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SERVICING WITH SET ANALYZERS

CHAPTER 1

Introduction

Year by year, as we progress in radio
we find new equipment and new methods
being developed and perfected for testing
and servicing. Much of this new equip-
ment is forced upon us by the engineering
progress that is constantly being made in
the field of radio receivers. The set which
is now an open book to the well versed
Service Man would have been a complete
mystery to the repairman of not so long
ago. We have progressed from the time
when all sets used only one kind of tube,
the triode (and not very many of these),
to the point where we now use tubes, some
of which have as many as nine separate
elements in one bulb. We now have over
two hundred tube types, and more are
being added each month to this huge list.
Only a very few of these may be used in-
terchangeably, and most of them are suited
for but a single purpose. Many of the
tubes are able to perform more than one
duty by virtue of their multiple element
construction. Thus, the type 6Q7, is the
equal of three tubes, since it has a triode
and two diodes in its shell. Many sets are
designed with several of these multi -func-
tion tubes in the line-up.

We find that, as a general rule, radio
sets are designed according to their tube
requirements. Hence, we should endeavor
to test them and make our analysis from
the same viewpoint. While it would be
asking too much of any Service Man to
expect him to memorize every tube with
all its characteristics, it is possible and in
fact imperitive that the general classifica-
tions, such as converters, R.F. amplifiers,
audio pentodes, and the like be understood.
Also, the Service Man should be thor-
oughly familiar with the main arbitrary
classification of all tubes, that is, by fila-
ment or heater voltage ratings. Thus we
have the 2 volt line, the 2.5 volt line and

the 6.3 volt line, with several others which
are not found very frequently and are of
little importance today. An effort should
be made to keep all the latest tube data
of each manufacturer on hand, so that
when a new tube is encountered, no time
will be lost in searching for its character-
istics. When a set is to be analyzed, then,
and the proper readings are not obtained
at any one tube socket, an understanding
of that tube and its associated circuits will
lead to speedy correction of the trouble.

New wrinkles and methods are brought
out from time to time in the line of servic-
ing proceedure. The most recent of these
is the so-called "point-to-point" method.
While it is not as rapid and is considerably
more involved than employing a complete
analyzer and checking voltages from the
socket by means of a connector plug it is,
however, more convenient for those who
are not familiar with circuit design, and
therefore cannot make an accurate deduc-
tion when the meter readings are not cor-
rect. Also, it is the only method whereby
deep seated or obscure troubles can be lo-
cated-and is generally employed by the
efficient Service Man as a supplementary
method of ascertaining the location of
trouble after the analyzer is used. The
equipment employed for "point-to-point"
tests is, usually, a multi -calibrated sensitive
meter having various D.C. voltage scales,
in addition to an "ohms" scale for resist-
ance measurements. Two test prods are
employed, and voltage or resistance meas-
urements are taken across various parts
of the receiver until the trouble is found.

The new testing equipment has provision
for limited point-to-point testing built into
it in the form of the 'free reference point"
switch system. Former analyzers always
measured voltages between the tube termi-
nals and some common point, such as the
tube cathode or ground. By means of the

3



4 SERVICING WITH SET ANALYZERS

new system, however, the reference or
common point may be shifted, by means
of the proper switches, so that the voltage
(and in some cases the resistance) may be
measured between any two tube terminals,
this being done rapidly and right at the
tester, without having to break into the
receiver.

Since modern radio receivers are so vast-
ly different from those which were con-
structed from 1923 to 1926-the precision
and servicing care necessary now is also of
a much higher order. The equipment, as
described, is comparable to that of the
laboratory in efficiency, and permits both
rapid and accurate determinations of
trouble.

The circuits used at present are infinitely
more complex than those that were used
even a few years back. The widespread
use of multi -function tubes adds to the
confusion also, for in the older sets a
certain tube could safely be assumed to
be doing one job only, while at present a
single tube may be employed for three or
more unrelated functions. A description
of a relatively simple set will prove this
point. We will take as our example a set
of the so-called A.C.-D.C. classification
which has a total of six tubes. This set
is of the "all -wave" type so we are greeted
at the start with a complex array of coils,
thirteen in number, and a switch to select
the required band. Next in line is a
multi -function tube, the 6A7, which is both
oscillator and mixer. This is followed by
a 78 tube as the I.F. amplifier, then an-
other multi -purpose tube, the 75. This one
performs three distinct operations. It is
the second detector, the first A.F. ampli-
fier, and the generator of A.V.C. voltage.
The second A.F. tube is a 43, a pentode
amplifier. The power supply is quite sim-
ple in this type of set, since there is no
power transformer. However, this fact
immediately leads to more complications,
for the designer has used the 25Z5 rectifier
tube as a voltage doubler in order to se-
cure a higher voltage. The final tube, also
made necessary by the lack of a power
transformer, is a "ballast" tube, which is
nothing more than a resistor enclosed in a
bulb. So here we have a "simple" set in
which three of the six tubes perform mul-
tiple functions. How is the Service Man
to "shoot trouble" in such equipment, and
do the job in such time that he will make
a reasonable profit for his pains? The only
possible answer is through the use of the

latest and most efficient type of analyzing
equipment.

While we will not attempt to discuss the
theoretical design of receivers here, it will
be apparent to all that the removal of any
tube or tubes from their sockets will dis-
turb the voltage distribution to all other
tubes in the receiver. In the older types of
receivers it was almost the invariable cus-
tom of designers to include in the power
supply circuit a fairly heavy wire -wound
resistor, called the "bleeder", from which
the various voltages needed for the tube
elements were obtained by means of tans.
This stabilized the circuit to a certain
extent, since the current through the
bleeder was fairly high, so that if a tube
was removed, the overall voltage chancre
in the circuit was not very great. The
present tendency seems to be to eliminate
the bleeder resistor, and to supply all
voltage needs by means of series resistors
directly from the high voltage lead. This
newer method of voltage distribution has
the advantage that each individual tube
element may be snnnlied with exactly the
correct voltage, but it also introduces dif-
ficulties in measuring these voltages. When
an analyzer is applied to the tube terminal
supnlied by a series resistor, the current
drain of the meter in the analyzer causes
an additional voltage drop in the resistor,
which must always be taken into consid-
eration. Where the resistors are of a high
value, such as those used in the plate cir-
cuits of audio amplifiers, the drop is so
high that the readings are not to be trusted
in most cases, and we must turn to other
means of measuring the functioning of
that particular circuit. This is one of the
limitations of present analyzers, but as long
as it is thoroughly understood, no harm
will be done.

The value of an analyzer depends upon
the fact that nearly every form of trouble
in a radio set manifests itself in irregular
voltages or currents.

When a Service Man arrives on the iob
after receiving a call, he should first satis-
fy himself that the trouble lies in the re-
ceiver itself. If the symptoms seem to
indicate that tubes are bad, they should be
tested first; merely because that is the
easiest operation to perform and, usually,
indicates the greatest source of trouble.
If defective tubes are found, they should
be immediately replaced by good ones be-
fore any other tests are made.

Plate, screen -grid and control -grid volt-
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ages should then be measured, and the
value checked by reference to manufactur-
ers' data or tube charts. (The Service
Man should make it a point to always have
such information with him for reference
purposes.) If it is found, for instance,
that only one tube has no plate voltage,
then reference should be made to the cir-
cuit diagram, to determine what can pos-
sibly cause the lack of voltage on the
particular tube in question. Do not jump
at conclusions; but conduct a systematic
test from the tube's plate through every
single piece of apparatus in that plate cir-
cuit, right down to the power unit. In
this manner the defective piece of appara-
tus is bound to be checked.

On the other hand, if, to take another
instance, three tubes that should have the
same voltage have none, then the trouble
lies either in the power unit, or else in a
piece of equipment that is common to those
three tubes ; and the attention of the repair
man should be directed accordingly.

Abnormally high plate or screen volt-
ages usually mean that the grid bias or
"C" supply for the affected tube has
failed. This is especially noticeable in any
tube whose plate supply circuit does not
include a high resistance. A tube that is
resistance coupled to the following tube
will not show this high plate current be-
cause the increased current causes a laro-e
voltage drop through the resistor. In this
case, however, other symptoms are readily
apparent, for the resistor will probably
show signs of overheating.

Often a thorough check of the tube
voltages and currents shows that every-
thing is correct. It is then necessary to
trace through the set until the defective
stage is found, and to test every piece of
equipment in this stage until the poor unit
is isolated.

This general analysis, which will be dis-
cussed in detail in another chapter, illus-
trates the absolute necessity of a device
which will facilitate the measurement of
tube voltages and currents and permit the
testing of individual pieces of equipment.
These fundamental essentials are to be
found in modern analyzers. With modern
competition in the field, rapid accurate ser-
vice is not only desirable but absolutely
essential, if a Service Man is to get a
livelihood out of his business. A modern
radio set analyzer is the only piece of
equipment that affords the necessary ease
and rapidity of operation.

From the above it may seem that all that
one has to do is to plug in his analyzer,
manipulate a few buttons, and the trials
and tribulations of the receiver will be laid
bare. This is not so. The only thing that
can be expected of any analyzer is that it
shall be a means for conveniently measur-
ing the various voltages and currents at
any tube socket with the tube connected to
the socket. The interpretation of the read-
ings is left to the Service Man himself.
However, by proper reference to tube
charts and circuit diagrams, coupled with
a little knowledge and common sense, the
average Service Man can locate trouble in

a relatively short time.
There is often confusion in the minds

of some as to just 'what is an analyzer?'
In the strictest sense we might say that an
analyzer is an instrument for testing volt-
ages and currents at the tube sockets of a
receiver. However, common usage has ex-
panded the term to include various sup-
plementary equipment, so that the modern
analyzer often contains a tube tester, ca-
pacity and resistance (and often induct-
ance) tester, a service oscillator, and other

economy, since the most expensive part of
the analyzer, the meter, is used in the
other circuits as well. It also makes for
compactness, a feature that the Service
Man greatly appreciates after lugeing the
usual heavy equipment around on his daily
calls.

One of the most desirable advantages of
an analyzer, aside from its primary func-
tion, is its ability to test tubes. The cor-
rect method of tube testing has long been
a question of dispute. In this connection,
the Service Man is usually not in a posi-
tion to expend large sums of money on
elaborate bridges which accurately measure
such characteristics as mutual conductance
(incidentally now, by the recent ruling of
the I. R. E. "mutual conductance" has
been changed to "transconductance", Sm),
A.C. plate resistance, amplification con-
stant, etc. The Service Man is, usually,
only interested, so far as tube checking is
concerned, to know whether the emission
is normal. For a transconductance test,
the same instruments are usually employed
but a calculation is necessary. (This will
be explained in a succeeding chapter.) As
an added feature, most analyzers have ar-
rangements which permit the use of each
instrument, independently of the analyzer.
This is a very useful device; especially if
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tests are to be made on the bench aside
from regular receiver work.

A small 3.0 to 4.5 volt "C" battery is
housed in most analyzers, in order to per-
mit the use of one of the voltmeters as an
ohmmeter; the scale of the meter is then
directly calibrated in ohms. This feature
is a distinct advantage, where resistor re-
placement is necessary. Some manufactur-
ers have even gone so far as to include
calibration charts for inductance and ca-
pacity measurements on the A.C. milliam-
meter scale when such a meter is included
in the analyzer.

It is in the nature of things, that differ-
ent manufacturers should include various
incidental refinements which they believe
valuable (some of which have already been
mentioned and will be discussed in detail
later) with the result that the Service Man
is usually at a loss to determine just what
kind of an analyzer to secure for his pur-
pose. Unfortunately, another man's advice
usually does not apply to a particular case,
and the Service Man is usually left to
choose for himself. His choice will prob-
ably be determined first by the amount of
money he has available to spend, and then
by his requirements.

A few of the more costly instruments
include an all -wave test oscillator which is
built right in. Most active Service Men,
however, prefer to have this instrument
separate, as it adds considerable weight and
bulk to the already unavoidably large ana-
lyzer. It goes without saying that it is

absolutely necessary for the Service Man
to possess a test oscillator, since the ser-
vicing of superheterodynes, which are
greatly in the majority now, demands the
use of such equipment.

There are other pieces of apparatus
which are often included in the larger
commercial set analyzers, and which for
that reason we must mention here. For
example, when a test oscillator is used
to align a receiver, some sort of meter
must be used to note the results of the
aligning operations. The human ear is a
very poor judge of sound intensity, there-
fore some sort of instrument is needed
to record accurately the changes in adjust-
ments as they are made. The so-called
"output meter", which is nothing more
than a low current drain A.C. volt -meter
which records the output of the set result-
ing from the use of a tone modulated test
oscillator. In most cases the D.C. meter
in the analyzer is used in conjunction with
a small copper -oxide rectifier, as this com-
bination draws very little current, and ob-
viates the necessity of a special meter for
the purpose.

Other supplementary equipment which is
used to test receivers, in conjunction with
the analyzer will be described briefly in
another chapter, as it is felt that the Ser-
vice Man should have at least a general
understanding of equipment such as the
V.T. voltmeter, the oscilloscope, the test
oscillator and such apparatus.

Ir



CHAPTER 2

Analyzer Fundamentals

The modern analyzer must be designed
with several fundamentals in mind. First,
it must be capable of performing every
task that the Service Man will require of
it in his daily rounds. Since it must be
carried by hand a great deal of the time
it should be as light and compact as it is

possible to make it, without sacrificing any
of the necessary features. It is usual to
provide a small space in the instrument
case itself for carrying the associated cable
and all the adapters that go with it, as
well as test leads and any other equipment
required. It used to be the practice to
carry tools as well in the analyzer case, but
the instruments have so expanded in size
and complexity that there is now little room
for such accessories. Indeed, the worry
of the designer is to make the apparatus
small enough to be called portable, and yet
be capable of doing everything the present
day Service Man wishes.

The final point to consider is that the
circuits should be made as near foolproof
as possible, that is, it should not be pos-
sible to ruin any of the apparatus by op-
erating the wrong switch. This can be
carried only to a certain point, of course,
since no matter how perfect the circuits
are worked out, if the user has the volt-
meter set to the 10 V. scale, and the meter
is inadvertenly connected across a 500 V.
supply, some damage is sure to be done.
In this connection, low current fuses are
sometimes used and are quite effective in
preventing meter damage.

.The Switches
Analyzer switches have to perform with-

out failure a multitude of functions. They
must be very carefully constructed, since
all action of equipment is dependent upon
them. The contacts must close positively
and the contact resistance must be very
low, and as nearly uniform as possible.

Fig. 1. Types of switches used in analyzers.
These are knife switches.

All the better switches now used have
either solid or plated contacts of some
metal such as silver.

There are so many kinds of switches used
that it is an impossibility to describe them
all. An attempt will be made to discuss
some of the more commonly used types, so
that the reader may become familiar with
the methods used in swtiching.

Diagrams of some of the more widely
used knife switches are shown in Fig. 1.

The abbreviations used are standard and
are listed below for convenience.

S.P.S.T.-Single-Pole, Single -Throw.
S.P.D.T.-Single-Pole, Double -Throw.
D.P.S.T.-Double-Pole, Single -Throw.
D.P.D.T.-Double-Pole, Double -Throw.
T.P.S.T.-Triple-Pole, Single -Throw.
T.P.D.T.-Triple-Pole, Double -Throw.

Knife switches are rarely used in ana-
lyzer construction; not because they are
inefficient, but because of the great deal of
space required to house and manipulate
them. The basic principle of switching is
the same, regardless of the mechanical ar-
rangement of the swtich.

The type most commonly used in analyz-
ers is shown in Fig. 2A; this switch,
known as a push-button type, is composed
of four blades a, b, c and d. Blades a
and c are tied together by a bakelite strip
k. When the button S is pushed in, the
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Fig. 2. Push buttons operate these switches.
They are quite compact.

plug P pushes down blades a and c; so
that blade a makes contact with blade b,
and blade c with blade d. When the finger
is released from S, the spring T removes
P from the blades, and both circuits are
open. It is seen that this switch is similar
in action to the D.P.S.T. knife switch of
Fig. 1. This type of switch (sometimes
called a Jack Switch) is very small, rapid
of operation and quite fool -proof.

This jack or push-button switch may, by
simple mechanical changes, be made to per-
form a variety of purposes. For instance,
Fig. 2B shows a push-button switch which
opens one circuit at the same instant that
it closes another. It may sometimes be
desirable to open one circuit a little before
the second circuit closes ; this can easily
be accomplished by making the contact on
blade d of Fig. 2B slightly shorter than
that on blade a. By having a sufficient
number of blades, it is possible to switch
a multiplicity of circuits simultaneously.

Another type of switch that is widely
used is the so-called rotary type. Several
variations of this are shown in Fig. 3.
The first shown at Fig. 3A is the simple
tap switch which, in this case, enables us
to connect one lead to any of 5 others.
This is not as flexible as is required in
some circuits so the scheme at Fig. 3B
is used. Here either side of the circuit
may be connected to any of 5 other leads,
enabling a much wider range of use. As
the switches are shown, it is necessary to

Fig. 3. A few of the simpler types of rotary
switches. Several arms may be used.

make connection to the arm by means of
a flexible lead. This is very undesirable,
as such leads cannot be used for long with-
out breaking. Therefore, connection is
made as at Fig. 3C, the end of the arm
opposite the taps being shaped so that it
rubs on a semi -circular plate, the connec-
tion to the circuit coming from this plate.

To enable still wider application, the
switches are arranged in "decks", one
switch and set of taps to a deck. These
decks are piled up one above another, so
that all the switches may be operated by
one common shaft. This arrangement is
used in most present day equipment, as it
enables the greatest variety of circuit
changes for the least space.

We have heard it truthfully said that
switching is one of the most interesting
problems that the layman can find in electri-
cal work. It taxes the ingenuity of the mind,
without requiring detailed technical knowl-
edge. No better examples of switching tech-
nique can be given than those employed in
the modern set analyzer. At this time we

Fig. 4. Measuring filament current.

will not enter into a detailed account of the
possible switching arrangements which are
obtained with the types of switches de-
scribed heretofore; as that will be treated
at the end of this chapter, when we show
how a simple analyzer is to be designed.

Suffice to say that it is possible to design
a switch for almost any imaginable circuit
arrangement. Some of these will be pre-
sented from time to time as the occasion
arises.

The Milliammeter

The milliammeter is the basis of virtually
all measuring equipment used in the set
analyzer and associated equipment. For
this reason, we will try to detail the actual
theory of operation as much as possible in
the limited space available.

Stated fundamentally, every kind of
electrical instrument (whether it be a volt-
meter, ammeter, wattmeter, etc.) works
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Fig. 5. Current passing through any coil of
wire produces a magnetic field.

simply because an electric current is flow-
ing through it. As an example, assume the
battery of Fig. 4 to be lighting the tube
connected to the battery. If it is now de-
sired to measure the current passing
through the filament of the tube, an in-
strument called an ammeter is inserted, in
either leg of the line, as shown at A. Now
it does not matter in which leg of the
line the meter is inserted ; since it will
read the same in either case, because the
current coming out of the battery into the
filament must be exactly the same as the
current coming out of the filament at the
other end, into the battery. Stated in an-
other manner, the filament and the meter
are connected in series across the battery
terminals. Furthermore, it is a universal
law that the value of the current in a series
circuit is the same throughout each and
every part of the circuit. Since that is the
case, it does not matter in which leg the
meter is inserted; the same amount of
current flows through the instrument. It
should be particularly noted that, with the
instrument connected as shown in Fig. 4,
the current that flows through the filament
must of necessity flow through the meter.

We come now to the question of what
makes the meter read. The problem is
very simple when considered in the light
of elementary magnetism. Whenever a
current flows through a wire a magnetic
field is generated. The intensity of the
field is dependent upon the length of the
wire and the strength of the current. The
field flows in a direction as indicated in

Fig. 6. Two fields produce a motion.

Fig. 5.
When the wire is placed between the

poles of a magnet, as shown in Fig. 6, a
force will be exerted upon the wire and if
it is free to move, it will do so in the
direction of the arrow. If the wire is
wound into the form of a coil, the. field
will be as shown in Fig. 7. When such
a coil is placed in the magnetic field, we
have the elements of a moving coil meter,
as shown in Fig. 8. Since like poles repel
and unlike poles attract one another, the
coil will tend to turn in a direction indi-
cated by the arrow. The turning tendency
is opposed by the hair spring, and the
amount of turning is directly proportional
to the amount of current flowing in the
coil. The needle is fastened to the coil,
and as the latter turns, the needle moves
over the scale, which upon proper calibra-
tion, will indicate directly the amount of
current flowing.

Now if the meter is connected in the cir-

CURRENT ENTERS

n cl, el, (7), clin (i)

=N. S-7.

V 0 (DUO 01 0
CURRENT LEAVES

Fig. 7. Determining field polarity.

cuit shown in Fig. 4, the 2 leads of the
moving coil are connected into the circuit.
If the meter is rated at 100 milliamperes,
and more than this flows in the circuit,
the meter will probably be damaged. It
would seem necessary then to connect a
meter of higher range in the circuit. How-
ever, it is possible to use the original in-
strument by placing a shunt across it.
The following paragraphs will describe the
construction and use of a shunt.

Since the moving coil is of extremely light
construction, in order that it may rotate
easily, it must be wound with very fine
wire. Practically, this means that the
amount of current that can safely flow
through this coil is very small-only a few
thousandths of an ampere. If the safe
current -carrying capacity of the wire is,
for example, ten one -thousandths of one
ampere, (10 milliamperes or 10 mills.),
how can the meter be safely placed in a
circuit in which 2 amperes are flowing?

The meter is safe because not all of the
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Fig. 8. The ammeter reads because the moving
coil is twisted in the field of the permanent

magnet, and turns on the axis.

current flowing in the circuit passes
through the moving coil. As an example,
let us assume that we have a meter with a
moving coil so designed that, when ten
one -thousandths of an ampere flow through
it, the meter reads full-scale. This means
that under no conditions can more than
10/1000 of an ampere safely flow through
the coil. As the instrument is now, it is
a 10 -milliampere meter.

If a resistance which is equal to the
resistance of the moving coil is placed in
parallel with the moving coil of the meter,
then one half the current in the circuit will
flow through the moving coil, and the
other half through the resistance.

To take an example, the resistance of
our moving coil is, say, one ohm, and it
requires 10/1000 of an ampere through it
to give full-scale deflection. We now place
a one -ohm resistor in parallel with it, giv-
ing the circuit of Fig. 9. If the current
flowing in a circuit in which the meter is
now connected is 10 mills., then 5 mills.
will go through the meter, and 5 mills.
through the resistance. The current
through the meter being now one-half of
what it was before the resistance was con-
nected, the meter will, of course, only read
half as much. If the current in the cir-
cuit be increased to 20 mills., 10 mills. will
go through the moving coil of the meter,
and the other 10 mills. through the re-
sistance. The meter will now read full-
scale.

It should now be noted that, without the
external resistance, the actual current
through the circuit goes through the mov-
ing coil and the meter reads the actual
current in the circuit. With the resistance

connected across the moving coil, only one
half of the current in the circuit will flow
through the moving coil, and the meter
will read only one-half the actual current
in the entire circuit. To obtain the correct
current. then, it is necessary to multiply
the meter reading by the factor 2 .

If, instead of the one -ohm resistor
(which resistor is known as a shunt) a
/A -ohm resistor was connected in, then only
one-third of the total line current would
pass through the moving coil, and the re-
maining two-thirds would pass through the
shunt. The meter would then read only

of the actual current in the entire cir-
cuit ; so that it would be necessary to mul-
tiply the meter reading by the factor 3,
in order to obtain the actual current
flowing.

The addition of these shunts, then, per-
mits the extension of the amount of cur-
rent that can be measured by an instru-
ment. The same meter whose moving coil
can safely carry but 10 mills., can, with the
use of the proper shunt, be arranged to
measure several amperes. For convenience
a switch may be provided, to throw in any
one of a number of different shunts ; so
that different ranges on the instrument are
available. This is shown in Fig. 10. By
setting the switch on the proper tap, any
one of three ranges can be selected.

If the internal resistance of the meter is
known, then the resistance of the shunt
necessary to extend the range of the in-
strument may be calculated from the
following formula,

R-
r

n-1
The symbols are as follows :
R-resistance of the shunt
r-internal resistance of the meter
n-the number indicating how many times

the meter range is to be multiplied.
The use of this formula may be illus-

MOVING COIL
RESISTANCE
1 OHM: CURRENT
FOR FULL SCALE

DEFLECTION
10 MILLS

EXTERNAL
RESISTANCE,

1. OHM

Fig. 9. A shunt alters the meter range.
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trated by this example: suppose we have a
milliammeter with an internal resistance of
.01 -ohm and it has a scale range of 25 ma.
The meter is to be made so that it will
read up to 100 ma. Our factor, n, is then
4. If we substitute these values in the
above equation it becomes,

.01
R- -.00333 -ohm.

4-1
The purchase of a resistor of this small

value and one that is accurate to about 5%
or less is rather a problem. However, it
can be made quite easily. Suppose we take
our 25 ma. meter and put a current of
about 20 ma. through it. Let us say the
exact reading is 22 ma. Then, when we
have applied the correct shunt, the scale
reading should be 22/4 or 5.5 ma. It is
then a simple matter to connect a piece of
low resistance wire across the meter
terminals until the reading is exactly 5.5,
with the same current as was previously
used. We know then that the resistor is
of the required value.

The D.C. Voltmeter

It has been stated that current must flow
through an electrical measuring instrument
in order that it may function. The volt-
meter is no exception to this, and, though
it is not always understood so, a voltmeter
measures current, as will be shown.

Current flows in an electrical circuit
only because a potential difference exists.
If the resistance is constant the amount of
current flowing is directly proportional to
the voltage causing the current flow.
Therefore, in a D.C. circuit, if the voltage
is doubled, the current also doubles, and

Fig. 10. Modern instruments have several shunts
selected by a switch, with the meter sca e

calibrated in the various ranges.
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Fig. 11. The resistor limits the current flowing
through the meter.

so on. This means, then, that if an instru-
ment is connected ACROSS (in shunt with
the circuit) the voltage to be measured,
and if furthermore, the resistance of the
instrument is constant (as it always is),
then the current through the instrument
will be directly proportional to the voltage
across which the instrument is connected.
In the formula of Ohm's Law, I (current
Intensity) equals E (Electromotive force
or voltage) divided by R (resistance).
We may write this also E=RI, which
comes to the same thing.

It is seen that a voltmeter, connected
across a certain voltage has a current flow-
ing through it; for the same reason that
any resistance connected across a voltage
has a current flowing through it. It is this
current flowing through the meter that ac-
tuates it; the manner of its operation being
identical with that of the ammeter dis-
cussed above (Fig. 8). Let it be stated at
this time that exactly the same movement
("works") is used in the voltmeter as in
the ammeter; the only difference being in
the mode of connection. Let us examine
the mode of connection more closely.

If we assume that we have the same
milliammeter as before, that is, one with
a scale reading of 25 ma. and an internal
resistance of .01 -ohm, a voltage of .00025
will be required to cause full scale read-
ing. The formula is E=-IR or,

25
E = .01 x - .00025-V.

1000

Such a rediculously small voltage read-
ing would be useless to the Service Man,
so we must find a means to use the in-
strument on higher voltages while still
keeping the current through the moving
coil below the maximum safe value (25
ma.). We can do this by placing a re-
sistance in series with the meter as shown
in Fig. 11. If we want a voltage range
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ia 000 a

O / 25,000 0.5-
OHMS MEG.

/OHMS MEG

10.000 15,000
OHMS / OHMS

0.4-MEG.

- +VS +25 +100 -
CO

7OHMS5,000> +500 0 ;10 -125 4004'500

Fig. 12. Two methods of connecting the multi-
pliers to a voltmeter.

of 10 V. and we know the current must
be 25 ma., Ohms law gives the resistance
as follows:

E 10

R- -400 ohms.
I 25

1000

The resistance of the moving coil is too
low to need consideration in this case, so
the series resistor should be 400 ohms.
This resistor is usually called a multiplier.

It must be understood that the resist-
ance of the meter cannot change, as it is

determined solely by the resistance of the
wire on the moving coil. Thus, for a full
scale reading of 10 V. we need a resistance
of 400 ohms, or 40 ohms for every volt of
the meter scale. It may be said that the
voltmeter has a resistance of 40 ohms per
volt. This is the common method of rat-
ing voltmeters.

This method of expression is also use-
ful in determining how much additional
resistance must be used to increase the
range of voltage reading of the meter. If
we wish to raise the same meter to read
100 V., it will require a total of 4000 ohms,

Fig. 13. A meter circuit arranged so that both
voltage and current ranges may be selected sim-

ply by operating the proper switches.

or 3600 ohms more in addition to the first
multiplier.

A current consumption of 25 ma. is
sufficient to make the meter useless for
reading the voltages ordinarily found in
radio sets, since the current drawn by the
meter is higher than that in most of the
circuits to be measured. For example, if
the screen grid of a tube is fed through a
series resistor and the meter is connected
from cathode to the screen grid socket
prong, the current drawn by the meter will
be many times that drawn by the screen,
and the voltage reading will be entirely
erroneous.

In order to obviate this trouble it is com-
mon practice to use a meter which has a
much higher ohms -per -volt rating, or in
other words, a higher sensitivity. The
commonly accepted value is a meter of 1

ma. current drain, or one which will re-
quire a series resistance of 1000 ohms -per -
volt. For a voltage range of 100 V. such
a meter will have a resistance of 100,000
ohms.

It is quite possible to use several multi-
pliers with a single meter to have the
advantage of several voltage ranges. Two
circuits for accomplishing this are shown
in Fig. 12. At A, the multiplier is in the
form of a tapped voltage divider. At B
separate resistors are used f or each range.
The first method has the advantage of low
cost and simplicity, while the second has
the advantage that a burned out resistor
will not make several of the ranges use-
less. It is also more flexible in design and
construction.

A simple circuit is shown at Fig. 13 for
the use of one meter 40 a multi -range volt-
meter and milliameter (or ammeter). Any
number of ranges is possible by the addi-
tion of the required resistors and switch
taps.

The A.C. Voltmeter

A study of the operation of the D.C.
meter will show us that if the direction of
current flow through the meter is reversed,
then the pointer of the meter will move
to the left instead of to the right. This
means that, if A.C. is sent through the
meter, then during one half of the cycle
the meter will tend to move in one direc-
tion and during the other half of the cycle
it will tend to move in the opposite direc-
tion. The result is that, at 60 cycles (com-
mercial power frequencies), the needle does
not move at all. To be able to read A.C.,
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it is necessary to have a device that will
move in the same direction regardless of
the direction of the current through the
meter. This is what the A.C. meter does.

There are numerous types of A.C.
meters, but only one of them will be de-
scribed, since the A.C. voltmeters used in
analyzers are of this type. This is desig-
nated as the Soft -Iron, or Iron -Vane, type
of meter. A sketch showing its internal
construction is given as Fig. 14.

A small strip of soft iron M, bent into
a cylindrical form, is mounted axially on
a spindle S which is free to turn. An-
other similar strip F, which is more or
less wedge-shaped, and which is larger
than M, is fixed inside a cylindrical coil;
this coil C is wound with fine wire and
connected in series with a high resistance,
(the multiplier). When current flows
through the coil, both iron vanes become
magnetized. The upper edges of F and M
both have the same magnetic polarity-for
instance, both "north" poles ; and the lower
edges have the same magnetic polarity-
both "south" poles. The two upper edges
repel each other, and so do the two lower
edges; with the result that the free vane
M moves. The pointer therefore moves
with it. When the cycle reverses, the
magnetic polarity reverses (the upper
edges become south poles and the lower
edges north poles), but the repulsive force
is still there; consequently the meter moves
in one direction only. The multiplier cal-
culations for the A.C. meter are exactly
the same as for the D.C. meters described
above.

While this type of A.C. meter is quite
rugged and inexpensive, it is not widely
used in modern equipment because it is
not very sensitive. In other words, it is
a type that makes rathQr high current to
operate it.

For this reason, and also as a measure
of economy, modern test equipment almost
exclusively uses the rectifier type of A.C.
meter. This is simply a D.C. milliameter,
of the low drain type, connected to a small
copper oxide rectifier. The circuit is
shown at Fig. 15, and is a diagram for an
A.C. voltmeter. It will be seen that the
usual series resistors should be used, to
enable various voltage ranges to be had.

To offset the obvious advantages of low
current drain and the economy of being
able to use the same D.C. meter for all
purposes, the rectifier type has a few dis-
advantages as well The rectifier itself is
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Fig. 14. The "works" of the iron vane meter.

somewhat sensitive to temperature changes,
and also its characteristics change with
age, with the amount of current through
it, etc. Also the scale of a rectifier type
meter is crowded at the low end as in other
A.C. meters. However some of these
faults can be sufficiently compensated for,
so that a very usable instrument results
and this type of meter is almost in univer-
sal use at the present time.

An Elementary Analyzer
In developing a simple analyzer, the

reader should bear in mind that the fin-
ished product is not suitable for home con -

Fig. 15. Connections of a meter rectifier.

struction ; since no mechanical or electrical
constants will be given. By describing
such a theoretical analyzer, the author
hopes to accomplish but one purpose : to
present the fundamental principles behind
all analyzers. By doing this, thus illus-
trating the methods of design, the more
complicated commercial types will be more

Fig. 16. One type of meter rectifier.
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Fig. 17. An amplifier with and without tube.

fully appreciated than if this mode of ap-
proach were not used.

Suppose a stage of A.F. amplification,
such as that shown at A in Fig. 17, is

to be examined. For a very complete test
it would be necessary to know the follow-
ing constants :

(1) Filament voltages ;
(2) Plate voltage;
(3) Grid voltage;
(4) Plate current;
(5) Grid current.

Let it also be assumed that we wish to
measure each of these with as few instru-
ments as possible. To measure the con-
stants listed above, a single meter would
have to be inserted at X to measure plate
current; at Y for grid current, between
points 1 and 2 for plate voltage; between
2 and 3 for grid voltage; and between 2
and 4 for filament voltage. Let it be
further assumed that we cannot break any
leads in the set to insert these instruments.

If the tube at A of Fig. 17 be removed,
then the connections to the socket remain
as in B. Suppose now, we take the base
of an old tube and solder leads from the
prongs of the tube base to a socket outside
the set. The set will function exactly the
same, whether a tube is inserted in the
original tube socket, or in the one outside
the set with the tube base plugged into
the original socket, to complete the connec-
tions. This is depicted in Fig. 18. It is

Fig. 19. Checking voltage at extension socket.

now possible to break any leads or insert
meters between any two points in the ex-
ternal socket and, at the same time, keep a
tube connected in the circuit. This, it
will be recalled, is a necessary precaution
in all tube service work.

Now that we have devised a scheme to
get at the tube socket prongs without
breaking into the receiver wiring, we are
ready to tackle the problem of measuring
all required operating characteristics of the
tube with a single meter. This is simply
a problem of switching. A point to be
remembered here is that it is standard
practice to measure all grid and plate volt-
ages with respect to the negative end of
the filament or the cathode depending upon
which type of tube is under test.

The circuit in Fig. 19 shows a simple
means of switching a single meter so that
it may be used to measure plate, filament
and grid voltages. However several ad-
ditions to this circuit are needed. In the
first place, the filament voltage is almost
invariably much lower than that of the
plate. If a range of the meter were used
that would measure the plate voltage satis-
factorily, it would undoubtedly, be too high
a scale on the meter to enable an accurate
reading to be made of the filament voltage.
So we need to add a switch and several
series multipliers to enable the meter to
be used at the widely different voltages we
have already encountered.
The next difficulty we encounter in using

Fig. 18. The use of
an analyzer plug to
extend socket leads so
that tests may be
made without disas-
sembling the receiver.

Fig. 18. The use of an analyzer plug to extend socket leads.
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the simplified circuit of Fig. 19 is that the
grid voltage will cause the meter to read
backwards, which is not of much help to
the busy Service Man. Therefore a switch
must be added to reverse the polarity of
the meter so that it may be used without
changing any of the external connections.
Fig. 20 shows this addition, which is usually
a simple DPDT toggle switch in most com-
mercial instruments. Since it is located
next to the meter in all circuits it may be
operated to change the polarity of the meter
no matter to what use or on what scale the
meter is being used. This reversal of the
meter connections may be accomplished au-
tomatically in the rotary switch by the cir-
cuit of Fig. 21. However, the DPDT
switch is usually included as this feature is
useful in other connections as well.

We still have no provision to measure
any of the current operating of the tube.
To measure any current value, it is neces-
sary to break a lead, so that the meter may
be inserted in series with the circuit of that
particular lead. This may be accomplished
by the addition of more contacts on the
rotary switch and connections as shown in
dotted lines on Fig. 22. It will be necessary
to close the break at points X and Y when
the meter is not in use for current readings
on that element. An easier method is to
have a single push button switch for each
circuit in which it is desired to read cur-
rent. This method is shown in Fig. 23.

Many commercial analyzers use push but-
tons to select the various meter ranges, both
for voltage and current measurements. The
circuit for voltage change by push buttons
is shown at A of Fig. 24, while B shows
the same system as applied to current
changes.

Free Reference Point Testing

The latest and most widely used style of
switching from one tube element to another
is the "free reference point" system. It will

Fig. 20. Polarity reversing switch.
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Fig. 21. Rotary switch to shift meter leads.

be remembered that we said all testing was
to be done from the negative leg of the
filament or from the cathode. These tube
elements serving as the reference point for
all voltage measurements. In the free
reference point system, we can use any tube
element as the reference point rather than
being forced to use the filament or cathode.
This is accomplished as shown in Fig. 25,
by the use of 2 rotary switches. The switch
points are numbered according to the stand-
ard RMA numbering system. This num-
bering system, by the way, has been made
necessary by the wide variety of tubes now
used. As an example, the type 76 tube has
the control grid connected to the No. 3
prong, while the 36 tube has the screen
grid connected to the corresponding term-
inal on its base. Therefore we cannot al-
ways call the No. 3 terminal the control
grid, or any other element, and a universal
numbering system became necessary.

If we wish to measure the voltage be-
tween the grid and plate of our 4 prong

TOi

PLUG

L L

F. VOLTS I

 -1_
G. VoLis

1-1"

CURRENT
VOLTAGE

MUST BE OPEN
Y I TO READ CURRENT,

-CLOSED AT ALL
OTHER TIMES.
CURRENT SHUNTS

P. VOLTS

tJ

P. CURRENT

MULTIPLIERS

Fig. 22. Current reading leads are dotted.



16 SERVICING WITH SET ANALYZERS
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Fig. 23. Reading current by push switches.

tube, we need only turn the selector switches
to the proper positions and the connection
is easily made. This sort of measurement
would have been impossible with the circuit
of Fig. 22.

The completed circuit of the simple
analyzer for 4 prong triodes is shown in
Fig. 26. If the fundamentals underlying
the selection of this circuit are clearly un-
derstood, it will be a comparatively simple
matter for the builder to figure out the
circuit for an analyzer incorporating any
number of ranges and for any tubes re-
quired. In this circuit, provision is made
for external use of the meter with any of
the voltage or current ranges available, and
for A.C. or D.C. measurements on the tube
terminals.

A few words as to the action of the
various switches may be of help to the pros-
pective instrument builder.

We have discarded the rotary switch idea
of Fig. 22 entirely, and have used push but-
ton switches wherever possible. This makes
for the utmost flexibility throughout, much
more so than the scheme of Fig. 21, for ex-
ample. The free reference point selectors,
SW1 and SW2 enable voltage measurement

Fig. 25. Free reference point switching.

between any 2 base prongs. When these
switches are on the "EXT" contact points,
the voltmeter is connected to the external
voltage terminals. For any voltage meas-
urements the toggle switch, SW10 must be
on the voltage side. Also the meter will
not read unless one of the voltage range
switches is depressed. These are SW7,
SW8, and SW9.

For any current measurements, whether
internal or external through the terminals,
EXT CURRENT, SW10 must be in the
left position. As a measure of meter pro-
tection, the highest range current shunt,
R1 is always in the circuit until SW'll or
SW12 are depressed, each of the latter
being of lower range. When making a cur-
rent measurement, try the circuit first with-
out depressing SWII or SW12. If the
reading is too low on the meter to be of
value, then one of the switches may be
operated to lower the range.

The current buttons for reading plate and
grid current are connected exactly as in
Fig. 24 and should be operated one at a
time.

Although the meter is marked as a
milliameter, it is to he understood that it
will have several scales, and may be cali-
brated and read directly in milliamperes or

volts.
Provision is made

in" the meter circuit
for reversing and
for change from
D.C. to A.C. read-
ings. Although A.C.
current readings are
very seldom made,
and many meters
are not provided
with the correct
scales for this use,
the rectifier is usu-
ally placed in the

PRESS

- READ
f

100 MA.
SHUNT

50 MA. 10 MA.
SHUNT) (SHUNT

PRESS TO
READ LOWER

RANGE

Ark METER WILL NOT READ UNLESS ) METER WILL READ 100 MA. UNLESS A
W BUTTON IS PUSHED. BUTTON IS PUSHED.

Fig. 24. Voltage and current ranges may be shifted by push switches.
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Fig. 26. An analyzer for checking 4 prong tubes only. It may easily be expanded.

circuit as shown. The voltage dropping
resistors for the A.C. voltage ranges
should always be placed between the recti-
fier and the external circuit. In this way,
the current through the rectifier will al-
ways be kept to a very low value, a most
desirable feature.

It should be noted that although all
switches in this circuit except three are
shown as push button types, they may be

of the locking variety, so that when the
button is depressed, a slight twist will
cause it to stay operated.

To expand this circuit for use with tubes
of any number of prongs or elements, it is
simply necessary to add current measuring
buttons and extra points on the selector
switches. Also of course, the plug connect-
ing cable, and analyzer socket must be cap-
able of accommodating the required tubes.



CHAPTER 3

Use of the Analyzer
Although this is a book on the technique

and use of the set analyzer, we should
spend a little time on consideration of the
factors which can make the use of the
analyzer a great deal more profitable and
enjoyable.

Firstly, we must recognize that radio
set trouble can come from several sources
which may be grouped into two headings,
those inside the receiver and those outside.
A surprising number of "defective" re-
ceivers are so only because of some outside
source of interference, which has no con-
nection with the set.

A great deal can often be learned from
the owner of the set as to what happened
when it ceased to function. Certain funda-
mental questions may be asked, the an-
swers to which will often give a lead as
to just where to look for the trouble, and
thus much time is saved and the job is
made more profitable in the long run.

Some points upon which to question the
owner are as follows :

1-Does the receiver work at all?

2-Did it stop playing suddenly or has
it been getting worse for some time?

3-Does any time element enter into the
trouble? In other words, will the
set work for a certain length of time,
before going bad?

4-Does it make any queer noise before
it stops working?

These and many others can be asked de-
pending upon the circumstances, and in
general, the answers will be of material
help. In most cases the customer is only
too glad to help and those few isolated
cases where the opposite is the case must
simply be taken as they come.

If the receiver is workable but an in-
terferring noise is heard, remove the an-
tenna and ground leads and short the
terminals to see if the sound is coming
in over the aerial. If the sound disap-
pears or is greatly reduced it is in all
probability outside the receiver.

Other than natural fading, almost all
trouble from the outside is in the form of
noise, so that it is quite a simple task to
exonerate the receiver and set about trac-
ing down the trouble in house wiring and
other likely causes.

If it is quite apparent that the trouble
is in the receiver, it may be either of two
types, mechanical or electrical. The first
type is usually quite easy to locate, al-
though unfortunately, not always so easy
to repair. Broken or worn out dials, poor
insulation on wiring, bent or broken shafts
and such faults come in this category.
The analyzer is of little use in such cases
and the finding and fixing of the trouble
is dependent upon the mechanical ability
of the Service Man.

A list of the electrical troubles encoun-
tered in receiver would be of little use to
the Service Man and in addition, it would
lead to considerable confusion. However,
the methods to be used for various trou-
bles are the same for most any make of
receiver so that an analysis of the more
general methods of testing will be most
helpful.

The first angle of attack on a faulty
receiver is through the tubes. One method
of proving whether or not the trouble
comes from this source is to substitute a
complete new set of tested tubes for those
that are in the set. This is not very prac-
tical however, since to carry a complete
set of all the hundreds of tubes now on
the open market, to say nothing of carry-
ing several of each type for sets using
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more than one, is obviously ridiculous.
Furthermore such a substitution would not
show just which tube was bad, if more
than one of the originals was at fault. If
the receiver itself is at fault, then the
Service Man will still not know for sure
whether any of the tubes are useless.
Another disadvantage of the substitution
method is that one never knows just what
is the matter with any particular tube that
is supposedly defective. And as a final
argument, it is quite possible for one or
more of the replacement tubes to go bad,
which would, to say the least, be extremely
misleading.

So we come to the generally accepted
method, that of testing the tubes them-
selves, and right on the job. This will
result in finding out for sure just which,
if any, of the tubes are poor, whether any
of them are doubtful or apt to go bad
soon, and exactly what is the matter with
each bad tube, a valuable point when one
is confronted by a sceptical set owner who
has to foot the bills

Having decided that an actual test of
the tubes is required, we come now to the
problem of what tests are needed and
how they are to be made. Several are
needed, the most important as far as the
Service Man is concerned being the tests
of emission and that of transconductance
(or mutual conductance). Also, it is quite
usual nowadays to test a tube thoroughly
for shorts between any and all elements.
In addition, a "gas test" is sometimes used.

The emission test is one of the simplest
and consists of connecting the plate and
the various grids together and applying a
voltage as shown in Fig. 1. A plate cur-
rent will flow and if the tube is in good
condition this will have a certain value
which will be much higher than when the
tube has been used for some time. A table
is usually prepared showing the correct
values of emission for various types of
tubes, and if one is tested and has a con-
siderably lower value it is rejected. A tube
which is just on the border line will prob-
ably work quite well in most cases, but
will probably go bad in a relatively short
time. Although the circuit in Fig. 1 is
shown with batteries, it is quite possible
and in fact more practical to use unrecti-
fied A.C. for all the required voltages,
when this type of test is used in a regular
tube tester. The tube itself acts as a
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Fig. 1. A simple set-up for tube emission tests.

rectifier and plate current flows in the
regular way.

The emission test is of some value but
it is not sufficient to really show the worth
of a tube, for the reason that even if the
emission of a tube is quite normal, it is

possible that the grid or some other ele-
ment is bent or displaced so that proper
action is not possible. It is necessary
therefore to make a transconductance test.

Any tube will function in a radio set
because the signal voltage on the grid
causes the plate current to increase and
decrease alternately. The greater this in-
crease or decrease for a given signal volt-
age, the louder the signal. The amount of
increase or decrease of plate current, per
volt of increase or decrease of grid volt-
age, is called the Transconductance of the
tube, and is measured in MHOS (or
micromhos, as explained below).

Transconductance is therefore a measure
of the "goodness" of a tube. Stated in
another way,

Change in plate current
- transconductance

Change in grid voltage

To measure transconductance then, all
that need be done is to apply the normal
grid, filament and plate voltages to a tube,
and then change the grid voltage by a
certain known amount. The plate current
will change, in response to this change in
grid voltage. This change in plate current,
divided by the change in grid voltage, gives
the transconductance.

For example, suppose a tube be con-
nected as shown in Fig. 2, with the switch
S on tap 1; and that, at this position, the
tube has 3 volts (negative) on the grid,
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F.g. 2. Arrangement for transconductance test.
An A.C. supply may be used for the heater.

and a plate current of 15 milliamperes
flows. The switch is then thrown on tap
2; which places 6 volts (negative) on the
grid. The plate current consequently drops
to. say, 5 milliamperes. We know, now,
that a 3 -volt change in grid voltage causes
a 10 -milliampere change in plate current.
The transconductance is then

.01

3
- .00333 mhos

The use of such small numbers as .00333
is rather unwieldly ; so that, in practice,
the micromho is used as the unit. One
micromho is one millionth of a mho. To
obtain micromhos from mhos, then, multi-
ply the fraction by 1,000,000. Performing
this operation in the case above, we get
.00333 (mho) X1,000,000=3,330 microm-
hos.

Most analyzers have provision for the
transconductance test, but few if any allow
for the emission test. The necessary volt-
age for the grid shift is obtained from a
small battery which is also used for con-
tinuity tests as will be explained later. Of
course, the other voltages must be ob-
tained from a receiver, which makes thi:
method of testing inapplicable in many
cases where the receiver is not in working
condition when the tubes are to be tested.
For this reason, it is usually desirable to
carry a tube tester which will run from
the A.C. line and thus have its own power
supply independent of the receiver. An-
other reason for this is that the voltages
in receivers vary widely even on tubes of
the same type which may however be used
for different purposes. This makes it im-
possible to draw up a table which will
define what is a bad tube and what is a
good one since the test conditions change
within such wide limits, and the busy Ser-

vice Man has no time to stop for calcula-
tions. About the only use, then, that a
transconductance test made with a set Ana-
lyzer will be is that it will show up a
tube that is totally unworkable. Because
of this limited use, many manufacturers
of the latest test equipment are leaving
this feature out of their new models, as
they feel that it is not of enough value to
offset the added expense and circuit com-
plication.

Although never found in an instrument
that may be called solely an analyzer, the
short test and the gas test are included
here in the interests of completeness, as
they should be understood by the Service
Man.

The short test may be made by a simple
circuit as shown in Fig. 3. The two
switches are connected so that each prong
of the tube socket has a tap on each
switch, similar to the arrangement used
in free reference point testing. A neon
tube which draws very little current may
be connected in series with a voltage source
between any two elements. A short will
cause the tube to light. Also a leakage
between elements will cause a light al-
though of less intensity.

The gas test is required because a small
amount of gas in the tube will sometimes
cause the plate current to rise when the
transconductance test is made and fool
the Service Man into believing that the
tube is a good one. It is made simply by
applying to the elements a voltage suffi-
ciently high to cause the gas to ionize,
when it may be seen as a blue glow. The
voltage must be variable, as the same value
cannot be applied to all tubes. For exam-
ple, a type 6A3 tube must be tested at a

Fig. 3. A simple tube short tester. Contacts are
needed for each tube element.
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much higher voltage than a type 30. In
all cases, however, the test voltage will
be somewhat higher than that at which
the tube normally is operated.

In most cases, the Service Man will find
it sufficient to make an operating emission
test of the tube in question. If the various
element voltages are correct, and it is
found that the plate current is quite near
that specified by the maker, the tube may
be quite safely assumed to be normal.

After the tubes have been found to be
good and any poor ones replaced, the
Service Man is ready to proceed with the
balance of the tests on the receiver. The
job now is to localize the trouble to as
small a portion of the set as possible. The
set may be considered to be divided into
certain sections which we may designate
as : the R.F. section (including the I.F.
circuits if the set is a superhet) ; the A.F.
section; and the power supply. We can
begin by localizing the trouble in one of
these sections, which will make it much
easier to track the fault to its exact
location.

The experienced trouble shooter knows
from his past work that certain troubles
reoccur in certain sets, so that when he
has found in which section of the receiver
the fault lies, he can quickly spot the
actual defect and remedy it.

With a certain amount of experience,
troubles in the audio end of the set can
be separated from those in the radio -fre-
quency end by a few simple tests. For
instance, if the detector or any of the
audio tubes is tapped with the fingers a
musical sound, not unlike that of a clear
bell, will be heard from the loud speaker.
If this occurs, then-as a first approxima-
tion-the audio part of the set can be as-
sumed to be normal ; if not, then this part
of the set should be suspected and tested
thoroughly.

For the moment, let us assume that the
audio -frequency end is normal. If the set
uses a grid condenser -and -leak detector,
then placing the finger on the grid con-
denser will usually result in a loud whistle.
If this does not happen, then the detector
should be suspected and also tested.

If everything seems normal so far, then
the radio -frequency part of the set should
be given a finger test. If the forefinger
is slightly moistened, and the grid connec-
tion of each tube tapped, a dull thud
should be heard before and after each tap.

Fig. 4. A common set-up of an amplifier.
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If tapping the grid of a certain tube does
not produce any sound then that tube
should be suspected. This latter test can
also be used, with the some results, in the
audio end of the set.

The above mentioned finger -grid tests
are based on the assumption that the grid
prongs are easily accessible.. This is not
always so ; with the result that a set ana-
lyzer must be resorted to in order to
localize and locate the trouble.

Remove the first R.F. tube from the
socket, and plug it into the analyzer. Put
the plug of the analyzer in the same socket
of the set from which the tube was re-
moved. By manipulating the proper
switches and buttons, measure the filament
voltage, plate voltage, plate current and
grid bias. Compare these values with
what the manufacturer says they should
be. (If you do not know what the manu-
facturer's specifications are, then compare
the results of the tube measurements with
a tube chart.) In any case, they should
check very closely. This process should
be repeated for every tube in the radio
set. If a grid leak and grid condenser are
used, very little, or no grid -voltage read-
ing will be obtained in the detector stage.

The greatest of care must be taken to
properly interpret the readings of the ana-
lyzer, and these readings depend upon the
design of the receiver, and upon what type
of circuit is being tested. This is extreme-
ly important and emphasizes the fact that
the Service Man should have a knowledge
of the receiver under test and just what
types of circuits are used in it. If this
is not obtainable and no information of any
kind can be found on the set, the circuit
should be traced out before trying to ana-
lyze it, since otherwise there can be no
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Fig. 5. Here the coupling medium is resistive.

certainty of just what any particular read-
ing may mean.

Some of the more common methods of
tube coupling will be discussed, so that
we can see just what effect they have
upon the analyzer readings obtained.

Fig. 4 shows an amplifier stage, in
which the input circuit is resistive and the
output circuit is inductive. This circuit
would commonly be used in A.F. work
between two stages. A voltmeter connect-
ed between the cathode and the control
grid -should theoretically measure the grid
voltage. However, as we have already
seen, any meter of this type draws current,
so this current must also flow through
the resistor R2. This current causes a
voltage drop which is so large that the
meter will probably hardly move at all.
The Service Man would then be led to
believe that there was no voltage on the
grid, which is not so. A tube which is
operating as a Class A audio amplifier has
sufficient negative voltage on the grid to
practically preclude any flow of grid cur-
rent through the leak. Thus the full volt-
age will be applied to the grid. When
the voltmeter is connected in however the

Fig. 6. An inductively coupled amplifier.

circuit is upset and the proper voltage
cannot possibly be measured at the grid.

A typical example will show how large
this error can be, A type 76 tube has a
cathode resistor of 2700 ohms, R2, to
obtain a bias of about 13.5 V. Suppose
we choose the 10 V. scale of a 1000 ohms -
per -volt meter to measure the grid voltage.
If we attempt to measure the voltage from
grid to cathode, we will simply be measur-
ing the drop in the cathode resistor which
serves as the grid bias. Since the grid
leak is of 0.5-meg., the total resistance in
the circuit will be 512,700 ohms, including
the resistance of the meter. The grid
bias voltage is 13.5 V., so the current flow-
ing in the circuit may be shown by the
simple equation :

E 13.5
1- - -.000024-A.

R 512,700

The combined drop across the grid leak
and the cathode resistor is shown by :

E = RI = 502,700 x .000024 = 12.06 V.

This leaves 1.4 V. to be read by the meter,
which is obviously highly misleading.

When it is known that the input circuit
is composed of a resistance load, either
short this resistance or measure the grid
voltage across the cathode resistor (or
other source) which produces the voltage.
The latter method naturally gives no as-
surance that the voltage is actually reach-
ing the grid, so that this point must be
carefully checked, and the Service Man
should assure himself that the grid to
cathode or filament circuit is intact.

The same precautions should be observed
when measuring the voltage in the plate
circuit. Many receivers nowadays, in fact
the majority, have detector and audio tubes
with a resistive plate load. Although the
plate voltage is higher than the grid volt-
age, the same conditions are to be found
and it is impossible to read the exact
voltage at the plate of the tube with any
degree of accuracy. In the case of a
circuit similar to Fig. 5, where both grid
and plate circuits include a resistive load,
the precautions must be doubly observed.
This situation is mainly encountered in
resistance coupled A.F. amplifiers.

Another combination is shown in Fig.
6, where both grid and plate loads are
inductive. The inductances may be either
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air core as in R.F. coupling transformers,
or iron core as in A.F. units. In the
former case, the resistance seldom is over
100 ohms, while even the resistance of
audio transformers is usually below 5000
ohms, and so in both cases the resistance
may be neglected and a fairly accurate
reading will be obtained at the tube
element.

The only other possible coupling com-
bination is shown at Fig. 7, and is that
where the plate load is resistive while an
inductance appears in the grid circuit. It
will be quite apparent which of the fore-
going precautions must be followed in this
case.

Of course, it is possible for the Service
Man to make allowances for the low read-
ings obtained when working on a tube
with a resistive load. In fact, many of
the manufacturers have presented with
their service data, voltages charts taken
with a 1000 ohms -per -volt meter, as this
value is more or less standard. This is a
great help to the Service Man, since he is
primarily interested in what voltage read-
ings will be obtained under practical work-
ing conditions, and not in the theoretical
values. Here again, a precaution must
be given. Some of the newer service
equipment is built around measuring in-
struments which have a sensitivity of 2000
ohms -per -volt or even higher. Although
these new meters are a move in the rioht
direction, the Service Man who owns one
should use care when he is following a
manufacturer's data sheet, to be sure what
type of meter was used to measure the
voltages given.

Let us suppose that, during the course
of our tube measurements, it is found that
the plate voltage is nearly normal, while
the plate current is either too low or too
high (either plate current condition may
result), and there is no grid bias. Assume
the circuit is similar to that shown in
Fig. 4. The fact that plate voltage exists
indicates that the grid -bias resistor R2
(which is in the plate return circuit to
"B-") is not open. It may be shorted;
the condenser Cl may be shorted; or the
tube's input circuit may be open.

Short-circuited condensers are not un-
common ; so that the first place to look
for the trouble is in the condenser. This
should be removed from the circuit and
tested. (Methods of testing condensers
and coils are given near the close of this
chapter.) If the condenser is shorted,

Fig. 7. Combination coupling system.
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then its removal should restore normal
bias to the tube. If this does not restore
the bias then Cl is not shorted. The
input device to the tube's grid whether it
be a resistance (as R1) a choke, or the
secondary of a transformer, should then
be tested for an open. Finally the grid -
bias resistor should be tested for a short.

In many circuits a single grid -bias re-
sistor is used for several tubes. If this
(corresponding to R2) is shorted then
none of the tubes getting their bias from
the same resistor will have grid voltage.

In testing a piece of apparatus, it should
be completely isolated from the circuit
electrically before any tests are made.

Suppose our analyzer shows no plate
voltage on a tube. Our next procedure is
to test for voltage between points 1 and 4
(see Fig. 4). If voltage is present be-
tween these points, then-obviously-the
plate coupling device (choke or primary of
A.F. transformer) is open and should be
replaced. If no voltage exists between 1
and 4, then the condenser C2 should be
removed ; if its removal restores voltage
to the tube, then C2 should be replaced
with a good condenser. If the removal of
C2 does not restore plate voltage, then the
grid -bias resistor R2 should be tested for
an open, since the plate current of the tube
passes through this resistor. If this re-
sistor also proves to be good, then the
trouble lies somewhere in the power unit.

The circuit of a conventional power
supply is shown in Fig. 8. All power con-
nections to the tubes are shown but the
various coils and other circuit elements
have been omitted for the sake of clarity.
Assuming that the circuit is of the T.R.F.
type, tubes VI and V2 are the R.F. am-
plifiers, V3 is a bias type detector, V4 is
an A.F. amplifier, and V5 is the output
A.F. amplifier. Grid bias for tubes VI
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Fig. S. The power supply circuits of a typical T.R.F. receiver showing essentials only.

and V2 is obtained by the drop through
resistor R1 in the cathode leads of these
tubes. In addition, R2 is a variable con-
trol used to vary the volume. It does
this by changing the grid bias on the R.F.
tubes, so the grid bias should always be
measured with this control in the same
position. It is standard practice to make
all measurements with the volume control
on full and the antenna and ground posts
shorted, unless otherwise specifically stated.

With zero voltage on the plate of a tube
(assume the one we are measuring is V2)
then it is obvious that V1 should also have
zero plate voltage. In other words, if
several tubes obtain their plate voltages
from the same point in the power supply,
and one of these tubes has no plate voltage,
then the others cannot have any (that is,
if the coils, resistors and condensers in
the set are good). We have now localized
our trouble down to the power unit.

The next test is across the bleeder re-
sistor, R3, where the full voltage of the
power supply should be available. This
voltage will be more or less independent
of R3, although it will be a little higher
if R3 is open. If no voltage is found
across R3 all the elements of the filter
system will have to be tested starting at
R3 and working back to the rectifier tube,
V6.

If Cl, C2 or C3 is shorted, very little
or no voltage will be obtained anywhere.
If this condition is found, then the filter
condenser should be tested first, since a
shorted filter condenser is about the only
piece of apparatus that can be bad and
affect the voltage on all the tubes. An-
other indication of a shorted filter con-
denser is the white heat of the plates of
the rectifier tubes. With Cl shorted, the
rectifier plates become white-hot, with no

voltage on the bleeder resistance. With
C2 shorted, both the rectifier plates and
Ll become very hot, and there is no volt-
age on the bleeder. With C3 shorted, the
rectifier tube, V6, becomes very hot, with
no voltage on the bleeder.

With the filter unit testing normal, and
the voltages on the bleeder still low or
zero, the voltages on the plates of the
rectifier tube should be measured. By
proceeding in this manner, defective ap-
paratus is bound to be found.

The problem of trouble shooting finally
resolves itself down to the testing of indi-
vidual units. For this purpose the analyzer
is indispensible. Fortunately there are only
three properties used in radio sets, namely,
inductance, capacity and resistance: and
they are supplied, respectively, by coils,
condensers and resistors. We will take
these up in their order.

The Continuity Tesler

Now most analyzers have, as an integral
part of the device, a continuity tester or
ohmmeter. This is nothing more or less in
its essentials than a voltmeter V connected
in series with a small battery, as shown
in Fig. 9. With terminals 1 and 2 shorted,
the voltmeter reads the battery voltage ;
which is the same as the full-scale deflec-
tion of the meter. If a resistance R is
inserted between terminals 1 and 2, the
voltmeter reads less than the battery volt-
age, because of the drop in voltage caused
by current passing through R. The more
resistance between points 1 and 2, the less
the voltmeter reads. This makes it possi-
ble to mark or calibrate the scale of the
voltmeter directly in ohms, so that, when
a resistor is connected to points 1 and 2,
the meter reads a certain figure which is
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the value of the resistance in ohms so con-
'

nected.

Since this continuity tester or ohmmeter
is one of the most important pieces of
apparatus for the Service Man, we should
perhaps devote a little more space to a
description of the more usual types. In
the circuit of Fig. 9, when the battery
starts to run down, the meter cannot be
made to read full scale. For this reason
a variable resistor is usually included in
the instrument (as in Fig. 10) so that a
full scale reading will be easy to obtain.
When used only for continuity, this is not
so important, but it is absolutely necessary,
when the apparatus is used as an ohm-
meter, because full scale in this case means
zero resistance. In practice, the test leads
are shorted, and the resistor adjusted until
the needle reads exactly full scale. The
apparatus is then ready for use.

The higher the voltage of the battery,
the higher the resistance must be to com-
pensate for it and the higher the ohmmeter
will read on its scale. This circuit can
and should be incorporated in the simple
test set shown on page 17, since as has
been mentioned before, it will be found
the most used of any of the associated
equipment in the analyzer. The dotted
lines connected to the terminals marked
Y Z are for this purpose. To use the
ohmmeter, simply plug into the XY term-
inals, and make sure that SW10 is on the
Voltage side.

Another type of ohmmeter that is be-
coming increasingly popular is the so-
called shunt circuit shown in Fig. 11. This
type is especially good for measuring
voltages below about 300 ohms or so, and
this is just where the series type of ohm-
meter circuit is of least use. The shunt
circuit can be read to about ,A ohm with
quite good accuracy. This low range ac-
curacy is of great importance when testing
R.F. and I.F. coils.

It will be seen that the meter reads full

lig. 9. Measuring resistance with a voltmeter.

scale at all times until a resistance is con-
nected to the test leads. Since these are
directly across the meter, the less resist-
ance there is in the external circuit, the
farther the meter pointer will move to
the left or zero end of the scale. With
zero resistance, there will be a direct short
across the meter, consequently it cannot
read at all and the pointer will be all the
way to the left. If this circuit is incor-
porated in an analyzer, a switch should be
provided to open the battery circuit when
the instrument is not in use, otherwise the
battery will have a very short life.

Point to Point Testing

This type of testing simply means the
use of the ohmmeter to trace out indivdual
components of a circuit, and to find those
at fault. This method of attack is a
necessity when the Service Man has no
data on a certain set at hand, and has no
knowledge of the circuit or the operating
voltages. It then becomes necessary to
trace out the circuit from point to point.
Many Service Men prefer this method to
any other.

Coil Testing

If a certain coil is suspected, it should
be tested first with the high resistance cir-
cuit of Fig. 10. The reading to be obtained
with a good coil depends upon the type.
As has been mentioned before, most R.F.
coils have a resistance below 100 ohms,
and when we get to the high frequency
coils of the all -wave receivers, the resist-
ance is often less than an ohm! A test
of such a unit would show such little re-
sistance that it might be suspected that
the coil was shorted. However, most R.F.
or I.F. coils have at least a few ohms
resistance, and can be tested quite accur-
ately on the shunt type of ohmmeter. At
any rate, the test will show if the coil is
open or not.

Iron core coils of the type now quite

Fig. 10. The usual simple ohmmeter circuit.
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Fig. 11. The low range shunt ohmmeter hook-up.

widely used for I.F. and R.F. purposes,
as a rule have a lower resistance than the
corresponding air core units. However,
iron core coils as used for A.F. work and
power supply equipment have, in most
cases, a reasonable resistance and may be
easily tested. Some of the exceptions are
filament windings, voice coils of speakers
and their associated transformer windings,
and the primary windings of some of the
larger power transformers. In these and
similar cases, it is necessary to resort to
the shunt type of ohmmeter, if anything
other than a simple continuity reading is
desired. All coils should also be tested
for shorts to ground and shorts between
the windings if there are more than one.
Most iron cores are grounded to the :_aas-
sis and a short to the core would therefore
make the coil useless.

Most of the service notes now available
have the resistance of the various coils
marked right on the diagram or in accom-
panying tables. When this is not so, and
there is some doubt as to the correct value,
it is sometimes possible to test a similar
unit on another set of the same type to
find an approximate resistance value.

Needless to say, great care should be
exercised when testing coils or any other
component of a receiver, to be certain that
none of the other circuit elements are
affecting the test. For example, if two
coils are connected in parallel, one of these
may be open, yet a continuity test will
show it to be OK since the current will
flow through the other coil. Naturally
the best proceedure is to remove all com-
ponents from the circuit before testing
them, but this is entirely impractical to
the busy Service Man. In many cases it
will be quite obvious from the circuit that

. a coil may be tested while still connected,
while in others it will be quite sufficient to
disconnect one end of it from the circuit.

As a rule when a coil is defective, it is
either open or has a dead short. One of

the few exceptions is that of A.F. trans-
formers, which sometimes develop a partial
open. This is usually easy to observe on
the ohmmeter, as the pointer will jump
back and forth over the scale. Such a
unit will always be noisy in service.

Condenser Tests

A good condenser under test should do
two things: (1) it should not allow D.C.
(direct current) to pass through it ; and -
(2) it should therefore accumulate and
hold a charge, when its rated D.C. voltage
is applied. When a condenser is leaky it
allows D.C. to pass; so that, to test for a
leak in a condenser, all that is necessary is
to connect the terminals of the condenser
to the ohmmeter. The needle of the ohm-
meter should move a little (with the flow
of current into the condenser to charge it,
if its capacity is large) ; and then return
to its normal position and stay there. If
it does not return to its normal position,
but stays somewhere on the scale, the con-
denser is leaky and should be discarded.

It is perfectly possible for a condenser
to test O.K. on the small voltage used in
the ohmmeter, but break down completely
when normal voltage is applied. To com-
pletely test a condenser, the rated D.C.
voltage should be applied for a few mo-
ments, and then removed. The condenser
should be allowed to stand charged for
several minutes, and then discharged. If a
spark occurs during discharge, the con-
denser is good; if there is a weak spark or
none at all, the condenser is defective.

The above statement applies only to con-
densers of large capacity; about V4. to IA
mf. and over. For the smaller sizes, the
continuity test described above is suffi-
cient; it being merely sufficient to deter-
mine whether or not the condenser is
shorted.

It is perfectly possible for a condenser
to be open, even though it is a rare occur-
rence; an open condenser is one which
passes neither D.C. nor A.C. This is due
usually to broken or unsoldered leads from
the condenser plates to its terminals. To
locate an open in a condenser of small
capacity, without taking it apart, is prac-
tically impossible. In the larger sizes, an
open may be easily found by connecting
the condenser to the ohmmeter of the
analyzer. If the needle of the meter does
not move and return to its original posi-
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tion, then the condenser is probably open.
It is very useful to be able to measure

condenser capacity. Some analyzers, which
use a high -resistance A.C. meter (which is
nothing more than a sensitive D.C. meter
with a copper -oxide rectifier in series) are
calibrated in microfarads; to enable the
user to measure capacities from about 0.25
to 15 microfarads, with an A.C. line -volt-
age of 115 volts at 60 cycles.

Testing Resistors
Testing resistors really involves only the

measurement of the value of the resistance.
If the result of the measurement is within
10% of the rated value of the resistance,
then it may be assumed to be good. If it
is far from the 10% tolerance, then it
should be discarded. For all practical pur-
poses, resistors may be measured with the
ohmmeter included in the analyzer.



CHAPTER 4

Associate Test Equipment
There are several supplementary pieces

of equipment, some of which are contained
in the more expensive analyzers with which
the Service Man should be acquainted.
Even if they are not in his analyzer, they
should be included in his equipment, as
the day of the "single -meter Service Man"
is at an end, and the present-day expert
must have all the very latest equipment to
do a good job and do it in a space of
time that will allow him to compete profit-
ably with others.

The V.T. Voltmeter

The vacuum tube voltmeter is an instru-
ment that will measure voltages and yet
take no appreciable current from the cir-
cuit under test. It will be remembered
that the usual voltmeter, even the so-called
sensitive 1000 ohms -per -volt variety takes a
good deal of current to operate it, so much
so that it is of little use when measuring
voltages in, for example, the grid circuit
of a resistance coupled amplifier. The
V.T. voltmeter will do this without dis-
turbing the operating voltages and cur-
rents of the circuit in any way. This is

fig. 1. A simple V.T. voltmeter. Almost any
type of tube may be used.

because it is entirely a voltage -operated in-
strument, while the meter requires power
(even though it may be only a tiny frac-
tion of a watt).

Naturally we cannot get this action with-
out getting power from somewhere, so a
source of power in the form of batteries
or the usual rectifier system is needed.

A circuit of a simple V.T. voltmeter is
shown in Fig. 1. It will be seen that the
input from the test prods is connected
across the grid and cathode circuit of a
vacuum tube. The bias of the tube is
adjusted by means of the potentiometer,
R2, to any desired value as read on the
meter, M. The test leads are then con-
nected to the voltage to be measured which
will cause a change in the reading of meter
M. Resistor R2 is then adjusted to bring
the meter M back to its original reading.
The difference between the readings of
meter V, as originally set and at the new
setting of R2 will be the actual voltage at
the input. The actual range of voltage
that can be read depends upon the con-
stants in the circuit, such as R2, battery
C, and the plate voltage battery, B.

It should be noted that as the battery C
is connected in Fig. 1, it is necessary to
connect the positive of the voltage under
test to test lead number 1. When the
potentiometer is originally set, the meter
M will drop in reading, and the positive
voltage on the grid of the tube will tend
to neutralize the bias supplied from bat-
tery C, thus causing the meter to increase
in reading. Further operation of R2 will
now again raise the bias on the grid and
bring M back to the original reading.

When reading D.C., the condenser Cl
should always be shorted by SW2. When
reading A.C., however, SW2 may be open,
and it should always be so when measur-
ing the A.C. component where D.C. is
also present. Such a case would be the

28
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Fig. 2. A dual range service oscillator. This is a simple type of limited use.

measurement of the A.C. at the plate of
a tube where the plate voltage would also
be found.

SW1 is used simply to open the circuit
of battery C so that the battery will not
run down when the apparatus is not in
use. This switch should be ganged with
whatever switch is used to turn the ap-
paratus on and used mainly as
a protection to meter M. Of course, meter
V should be chosen to correspond with the
voltage of battery C.

The tube need not be a type 56 as shown,
since almost any type will do. A pentode,
such as the 77, 57, or 6J7, with all the
grids tied together will give even greater
sensitivity than the 56.

These V.T. voltmeters are made in many
different forms and with many circuits,
but all work on the orinciple that a vacuum
tube is very sensitive to changes in grid
voltage, and since no power is taken by
the grid in this sort of service, there is
absolutely no drain upon the equipment
under test, as there would be in the case
of an ordinary voltmeter, as described in
previous chapters.

The Test Oscillator

When a radio receiver is to be lined up,
that is, when the various tuned circuits are
to be tuned to resonance. it is necessary
that a signal be supplied to the receiver.
It is quite possible to use the incoming
signal from a broadcast station in some
cases, but this is never entirely satisfac-
tory. In the case of a TRF receiver, a
broadcast signal may be used with fair
results, if a local station is chosen. A
distant station is out of the question due
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to the fading usually experienced. When
we have a superhet that is badly out of
adjustment, or one that has just been built
and never tried, it is virtually impossible
to get the proper alignment through the
use of a broadcast signal, since the I.F.
amplifier is running at a frequency much
different from the tuning frequency of the
set.

The Service Man should always have at
hand a service oscillator or signal genera-
tor as it is sometimes known. A circuit
of such an instrument is shown in Fig. 2.
This is a very simple type that is to be
used with battery power supply and can
thus be carried in a compact shielded case
for portable work. A single type 30 tube
is used, and by the use of SW1, the out-
put frequency may be made to cover both
the broadcast and the I.F. bands. There
are 2 output posts, other than the ground
post, the maximum which is used for a
large signal output, and the minimum,
which gives a variable signal through the
use of resistor RI. Operation of SW3
changes the value of grid leak and causes
an audio tone to be emitted with the R.F.
This is necessary when it is desired to
use an output meter.

It must be emphasized that the circuit
shown is that of a very simple unit. Most
test oscillators now in use, both battery
and power line operated types, have pro-
vision for servicing all -wave receivers.
This means that they must cover wave
bands from about 150 kc. all the way to
around 20 mc. without any skips. It is
quite common to have a separate tube for
the production of A.F. modulation of the
output signal, since better frequency
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SPEAKER

CONNECT HERE,
OR HERE

VOICE
COIL

I °

SPEAKER

VOICE
COIL

CONNECT HERE,

B+
OR HERE

Fig. 3. Connection of output meter. The A.C. voltage at the voice coil is low.

stability, and greater flexibility may be
had in this manner.

Some of large test analyzers include an
oscillator in the same container, while in
other cases it is used as a separate unit.
At any rate, the use of such an instrument
is very necessary today.

The Output Meter
The use of a service oscillator enables

the Service Man to align a receiver to peak
operation. However, it is necessary to use
some form of indicator to tell when the
best adjustment has been reached. The
ear is notoriously poor when it comes to
judging the volume of sound coming from
a receiver, so trust must be placed in an
output meter. This is simply an A.C.
voltmeter of the rectifier type, as described
in Chap. 2. It is usually connected to
receiver as shown in Fig. 3. It is best
connected somewhere in the plate circuit
of the output tube, as the A.F. voltage is
highest here. It is quite possible to con-
nect the meter across the voice coil of the
speaker as shown. Whenever the meter is
connected to the plate circuit, a condenser
should always be in the circuit as this
prevents the D.C. in the circuit from en-
tering the rectifier, where it would surely
do damage. It is safest to connect such a
condenser in the meter circuit whenever it
is to be used for output measurements, no
matter where the meter is to be connected.

It is necessary to have several voltage
ranges for this use, since the voltage may
change as much 100 V. or more during
adj ustments.

It is interesting to note that in sets
equipped with any sort of tuning indica-
tor, be it a "magic eye", a tuning meter,
a "shadowgraph", or any other, there is
no need for the use of an output meter.
The tuning indicator on the receiver will
serve perfectly in this capacity.

The Oscilloscope

This piece of apparatus is one of the
most complicated that the Service Man can
use, and it also is about the most widely
useful. While it is absolutely impossible
to go into the theory of the oscilloscope
in the limited space at our disposal, we
can point out some of the uses of this
invaluable instrument.

So far as the Service Man is concerned,
the foremost use is that of providing a
graphic and clear picture of the results
of any alignment attempts made upon the
receiver. If the results are not what they
should be, the picture on the screen of
the oscilloscope immediately shows this,
and shows just what results any further
adjustments have.

There has recently been placed upon the
market a small oscilloscope tube which
may be operated from voltages of a value
such as found in most radio receivers.
This is quite an advance, since in the
past the voltages were usually over 1,000
V., thus necessitating very expensive power
supply equipment. The new small tube
costs only about % what the older and
larger ones do, and this fact, together with
the lowered cost of the power supply, has
brought the cost of a complete oscilloscope
within the reach of most Service Men,
something that certainly could not be said
of the larger equipment. While the screen
of the new tube is only 1 in. in diameter,
this is entirely adequate for any needs of
the average Service Man, the larger tubes
being needed only in laboratory and re-
search work. Furthermore, the small size
of this equipment makes it quite practical
to carry the oscilloscope on Service calls
where it might be needed, something that
would be very impractical with the larger
equipment.

Besides its use in aligning receivers, the
oscilloscope has many other uses that are
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of great benefit to the Service Man. For
example, it may be used for distortion and
phase shift measurements in amplifiers,
calibration of oscillators, voltage measure-
ments, all kinds of transmitter tests, and
many others.

When using the oscilloscope for align-
ment purposes, it is necessary to use with
it a "frequency modulated" oscillator. This
is merely a modification of the usual test
oscillator, and many of the latter have the
Frequency modulation feature built in so
that it may be used when required. Such
equipment "wobbles" or shifts the fre-
quency of the oscillator back and forth
about 10 kc. from the main frequency. In
other words, the frequency shifts a total
of about 20 kc. A circuit for an instru-

ment having this and other features will
be found in the commercial equipment sec-
tion, as will a companion oscilloscope unit,
using the new small -size tube.

Other Equipment

There are, of course, other pieces of
equipment that the Service Man will need
for certain jobs, but they are not included
in the Analyzer, are not usually used with
it, and thus cannot be considered within
the scope of this book. Such apparatus as
the Resistance Bridge, Beat frequency os-
cillators, both R.F. and A.F., and the like
come under this heading. The serious Ser-
vice Man will be able to find considerable
literature on such instruments, both in
magazines and specialized books.



CHAPTER 5

Commercial Test Equipment

RCA Frequency Modulated Oscillator

Fig. 1. The RCA No. 150 Frequency Modulated All -Wave Oscillator.

The equipment illustrated in Fig. 1 is
known as a frequency modulated oscillator.
It will supply an R.F. output of about 0.25
V. over the range of 90 to 32,000 kc.,
this range being covered in 6 bands. Ap-
proximately 30% A.F. modulation at 400
cycles is available.

The frequency modulation feature is
used in conjunction with an oscilloscope
for alignment work. The sweep width
may be varied between ±-20 kc. at max-
imum and ±0.5 kc. at minimum. This
frequency modulation is accomplished with-
out the use of any moving parts, since it
is entirely electronic in nature. A syn-
chronizing voltage for the oscilloscope is
supplied by the instrument.

Complete control of the output is possi-

ble. The various coils are aligned by
means of air trimmers which assures perm-
anent calibration. The power supply is
self-contained and the instrument requires
about 30 W. The weight is 17 lbs.

The companion unit, a complete minia-
ture oscilloscope, is illustrated in Fig. 4.
This uses the new 1" cathode ray tube
and the associated circuits include a linear
sweep, synchronizing control, and vertical
and horizontal amplifiers.

While these two units are designed to
be used together, either may be used sep-
arately. The oscilloscope used alone will
operate as a sensitive A.C. voltmeter, and
may be used to check phase shift and
distortion in amplifiers, modulation in
transmitters, A.F. wave form and so on.
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By itself the oscillator may be used as
an A.F. or R.F. all -wave instrument, the
A.F. and R.F. outputs being had either
separately or combined.

When used together for the alignment
and observation of tuning on a receiver,

the combined apparatus will provide an
actual picture of the adjustments being
made on the receiver. Such use is almost
a necessity if correct operation of a multi-
tude superhet set is to be had. The so-
called "flat top" tuning curve is easy to
secure by this method.

Fig. 4. At top of
page, the RCA No.
151 Oscilloscope. This
apparatus is illustrat-
ed in Fig. 4 at right.
A movable shield is
provided over the
cathode ray tube end
to cut off light. Con-
trols are provided for
centering the beam,
for focus and intensi-
ty, fine and coarse
frequency sweep, syn-
chronization, and on -
off and gain controls
for each amplifier.
The power supply is
completely self-con-
tained and the appa-
ratus weights 14% lbs.
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Fig. 5. The circuit of the Ranger Examiner Model 735 D.C. test meter. The small size makes
this very handy, as it may be tucked in a pocket or in the service kit.

RANGER EXAMINER MODEL 735 D.C. VOLT-

OHM.MILLIAMMETER

This compact instrument will be found
of great utility to the Service Man. It
will probably be used not so much as a
main test unit as it will an auxiliary
portable job which can be tucked in a
corner of the tool kit or even in a large
pocket.

It may be used for such purposes as :
Check voltages, such as plate, grid,

screen, suppressor, battery, D.C. filament,
drop across resistors, chokes, connections,
field coils, etc.

Check current such as: plate, grid,

Vg. 6. Appearance of the tiny unit, the circuit
of which is shown above. A 2 -inch meter is used.

screen, bleeder, total rectifier, electrolytic
condenser leakage, etc.

Check resistance and continuity such as :
pure resistive circuit, chokes, coils, con-
denser leakage, shorted connections, opens,
etc.

The meter has scales to read to 750 V.,
100,000 ohms, and 150 Ma. The meter has
a 0-1 ma. movement, thus giving a sensitiv-
ity of 1000 ohms -per -volts.

An ohms adjustment is provided, and
the necessary 1.5 V. battery is included in
the case.

READRITE 720-730A SET ANALYZER

These instruments are complete resist-
ance and voltage continuity testers in com-
pact form. They may be used on radio
receivers, P.A. systems and for other
similar work.

Although the set contains two meters,
there is only a single pair of jack connec-
tions for measurement of voltage, current,
or resistance. Therefore, once the test
leads have been plugged into the jacks
they need not be changed when shifting
meter ranges or when testing from a re-
ceiver socket.

One meter is used for the A.C. voltage
readings only and this does away with the
complicated rectifier and switching circuits
ordinarily needed for changing from A.C.
to D.C. The other meter takes care of the
D.C. voltage, D.C. current, and the ohms
readings.

A simple arrangement of jack switches
is employed to connect the milliammeter
circuit into any of the leads from the tube
socket for measuring element current. The
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Fig. 7. The Readrite
Model No. 730A Set
Analyzer. Although
this is a compact
unit, space is pro-
vided for carrying the
plug with its cord and
adapters. The double
row of jacks enables
the user to connect
the meter to any of
the tube circuits.

Fig. 8, below. The
diagram of the above
unit. This makes it
quite clear how the
jacks are used for
analyzing purposes.
Note the connections
to the meter.
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test leads from the meter circuit are sim-
ply inserted into the proper jacks, and
with the selector switch set on the proper
scale, the current is quickly read.

OPERATION OF READRITE MODEL
720A -730A

The operation of the 720A -730A is very
simple. Connect the pair of 31 cords which
are furnished with the testers to the jacks
marked "positive" and "negative". The
selector switch is set on the desired posi-
tion for the voltage or current to be meas-
ured and the free ends of the 31 cord are
connected across the voltage source. Re-
member that to measure voltage, connect
the free ends of the 31 cord across the
voltage source, and to measure current
connect the free end.in series with one side
of the circuit. To measure continuities
and resistance connect the battery of the
proper range as shown in the continuity
and resistance chart across the battery-
and the battery + jacks, observing the
polarity. Have the 31 cords plugged into
the postive and negative jacks, the selector
switch set on the proper position as shown
in continuity chart. Connect the free ends
of the 31 cord across the continuity or re-
sistance to be checked. To test Condens-
ers use 60 cycle A.C. instead of batteries.

Furnished with the Model 720A -730A
is an eight conductor cable, one single wire
that has an alligator clip, the control grid
wire, and five adapters.

Connect the 720A -730A to the radio set
by removing the tube in the stage which
is to be tested, place the tube in the proper
socket on the Models 720A -730A. If the
tube is other than a 7 prong place the
proper adapter on the plug and insert plug
in the radio set socket vacated by the
tube.

Now turn the radio set on. Allow the
tube to reach normal operating tempera-
ture and proceed to analyze the circuit,
first by measuring the filament voltage by
setting the selector switch on the proper
position either 10 or 25 volts, depending
upon the filament voltage of the tube. If
the filament voltage is below 10 set the
selector switch on 10 volts A.C. Be sure
the type 31 cords are connected to the
jacks marked positive and negative and
the battery is not connected to the jacks
marked battery- and battery+. The fila-
ment connections on a 4 base tube are No.
1 and No. 4. As it is desired to place
the voltmeter across the filament, the free

ends of the 31 cord would be placed in
jacks No. 1 and No. 4.

After the filament voltage is determined
the next voltage to be measured would
be the plate. Always be sure to refer to
the tube base chart to determine the re-
spective number for the different elements
of the tube. In a 4 tube socket of the
201-A type the plate voltage would be
measured from plate to filament. The volt
meter would be connected from the jack
(black) No. 1 to the jack (black) No. 2
-No. 2 being the plate connection in this
type tube. As No. 3 is the grid connec-
tion and grid is generally negative, it will
be necessary to reverse the procedure here
and connect the No. 31 cord, which is in
the negative jack to the jack (black) No.
3, and the No. 31 cord which is in the
positive jack to jack (black) No. 1.

By using this method the voltage be-
tween any two elements in the tube may
be checked. However, bear in mind that
voltage is generally measured from the
cathode and in filament type tubes the
heater is considered as the cathode.

The black lead wire, which has the al-
ligator clip, is connected to chassis or
ground. Voltages can then be measured
through the cable connections from the
radio chassis or ground to any element of
the tube. Bear in mind that the jack
marked positive should be connected to the
most positive portion of the voltage which
you are measuring. The jack marked nega-
tive should be connected to the most nega-
tive portion of the voltage which you are
measuring. Do not forget to set the se-
lector switch on the proper position for
the voltages or current you are measuring.

To measure plate current it will -be nec-
essary to set the selector switch on the
proper D.C. milliampere position, and as
the No. 2 socket contact is the plate con-
tact, it will be necessary to plug the 31
cords which are connected to the jacks
marked positive and negative to the red
and black jack No. 2. Connect same so
that the meter will read forward.

READRITE TUBE TESTER-MODEL 430

Illustrated on next page are a front view
and the circuit of this new tube tester.
There are two meters in the instrument,
one of which is shadow type used to read
the line voltage, which must of course be
set to a certain valixe every time the ap-
paratus is used. The other meter is a
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Triplett with a 0-8 ma. movement, and is
equipped with an "English Reading" scale,
so that tubes may be instantly classified
as "good" or "bad".

The scales of the instrument are so fig-
ured that a tube will show "had" on the
meter scale if the tube has depreciated
more than 35%. So that the meter may
have a direct reading scale, it is necessary
to have a load in the circuit, and a load
control used as a voltage divider is in-
cluded, the settings for various tubes being
found from the large chart carried in the
cover.

The short testing circuit is very positive
since the main meter is used as a short
indicator. The A.G. from the power trans-
former is rectified by a copper -oxide unit
and is then applied to the tube elements
by means of the tube selector switch. Leak-
ages in excess of a half a million ohms
may be detected, which value is far beyond
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the sensitivity needed for this service.
Since the elements are numbered according
to the RMA standards it is a simple mat-
ter to find which is shorted, if the meter
gives an indication.

Complete facilities are afforded for the
checking of all tubes with more than one

plate, such as the 19, 6A6, and all the dual
rectifier types.

A pilot light is used in the form of
indirect illumination of the line voltage
meter so that there is always a positive
indication when the apparatus is turned
on.

RANGER EXAMINER MODEL 740 VOLT-
OHM-MILLIAMMETER

The instrument illustrated below is of
the universal type and may be used on
either A.C. or D.C. The ranges covered
are as follows :

0-10 50-250-500-1,000 A.C. or D.C. volts;
0-10-50-250 D.C. Ma.; 0-300 and 0-250,000
ohms, with provision for extension of this
range to 2.5 meg. The meter is of the
400 micro -ampere
type, and is shunt-
ed to produce a
sensitivity of 1,000
ohms -per -volt on
the D.C. ranges.
Through the use of
a special compen-
sating circuit the
same sensitivity is
available on the
A.C. scales. A cop-
per -oxide rectifier
is used. A 1.5 V.
battery is included
in the instrument
for the ohms scales,
and should have
exceptionally long
life, as the current
is only 2.5 ma. on
the low ohms scale
and 400 micro -A.
on the high scale.
The usual ohms ad-
justed is provided.
The switching is
greatly simplified
through the use of
panel jacks in
which the test leads
are plugged, for
the various meter
uses. Also a small
toggle switch is
provided to change
from A.C. to D.C.
measurements.

A novelty is provided in the form of
a case with a small compartment for car-
rying the required test leads and with
room also for a few small tools. Test
leads and alligator clips are furnished.

TRIUMPH MODEL 77 OSCILLOGRAPH-

WOBBULATOR

Since it is necessary to use a frequency
modulated oscillator when aligning a re -

MODEL 740 VOLT OHM-MILLfAMMEFER

Fig. 11. The Ranger Model 740 Meter. Note the leads compartment.
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siT
NOEf MPL

Fig. 12, right. TRI-
UMPH MODEL 420
TUBE TESTER. This
instrument is of the
type mainly used for
counter display test,
since it is laid out
with a sloping panel
and may be had with
an illuminated sign
to fasten on the top.
It is of the loaded cir-
cuit type, that is, a
load switch must be
set before the tube is
tested. A neon bulb
is used as a short in-
dicator. The line volt-
age is observed on the
single meter, and a
line voltage regulator
which operates to
shift taps on the pri-
mary of the power
transformer, is used
to obtain the correct
reading before test-
ing.

0
Fig. 13, below shows
the schematic circuit.
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strument is of great use to the Service
Man since a frequency modulator is in-
cluded in the unit. The apparatus may be
used with any external all -wave oscillator
and is entirely electronic in nature, with
no moving parts. There are terminals
provided for R.F. input from the oscilla-
tor, and output terminals for the frequency
modulated output to the receiver under
test. The necessary synchronizing connec-
tions to the cathode-ray tube sweep circuit
is made within the unit. The modulated
oscillator or wobbulator is fixed at a fre-
quency of 840 kc. and is wobbled plus or
minus 15 kc. Thus the desired frequency
for receiver alignment purposes may be
obtained by adding or subtracting this 840
kc. with the frequency provided by the
external all -wave oscillator. As an ex-
ample, to secure 456 kc. for aligning a
receiver I.F. stage, the external oscillator
may be set at either 1296 kc. or 384 kc.

The oscilloscope circuits may be used
separately if desired. All the usual con-
trols are provided. Either horizontal or

vertical amplifier may be used or may be
cut out and each has its own amplitude
control. Beam centering controls are pro-
vided, although as a rule the beam will be
found correctly centered.

A wide range of sweep frequencies are
had through the use of the coarse and fine
controls. The use of the locking control
is a great help in steadying the image on
the screen. In practice, the locking con-
trol should never be advanced more than
enough to steady the image.

Considering all the apparatus included,
the case is very compact, measuring 1334
x 10 x 83/4 ins. deep. The weight for
shipping is 16 lbs.

TRIPLETT MODEL 1250 V.T. VOLTMETER

The measurement of low Alternating
and Direct current voltages has become
increasingly important in servicing the
modern radio sets, as well as in many
other applications. The ideal Voltmeter
for measurement in any circuit is one
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which requires minimum current for its
operation. Such voltmeters operating
under nil current condition are now avail-
able for the first time in a practical in-
strument of unquestioned accuracy. The
Triplett Vacuum Tube Voltmeter is an
instrument of comparative high torque and
does not depend for its super sensitivity
on high resistance, as does the ordinary
type of instrument which consumes cur-
rent in its operation. All current to oper-
ate the Triplett Vacuum Tube Voltmeter
is cancelled out by the unique nil method.
It is necessary in a Vacuum Tube Volt-
meter to have an instrument that is not
difficult to use and one in which the cali-
brations are not subject to change in the
tube value. Tube characteristics will
change and cause calibration changes which
upset the circut and brings about an un-
certainty as to accuracy of the ordinary
instrument. The cut-off adjustment is very
critical, which will vary somewhat with
different tubes. This characteristic also
affects the calibration even when the tube
is operated at low emission. The ranges
of the conventional Vacuum Tube Volt-
meter are limited, and if a meter shunt is
used the saturation point of the tube is
soon reached. The scales of the average
Vacuum Tube Voltmeter are not linear,
but are quite distorted, especially on ranges
which cause the tube to work on a char-
acteristic other than applies to the current
squared scale. To overcome these de-
ficiencies in calibrations which are de-
pendent on the particular tube to which
the circuit used in the Vacuum Tube Volt-
meter of the conventional type is calibrat-
ed, the Model 1250 Bridge Type Vacuum
Tube Voltmeter has been developed.

The Model 1250 employs an entirely new
circuit of the Bridge Type in which the
second tube is used along with a sensitive
Galvanometer to balance out the current
in the circuit, thereby making a calibra-
tion adjustment each time a reading is
taken. In this way the input voltage of
the first tube is under definite control,
regardless of what the characteristics may
be of the particular tube used in that
circuit.

The type 76 vacuum tube forms the
fourth arm of a Wheatstone Bridge along
with two 6000 ohm and one 40,000 ohm
resistor for the other arms. The resist-
ance of the tube is controlled by the
10,000 ohm variable rheostat which in this
way sets the bridge in balance and thus

eliminates tube calibration. When a signal
is applied to the prods of the input leads
the grid of the 6C6 tube goes positive up-
setting the normal plate and cathode cur-
rent of this tube and in turn upsetting the
balance of the Bridge. A bucking out
voltage can be applied to the Plate Cathode
of the 6C6 tube by Control No. 1. When
this equals the input voltage the current
through the 6C6 tube will be normal and
the Bridge will be in balance. Since the
bucking out voltage is equal to the input
voltage when the bridge is balanced, the
D.C. Voltmeter placed in this circuit will
give a measurement of the input voltage.
Any other type of the so-called "Slide
back" method of balancing out the current
leads to inaccuracy and difficulty in ob-
taining zero adjustment compared with
the bridge type used exclusively in the
Triplett Vacuum Tube Voltmeter which
permits adjustment to a very fine degree
by the galvanometer method.

The conventional Vacuum Tube Volt-
meter using an input voltage divider brings
about a decided disadvantage in the dis-
crimination of frequencies. In addition
the voltage divider draws current from

source of voltage which is being meas-
ured. It is important that the current
draw be kept to a minimum since a drain
causes a large error, depending upon the
circuit measured. The balancing out
method in the Triplett Vacuum Tube Volt-
meter makes unnecessary the use of an
input voltage divider and, therefore, the
circuit is undisturbed in relation to the
frequencies, and the amount of current
drawn can in no way upset the circuit.

The Model 1250 Bridge Type instrument
assures accuracy in a Vacuum Tube Volt-
meter which is entirely independent of
tube error. Elimination of calibration and
other errors in this newly developed cir-
cuit is an outstanding feature that every
user will appreciate.

TRIPLETT MODEL 1260 A.F. OSCILLATOR

The purpose of an Audio Frequency Os-
cillator is to furnish an audible frequency
to test Audio Amplifiers, speakers, P.A.
systems, etc. The circuit used in the model
1260 is the familiar feed -back system
which has the ability to generate a pure
note, is very stable and can be made with
an accuracy of frequency far beyond the
needs of the service shop or Laboratory.
This type of audio oscillator is generally
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mikrb.2 ii0.2=i NOTE SW. CONTROL -
ME SMES ED BY RHEOSTAT R1

Fig. 16. Circuit of the Triplett Model 1260 A.F. Oscillator.

constructed on the same principle as radio
frequency oscillators except that large in-
ductances are used which are generally
of the iron core type to improve the Q
factor.

The Triplett Audio Oscillator makes use
of the negative characteristics of the 6C6
Oscillator tube, as shown in Figure No. 1.
This tube feeds the oscillation through a
100,000 Ohm Potentiometer to the grid of
the 76 amplifier tube. In order that the
wave form may be as pure as possible the
oscillator tube operates with low ampli-
tude and the wave is amplified in such a
manner that the power taken off does not
upset the frequency. The frequencies fur-
nished are 100, 250, 500, 1000. 2000, 3000,
4000, 5000, 7500 and 10,000. As shown in
Figure No. 2, the values are obtaned by
placing different capacities across the choke
in the screen circuit of the 6C6 tube. The
selector switch is used for this purpose
and to change from the iron core choke
for the first three frequencies to the air
core type for the last seven frequencies.

After the oscillations are amplified they
are passed to the universal Output Trans-
former with secondary impedances of
15,500 and 5000 ohms. The secondary im-
pedances are connected to a switch and
jacks. Two jacks are used for the output.
The various secondary impedances are con-
nected across these output jacks. The
15,500 and 5000 ohm impedances are de-

signed to match the input of various
amplifying systems.

The power is furnished by an A.C. line
supply fed to the power transformer
through the "OFF -ON" switch which is
operated by the gain control. The high
voltage of the transformer is rectified by
an 84 full -wave tube and this current is
filtered by a conventional brute force
filter.

The modulation is the tuned choke type
using 30 henries and 275 millihenries chokes
and nine condensers. The chokes are
tuned by connecting the condensers across
the chokes with the control marked
"FREQUENCY SELECTOR". This con-
trol is marked with the fundamental fre-
quencies availatle.

Operating Instructions

1-Connect tester to A.C. line of suitable
voltage and frequency.

2-Connect tester to audio amplifier using
the two jacks marked "OUTPUT".
The connections to the amplifier will
vary with the make of the amplifier
or P.A. system. However, on P.A.
systems this will generally be made to
the phonograph pick-up jacks or the
microphone terminals. On radios which
have connections for phonograph pick-
up the Oscillator will connect to the
phonograph jacks. When phonograph
jacks are not available, use the high
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impedance setting of the impedance
switch and connect jacks across the
audio grid input. In like manner each
audio stage may be connected.

3-Set "OUTPUT IMPEDANCE" switch
marked 15, 500 and 5,000 ohms to
proper impedance for the input of the
amplifier.

4-Turn the Oscillator ON by rotating
gain control from OFF position to the
right.

5-Turn the set audio amplifier volume
control ON.

6-Turn the set audio amplifier power
switch ON.

7-After allowing the tubes to warm up,
select the frequency desired by rotating
the "FREQUENCY SELECTOR" to
the desired frequency.

8-Attentuate the signal to the proper level
by adjusting the gain control. Always
have the amplifier control on full.

9-While oral indications may be used, it
is best to use visual means for indica-
tion of the amplifier output.

Fidelity Curves
1-Fidelity curves

should be run
on all high fidel-
ity Audio Am-
plifiers. This
can be done best
with the Trip-
lett Audio Oscil-
lator in conjunc-
tion with Trip.
lett Output me-
ter.

2-Adjust Audio
Oscillator, as be-
fore.

3-Connect output
to voice coil of
amplifier speak-
er.

4-Set "FRE-
QUENCY SE-
LECTOR"
switch to 1000
cycles.

5-Adjust gain con-
trol so that the
speaker does not
overload.

6-Adjust output to a point of about two-
thirds of full scale. It may be neces-
sary to rotate the gain control until
this is accomplished. However, use the
proper meter scale and the one which
does not permit the Amplifier to over-
load.

7-Plot the reading on graph paper.

8-Rotate the frequency control to all the
frequency positions marked on panel,
plotting each reading of the output on
the graph paper.

9-When the last frequency is plotted the
curve can be drawn and the character-
istics of the Amplifier noted.

In making this test do not move the
gain control.

TRIPLETT MODEL 1200-C METER

The Triplett Model 1200-C Volt-Ohm-
Milliammeter has been designed for sim-
plicity of operation, extreme accuracy-
both D.C. and A.C., assurance against
absolescence and a maximum of safety.

Fig. 17. Appearance of the Triplett Model 1260 A.F. Oscillator.
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A most unique and practical arrangement
is the separate A.C. and D.C. instruments
combined in a single Bakelite case and
fastened to the panel on two strong hinges.
The purpose of this exclusive type of
mounting is to give an accurate reading
angle at any position the tester may be
placed, thereby avoiding parallax, one of
the most common errors in meter reading.
Often the variations of readings due to
parallax is greater than the difference be-
tween precision and non -precision instru-
ments. By pulling forward on the knob at
top of meter case the Bakelite case housing
the two meters can be instantly tilted to
any desired reading position, which will
place the meter scale in direct vision with
the operator's eyes.

The instrument scale readings are -0-10-
50-250-500-1000 volts, both A.C. and D.C.
The D.C. meter is used also for measuring
0-.25-1-10-50-250 milliamperes and resist-
ances-on a low ohm scale from .5 to 500
ohms with approximately 13 ohms center
scale and on 1500 ohms, 1.5 and 7.5 meg-
ohms scales with approximately 240, 24,000
and 120,000 ohms center of scale. All
meter readings are obtainable by setting
the selector switch to the proper position,
marked to correspond with the scale
numerals. The zero setting for ohms

Fig. 18. Triplett Model 1200-C Volt-Ohm-Milliatneter.

readings is accomplished by adjusting the
meter needle to full scale by using a small
screw driver to turn any one of the three
rheostats. The shafts of these rheostats
have slotted heads projecting through the
panel and marked "Ohms Adjustment".
There is an individual rheostat adjustment
for each of the megohm scale readings
making it unnecessary to readjust each
time the scale is changed. A single rheo-
stat controls the zero adjustment for the
LOW OHMS and 1500 ohm scales as the
current consumed is the same, and one
setting serves for both adjustments.

Two jacks are used for the measure-
ment of A.C. and D.C. volts, D.C. milliam-
peres -1500, ohms 1.5 and 7.5 megohms.
A third jack is used for the measurement
of output voltages when the meter is used
in conjunction with an oscillator, and an-
other jack is used when measurements are
made in the low ohms scale. No. 32 cords
with prods and tips are used in conjunction
with these jacks. The output jack has a
condenser in series with the meter move-
ment to prevent the application of D.C.
current to the A.C. output meter.

TRIPLETT MODELS 1231.1232 OSCILLATORS

An oscillator properly used is an aid to
radio servicemen in the finding of radio

set troubles. There
is no need to limit
the oscillator to a
single function
such as required in
aligning tuning cir-
cuits of a radio re-
ceiver, as it has
many useful appli-
cations not com-
monly known to
servicemen or if
known, not general-
ly used.

An oscillator can
he used for nearly
all tests encountered
by the radio ser-
viceman, including
locating and isolat-
ing actual defects;
testing tubes in a
receiver under ac-
tual operating con-
ditions. To appre-
ciate and learn the
usefulness of an
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Fig. 20. Circuit of Triplett Model 1232 Signal Generator. The line input is well filtered.

oscillator the radio set circuit should be
studied in order to understand how to feed
the oscillator signal into various parts of
the circuit. Radio engineers mutually agree
upon one point of tube testing, i.e., the
best method of testing a radio tube for its
worth is under actual operating conditions
such as the tube is subjected to in the
radio circuit, accomplished by an oscillator
properly applied to the radio circuit.

Most tube testing apparatus which ser-
vicemen use comprises the so-called static
test. It is commonly known that a tube
which may test perfectly under a so-called
static test will not perform under actual
dynamic conditions. It is, therefore, highly
desirable when a radio set is brought to
the bench for repair not only to align the
circuit, but also "Testing of Tubes" by
means of the oscillator. To use the out-

put meter properly, connect the oscillator
to the aerial and ground of the radio re-
ceiver, adjust the attenuator so that there
is minimum signal voltage appearing across
the loud speaker coil. Connect the meter
between the plate of the output tube and
chassis. This signal voltage shows up as
an audible whistle, or when using the
output meter, as a deflection of the meter
needle.

All tubes should be in their respective
sockets and the voltage characteristics of
the radio receiver carefully checked pre-
viously to see that the proper operating
voltages are being applied to the tubes.

In testing tubes by the oscillator method
the A.C. signal is actually applied to the
grid of the tube. Proceed by connecting
the oscillator to the radio receiver and have
the output meter connected as above. The



signal is then atten-
uated to a minimum
value with all the
receiver tubes in
place. The logical
place to begin a test
is with the first
stage. This may be
the R. F. stage or it
may be the first
oscillator detector
stage.

Secure a new
tube of known per-
formance ha v ing
the same character-
istics as the one re-
moved from the
circuit. Substitute
the new tube for the
tube which is in the
set and note on the
output meter the
increase or decrease
of amplification in
comparison with
the original tube in
the radio set.

A decrease in the
output meter reading indicates the tube
should be replaced. A reading of the same
magnitude would indicate the tube is per-
forming satisfactorily. Proceed through
the entire receiver stage by stage using the
same method.

Since the rectifier tube does not am-
plify and is essentially a diode rectifying
device, we are primarily interested in the
amount of current this tube will put out
at the proper voltage for actuating the
radio receiver.

After testing all the stages of the radio
set it is logical to test the rectifier tube
by the oscillator method, although our
preliminary check may have shown this
tube to be putting out the proper voltage
and the proper current. However, we can
substitute a new rectifier tube for the one
which is in the set and note if there is any
increase in the indication of output meter.

The 1231 contains two type '30 tubes
attached to the underside of the panel,
which are accessible by removing the four
screws holding the panel in the corners.
The case also contains beneath the panel
a 72 volt battery and 3 ordinary flashlight
cells. The 1232 contains a power pack and
2-76, 1-84 tubes.
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Fig. 21. Triplett Model 1232 Signal Generator. The Model 1231 is similar
in appearance, but has set of batteries in the case.

The tubes and batteries should be re-
placed when tests show they have depre-
ciated approximately 35%. The power
pack is self contained in the 1232.

To connect the oscillator for use, con-
nect the GND and MAX. jacks to the
proper position in the radio set.

DEPENDABLE EQUIPMENT

Master Multitester Model 410

This instrument is shown on page 50. All
D.C. measurements are made at a sensi-
tivity of 2,000 ohms -per -volt, while A.C.
readings are at 1,800 ohms -per -volt. An
electronic rectifier is used for the A.C.
readings. The apparatus is capable of
measuring inductance, capacity and power
in decibels, as well as the more usual volts,
ohms, and milliamperes. Below at left on
the same page is the Model 503, which,
when used with a multimeter, provides a
complete set tester. It will accommodate
all present tubes, and has full provision for
those with more elements which may be
brought in the future.

The unit at the lower right is the Model
409 meter, which is quite similar to the
410, except that it is in a more compact
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Fug. 22. Dependable Model 410 Multitester.

case and has no facilities for measuring
capacity, inductance or power levels.

Both the 409 and the 410 feature a large
fan -type meter which has a 0-500 micro-
ampere movement. Both use the electronic
rectifier, which does away with the dis-
advantages of the more usual copper oxide
type.

Fig. 23. The Dependable Model 503 Analyzer.

meters, both of which
troled from one shaft
The apparatus may he
imum of switch setting, yet affords very
fine results.

The instrument is housed in a Golden
Oak case with a panel finished in antique
bronze. A leather handle which lies flat

SUPREME MODEL
530 OSCILLOSCOPE

This unusual in-
strument uses a 2"
tube, a radical de-
parture from all the
other popular priced
units which have
recently been
brought out. This
model has no linear
sweep, but has pro-
vision for 60 -cycle
sweep. A vertical
amplifier is avail-
able, and may be
cut out if not need-
ed. Another feature
is the return sweep
eliminator, which is
very useful when
using the 60 -cycle
sweep frequency.
The spot may be
positioned by means
of two potentio-
are separately con -
through the panel.
used with the min -

Fig. 24. Dependable Model 409 Multimeter.



SERVICING WITH SET ANALYZERS 51

SW.

- 1
AMP

I

V1

45,000
5T4 OHMS

C6.3V

z
6.3V.

0.1-
MF-

0.22
Y1 ME

PILOT
LIGHT

z

10160 910
MEG.

OHMS

4
ME

045-
MEG./

0.15-
MEG.

37,000
OHMS

0.75-
MEG.

40,000
OHMS

0.5-
MEG.

0.5-MEG.

75.000
OHMS

'`'0.13-
MEG.

50,000
OHMS

27000
OHMS

z V2 z

`.0022 ME

2 ME

I4

4
ME

3'7 24-XHMEG.

V3

0.33-MEG.

6J7 T

0.5- MEG.

1'

Y

0.25- 7
ME

a 5-
MEG.

0 HOR-
EXT.

GND.

© VERT.

_=-C) GND.

Fig. 25. Circuit of the Supreme Model 530 Oscilloscope. A new 2 -inch tube is used.

when not in use is fastened to the top.
All the parts are selected for the longest

possible life, an example of this being the
resistors, which are of the Bakelite encased
type throughout. The power line is fused
on both sides with special quick -acting
fuses for perfect protection. A pilot lamp
is on the panel and gives a sure indication
when the equipment is turned on.

The apparatus may be used for a great
variety of tests. It is especially well
adapted to making modulation percentage
tests on transmitting equipment. It is
also useful in studying A.F. waveforms.
It may be used for either single or double
image alignment of radio receivers, when
used in conjunction with a signal generator
which has a means of frequency modula-
tion.

The special cathode ray tube which is
used in this instrument is a new develop-
ment, and is of the glass type, similar to
the larger 3" tubes. It has a screen area
of 3.14'sq. ins., which is about 4 times that

of the 1" tube. The tube is thoroughly
protected by a magnetic shield in the case.

SUPREME MODEL 535 OSCILLOSCOPE

This instrument has all the features of
the unit described on page 51. In addi-
tion, it has a wide range linear sweep.
This includes a coarse and a fine frequency
control, the total range being from 15 to
30,000 cycles and over.

Besides the vertical amplifier, as used
in the Model 530, a horizontal amplifier is
also included.

Means are provided for synchronization
of the sweep voltage so that the image
may be quickly "locked in".

The sensitivity of the vertical amplifier
is about 0.7 V. per inch, while that of the
horizontal amplifier is 0.8 V. per inch.

Metal tubes are used for the amplifiers
to afford perfect shielding, and each am-
plifier has a separate ground pin jack.
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Fig. 26. Supreme Model 535 Oscilloscope with linear sweep circuit.

SUPREME MODEL 550 DELUXE RADIO

TESTER

One of the outstanding features of this
new tester is the use of a radically new type
of meter. Previous meters on test equip-
ment needed so many scales that the read-
ings were often difficult to interpret. The
ohms scale in particular led to confusion,
since it is so crowded at one end.

The so-called quadrimeter used on this
tester has a double scale arrangement
whereby one meter movement is made to
serve for two separate sets of scales. Since
the ohmmeter scale is one of the most con-
fusing due to it's non -linearity, this scale is
placed separately from the others. All the
scales are very long and easily read.

The panel of the apparttus is of etched
antique bronze and the case is of Golden
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Oak. The latter has an easily removable
cover, and there is room in the case to
carry all the necessary test leads and other
connections.

Complete facilities are provided for test-
ing tubes by the use of the grid shift test.
This, of course, entails the use of power
from the receiver being checked. All types
of tubes including triodes and multigrid
tubes may be checked in this manner (as
was described in Chapter 3).

Resistance readings up to 200,000 ohms
are made by the use of a 4.5 V. battery
contained in the case. When higher ranges
are required, use is made of a small built-in
power pack, and readings may be made all
the way up to 20 megs.

Electrostatic capacity leakage tests are
easily made, and it is not necessary to ob-
serve polarity when connecting the con-
denser to the circuit.

The use of the copper -oxide meter recti-
fier circuit allows the use of the instrument
for conducting output tests and for A.C.
measurements. A.C. measurements are
made on the same scales as the D.C. meas-
urements, thus greatly simplifying the read-
ings.

This apparatus is very useful for testing

in other fields than radio receivers. Since
voltages up to 1,400 V. may be read, the
equipment will be very useful to the trans-
mitter engineer and the P.A. or theatre
sound system Service Man. Special con-
nection leads are made for the latter use.

The d.b. readings run from -10 to +46,
and capacity ranges from .002 to 14 mfd.
Currents may be read up to 14 A., in D.C.
only.

CLOUGH-BRENGLE VACUUM TUBE
VOLTMETER

This apparatus has been designed to have
the widest possible range and yet always
work on the linear part of the tube charac-
teristic. There are three scale ranges, 0-1.2
V., 0-10 V., and 0-100 V. The circuit is
such that both the square law and peak
methods of measurements are applied in
carefully chosen ranges.

Normally the equipment is used with the
tube placed in clips inside the cabinet. This
makes it very conveniently portable. Under
these conditions of operation, the input cir-
cuit consists of 300 mmf. in parallel with
10 megs. However, if a lower input im-
pedance is desired, or if it is desired to elim-
inate excessively long leads between the

Fig. 27. The new Supreme Model 550 Set Analyzer. A special "quadrimeter" is used.
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Fig. 29. Clough-Brengle Vacuum Tube Voltmeter with tube -type test prod.

tube input and the circuit under measure-
ment, the tube prod may be removed from
the cabinet and connected in close prox-
imity to the circuit under test. The input
impedance directly into the grid of the tube
is 8 mmf. when used in this manner it
is imperative that there be a closed circuit
from tube cap to return, with no series
condenser.

CLOUGH-BRENGLE MODEL 105
OSCILLOSCOPE

The now highly popular 913 cathode ray
tube is used in this equipment. The tube
is provided with a shield which may be
used when the instrument is in operation
under rather strong light. The screen
shield is simply pulled out from the panel.

All the controls are carefully grouped
so that those which apply to one circuit
element are close together. Thus all the
controls for the cathode ray tube itself are
in a row along the bottom of the panel.

Amplifiers for both vertical and horizon-
tal plates are provided, as is a wide range
linear sweep system. Full synchronization
is also a feature.

WESTON MODEL 772 ANALYZER

This tester is the first to use a super-
sensitive 50 -microampere meter movement
as a basis of all measurements. This re-
markable meter enables measurements to be
made at a sensitivity of 20,000 ohms -per-
volt. Many other advantages accrue from
the use of this meter. For example, the

Fig. 30. Appearance of unit above.

ohmmeter ranges extend up to 30,000,000
ohms, yet there is no need for a high voltage
power supply for this range, the necessary
15 V. battery being contained in the cabinet.
The lowest ohms scale is 0-3,000 and all
ohms readings are made from a single scale.

Fig. 31. Clough-Brengle Midget Oscilloscope.
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Fig. 32. Weston Model 772 high sensitivity analyzer.

Both A.C. and D.C. voltage readings up
to 1,000 V. may be made, the A.C. readings
being at 1,000 ohms -per -volt, while the
D.C. readings are at 20,000 ohms -per -volt.
Current readings up to 250 Ma. are possible.
There are two high sensitivity current

Fig. 33. Front view of the Weston 772.

scales, 1 Ma., and
100 microamperes,
these being reached
by separate jacks
on the panel as a
protection to the
meter.

Output meter
jacks are provided,
and these differ
from the A.C. jacks
by the addition of a
series condenser,
which is usually
needed for this
purpose.

This instrument
comes complete in a
covered case which
has a large pocket
for carrying the
test leads which are
also supplied.

The panel is fin-
ished in black en-
amel with chro-
mium and red trim,
and the meter is of
the bakelite cased
type.

The appearance of the WESTON
MODEL 669 VACUUM TUBE VOLT-
METER may be seen in Fig. 35. The cir-
cuit is shown in Fig. 34. There are only
two tubes used, one of which is the power
supply rectifier. The power line connec-
tion cord is of the double fused type for
positive protection against shorts. The ap-
paratus is directly calibrated in 6 ranges
up to 16 V. These readings may be easily
multiplied by factors of 10 and 50 by means
of a simple voltage divider system. The
input capacity is only 4 mmf. and the grid
cap of the tube projects through the panel
so that it is an inch or more from any
grounded surface.

The accuracy is within 3% from 40 cycles
to 50 mc. Accuracy on the very low ranges
is assured by the use of a neon tube across
the power supply which tends to hold the
grid and plate voltages steady regardless
of line fluctuations. A simple control is
provided to compensate for ageing of the
type 78 measuring tube or for use when a
new tube is to be inserted.

The WESTON MODEL 692 TEST
OSCILLATOR is pictured in Fig. 36. This
unit is particularly notable for it's very



careful and com-
plete shielding.
Triple shielding is
used and this cuts
the external field to
a negligible amount.

The power sup-
ply is obtained from
a 221/2 V. "B" bat-
tery and a 41/2 V.
"A" battery. Both
of these are entirely
self-contained a n d
well shielded. A
separate tube is
used for R.F. and
A.F. oscillation and
the A.F. tube may
be cut out or its
output may be sep-
arately used at will.
A connection is pro-
vided for use of ex-
ternal A.F. modulation. Also, for use when
aligning receivers wtih a cathode ray oscil-
loscope, a jack is provided for the use of
an external frequency modulator or wob-
bler.

The maximum R.F. output is 0.2 V., and
this may be cut down to about 1 microvolt
by the use of the R.F. attenuator. The
A.F. output is 1 V. at 400 cycles.

A plug-in coil system is employed, this
allowing complete freedom from inter -

SERVICING WITH SET ANALYZERS

Fig. 34. Weston Model 669 V.
ampere instrument,

57

T. Voltmeter. The meter is a 100 -micro -
not 100 ma., as shown above.

action between coils of the various bands.
The coils are carried in a handy holder, and
plug into a cast aluminum compartment.
The guaranteed accuracy over the entire
frequency band is 1%. The various bands
covered run as follows : 100 to 250 kc.;
250 to 550 kc.; 535 to 1,600 kc.; 1.5 to 4
mc.; 4 to 10 mc.; and 10 to 22mc.

The apparatus is supplied complete with
all tubes and batteries, and a carrying case
may be had if desired.

Fig. 35. Weston Model 669 V.T. Voltmeter. Fig. 36. Weston Model 692 'rest Oscillator.
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TUBE TYPES

and Base Diagram Numbers

Tube Base Tube Base Tube Base Tube Base

01A 4-D 5V4G 5-L 6L7G 7-T 35/51 5-E
1AI 4-A 5W4 5-T 6N6G 7-W 35S/51S 5-E
IA4 4-K 5X4G 5-Q 6N7 8-B 36 5-E
1A4T 4-K 5Y3G 5-T 6N7G 8-B 37 5-A
1A6 6-L 5Y4G 5-Q 6P7G 7-U 38 5-F
IBI 4-A 5Z3 4-C 6Q7 7-V 39/44 5-F
1B4 4-K 5Z4 5-L 6Q7G 7-V 40 4-D
1B4T 4-K 6 4-A 6R7 7-V 41 6-B
1B5/25S 6-M 6A3 4-D 6R7G, 6S7G 7-R 42 6-B
1C1 4-A 6A4/LA 5-B 6T7G 7-V 43 6-B
106
IC7G
1D1

6-L

7-Z

4-A

6A5G
6A6
6A7, 6A7S

6-T
7-B

7-C

6Q7G
6V66V6G5-C7-R

7 -AC

7 -AC

45

46
46A1

4-D

5-7
1D5G 5-R 6A8 8-A 6V7G 7-V 46B1 5-7
ID5GT
1D7G

5-R

7-Z

6A8G
6B4G

8-A
5-S

6X5
6X5G

6-S
6-S

47
48

5-B

6-A
1E1

1E5G
4-A
5-R

6B5
6B7, 6B7S

6-D

7-D
6Y56Y7G6-18-B

49
50

5-C
4-D

IE5GT 5-R 6B8 8-E 6Z5 6-K 53 7-B
1E7G 8-C 6B8G 7 4-A 55, 55S 6-G
IFI 4-A 6C5 6-Q 8 4-A 56, 56S 5-A
1F4 5-K 6C5G

66- Q 9

4 -A 56AS 5-A
1F5G
1F6

6-X
6-W

6C6
6C7

6-F
7-G

10
12A

4-D

4-D
57, 57S
57AS

6-F

6-F
1F7G
IGI
1G5G

7 -AD

4-A
6-X

6C8G
6D6
6D7

8-G
6-F

7-H

12A5
12A7
1223

7-F
7-K

4-G

58, 58S
58AS596-F

6-F

7-A
1H4G
SH6G

5-S

7 -AA

6D8G
6E5

8-A
67-RB

15 5-F
6-B

71A
75, 75S

4-D

6G
1J6G
1K1

7 -AB

4-A

6E6
6E7 7-H

1198

20
6-C
4-D

76
77

5-A
6-F

HUG 4-T 6F5 5-M 22 4-K 78 6-F
1T1G 4-T 6F5G 5-M 24A, 24S 5-E 79 6-H
IV 4-G 6F6 7-S 25A6 7-S 80 4-C
1Y1 4-A 6F6G 7-S 25A6G 7-S 81 4-B
1Z1 4-A 6F7, 6F7S 7-E 25B6G 7-S 82 4-C
2 4-A 6G5 6-R 25L6 7 -AC 83 4-C
2A3 4-D 6H6 7-Q 25L6G 7 -AC 83V 4-L
2A5 6-B 6H6G 7-0 25S 6-M 84 5-D
2A6 6-G 6J5G 6-Q 25Z5 6-E 85 6-G
2A7, 2A7S 7-C 657 7-R 25Z6 7-Q F5AS 6-G
2B7, 2B7S
2E5

7-D
6-R

6J7G
6K5G

7-R

5-U
25Z6G
26

7-Q
4-D

19

V99
6-F

4-E
2S/45 5-D 6K6G 7-S 27, 27S 5 -A X99 4-D
2Z2/G84 4-B 6K7G, 6K7 7-R 30 4-D 182B/482E 4-D
3 4-A 6L5G 6-Q 31 4-D 183/483 4-D
4 4-A 6L6 7 -AC 32 4-K 210T 4-D
5 4-A 6L6G 7 -AC 33 5-K 485 5-A
5U4G 5-T 6L7 7-T 34 4-M 864 4-D
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aaTAIDIC EXULEI
THE. ONE MAN IN 1000 W440 CAN
SERVICE MODERN RADIO. REC.-EIV.G.RS

RADIO SERVICE WORK_
NOW OFFERS GREAT -EST
OPPORTUNITIES SINCE
RADIO BEGAN

Radical changes have taken
place in radio receiver design
during the past year. Cir-
cuits and construction are very
different from the receivers
with which the radio service in-
dustry has had its greatest ex-

perience. Even more sensational
developments with further compli-
cations are coming next season. Who
will service these receivers? Certainly
not the "old timer" who knows noth-
ing about modern receivers! Re can't
do it. That is why, right now, there
is an urgent demand for reliable ser-
vice men with up-to-the-minute knowl-
edge of modern radio receivers. Such
men can step out and earn up to $3
an hour doing nothing but pleasant
service work in the better homes
around town.

No Past Experience Needed
Past experience actually counts for
little at this time, because the swift
changes in receiver construction have
made knowledge of old equipment
practically useless. Even though you
may not know one tube from another
today . . , still, you can take E.T.A.
training and make more money servic-
ing modern radios than many of the
"old timers" are making. E.T,A,
graduates are doing it every day.
Many of them are making more money
as E.T.A. Certified Radio Technicians
than they ever made in their lives
be f oie !

Be An R. T. A. Man and You'll Be
the One Man in 1000

E.T.A. training will equip you to give
fast, complete service to any radio
receiver built. The jobs that puzzle
and sometimes baffle the usual service
man will be simple as "A.B.C." to
you . , when you become an E.T.A,
Certified Radio Technician. It is very
possible that you will be the only
service man in your locality able to
quickly diagnose and quickly repair
the new types of radio receivers. Be
the one man in 1000! You can.

Radio Training
Association of America

4525 Ravenswood Avenue
CHICAGO, ILLINOIS

Important and far-reaching
developments in Radio create
sudden demand for specially
equipped and specially train-
ed Radio Service Men.

THIS CIRCUIT ANALYZER
AND POINT-TO-POINT
RESISTANCE TESTER,
INCLUDED IFIalEE
OF EXTRA CHAR GE

FOUR- LARGE KITS
PRACTICEEQUIPMENT 

IT'S JUST AS SIMPL-E AS THIS
OF COURSE

I CAN
FIX IT!-

. ...

-1

I MADE 518 at)
I0 -DAY
THERE'S NOBODY
ELSE IN TOWN
Who CAN FIX
THESE NEW -
SETS

R.T.A. Membership Valuable
With your course of training, and as long afterward as you may
need help, you always have available, without extra cost.
valuable consultation service on any problem that may arise in
your radio service work or on any of the newer developments
that may appear in new radio receivers from time to time.

To Help You Make Money Quickly
R.T.A. supplies you with an excellent and reliable Circuit Tester
and Point -to -Point Resistance Checker as is illustrated above --
one of the handiest pieces of portable service equipment. It
quickly helps you locate trouble in any type of radio receiver,
old or new.

SEND COUPON ist=i1
A. G. Mohaupt, Engineer
Radio Training Ass'n. of America
Dept. RSA -77, 4525 Ravenswood Ave., Chicago, Ill.
Dear Mr. Mohaupt: Please send me your free book of facts
about radio opportunities and bow I can make big money
quickly. Also tell me how I can obtain your Circuit Analyzer
and four big experimental outfits.
Name

Address
City State
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5-7

6-X

TUBE AND BASE DIAGRAMS

(Viewed From Bottom of Base-RMA Numbering System)

6-A

7-A

6-B

7 -AA

6-C 6-D

7 -AB 7 -AC

6-E

7 -AD

Above and on page 60 are shown the bases of the latest types of tubes at the time this book
was written. Others will doubtless soon follow.
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Here Are the Other Titles
IN THE

RADIO -CRAFT LIBRARY SERIES
PRESENTED on this page are the other books

in the RADIO -CRAFT LIBRARY SERIES-
the most complete and authentic set of volumes
treating individually important divisions of radio,
refrigeration and air conditioning. Each book
has been written for the purpose of giving you
the opportunity to specialize in one or more of the
popular branches of the subjects mentioned. The

Book No. 2

And How They Work
With Complete Technical Data on
All Standard and Many Special

Tubes
By ROBERT HERTZBERG

Book No. 3
THE SUPERHETERODYNE BOOK

All About Superheterodynes
How They Work, How to Build and

How to Service Them
By CLYDE FITCH

Book No. 5
HOW TO BECOME A RADIO

SERVICE MAN
How to Get Started and How to
Make Money in Radio Servicing

By LOUIS MARTIN

Book No. 6
BRINGING ELECTRIC SETS

U P -TO -DATE
With Pentodes, Multi-Mus, Dynamic
Speakers-Complete Information on
How to Modernize A.C., D.C., and

Battery -Operated Receivers
By CLIFFORD E. DENTON

Book No. 8
RADIO QUESTIONS and ANSWERS
A Selection of the Most Important
of 5,000 Questions Submitted by
Radio Men During the Course of

One Year
By R. D. WASHBURNE

material in these books is very helpful ... you 11
find them valuable in your work ... and show you
how to increase your earning power.

The authors of these books are well-known to
all . . . they are authorities on the subjects on
which they have written. This is the first time
that you are enabled to build a library of uniform
technical books by such popular writers.

Here Are the Titles -
Book No. 9

AUTOMOBILE RADIO AND
SERVICING

A Complete Treatise on the Sub-
ject Covering All Phases from In-

stalling to Servicing and
Maintenance

By LOUIS MARTIN

Book No. 10

HOME RECORDING AND ALL
ABOUT IT

A Complete Treatise on Instanta-
neous Recordings, Microphones, Re-
corders, Amplifiers, Commercial

Machines, Servicing, etc.
By GEORGE J. SALIBA

look No. 12

PUBLIC ADDRESS INSTALLATION
AND SERVICE

Modern Methods of Servicing and
Installing Public Address Equipment

By JOSEPH T. BERNSLEY

Book No. 13
ABC OF AIR CONDITIONING

An Accurate Simplified, Technical
Review of the Fundamentals of this
Latest Branch of Engineering, In-

cluding Servicing Data on
Present-day Units

By PAUL D. HARRIGAN

Book No. 14

POCKET RADIO GUIDE
Handy Reference Book for Radio
Men - Set Construction Articles -
Audio Amplifier Circuits - Useful
Radio Formulas and Data-Handy
Short Cuts - Index to Important

Articles Printed in
RADIO -CRAFT Magazine

By N. H. LESSEM

Book No. 15

ABC OF REFRIGERATION
A Compendium of the Principles of
Refrigerating for Service Men with
a Detailed Listing of Defects and
How to Overcome Them, with Hints

on Setting Up a Service Shop
By TRAFTON MASON

Book No. 16

PRACTICAL RADIO CIRCUITS
A Comprehensive Guide to All
Types of Radio Circuits for the Ser-

vice Man, Constructor and
Experimenter

By DAVID BELLARE

ALL BOOKS UNIFORM
The books in the RADIO -CRAFT
LIBRARY SERIES are all uni-
form ... size 6 x 9 inches. Each
volume contains an average of
50 to 150 illustrations. The books
are printed on an excellent
grade of book paper.

RADCRAFT PUBLICATIONS, INC.  99 HUDSON ST.  NEW YORK, N. Y

CLIP COUPON-AND MAIL TODAY !
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111114

= RADCRAFT PUBLICATIONS, INC., 99 Hudson St., New York, N. Y.
E I have circled below the numbers of books in the RADIO -CRAFT LIBRARY SERIES, which =
= you are to send me POSTAGE PREPAID. My remittance of $ is enclosed at the =
= cost of fifty cents for each book.
= The amount of my remittance is (Stamps, checks or money orders accepted.) El-

= Circle numbers wanted: 2 3 5 6 8 9 10 12 13 14 15 16 =
== Name Address =...

City State SS
= Send remittance by check, stamps or money order; register letter if you send cash or stamps. =
MilliillillifillillilillifillillIMiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiIHMIUM=1111111111111117
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7-8

7-1-1

7-U

8-C

7-C

7-K

7-V

8-E

7-1)

7-0

7-W

8-0

7-E

7-R

7-F

7.5

7-Z 8-A

7-G

7-7

8-B

SYMBOLS: F-Filament; H-Plate; K-
Cathode; G-Control Grid; Gs-Screen Grid;
Ga-Anode Grid; Go-Oscillator Grid; Mod-
ulator Grid; T-Target Plate; Su-Suppres-
sor Grid; Dp-Diode Plate; Nc-No Con-
nection; Hc-Heater Center;  Top Cap;
XS - External Shield; S - Metal Shell;

-> Locating Pin.

"G" tubes and those with similar characteristics.

Type Description Similar to: Type Description Similar to:
1C7G Pentagrid Converter 106 6F6G Power Output Pentode 42
1D5G Super Tetrode Amplifier 1A4 6H6G Double Diode 6H61
1D5GT Super Tetrode Amplifier 1A4 615G Triode Amplifier *
1D7G Pentagrid Converter 1A6 6J7G Amplifier and Detector 77
1E5G Screen Grid R -F Amplifier.... 1B4 6K5G High Mu Triode Amplifier
1E5GT Screen Grid R -F Amplifier.... 1B4 6K6G Power Pentode 41
1E7G Output Double Pentode 6K7G Super Control Pentode 78
1F5G Power Output Pentode 1F4 6L5G Triode Amplifier 6C5G§
1F7G Double Diode Pentode 1F6 6L6G Power Amplifier 6L6
1G5G Power Output Pentode 6L7G Heptode Mixer 6L77
1H4G Amplifier and Detector 30 6N6G Power Output Amplifier 6B5
1H6G Double Diode Triode 1B5/25S 6N7G Class B Power Amplifier 6A6
1J6G Class B Twin Amplifier 19$ 6P7G Pentode Triode 6F7
1R1G Battery Receiver Ballast 1Y1 6Q7G Double Diode High Mu Triode 6Q7t
1T1G Battery Receiver Ballast 6R7G Double Diode Med. Mu Triode 6R7t
5U4G Full Wave Rectifier 5Z3 6S7G Super Control Pentode 6D61
5V4G Full Wave Rectifier 83V 6T7G Double Diode High Mu Triode.. 6Q7G§
5X4G Full Wave Rectifier 5Z3 6U7G Super Control Pentode 6D6
5Y3G Full Wave Rectifier 80 6V6G Power Amplifier
5Y4G Full Wave Rectifier 80 6V7G Double Diode High Mu Triode 85
6A5G Power Output Triode 6A31 6X5G Full Wave Rectifier 84
6A8G Pentagrid Converter 6A7 6Y7G Double Triode Amplifier 79
6B4G Triode Power Amplifier 6A3 25A6G Power Pentode 43
6B8G Double Diode Pentode 6B7 25B6G Power Amplifier 431
6C5G Triode Amplifier 6C51 25L6G Power Amplifier
6C8G Double Triode Amplifier 25Z6G High Vacuum Rectifier and
6D8G Pentagrid Converter 6A7§ Voltage Doubler 25Z5
6F5G High Mu Triode Amplifier.... 6F5t

* New Characteristics.
$ Except filament current (240 Ma.).

§ Similar but not identical in characteristics.
I Similar except for capacitances.

All tube data courtesy Hygrade Sylvania Corp.
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COMMON FORMULAS
Ohms Law

Calculation of voltage, current and
resistance.

E
I = -

R

I is the current in amperes ;
E is the potential in volts ;
R is the resistance in ohms.

The formula may also be written in
two other forms :

E = IR and R = -

Inductive Reactance of a Coil
This comes in handy when working

out the value of choke coils and the
like.

Reactance in ohms = 2tfL 7C = 3.14
f = frequency in cycles;
I, = inductance in henries.

The capacitive reactance of a con-
denser may be figured from :

Reactance =
106

277f C

= 3.14 ;
f = frequency in cycles;
C = capacity in mf.

Resistance Calculations
Resistances in parallel may be fig-

ured from this formula :

RI X R2
R=

RI + R2
R = the total of all the resistances ;
R1 and R2 = the individual resist-
ances.

For a series connection, it is simply
necessary to add up the values;

R= R1 + R2 ± R3 + R4

Calculating the Wavelength and
Frequency

A simple formula for this is of great
use to the Service Man. It is :

2. = 1,885 V LC
= wavelength in meters ;

L = inductance in microhenries ;
C = capacity in mf.

The formula for calculation of fre-
quency is :

f=
106

217V LC
= 3.14;

f = frequency in cycles;
I = inductance in henries;
C = capacity in mf.

A.C. Circuits Calculations
Ohms law may be used in this work

as follows :
E E

E = IZ I=-Z = -
Z

E = potential in volts ;
I = current in amperes ;
Z = impedance of circuit in ohms.

The impedance may be found from :
Z= VR2 + (XL Xc)2

Z = impedance in ohms ;
R = resistance in ohms ;
XL=reactance of inductance in ohms ;
Xc=reactance of capacity in ohms.

Use of the Decibel
The decibels equal to a certain

power ratio is 10 times the logarithm
of that ratio.

P2
N = 10 Logio

P1
N = decibels ;

P2
= power ratio.

P1
When voltage or current are being

considered, the constant 20 is used in
place of 10.
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J. E. SMITH, President
National Radio Institute

Established 1914
The man who has directed
the home study training of
more men for the Radio
Industry than any other

man in America

Oleizetit_
124crof

Earned $50
First Month

in Spare Time
"I knew noth-ing about
Radio. After
four lessons I

vegan servicing Radios,
earning $50 the first month.
Last winter I made as high
as $100 a month in spare
time."- G. F. WALTON.
808 West Olney Road,
Norfolk, Va.

Own
Business

Pays
$300

a Month

"I now have
my own Radio
business which shows three
hundred dollars a month
profit - thanks again to
National Radio." FRANK
T. REESE, 39 N. Felton
St., Philadelphia, Penna.

GET FREE LESSON
on Radio Servicing Tips
Here's proof that N. R. I.
Training is practical,
money -making information,
that it is easy to under-
stand-that it is just what
you need to master Radio.
The sample lesson text.
"Radio Receiver Troubles
-Their Cause an -a. Reme-
dy," covers a long list of
Radio receiver troubles in
A. C., D. C., battery,
universal, auto, T.R.F.,
superheterodyne, all -wave
and other types of sets.
Get this lesson Free. Mail
Coupon.

I WILL TRAIN YOU
TO START A SPARE TIME OR FULL TIME

RADIO SERVICE BUSINESS

WITHOUT CAPITAL
Do you want to make more money?

The world-wide use of Radio has
made many opportunities for you to
have a spare time or full time Radio
service business of your own. Three
out of every four homes in the
United States have Radio sets which
regularly require repairs, servicing.
new tubes, etc. Many sets are old
and will soon be replaced by new
models. I will train you at home in
your spare time to sell, install, ser-
vice, all types of Radio sets-to start
your own Radio business and build
it up on money you make in your
spare time while learning. Mail cou-
pon for my 64 -page book. It's Free-
it shows what I have done for others.

Many Make $5, $10. $15 a Week
Extra In Spare Time

While Learning
Practically every neighborhood

needs a good spare time serviceman.
The day you enroll I start sending
you Extra Money Job Sheets. They
show you how to do Radio repair
jobs that you can cash in on quickly.
Throughout your training I send plans
and ideas that have made good spare
time money for hundreds of fellows.
I send special equipment which gives
you practical experience-shows you
how to conduct experiments and
build circuits which illustrate im-
portant Radio principles.

There's A Real Future in Radio
for Well Trained Men

Radio already gives good jobs to
more than 300,000 people. And in
1936, Radio enjoyed one of its most
prosperous years. More than $500,-
000,000 worth of sets, tubes and
parts were sold-an increase of more
than 60% over 1935. Over a million
Auto Radios were sold, a big in-
crease over 1935. 24,000,000 homes
now have one or more Radio sets,
and more than 4,000,000 autos are
Radio equipped. Every year mil-
lions of these sets go out of date and
are replaced with newer models.
More millions need servicing, new

tubes, repairs, etc. A few hundred
$30, $50, $75 a week jobs have
grown to thousands in 20 years. And
Radio is still a new industry-grow-
ing fast!

Get Ready Now for Your Own Radio
Business and for Jobs Like These

Broadcasting stations employ en-
gineers, operators, station managers
and pay up to $5,000 a year. Spare
time Radio set servicing pays as
much as $200 to $500 a year-full
time servicing jobs pay as much as
$30, $50,, $75 a week. Many Radio
Experts own their own full or part
time Radio businesses. Radio manu-
facturers and jobbers employ testers,
inspectors, foremen, engineers, ser-
vicemen, paying up to $6,000 a year.
Radio operators on ships get good
pay and see the world. Automobile,
police, aviation, commercial Radio,
and loud speaker systems offer good
opportunities now and for the future.
Television promises many good jobs
soon. Men I trained have good jobs
in these branches of Radio.

Find Out What Radio Offers You
Get My 64 Page Book Free Now

Act Today. Mail the coupon now
for my Free Lesson and my book,
"Rich Rewards in Radio." Both are
free to anyone over 16 years old. My
book describes Radio's spare time
and full time opportunities and those
coming in Television; tells about my
Training in Radio and Television;
shows you actual letters from men
I have trained, telling what they are
doing and earning, tells about my
Money -Back Agreement. Find out
what Radio offers YOU! MAIL THE
COUPON
in an en-
velope,
or paste
it on a
pennypost
card-
NOWI

J. E. SMITH, President, Dept. 7JA1.
National Radio Institute, Washington, D. C.

RICH REWARDS

IN RADIO

Akt,

GOOD FOR BOTH SAMPLE
EL EBSOSOOK.

FREE
J. E. SMITH. President, National Radio Institute
Dent. 7JA1, Washington, D. C.

Dear Mr. Smith: Without obligation, send me the Sample Lesson
and your hook about spare time and full time Radio opportunities,
and how I can train at home in spare time. (Please write plainly.)

Name Age

Address

City State 14X1



Which of These

OFFICIAL RADIO SERVICE MANUALS
Do You Need to Complete Your Files?

There's perhaps one or more of these great service manuals
which you might need to complete your set. Collectively they
represent the largest collection of service data ever compiled.
Evidence of their importance to Radio men is shown by the
fact that over 80,000 OFFICIAL RADIO SERVICE
MANUALS have been sold during the past few years. Use
the coupon below to order your Manuals.

1,200 Pages
1936 OFFICIAL RADIO. SERVICE MANUAL
9 x 12 Inches Over 2,500 Illustrations Looseleaf Binder, Hard Covers

LIST PRICE $7.00

1935 OFFICIAL RADIO SERVICE MANUAL
Over 1,000 Pages 9x12 Inches Over 3,000 Illustrations Flexible, Looseleaf, Leatherette Cover

LIST PRICE $7.00

1934 OFFICIAL RADIO SERVICE MANUAL
Over 400 Pages 9x12 Inches Over 2.000 Illustrations Flexible, Looseleaf, Leatherette Cover

LIST PRICE $3.50

1933 OFFICIAL RADIO SERVICE MANUAL
Over 700 Pages 9x12 Inches Over 2,000 Illustrations Flexible, Looseleaf, Leatherette Cover

LIST PRICE $5.00

1932 OFFICIAL RADIO SERVICE MANUAL
Over 1,000 Pages 9x12 Inches Over 2,000 Illustrations Flexible, Looseleaf. Leatherette Cover

LIST PRICE $5.00

1931 OFFICIAL RADIO SERVICE MANUAL
630 Pages (Including Supplements) 9x12 Inches Over 1,500 Illustrations

Flexible, Looseleaf, Leatherette Cover

(Including Supplements)
LIST PRICE $4.50

For Car -Radio Servicing - Get These
OFFICIAL AUTO -RADIO SERVICE MANUALS

1935 MANUAL
Over 240 Pages 9x12 Inches Over 500 Illustrations

Flexible. Looseleaf, Leatherette Cover

LIST PRICE $2.50

1933 MANUAL
Over 240 Pages 9x12 Inches Over 500 Illustration.,

Flexible, Looseleaf, Leatherette Cover

LIST PRICE $2.50

Send remittance for any. OFFICIAL RADIO SERVICE MANUAL in form of check or
money order. Register letter if it contains cash or currency. ALL MANUALS ARE SENT
POSTAGE PREPAID.

RADCRAFT PUBLICATIONS, Inc.
99 -SS HUDSON STREET NEW YORK, N. Y.



Let these eminent Radio Authors guide yo
through your radio service work 1

The importance of Radio Service Men can beap-
preciated when it is realized that of the 56,200,000
radio sets in the world, over one-half of that
number are in use in this country. Approximately
22,500,000 must be serviced, and the Radio Serv-
ice Men are the only ones that can do this big job.

RADIO -CRAFT is published exclusively for
Service men. It is edited with the view to give
the Service Man the latest and most valuable
service information obtainable. It is the maga-
zine to read if you want to be successful in radio
service work.

The list of contributors shown at the right repre-
sents the finest array of authorities on radio serv-
icing on the staff of any publication. These
writers are continually working for your benefit.

Get a copy of the current issue of RADIO -CRAFT
from your newsdealer today-read it from cover
to cover. Then judge for yourself if it is not the
finest servicing magazine published today. Once
you have read your first issue, you'll never let a
month pass without getting the next issue.

We will send you RADIO -CRAFT for One Year
at the Special Rate of $2.00. (Foreign $2.50.)
This is a saving of 1/3 over the regular newsstand
rate. Send remittance in form of check, stamps
or money order to

Editors of
RADIO -CRAFT

HUGO GERNSBACK
Editor -in -Chief

R. D. WASHBURNE
Managing Editor

N. H. LESSEM
Associate Editor

C. P. MASON
Associate Editor

Contributors to
RADIO -CRAFT

M. M. BRISBIN

KENDALL CLOUGH

A. A. GHIRARDI

GLENN H. BROWNING

CHARLES SICURANZA

SAMUEL C. MILBOURNE

F. L. SPRAYBERRY

ARTHUR H. LYNCH

A. C. SHANEY

BERTRAM M. FREED

J. B. CARTER

CLIFFORD E. DENTON

MILTON REINER

FRANK J. LESTER

J. T. BERNSLEY

RADIO -CRAFT MAGAZINE
99 -SS HUDSON STREET NEW YORK, N. Y.


