement employed to make
a “gas” test on a vacuum tube.

plate current—which will be indicated by M. If there were no
gas, there would be no ionization, no grid current, no drop across
R, and hence no change in plate current. R is usually made
about 500,000 ohms, and a switch is placed across it, S in the
diagram. If opening and closing this switch produces little or no
change in plate current, then there is little or no gas present.

The gas indicator, then, is nothing more than a series grid
resistor with a switch 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 a circuit that more nearly simulates the circuit condi-
tions in an actual receiver, and determine its property as an
amplifier. The mutual conductance, or grid-shift, test most near-
ly fulfills this condition.

Any amplifier tube functions because a change in its grid
voltage causes a change in its plate current. The greater the
change in plate current produced by a given change in potential



174 MODERN RADIO SERVICING CH. VIII

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 tmpedance and amplification factor of the
tube are important, but, since the “mutual conductance” of a tube
is equal to the ratio of these other two constants, any change in
either one is bound to affect the mutual conductance. Therefore,
if the mutual conductance of a tube is found to be normal, it in-
dicates that both the plate impedance and amplification factor
are also normal, so these need not be tested separately. While
the mutual conductance is not a complete indication of the com-
parative merits of tubes of different types, it is a positive indi-
cation of merit among tubes of the same type.

The fundamental definition of mutual conductance is the basis
of operation of the grid-shift method of tube testing. Mutual
conductance, G, equals the change in plate current (in amps) di-
vided by that change in grid voltage (in volts) causing the plate-
current change—uwith 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-¢ 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-¢ 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

F16. ' 8-5. — Ele-
mentary circuit ar-
rangement for de-
termining the mut-
ual conductance of a
tube.

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

__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 a 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, i.e.,
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 mutual conductance of any type of amplifier tube
—provided of course, the circuit arrangement of Fig. 8-5 is altered
properly to meet the conditions imposed by the particular elec-
trode arrangement which the tube employs (see Fig. 8-1), and the
practical field conditions under which tubes are usually tested by
the service man. Practical circuits for making this measure-
ment rapidly on all commercial types of tubes employed in radio
receivers will now be developed and described in detail.

= 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-

F16. 8-6. — One method of
shifting the grid bias in a tube

M(‘TP tester. The switch enables

P
Anaaan Tt

YYYVIVY "o Yy vevyY:
L‘J

either the voltage drop across
R1, or that across both RI and

< R2, to be applied to the grid of
: R2( 3 the tube at will.
1 S
L~

fo+

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 fixred 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 1, the voltage drop across both
R1 and R2 is applied to the tube as a negative grid bias; with S
in position 2, only R1 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 (A4) 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

Ao

1

PORTION 1 PLATE CURRENT
(SWITCH AT POSIT. 1)

1O V. PORTION 22 PLATE CURRENT
A-C LINE VY (SWITCH AT POSIT. 2)

(A) (8)

Fi16. 8-7.—(A) Another method of shifting the grid bias in a
tube tester. The bias is shifted by employing either “zero” bias
(switch on Contact 1), or the voltage between a-b as a grid bias
voltage. Point d may be considered as B minus, and point ¢ as B
plus. Contact 1 is connected to both the cathode and the filament.

(B) Portion 1 shows the plate current when switch S is in
position 1. Portion 2 shows it when the switeh 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 I of (B). The d-c plate
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milliammeter reads the average value of the plate current (see
Art. 2-32).

When S 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 a 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 ¢ of the primary winding (which connects

M foons
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F1G. 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 sketeh 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-c
milliammeter will indicate the average value of the plate current.

8-18. Grid-Shift Test Usually Sufficient.—Both the “emis-
sion” and “grid-shift” testing methods are in common use.

The emission test is employed in many tube testers of the
direct-reading type, called “English-reading” testers by some
manufacturers. In some so-called English- reading testers, espe-
cially when they are designed for counter use (one is described
in Art. 10-9), the instruments are compensated in various ways,
irrespective of the basic circuit, so that the meter will indicate a
definite value for a good tube, regardless of the type. The meter
usually has sectors marked “Good”, “Fair”, “Reject”, etc. This
makes the test simple, and, since the customer sees his tubes test-
ed, it eliminates the necessity for his understanding the signifi-
cance of definite milliampere readings and the necessity for sub-
traction when the grid-shift test is used.

Either the “emission” test or the “grid-shift” test give an indi-
cation of the condition of an amplifier tube, although the grid-
shift test will report more defects than the emission test will.
The grid-shift test checks the mutual conductance of the tube,
which is a measure of its amplifying properties. It also reveals
low emission, since the initial and final readings of the meter will
be lower than normal (although their difference might be the
same) in a tube of low emission. Usually, however, low emission
is revealed in a mutual conductance test by a small “difference
reading.” A larger “difference reading” than normal is somewhat
rare and is usually due to a shifting of the position of the grid with
respect to the filament—the filament may sag so that it is closer
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to the grid than it should be. The grid then controls the electron
flow more than normal. This closer spacing therefore increases
the G, of the tube, but it is not desirable, because of the greater
possibility of a “short” occurring between the grid and filament
due to the very small clearance between them.

As will be shown in Chapter XIII, many set analyzers are
equipped with facilities to shift the bias of tubes under test
(using the voltages of the receiver under test), in order to obtain
some idea of the worth of the tube in the analyzer. The one
trouble with this system is that the result shown by the test is
valid only if all the voltages in the receiver are normal. And
since the voltages in different receivers of different manufactur-
ers are not the same, comparative readings cannot be obtained.

8-19. Calibrating the Grid-Shift Tester.—In the grid-shift
tube tester, as in the emission type, the initial calibration of the
tester cannot be made by computation. A number of tubes
known to be “good” within practical limits are tested, and the
“difference readings” noted. The same procedure is followed for
a number of tubes known to be “fair” and for another lot known
to be “poor”. A chart is then prepared showing what the shift
in reading should be for a “normal” tube. This is repeated for
every type of tube to be tested. Of course, commercial tube
checkers are calibrated at the factory by the manufacturer when
made.

8-20. Cathode-Heater Leakage Test.—When an indirect-
heater tube becomes noisy, it is almost a positive indication that
a leakage path is present between ‘“the cathode” and the “heater”.
This is the most common and most important of the leakage con-
ditions found in service. The most practical test method for
disclosing such leakage consists of observing the plate current
reading for the tube when operated with the cathode connected
to both B-minus and the heater. Now if the cathode circuit is
opened, by disconnecting the cathode, the plate current reading
will be “zero” if there is no cathode-heater leakage. If there 1s
any such leakage, the plate circuit will still be continuous, com-
pleting its path through this leakage path, and a definite value of
plate current will still be indicated by the meter.

Figure 8-9 shows the circuit of a typical cathode-heater leak-
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age testing arrangement. The primary P of filament transformer
T connects to a 110-volt a-c source. The secondary of this trans-
former is tapped to secure all different filament voltages required.
The plate voltage employed for the tube testing is the supply
voltage (the voltage drop across the primary). One side of the
primary connects through a resistor B (used to limit the plate

F1c. 8-9.—A typical
circui