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Equipment Used by Servicemen

QUIPMENT for testing suspected parts is some-
thing every radio serviceman, beginner or expert,
must have. You do not need to buy any test equipment
immediately, however, for your second RK Kit will con-
tain parts and instructions for building a multimeter
you can use to get started in servicing. Later, profits
from your early servicing jobs can be used to buy pro-
fessional equipment. The purpose of this Booklet is to
describe the various test instruments you will eventual-
ly need and to show you how to use them. We shall give
most space to the all-important multimeter, in prepara-
tion for the Booklets on testing radio parts, but there
will also be sections on other instruments.

THE MULTIMETER

The multimeter is four instruments in one, consisting
of a voltmeter to measure d.c. voltage, a voltmeter to
measure a.c. voltage, an ohmmeter to measure resist-
ance, and a milliammeter to measure current. Some
multimeters have, in addition, an ammeter to measure
large values of d.c. current.

Widely different voltage, current, and resistance
values exist in radio receivers. D.C. voltages may range
from a fraction of 1 volt to as much as 400 volts; a.c.
voltages from 2 to 700 volts; resistances from a frac-
tion of an ohm to as much as 20,000,000 ohms (20 meg-
ohms). It is impossible to read such widely different
values on a single range, so most multimeters have a
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system of overlapping ranges to provide full coverage
of the values to be read.

One of the major differences between multimeters is
the means used to convert them from one use and range
to another. Some use a series of jacks into which the
test leads are plugged, others use selector switches,
push buttons, or combinations of these methods.

Several typical multimeters, all of which are ade-
quate service instruments, are shown in Fig. 1. What-
ever type you choose, you must know three things be-
fore you can use the instrument to test a circuit or part:
1, where to connect it; 2, how to read the meter scales;
and 3, how to interpret the readings you get.

Interpreting the readings is sometimes simple, some-
times difficult, depending on what you are testing. You
will learn all about this important subject in future les-
sons and in other RSM Booklets. Let us concentrate
here on how to handle the equipment, how to connect it
to obtain proper readings, and how to read the meter.

HOW TO READ MULTIMETER SCALES

Before you connect a multimeter to anything, you
must be sure you can read the meter. The pointer moves
over a card on which are printed the various scales pro-
vided for the meter. Reading such a meter is really less
difficult than telling time by a clock, once you have had
a little experience.

Here is the right way to read a meter. Figs. 24, 2B,
and 2C show three typical meter scales. They could be
for either voltage or current values.

Naturally, you have no trouble reading the values
that are marked, but there is not room enough to place
the proper numerical value opposite each division on
the scale. Thus, you must find out what each division
represents before you can read values that fall between
the numbers. To do so, count the number of division
lines between any two marked divisions, starting with
the line after one marked division and continuing
through the next marked division. Then, divide this
number into the numerical difference between the two
divisions. This will give you the value of each division.
In Fig. 24, for example, there are ten divisions from

2



the one marked 20 up to and including the one marked
30. The numerical difference between 20 and 30 is also
10. Hence, each of the line divisions represents 1 (10
divided by 10 equals 1). If you want to find, say, 23 on
this scale, you need only count three divisions past 20.
Similarly, 12 is two divisions past 10.

In counting the marks, you will find that every fifth
one is a heavier (thicker) line. This makes it easy to
find points like 5, 15, 25, etc. Practice on this scale by
finding various values.

» In Fig. 2B, we have a somewhat different scale. Let’s
see what each division represents, following the rules
we just developed. Between 50 and 100 there are ten
marks (including the mark for 100), and the numerical

FIG. 1. Typical multimeters made by (top left and right) Triplett;
(bottom left) RCA; and (bottom right) Weston.




difference between 50 and 100 is 50. Dividing this dif-
ference by the number of scale divisions, we find that
each division represents 5 (50 divided by 10 equals 5).
Thus, 65 is three divisions past 50, 205 is one division
past 200, etc. Notice that every other division is made
longer so that it is easy to find numbers like 60, 70,
80, and 90.

Now see if you can figure out the value of the main
divisions and the value of each scale division in Fig. 2C
before reading on.

Using the same method as before, we find the differ-
ence between two numbered values, such as 60 and 90.
The difference between these is 30. There are fifteen
divisions from 60 up to and including 90. Dividing 30
by 15 gives 2, so each division represents 2. Thus, read-
ing each division from 60, we have 62, 64, 66, 68, 70,
72, 74, 76, 78, 80, 82, 84, 86, 88, and 90. The two heavy
division lines are at 70 and 80.

Reading In-Between Values. Once you know what
each division on a scale represents, it is easy to estimate
readings with the pointer in between two divisions.

FIG. 2. D.C. voltage and current scales of multimeters frequently
use markings like these.
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Suppose, for instance, the meter pointer moved to a
position halfway between 90 and 92 (the first division
to the right of 90 in Fig. 2C). Although there is no di-
vision line there, you know the reading must be 91
(since 91 is halfway between 90 and 92).

As we will show, you don’t need to read a meter too
closely for service work. In fact, it is all right to esti-
mate meter readings roughly when the pointer does not
fall directly on a division line. Close meter readings are
unnecessary because the value of voltage, current, or re-
sistance, in most cases, may be off as much as 20% from
the rated value without affecting the operation of the
circuit very much.

Multiple Ranges. In Fig. 3 we have the same scale
as in Fig. 2C with a new 0-75 range added. (It is very
common to find two or three ranges used with each
scale in a multimeter.) To find the value of each scale
division with the new range, proceed exactly as before,
forgetting all ranges except the one in which you are
interested.

There are fifteen divisions between 30 and 45 (on
the 75-volt range), and the numerical difference be-
tween 30 and 45 is also 15, so each division represents 1.
Thus, to find 34 on this range, you would count four
divisions past 30. Each heavy division line represents 5.

Scale Multiples. Here is another point you should
understand clearly. In Fig. 24 we have a scale marked
0-to-50, but the multimeter using it may have a 0-500
range in addition. Will there be another scale of 0-500?
No, because this would unnecessarily clutter up the
meter dial. You can use the 0-50 scale for the 500 range
simply by mentally adding a zero to each reading. This
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is the same as multiplying each reading by 10. Thus
10 becomes 100, 20 is 200, 30 is 300, 40 is 400, and 50 is
500. The “in-between” values are similarly stepped up;
each division now represents 10 instead of 1.

In much the same way the 0-150 scale in Fig. 2C
may be used for 0-15. Here you should “knock off” a
zero from your reading or, as we say, “move the deci-
mal point one place to the left.” Thus each division, for-
merly equal to 2, is now equal to .2 (2/10), and the 30,
60, 90, etc. readings now become 3, 6, 9, etc. Starting
at 0 and going to 3, the values now are .2, 4, .6, .8, 1, 1.2,
1.4,1.6,1.8,2,2.2,2.4,2.6,2.8, and 3.

The scales in Figs. 2 and & are called linear scales be-

cause the divisions are spaced equal distances apart.
That is, the distance between 100 and 150 in Fig. 2B
is the same as that between 200 and 250 or between 0
and 50 on this same scale.
» This is not always true, particularly in the case of
ohmmeter scales on which the readings will be crowded
or bunched at one end of the scale. This is clearly
shown in Fig. 4A; here the readings are spread out on
the right half of the scale and are bunched together at
the left-hand end. Such a scale is read just like any other,
but you must determine the values of the divisions in
the region where the reading is being taken, since all
the divisions do not have the same value. For example,
from 1 to 2, there is one in-between mark, which must
be 116. From 10 to 20, there are ten divisions, so each
must equal 1. From 20 to 50 there are six divisions, so
each equals 5. Thus, you have to determine the division
values for the section of the scale you are reading.

The scale in Fig. 4A is for a “series-type” ohmmeter.
Its scale has zero (0) at the extreme right, the reverse
of the usual voltage or current scale. This scale is
marked 0-300, but on a typical multimeter using this
scale the ranges actually are 300,000 ohms, 3,000,000
ohms, and 30,000,000 ohms, so when reading the meter,
you must add to your reading the correct number of
zeros for the range being used. For the 300,000-ohm
range you add three zeros (000), the 3,000,000-ohm
range calls for the addition of four zeros (0,000) to
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your reading, and five zeros (00,000) are required when
you use the 30,000,000-ohm range. (The 30,000,000-
ohm value is 30 megohms, so you can read the 0-300
scale in megohms by dropping a zero. Thus, 300 at the
extreme left is 30 megohms; 10 is 1 megohm; 5 is .5
megohm, etc.)

On some ohmmeters the “low-ohm” range is provided
by a shunt-type ohmmeter. A scale of this kind is shown
in Fig. 4B. Notice that zero on this scale is at the left-
hand end. However, the modern trend is to use a series-
type ohmmeter even for the low-ohm range; in this type
of ohmmeter, all ranges have zero at the right-hand end
of the scale.

A Typical Multimeter Scale. Fig. 5 shows a typical
multimeter scale. The scale at the bottom is a dual scale
for d.c. voltage and current. The next dual scale is for
a.c. voltage (this scale is usually colored red on the
standard dial to help make it stand out from the others).
The top scales are for the resistance ranges.

Although there appear to be a number of markings
on a dial of this kind, you don’t have to worry about
any of the markings except the ones on the scale that
you happen to be reading at the moment. With practice,
you will soon learn to disregard all other scales.

In Fig. 5, notice that the voltage scales are 0-12 and
0-30. On an actual meter of this kind, the voltage ranges
may be 0-3, read on the 0-30 scale by moving the deci-
mal point one place to the left; 0-12 volts, read directly




on the meter; 0-30 volts, read directly on the meter;
0-300 volts, read by adding a zero to the 0-30 scale; and
0-1200 volts, read on the 0-12 scale by adding two zeros
to each reading.

» Once you build the tester for the experiments (or
obtain a test instrument) and practice a little, you will
find it surprisingly easy to read meter scales. ALWAYS
READ THE SCALE FOR THE PURPOSE AND THE
RANGE YOU ARE USING.

MULTIMETER CONNECTIONS

Now that you have learned something about reading
meter scales, let us see how to connect a multimeter in
order to get readings. Fig. 6 shows a typical modern
multimeter.

A pair of test leads, one red and one black, are used
to make connections between the tester and the circuit
or part under test. One end of each lead is fitted with a
pin connector which is plugged into the jacks mounted
on the multimeter. The other end of each lead has a large
insulated probe, which is used to make connections in
the circuit.

At the right of the meter, there are four connecting
jacks, colored (in order from top to bottom) red, black,
red, and black. The bottom (black) jack, labeled “COM”
is the “common” jack that is used for one connection
in all uses of the multimeter. The black-colored test lead
is always plugged into this jack. Then, the red test lead
is plugged into one of the other three jacks, depending
on what is to be checked.
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FIG. 6. The NRI Professional Model 44 Multimeter. This high-

sensitivity iustrument features ease of operation, and ranges

that are carefully chosen to meet the needs of any serviceman—
beginner or expert.

For most purposes, the red lead is plugged into the
red jack next to the bottom—the one labeled “V:0-MA.”
This is the jack for making voltage, resistance, and
current measurements. The other two jacks are for spe-
cial purposes that will be explained elsewhere in your
Course.

Suppose you want to use this multimeter as an ohm-
meter. First, plug the black test lead into the “COM”
jack and plug the red test lead into the “V-O-MA” jack.
Next, turn the selector knob to the desired ohmmeter
range. There are four ohms ranges—2000 ohms, 20,000
ohms, 2 megohms, and 100 megohms. The names of
these ranges come from the highest values that can be
read on each. Thus, you should always choose a range
that is higher than the resistance you want to read.

To calibrate the chmmeter properly, touch the tips of
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the test probes together, and turn the lower left-hand
knob (labeled “OHMS ADJ.”) until the meter reads
zero at the right-hand end of the ohms scale. The instru,
ment is now ready to be used as an ohmmeter.

Continuity Testing With an Ohmmeter. When we
say that a circuit or a part has continuity, we mean that
there is a continuous metallic or conductive path for
the flow of direct current through the circuit or part.
A circuit does not have continuity when an “open” (a
break) occurs, for then the metal-
lic path is not complete.

Elsewhere in your Course, you

learned that the series ohmmeter
consists of a voltage source (either
a battery or a power pack) and a
meter in series. If the ohmmeter
test probes are held together, the
voltage sends current through the
test probes and through the meter,
causing the meter pointer to move
to a full-scale position, indicating
that there is no resistance between
the test probes. Thus, on the series-

type ohmmeter, zero resistance be-
tween the test probes causes a
“full-scale” reading. When the
probes are separated or “open,”
there is no deflection—the pointer
remains at the left of the scale.

Now, when the test probes are held on the terminals
of a part having continuity, the battery causes current
to flow through both this part and the meter. Because of
the resistance of the part being tested, the current flow
is less than when the test probes are held together, so
the meter pointer deflects to some position other than
that for zero resistance. The higher the resistance of
the part, the less the current that will flow and the less
the meter pointer will deflect from its “open circuit”
position. If the part has no continuity (is open) the
pointer does not move from the “open’’ position because
no current can flow through the break.

Notice that the ohmmeter has two uses: 1, it indicates

10




whether the part (or the circuit) has continuity ; and 2,
if the scale is calibrated properly, it shows the resist-
ance of the part.

#» When you are testing for continuity, you should use
one of the higher ohmmeter ranges; you will then get a
deflection regardless of the part resistance if the part
has continuity. For example, when a resistor is being
tested as in Fig. 74, the ohmmeter test probes are
touched to the resistor terminals. The ohmmeter bat-
tery sends current through the re-
sistor, and the meter needle de-
flects to some position on the scale,

the exact position depending on
the resistance value.

When the ohmmeter probes are
placed on the terminals of a defec-
tive resistor as in Fig. 7B, no cur-
rent can flow because the circuit
is open (the resistor is broken),
and there is no deflection of the
meter needle.

In Fig. 7B, the break in the re-
sistor is visible. In practice, how-

ever, it is rare to find a part that
is visibly defective. Furthermore,
in a radio receiver, parts are fre-
quently concealed by shield cans °
or other parts. In such cases, you
could not possibly see a break, so
you could check only by means of test instruments. This
is one of the most important reasons for using an ohm-
meter.
» Much of your continuity checking inside a radio set
will be between what radio men call “reference points”
—tube sockets, the chassis, and the high voltage ter-
minal of the power supply, for example. A number of
parts may be checked at one time by making ohmmeter
readings between these points. If continuity is found,
all the parts being checked are at least temporarily
cleared of suspicion. You will learn much more about
the use of reference points later in your Course.
Resistance Measurements. Continuity tests are
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made merely to find out if a complete circuit exists. You
don’t try to read the meter—you just look to see if the
pointer moves. Often, however, you will want to deter-
mine the exact resistance of a part or of a whole cir-
cuit. For example, you may find continuity through a
short-circuited part, but the resistance of the circuit
in which the part is used will be lower than normal.

You can measure resistance, as well as check con-
tinuity, with the ohmmeter section of your multimeter.
However, there are certain precautions you must take.
In later Booklets, we will show you how to test individ-
ual parts and circuits; you will learn the ‘“do’s and
don’ts” of resistance measurements. If, right now, you
have a fair idea of what continuity testing means, you
are making real progress.

D.C. Voltage Measurements. A serviceman uses a
d.c. voltmeter almost as much as he does his ohmmeter.
Multimeters have a number of voltage ranges so that
they can be used to measure voltages of widely different
values. The meter shown in Fig. 6, for example, has
five d.c. voltage ranges. To use the instrument as a
d.c. voltmeter, you should put the test probes in the
same jacks as for the ohmmeter, with the black lead in
the “COM?” jack; then turn the center selector switch
to the desired range.

Since some defect of the circuit you are checking may
create an unexpectedly high voltage, always start with
the highest voltage range first, then shift to lower
ranges when the readings indicate it is safe to do so.
Memorize this rule to safeguard your meter. Make a
habit of turning the range selector switch to the highest
d.c. voltage position (or the “OFF” position) immedi-
ately after cempleting the measurements; this will pre-
vent your accidentally making another test later with
the selector set to a low range.

You have learned from your Lessons in Fundamental
Radio Principles that voltage exists between {wo points.
In other words, you can’t connect just one voltmeter
probe to a single terminal and obtain a reading; both
probes must be used, and they must be connected to
points of different potential.

12



This is an example of an extremely neat, modern, and well-

equipped test bench. The NRI graduate who owns it has an

excellent business that justifies his having such elaborate test
equipment.

For example, each radio tube has a plate and a
cathode, and there is a voltage between these elements
that radio men call the plate voltage. To measure this
plate voltage, you counect the negative (black) volt-
meter probe to the cathode socket terminal, and the
positive (red) probe to the plate socket terminal.
(Take care that the black and red probes are in the
proper test jacks, or the meter pointer will swing the
wrong way.) With the proper test probe connections
and the proper range, you will read the plate-to-cathode
voltage on the meter.

Later you will receive an RSM Booklet on voltage
measurements and will learn just how to make measure-
ments, what to expeet, and how to use the results of
your tests.

A.C. Measurements. To measure a.c. voltage with a
meter like that in Fig. 6, set the center selector switch
on the multimeter to the proper a.c. range, and touch
the test probes to the points between which the voltage
is supposed to exist.

Servicemen frequently measure the a.c. output signal
voltage. However, in a receiver operated from the
power line, the only other a.c. voltages are those used
to heat the filaments of the tubes, and the high a.c. volt-
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FIG. 8. The wrong and right ways to measure current. You can
damage the pointer of a milliammeter, or even burn out its coil,
if you connect the meter across some part in the circuit, Even if
the meter is not harmed, you will not get a true reading of the
circuit current. Always connect a current meter in series with
the circuit, and be sure to start with the instrument set for its
highest range.

age in the power pack (which is changed to the high d.c.
voltage required to operate the other tubes).

Filament voltages are rarely measured, except in
a.c.-d.c. universal receivers, for little can go wrong with
the usual filament circuit. The high a.c. voltage applied
to the rectifier is seldom measured because it must be
all right if any tube has the correct d.c. voltage. Some-
times, however, you’ll want to measure the line voltage.
This is done by inserting the test probes into the wall
socket holes.

As in making other voltage measurements, always
use the highest range of your meter first, switching to
a lower range if necessary.

Current Measurements. It takes time and some un-
soldering to make current measurements, for, as you
learned from your regular Course, the meter with which
the current measurement is to be made must always be

14




inserted in series with the circuit so that the circuit cur-
rent will flow through the meter. Failure to observe this
precaution may result in a burned out meter, or at least
in a bent meter pointer. Fig. 8 shows the right and
wrong ways to measure current.

You should always use the highest current range
first, switching to a lower range if necessary. Even so,
it is a good idea to find out if the current is abnormally
high before making any current measurement. Tests
with an ohmmeter and with a voltmeter will disclose
such a condition and will show you if current measure-
ments can be safely made. However, these same ohm-
meter and voltmeter tests usually eliminate all need for
current measurements in practical service work, as you
will learn in other RSM Booklets.

Dorn’t Burn Out Your Meter. The meters used in test
instruments are fairly rugged, but in most multimeters
too much voltage or current will burn out the meter coil
or bend the pointer by making it hit the stop too hard.
You can avoid such an experience by always remem-
bering the following:

1. Using the ohmmeter.
a. The ohmmeter cannot be damaged unless the cir-
cuit under test is alive. Disconnect the set from its
power source by pulling the plug out of the wall
outlet before making measurements. (If it is a bat-
tery set, disconnect the batteries—don’t just turn
off the set.) A charged condenser can furnish
enough current to damage an ohmmeter, so wait a
few moments after disconnecting the set from its
power source to let the charge leak off the con-
densers.

2. Using d.c. and a.c. voltmeters.
a. Always use the highest range of your meter first;
switch to a lower range if it is safe to do so.
b. Know what you want to measure and where to
place your probes.
¢. If the meter pointer comes up with a rush and
looks as if it will go off-scale, take one or both test
probes off the circuit quickly—use a higher range
since the one in use is too low.
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d. Don’t try to measure a.c. voltage with the selec-
tor set at a d.c. position. The meter will not read,
but, if the a.c. voltage is higher than the meter
range employed, the meter coil will burn out.

e. When you are through using some range of a
multimeter, always reset it to the highest d.c. volt-
age value, or to the OFF position if there is one.
If you don’t form this habit, you may leave the
multimeter set to an ohmmeter range and try to
measure voltage. This will ruin the meter.

f. If the meter starts to read down-scale, reverse
the test probes.

3. Using the milliammeter for current measurements.
a. Don’t make current measurements when voltage
and ohmmeter measurements will do.

b. Before connecting the milliammeter, satisfy
yourself that the circuit has no defects that will
cause excess current to flow.

¢. Break the circuit so the meter can be placed in
series with it. Never commect a current meter
across a radio part or across a voltage source.
(Don’t try to measure the “current” of a battery
or of a power line.)

d. Always start with the highest range of the
meter, being ready at an instant’s notice to remove
one or both of the probes if the meter needle shows
signs of going off-scale. If the first range is too
high for you to read easily, move the meter switch
to a lower range.

e. If the meter starts to read down-scale, turn off
the circuit, reverse the test probes, and turn on the
circuit again. As you know, all circuits in which
current measurements are made have a source of
voltage. The meter must be placed in the circuit so
that electrons will enter its negative terminal,
hence the positive meter probe goes to the positive

" side of the voltage source.

THE SIGNAL GENERATOR

As its name suggests, the signal generator supplies
or generates a radio signal. It is a miniature broadcast-
ing station but does not produce (radio men say “is not
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This is a typical signal generator—another of the three basic
servicing instruments. You will learn how to use this device in

later RSM Booklets.

modulated by”’) words or music. Instead, it has a steady,
low-pitched tone that will be heard when its signal is
tuned in on a receiver.

A signal generator has a dial similar to that of a
receiver and can be tuned like a receiver. You are prob-
ably familiar with all-wave receivers that pick up short-
wave as well as broadcast-band stations. Such receivers
have a band switch to change from one wave band to an-
other—signal generators are similarly equipped.

Signal generators are used to adjust (or align) re-
ceivers so that stations will come in at the proper points
on the receiver dials, and to adjust receivers so that
weak, far-away stations can be heard with good volume.
Sometimes signals from broadcast stations can be used
for this purpose, but in many cases they will not do,
so plan to get a signal generator eventually.

»- Signal generators have another important use. If you
have a dead receiver, you already know that the trouble

17
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is caused by a defective part that kills the action in
some stage. The rest of the stages may be all right, and
if you can find the bad stage, the job is almost half done.
The signal generator helps in this. Just inject its signal
into the various stages one at a time, working back a
stage at a time from the output stage towards the an-
tenna. As long as the signal tone is heard in the loud-
speaker, all stages from the point of signal injection
to the loudspeaker are in working order. When you pass
through the dead stage, the speaker will be silent.

From your Lessons and the RSM Booklets, you will
learn how to identify stages, how to tune your signal
generator, and how to connect a signal generator to the
different stages in a receiver.

TUBE TESTERS

There is probably more difference between tube test-
ers than between other pieces of service equipment.
Some are rather simple in the tests they perform, while
others will make a more complete test of the tubes. In
general, the more elaborate the tests that can be made,
the more expensive the tester. However, elaborateness
of tests is not always desirable—manufacturers are con-
stantly bringing out new tubes. Sooner or later, tubes
are developed that the tester cannot test without rede-
sign. When enough tubes like this have been brought
out, the serviceman is forced to junk his tester and buy
a new one.

For this reason, the alert serviceman chooses a sim-
ple, inexpensive tube tester that will check tubes for
shorts or undesired resistance (leakage, servicemen
say) and for emission (the ability of a tube cathode to
give off, or emit, electrons) . Modern testers of this type
are made with controls and circuits that are adaptable
to a wide variety of conditions. The better ones have
individual selector switches for the various tube ele-
ments so that practically any arrangement of elements
can be handled. With testers of this kind, only tubes
with radically different sockets or with remarkably dif-
ferent characteristics require new instructions or
changes in design.
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This NRI Model 66 Professional Radio Tube Tester is a portable
tester that is easy to operate, and cannot go out of date easily.

Even so, it is advisable to put off the purchase of a
tube tester just as long as possible, then to purchase the
very latest style. (It is never advisable to waste money
purchasing some out-of-date, second-hand tester.) Re-
member, the multimeter and the signal generator are
the most necessary of the basic instruments. At the be-
ginning, you can get radio dealers or parts distributors
to test tubes for you, or you can substitute good tubes
for defective ones. Then, once you are in the service
business, get your tube tester, and pay for it from your
service earnings.

SIGNAL TRACERS

The multimeter, the signal generator, and the tube
tester are the basic instruments required for profes-
sional servicing. However, there are one or two addi-
tional pieces of equipment that you will want to own
eventually, if yon plan to build up your service business
to a high volume.

The most important of these instruments is the signal
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tracer. The signal tracer is important because it speeds
up service work. At the beginning, speed may not be
absolutely necessary, but later on you will be faced with
the fact that the more radios you can service in a given
time, the greater your income will be. Anything you can
do to speed up this service will be definitely worth while.
At that time, you will find that a signal tracer, which
helps you to localize the trouble in a quick, logical, and
definite manner, will be very desirable. We won’t go
into the theory of operation of signal tracers here—this
will be covered thoroughly in future Lessons and Book-
lets. Just keep this instrument in mind as something
you will probably purchase after you have established
your service business.

R-C TESTERS

Another supplementary instrument, found in some
service shops, is the R-C Tester. This device is most
commonly used to test condensers to determine their
capacity and leakage values. Although this tester is not
an absolute necessity, it can speed up your service work

The NRI Model 33 Professional Signal Tracer. This time-saving
instrument is highly valuable to the full-time serviceman.
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The NRI Model 111 Professional R-C Tester. Another supplemen
tary instrument that will prove useful to you when you have a
large volume of servicing.

by making a direct test, when otherwise you might have
to make an indirect and more time-consuming test to
find the same answer.

In addition, an R-C Tester measures resistance. The
ohmmeter of your multimeter is satisfactory for most
purposes, but the R-C Tester can be made much more
accurate in its measurements. For certain purposes, this
greater accuracy may prove desirable.

THE N.R.I. COURSE PREPARES YOU TO BECOME A
RADIOTRICIAN & TELETRICIAN

MERISTERED LS. PATENT DFFICD CIEDISTERED U.B. PATENT OFFICD
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I Dear Mr. Smith:

I made money before completing your
Course by doing spare time Radio work.
In May I opened a Radio repair store,
and in about two months timé there were
about 150 radios ahead of me. In August
I hired a Radio technician to help me.
During the past year my profits were
approximately 83600, All I had was the
will to get ahead — NRI furnished the
rest. This Course includes everything
to make a man tops in Radio.
R.B.F., Kichigan
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NATIONAL RADIO INSTITUTE
WASHINGTON, B. C.
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HOW T'Remove
R AND

.7 Overhaul
\/ = : £ =3 THE

. N =
.~ Chassis

LMOST every time you repair a radio, you will have
A to remove the chassis from the cabinet to locate
and replace the defective part. In some receivers (par-
ticularly small portables), you must even do so to re-
move the tubes for testing. Now removing a chassis
may seem to be a simple job—yet, even when you know
how, “pulling” the chassis can easily take longer than
the actual repair!

In this Booklet, we shall give you practical hints on
how to remove the chassis rapidly. In addition, you will
learn how to overhaul a chassis so that it will be in first-
class condition when you have made the repair and put
back the chassis in the cabinet. Study this information
carefully—it will help you to service faster and better,

First, let’s learn how to remove a chassis.

GENERAL PROCEDURES FOR REMOVING
THE CHASSIS

There are three types of cabinets: the midget, which
includes the portable; the table model, a receiver of
medium size that is set on a table or bench ; and the con-
sole, a big cabinet that stands on the floor and may also
include a phonograph. We will take up each type in
turn. But, before we do, let’s learn some general proce-
dures that apply to all three.
» Before you attempt to remove or reinstall a chassis,
always unplug the receiver power cord from the power
outlet to prevent the possibility of shock. Then take a
few minutes to look over the receiver and study its ar-
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rangement. Usually the fastenings 'will be simple.

As your first step, remove the control knobs. (These
knobs fit on the ends of the control shafts which come
from the chassis through the front panel of the cabi-
net.) The exact method of removal depends on the fas-
tening. Some knobs have set screws; others are
held on by friction springs. Just pull off the latter type.
Further examination will show whether you must re-
move push buttons, dial pointers, etec.; instructions for
removing these are given later.

Next, turn the cabinet around and look for speaker
cables, power wires, antennas, etc., that have to be dis-
connected. Sometimes you will find it more convenient
to disconnect these after the chassis has been wholly or
partly removed from the cabinet. Some receivers have
back covers or loop antennas that must be removed.

Next, locate the chassis fastenings. There should be
screws or bolts holding the chassis in the cabinet, and
sometimes shipping bolts or clamps used to protect the
receiver in transport from the factory may still be in
place. (On the other hand, another serviceman may
have left off the securing bolts, so be sure never to tilt
a cabinet until you are certain that the chassis is se-
curely fastened in it.) Most sets have a straightforward
arrangement of two to four screws or bolts, but some
have “hidden” screws. Sets with inclined tuning dials,
or those in period style console cabinets, sometimes have
extra screws holding the tuning mechanism in place.

Once you have located the fastenings, remove them
and lift the chassis out of the cabinet, If it sticks, do
not force it. Pull and lift cautiously to learn where it is
being held. Many sets stand on rubber “feet” or blocks,
which are used to reduce vibration. These blocks may
stick, particularly when placed in counter-sunk holes,
and will have to be pulled or pried loose.

» Let’s sum up the steps in removing a chassis:

1. Unplug power cord.

2. Remove control knobs.

3. Remove push-button knobs if necessary.

4. Remove dial pointer, dial scale, or dial cord con-

nection to pointer if necessary.
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5. Remove back cover or loop antenna if in the way.
6. Disconnect speaker cable, antenna and ground
leads, phonograph cables, etc., when necessary.

7. Remove chassis bolts and take out chassis.
» Now, we’ll see how these steps apply to specific
models. Remember that the methods we discuss will ap-
ply to any similar case, whether the cabinet is a midget,
table, or console type. Thus, we may describe the re-
moval of a certain type of knob under “midget sets,”
but this would apply to similar knobs on any set. Also
remember that we are describing only representative
types—we could not possibly cover them all.

REMOVING A MIDGET CHASSIS

Fig. 1 shows a midget receiver in a plastic cabinet.
This universal a.c.-d.c. set has a manual tuning knob
or wheel on the right-hand side. The knob on the front
is the volume control and ON-OFF switch. Push but-
tons for automatic tuning are above this knob.

» The first step in removing the chassis is to take off
the knobs. This will allow the shafts to slip out of their
cabinet holes when the chassis is removed.

There are three methods of fastening control knobs
to shafts. There may be a set screw in the side of the
knob which, when tightened, bites into the shaft; the
knob may be held on simply by friction; or, as is the




case with the tuning knob in Fig. 1, a screw may pass
through the knob and into the end of the shaft.

To remove a knob held by a screw, simply loosen or
remove the screw and pull off the knob. If no screw is
used, then the knob is held on by friction. TO REMOVE
ANY FRICTION TYPE KNOB, JUST GRASP IT
FIRMLY AND PULL IT OFF. Hold the cabinet with
the other hand, as illustrated in Fig. 1.

Now remove the main tuning knob which projects
from the side of the cabinet in the set shown in Fig. 1.
A screwdriver is the only tool required. On many sets
of this kind, releasing this knob also releases the lock-
ing mechanism for the push buttons. The push buttons
will then probably get out of adjustment and will have
to be reset. Details on resetting push buttons will be
given in a later RSM Booklet.

As you take each part off the cabinet, put it in a small
box so that it will not be lost, and you won’t have to
waste time looking for it when you reassemble the
receiver.

» Next, remove the back cover, if one is used. In most
cases four screws will hold the back in place on the cabi-
net. If a wooden cabinet and wooden back are used, a
number of wood screws may pass through the back into
the edges of the cabinet. However, in our example, snap
fasteners are used instead of screws. They pass through
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holes in the back and snap into holes provided in the
cabinet. Fig. 2 shows how you can pry out these snap
fasteners with a serewdriver blade.

After the back cover is loose, tilt it back to see if a
loop is mounted on it. If one is, it will be wired to the
chassis, and you must be careful not to break the con-
necting leads. Sometimes you can leave the loop at-
tached to the chassis, sometimes you’ll have to discon-
nect it—but you should never rip it loose.

» Examine the back of the chassis to see how it is held
in the cabinet. In our example the mounting bolts pass
through the bottom of the cabinet into the chassis (see
Fig. 3). Here, the cabinet has been turned on its back so
the mounting bolts can be removed with a screwdriver.
(Sometimes hex-head bolts are used; remove this type
with a socket wrench.) Take out the lower bolts first,
allowing the chassis to hang from the upper ones. If
you take out the upper bolts first, the chassis will tend
to twist in the cabinet and may jam.

» Notice, on the bottom of the cabinet, the chart giving
the positions of the tubes and the make and model num-
ber of the receiver. In some cases, you will find a com-
plete wiring diagram on the bottom of the cabinet.

As you take out the last mounting bolt, put your hand
under the back of the cabinet. Hold the chassis up to
prevent it from dropping out of the cabinet. Next, place
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the cabinet right side up with the back toward you. Hold
the cabinet with one hand while you pull the chassis out
with the other. Pull on a coil can or some other rigidly
mounted part that won’t be crushed or damaged.

Fig. 4 shows the chassis out of the cabinet and ready
to be serviced. The numbers stamped on the front chas-
sis wall are inspection numbers which do not identify
the chassis. The model number of this receiver is on the
label on the bottom of the cabinet.

The set shown in Fig. 4 has the speaker mounted
right on the chassis, so it does not remain in the cabi-
net. This is generally true in midgets: however, in larger
receivers, the chassis and the speaker are mechanically
separate and are connected electrically with a cable.

In Fig. 4 the hardware (knobs, snap fasteners, and

screws) have been grouped together on the workbench
so that you can see them. On an actual job, you’d put
each part in a container as you took it off. '
» The push buttons on the set pictured did not have to
be removed, but in some receivers, like the one shown
in Fig. 54, it is necessary to remove the push buttons
before the chassis can be taken from the cabinet. The
push buttons shown in Fig. 4 could be pulled off if neces-
sary, but those in Fig. 54 have to be unserewed in order
to remove them, as shown in Fig. 5B. In each case a pre-
liminary examination will show you what must be done
and how todo it.

The midget shown in Fig. 5B is somewhat different




FI1G. 5. In most sets the chassis can be removed without re-

moving the push buttons, but in some sets like the one shown

here, push buttons must be removed first. Find out which kind
you have before removing the chassis.

from the one in ¥igs. 7 to 4. Instead of screws through
the bottom of the cabinet, the chassis is held in place by
the bolt marked C in Fig. 5B and by another one on
the opposite end of the chassis. Also, it does not have a
back cover but it does have a loop. This loop can be re-
moved to make it possible to remove tubes for testing
without pulling out the chassis. The loop is held on by
two serews. If the chassis is to be taken out for servic-
ing, the loop can remain in place.

» In still another type of midget, the tuning dial pointer
slips over a shaft that protrudes through the front of
the cabinet. The pointer is held in place by friction and
must be pulled off before you take the chassis out of the
cabinet. You will find many variations like this—watch
for them.

REMOVING A TABLE-MODEL CHASSIS

Table-model receivers are larger than midgets, but
are in cabinets designed to be placed on tables or
shelves. Remove the contrel knobs first. If you find a
set screw holding a knob, rotate the knob to make sure
there aren’t two screws—some early receivers used
them.



FIG. 8.

Next, turn the cabinet on its
side and loosen the four mounting
bolts as shown in Fig. 6. Don’t
take them out completely—if you
do, the heavy chassis may fall
over inside the cabinet, and some
parts may be damaged.

After the mounting bolts are
loosened, set the cabinet upright
on the workbench with one edge
of the cabinet sticking out over
the edge of the bench, as shown in
Fig.?. Remove the mounting bolt
thus exposed, then repeat the
process to remove the other
mounting bolts.

Next, grasp the power trans-
former (or some other large,
firmly mounted part), and pull
the chassis out of the cabinet
(Fig. 8). If you look closely at
this figure, you can see the cable
that connects the loudspeaker
and the chassis. If the cable is
long enough, you may not have
to remove the speaker from the
cabinet. If you wish, you can un-
plug the speaker cable, but be
sure you NEVER turn on the set
with its speaker disconnected.
(As you will learn later, this may
damage the set.) On this set, the
connecting plug is mounted on the
speaker; sometimes you will find
it on the back, the side, or the
top of the chassis. Some sets
have no plug in the speaker cable.

» When the cable is not long enough to let you take the
chassis out of the cabinet and work on it readily, the
loudspeaker must be removed. To remove the loud-
speaker, loosen the nuts around the back of the speaker
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FIG. 9 (left). Here is an easy way to remove a stuck knob.

FIG. 10 (right). One step in removmg the dial scale. This step
is not necessary in some sets.

rim with a socket wrench. Hold the speaker in place
with your hand while taking off the last nut. Then,
grasping the magnet frame, pull it straight back, and
place it face down on the workbench on a clean piece of
paper. Be careful not to puncture the speaker cone by
putting it on some sharp object.

When you reinstall the speaker, be very careful to
line up the holes in the speaker rim with the proper
mounting bolts. Carelessness in reinstalling the speaker
will allow the mounting bolts to punch holes in the
speaker cone. If the cable is short, turn the speaker so
that the cable will be long enough to reach from set to
speaker when both are reinstalled. If the output trans-
former is mounted on the speaker, be sure it is placed so
that it will clear all chassis parts when the chassis is
slipped in place.

REMOVING A CONSOLE CHASSIS

Fig. 9 shows part of the front of a console receiver.
All knobs must be removed. These knobs are usually
of the friction type. In this particular ease, the knob is
stuck and will not come off easily, so the serviceman has
folded a handkerchief and slipped it under the knob. By
pulling on the ends of the handkerchief, he can remove
the knob without trouble. This is a trick to remember
—you’ll find it handy time and time again.

On this model, the dial pointer must be remcved. Its
operating mechanism protrudes through a slot cut in
the cabinet. Fig. 10 shows how the dial scale is removed
so that the dial pointer may be disconnected from the

9



FIG. 11. Removing the dial scale

pointer. This is not necessary in all

sets, but must be done in this one so

that the pointer will not be bent when
the chassis is removed.

chassis tuning mechanism. The
scale is held in place by four
wood screws. (Watch for Phil-
lips screws here; these require
the use of a small Phillips screw-
driver.) When these screws have
been removed, slip off the dial
scale. Then, as shown in Fig. 11,
remove the dial pointer by loos-
ening the screw that holds it at
its bottom. The dial pointer will
be bent or broken if you pull out
the chassis without removing the pointer first.

Fig. 12 shows a back view of the chassis. The speaker
is in a compartment below the chassis. So is the loop
antenna, which is inside the cardboard form that sur-
rounds the speaker. Cable leads pass from the speaker
and the loop through holes in the chassis mounting-
board and plug into jacks on the left-hand side of the
chassis. Never cut a cable that passes through a hole in
the cabinet. You will always find a plug at one end of the
cable. Disconnect such plugs, making careful note of
where each goes.

Now take out the bolts holding the chassis to the
wooden shelf. You’ll probably have to lie on the floor so

”~




that you can see the bolts and get a large secrewdriver into
them, as shown in Fig. 138. Before the last bolt is com-
ptetely removed, put your hand on the back of the chas-
sis so that it can’t slide down the inclined shelf and fall
on you or the floor. Fig. 14 shows the chassis being slid
out of the cabinet.

In a few receivers, you will find that the dial is

mounted on the chassis and also is screwed to the front
of the cabinet to give it greater rigidity. If, when you
start to pull the chassis out of the cabinet, you find that
it is being held, don’t just pull harder. Stop and see
what’s holding it. If the dial is screwed to the cabinet,
remove the screws.
» Notice the tools and parts left on top of the cabi-
net in Fig. 14. This is something that should never be
done, for the top of the cabinet may be scratched, and
no housewife is going to like the idea even if the cabi-
net isn’t damaged. It is best to replace all tools in the
toolbox as soon as you are finished with them, and to
place knobs and screws in a container (a small jar, can,
or box carried in your tool kit).

Installing a chassis of this kind is much easier than
taking it out, because generally you don’t have to lie
down on the floor. You can tell from the old dust marks
or press marks just how the chassis was placed original-
ly in the cabinet, and when you have it exactly in place,
you can easily start the chassis mounting bolts with
your hand and finish up with a screwdriver. By feeling
with your fingers, you can slip the screwdriver blade




into the screw head slot without much trouble.
» In some receivers, the control knobs stick up through
" the top of the cabinet. In this instance, the chassis may
be mounted on a baseboard, as shown in Fig. 15. This
baseboard will be screwed to the front of the cabinet.
Loosen the screws A-B-C-D-E-F one at a time, taking
out first those that are hardest to reach. These are
usually the ones in the top. Hold the chassis with one
hand or put books or blocks under it to hold it in place
while you take out the last screws. Lift the chassis out
of the cabinet. You can then lay the chassis on its back
or on its side and take out the bolts that fasten the
mounting board to the bottom of the chassis.

Fig. 16 shows a side view of a chassis designed for




many uses. It can be used as a small public address sys-
tem by plugging a microphone into the jack provided
for this purpose, or it can be used to amplify the output
of an electrically-operated phonograph. Nete the num-
ber of jacks and sockets for the various attachments.
You will not always find a label pasted on the chassis
indicating the use of each jack. It’s a good idea to look
first, and, if there is no label, to mark with a pencil on
the side of the chassis the position occupied by each plug
you remove. Then you will have no trouble in getting the
right plug back in the right jack.

Of course, if you can look at the side of the chassis
when you are ready to put back the plugs, you won't
have much trouble, since the plug pins generally are ar-
ranged in such a way that they will fit only into the
proper jacks. If you can’t see the jacks, however, you
may do considerable fumbling around before you get the
right plugs into the right jacks, so a sketch of some sort
will save you time.

In a few receivers, you will find that the leads from
the phonograph motor are soldered inside the receiver
chassis instead of being plugged into a socket (look for
a plug at the motor). When there is no plug, these leads
must be cut before you can take the chassis out of the
cabinet. Be sure that the receiver is disconnected from
the power line before you try to cut these leads with
your side cutters. It’s best to stagger the cuts on the

13



two wires, as shown in Fig. 174, instead of cutting them
both at the same place. When you reassemble the re-
ceiver, strip the insulation off these four wires, recon-
nect them with twist connections (Fig. 17B), solder the
joints, and cover them with tape (Figs. 17C and 17D).

FIG. 17. Four steps in making a splice.

Overhauling Radio Receivers

Regardless of the complaint for which the receiver is
being serviced, certain general overhauling steps should
be taken while the receiver is out of the cabinet. These
steps are simple ones—removing dust and dirt, resold-
ering poor connections, replacing pilot lamps, etc.—
but they all have a bearing on the appearance and op-
eration of the receiver. Let us see just what you should
do. We will assume that the chassis and the speaker
have already been removed from the cabinet (in the
manner given earlier in this Booklet).

Cleaning the Chassis. A thorough cleaning is part
of every service job. There is always an accumulation
of dust on a radio, for its heat of operation sets up air
currents that carry dust to it. Furthermore, the average
housewife is afraid to clean the inside of a radio for fear
of possible damage to the radio (and, perhaps, shocks).
A set owner may be embarrassed by the dirty appear-
ance of his radio, and he is certain to notice and appre-
ciate its return in a clean and shining condition.

There are technical reasons for cleaning, too. Mois-
ture is the greatest enemy of a radio receiver, and dust
tends to collect and hold moisture. When dust gets be-

.tween the plates of a tuning condenser, it causes noise.
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Dust is somewhat conductive, so dust can provide leak-
age paths between circuits.

For these reasons, and to be able to work under the
cleanest conditions possible, remove all dust as one of
your first service steps when the receiver is in your
shop. (In the home of the customer, don’t raise a dust
storm in the living room. It is preferable to carry the
dusty receiver out with you; avoid cleaning inside the
home if possible.)

To keep your shop and yourself clean, wear a shop
apron, and do your cleaning outdoors if possible. Don’t
inhale dust. Provide plenty of ventilation if you must
clean up indoors.

Dust may be removed by wiping, by blowing, or by

vacuuming. Outdoors, you could use a small bellows,
bicycle pump or vacuum cleaner hose attachment to
blow away most of the dust. Indoors, it is best to wipe
the chassis with a clean cloth or with a small clean paint
brush.
» Next, remove the tubes, one at a time, wiping off
all dust with the cloth. If the tube base prongs appear
corroded, clean them with fine sandpaper. Wipe the top
of the tube socket and the chassis in its vicinity, then
replace the tube. Repeat the process on each other tube
in turn. Never take out more than one tube at a time,
or you may get them mixed and replace them incor-
rectly.

Quite often a tube will be surrounded with a metal
can known as a tube shield. One type of tube shield is
removed by pulling upward (if there is a connection
to a top cap on the tube, remove this first). Another
type, made in two parts and known as a form-fitting
shield, is held together by a spring-steel ring. Pull out
the tube and shield together, then push this ring out of
its groove with a screwdriver; the shield will then fall
apart and can be removed easily for cleaning.

» It is most important that all dirt be removed from
the variable condensers. Rotate the gang tuning con-
denser to its open or minimum-capacity position and
run a pipe cleaner (the type obtained from tobacco
stores) between each pair of plates to loosen the dirt,
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then blow out any dust that remains. Fig. 18 shows the
method. (The condenser was removed from the chassis
for clarity in this illustration, but, of course, you should
not remove the condenser to clean it.)

Any grease or dirt remaining on the chassis after
the dusting procedure should be removed with a cloth
dipped in a cleaning fluid such as carbon tetrachloride
(Carbona). NEVER USE WATER ON A RADIO
CHASSIS! Clean the tuning dial with a soft dry cloth.

Tightening Screws. It is rare indeed to find any
“loose” screws on a radio receiver except trimmer ad-
justers. Many beginners find these, tighten them, and
then find that the receiver no longer functions. An ex-
pert must be called in to realign the receiver—in prac-
tically all cases a signal generator must be used. There-
fore this WARNING: Do not blindly tighten every
screw head and nut you see on a chassis,; a great many
of these screws and hex-head bolts or nuts are for tune-
up or alignment purposes, they control the settings of
trimmer condensers or adjustable coils. You can recog-
nize these screws by the simple fact that they are
mounted ON a part and do not serve to fasten that part
to the chassis. A few typical alignment screws are
shown in Fig. 19. Some parts, even, are not supposed to
be secured tightly to the chassis; tuning condensers, for
example, are frequently mounted on rubber “feet.”
Therefore, there is rarely any necessity for tightening
mountings unless you have loosened them for some test-
ing purpose.

Soldering. Be sure to notice the condition of the
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soldered joints. Manufacturers use good soldering tech-
niques, but you can never tell what some other serv-
iceman has done. Resolder any joints that appear to be
defective—joints that have a green and corroded ap-
pearance, joints covered with excessive rosin, and joints
over which the solder did not flow smoothly. You can
test joints for looseness by pulling on the wires with a
pair of long-nosed pliers.

Insulation. Be on the lookout for frayed or cut in-
sulation, particularly on wires that go through the
chassis. If you find a lead with defective insulation, re-
place it with a new lead; or wrap insulating tape over
it; or unsolder one end and slip a piece of varnished
cloth tubing (called “spaghetti” by radio men) over the
wire so it will cover the break in the insulation, then
resolder the lead.

Inspect the power cord for defective insulation, par-
ticularly at the point where it enters the chassis and at
the wall plug. The rubber insulation on power cords will
dry out and crumble with
age. Replace any cord in
poor condition, because such
a cord is a fire hazard.

Examine the leads on top
of the chassis going to the
tube top caps. Polish the
grid lead clips with sand-
paper or scrape them with
a knife, squeeze, and adjust
them so they make firm con-
tact with the top caps of the
tubes. Be sure that each
tube shield makes good con-
tact with the chassis, and
that the grid leads do not
touch the shield.

FIG. 19. Typical locations of
alignment screws on: tuning
condensers; i. f. transformers;
and trimmer condensers. Never
tighten or loosen these screws;
they are used to adjust tuned

circuits, not to hold the parts

to the chassis.
17




REPLACING PILOT LAMPS

Nearly all radio receivers use pilot lamps to illuminate
the tuning dial and to indicate that the receiver is “on.”
Like any lamps, these burn out with either age or over-
loading.

The two types of pilot lamps most widely used are
shown in Fig. 20. The miniature screw-base lamp shown
at A islike a flashlight bulb. The miniature bayonet-base
lamp at B has a smooth metal base with two side studs,
like an automobile dash lamp. Typical sockets for these
pilot lamps are shown with them.

Removing a Pilot Lamp. Pilot lamps can usually be
removed by reaching in from the rear of the radio cabi-
net. In some cases, however, (particularly in midget re-
ceivers), it is necessary to remove the chassis from the
cabinet to get at the pilot lamp. (In the receiver shown
in Fig. 11 you can see that the dial scale may be removed
to replace the pilot lamps.)

Always make sure that a pilot lamp fits tightly in its
socket before declaring it burned out, for the lamps
often become loose. If the socket seems oversized, squeeze
it a little with your fingers or pliers to get a tighter fit.
You can remove screw-base lamps by twisting them in a
counter-clockwise direction; bayonet-base lamps by
pushing them down slightly and twisting them a small
amount counter-cleckwise, just as automobile lamps are
removed. Some sockets are held on brackets by spring
clips. When you find a socket of this type, just pull the
entire socket off its mount if that will make removal
of the lamp easier.




Pilot Lamp Ratings. Pilot lamps are rated for cer-
tain supply voltages, and also for the amount of cur-
rent needed for proper illumination.

Typical operating voltage ratings are 2, 2.5, 3.2, and
6.3 volts, and a few new lamps with these ratings are
usually carried by servicemen in their tool boxes. The
voltage rating is usually marked somewhere on the
lamp; a burned-out lamp must, naturally, be replaced
with a new lamp having the same voltage rating. (The
6.3-volt lamps are marked 6-8 volts, which indicates
that the lamps will work on any voltage between 6 and
8 volts.)

Different current ratings are also available; typical
values are .06, .15, .2, and .25 ampere. To distinguish
lamps according to current ratings, the small glass
beads (see Fig. 20) supporting the filaments are colored.
There are three common values of 6.3-volt bulbs; a
brown bead is used to indicate .15 ampere, a white bead
for .2 ampere, and a blue bead for .25 ampere.

Battery sets rarely use pilot lamps. However, a few
of the 2-volt types do use the 2-volt, pink bead, .06-
ampere bulb. An extra switch is used to turn on these
bulbs when they are needed for tuning; otherwise they
are turned off to save the batteries. Don’t presume these
bulbs are burned out if they are not lit, at least until you
have operated the lighting switch.

» On a.c. sets with power transformers, the most im-
portant rating for the pilot lamp is its voltage. ¢(You
will learn how to identify power transformers later.)

If the markings on a defective lamp are not clear or
are missing entirely, you could measure the voltage at
the lamp socket terminal with the a.c. voltmeter in your
multimeter. Choose a lamp having approximately the
same voltage. However, a higher-voltage lamp is quite
satisfactory if it gives sufficient light, and will have
considerably longer life than a lamp rated lower than
the measured voltage. Thus, the 3.2-volt lamp was de-
veloped to operate on 2.5 volts, giving adequate illumi-
nation and longer life.

In a.c. receivers using power transformers, the fila-
ment voltage ratings of the amplifying tubes are a di-
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rect guide to the pilot-lamp voltage rating, because in
most cases the pilot lamp is operated from a filament
winding. This means that the pilot lamp will have the
same voltage rating as these tube filaments. However,
since there are only two standard a.c. voltages in re-
ceivers using power transformers (2.5 volts and 6.3
volts), you could use an elimination procedure, First
try a 6.3-volt lamp. If it lights very dimly, then try a
3.2- or 2.5-volt type. In practically all cases, any current
rating (any color of glass bead) will do.

» Universal receivers, which can operate from either
a.c. or d.c. lines, require special consideration. Don’t
try to measure the voltage across a pilot lamp socket in
one of these receivers, because the voltage will be far
higher than normal until the pilot lamp is installed. You
will learn why this is so in your Lessons in Fundamental
Radio Principles. The pilot bulbs used are rated at 6.3
volts, but the current rating is quite important because
of the special circuit used.

If you can be sure no one has previously installed the
wrong lamp, you can put in a replacement having a glass
bead of the same color. If there is any doubt, however,
the proper size must be determined from the service
information on the receiver.

Finishing the Job. The foregoing overhauling proce-
dure may be carried out before or after the repair of the
defect, as circumstances may require. (Future RSM
Booklets will discuss repairs in great detail.) However,
check the receiver operation to be sure everything is
normal after these procedures. Then, replace the speak-
er and the chassis in the cabinet by reversing the steps
of removal. After doing so, polish the outside of the
cabinet carefully with a good grade of furniture polish.

The receiver can now be returned to its owner with
both its appearance and its operation improved. Con-
nect it to its antenna and ground, plug in the power
cord and make a final check of its operation. If it per-
forms properly, then you have completed a service job
—one of which you can well be proud!
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HOW TO RESTRING

Dial Cords

AND SET

Push
Buttons

OST radio repairs call for considerable technical
knowledge, but, if you have a little knack for me-
chanics, you’ll be ready to take on two of the most com-
mon repair jobs as soon as you’ve finished this Booklet.
We're going to show you how to repair dial drives, and
how to set push buttons, which are two servicing jobs
you'll be meeting all the time.

DIAL-DRIVE MECHANISMS

When you turn a knob to tune a radio, your action
changes the settings of condensers or coils within the
set, and also operates a mechanism that indicates the
frequency to which the radio is tuned (usually by mov-
ing a pointer over a dial or a dial past a pointer). When
we speak of the dial-drive mechanism, we mean the
mechanical system that causes these actions when you
turn the tuning knob.

Belt and cord drives are the two types in most com-
mon use today. Other kinds of drives have been used—
particularly direct drives, in which the tuning knob
is attached to the tuning condenser shaft, and friction
drives, in which a rubber roller, secured to the tuning
knob, bears against a dial secured to the tuning con-
denser shaft—but these systems are so simple that you
can repair them without instructions.

Belt Drives. A typical belt drive is shown in Fig. 1.
As you can see, there are two pulleys, one mounted on
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the tuning shaft, the other on the condenser shaft, over
which an endless belt passes. Usually there is some way
of controlling the belt tension; in the illustration, this
is done by the idler pulley P, which is held against the
belt by the spring S with enough force to create the
desired belt tension.

Although the dial has been shown as transparent here
so you could see how the system works, it is actually
made of metal. The condenser shaft projects through a
hole in the middle of the dial, and the pointer is fastened
to the end of the shaft by a machine screw. The con-
denser pulley is mounted behind the dial.

Cord Drives. Cord drives are usually considerably
more complicated than belt drives. Fig. 2 shows one of
the simpler forms. Notice that the basic difference be-
tween this and the belt-drive system is that the dial
cord (usually strong fishline or similar material) is
securely fastened to the condenser pulley, or drum, in-
stead of merely running around it as a belt does. In
fact, the dial cord is brought down inside the condenser
drum (through a slit in the drum rim) and is hooked
to a spring that keeps it taut.

Besides connecting the tuning shaft and the con-
denser drum, the cord also passes over two small pul-
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FIG. 2. A typical dial-drive system using a cord drive. The con-
denser gang shaft and the cord move in the direction shown by
the arrows when the tuning knob is turned clockwise.
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leys. A pointer is clamped to the cord in the length be-
tween these pulleys, and, as the arrows show, this
pointer slides along a supporting edge from left to right
when the tuning shaft is rotated clockwise. Thus, this
system gives us a horizontal movement of the pointer
instead of the rotating movement produced by a belt
drive, and so permits use of the rectangular “slide-
rule” type of dial that has become so popular.

Now let’s see how to repair belt and cord drives when
they become defective.

REPAIRING BELT DRIVES

The usual defect of a belt drive is that the belt slips,
either because it has stretched or frayed, or because the
idler pulley does not hold it under tension. There is
usually some way to increase the tension on the belt.
In the system shown in Fig. 1, for example, the belt can
be made tighter by shortening the spring that holds the
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idler pulley against the belt. Sometimes the tuning shaft
is in a slot, in which case the belt can be tightened by
sliding the shaft in the slot. If the belt is stretched or
frayed, however, it must be replaced.

The important thing to watch in replacing a belt is
that you have a belt of the right size. There are more
than a hundred different sizes in use, and generally the
wrong size will not work; either it will be too tight, in
which case it will break very soon and make the set
hard to tune in the meantime, or it will be too loose, and
the tuning system will not work at all. The best way to
get the right size is to order an exact duplicate belt for
that particular receiver from either your supply house
or the set distributor or manufacturer. The make and
model number of the set are all you need to know to
get the right belt from one of these sources.

» If an exact duplicate belt is not available, you will
have to know the precise size of belt you want. One way
to find this out is to cut the old belt and measure it care-
fully. Sometimes, though, the old belt will be missing,
or will have stretched so much that a measurement
won’t give you accurate information. In this case, the
best thing you can do is to run a silk cord (which will
not stretch) over the pulleys to find the right length.

Installation of endless belts is easy. Usually you will
have to remove the di{al to put one on, and sometimes
you must unscrew the bracket holding the tuning shaft
so that its pulley can be moved closer to the condenser
pulley; then the belt can readily be slipped over the
pulleys.

REPAIRING CORD-DRIVE SYSTEMS

There are so many variations of cord-drive systems
that a much larger book than this could not cover them
all. However, each manufacturer usually issues dia-
grams showing how to repair and restring his sets;
these diagrams, and your own mechanical ability, will
let you repair almost any system. We’ve included a
number of samples of manufacturers’ diagrams in this
Booklet to show you what they’re like. It would be a

good idea for you to build up a file of such information;
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you can always get the instruction leaflets from the
manufacturer, and usually from his distributor.

We're not going to attempt to cover specific drive

systems here. Instead, we are going to give you a series
of service hints that apply to any system.
» The first is—be sure you know what the drive is sup-
posed to do. If you have the manufacturer’s diagram, or
the old cord is still on the set, trace what happens when
you turn the tuning knob. Before you remove the cord,
if you don’t have the manufacturer’s diagram, make a
sketch to show where the cord is supposed to go, with
arrows to show the direction the cord and the pointer
move when the tuning knob is turned. (Generally, but
not always, the pointer moves across the dial from left
to right, and the condenser gang opens, when the knob
is turned clockwise.)

If the cord is not on the set, or has broken and been
pulled off the pulleys, you may have to study the set
carefully to figure out just what the system is supposed
to do. Once you have decided how to make the repair,
draw a diagram to show just what you intend doing.
This will serve a double purpose: it will keep you re-
minded of how you are going to make the repair, and,
if you find you are wrong, it will show you what not
to do the next time.

The cord is usually wound around the tuning shaft
at least twice, often more, and you must be careful to
wind the correct number of turns on the shaft when
you install a new cord. If you put on too few turns, the
cord will probably slip; too many turns, on the other
hand, will tend to bunch up and may jam the system.
If the cord is gone, so you can’t tell how many turns
there should be, try using two or three.

What Cord to Use. Ordinary string or thin cotton
fishline is not satisfactory, because it will stretch. If a
thin cord is needed, silk or nylon fish cord is best. A cord
with a Fibreglass core and a synthetic braid cover will
also work well. Cords of medium thickness (diameter
approximately .04 inch) are made of nylon, linen, or
cotton; cotton cords of this diameter are satisfactory
because they will not stretch at the tensions normally
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used. Any fishline you use should have a breaking
strength of at least 18 pounds.

Phosphor-bronze wire cords are also available. These
are particularly useful in sets where the cord must move
a heavy mechanical system. Heavy linen cords are also
used in such installations.

Cords usually come in 10- and 25-foot lengths, wound
on spools. You can get them from any radio supply
house.

Common Defects. Several things may happen to
cord-drive systems. The cord may lose tension, either
because it stretches or because the tension spring does;
the cord may slip; the pointer may stick; or the cord
may jump off its pulleys, or fray, or break. Let’s see
what to do in each case.

Loss of Tension. If the cord is too loose, it will sim-
ply slip around the tuning shaft instead of turning with
it. Usually this defect can be remedied by shortening the
cord. One way is to knot it again at the point where it
is attached to the tension spring inside the condenser
shaft pulley. Always use a square knot (shown in Fig.
8), which will not slip. You can put a drop of speaker
cement, fingernail polish, or shellac on the knot as an
added precaution against slipping.

Sometimes the cord is loose because the tension spring
has stretched too much. If the spring allows the knot
in the cord to come almost out of the slit in the con-
denser shaft drum, tighten the spring rather than
shorten the cord. Inspect the end of the spring that is
not hooked onto the cord. This end is anchored inside
the drum, usually either to a bent-up metal ear or in a
hole. There may be other ears or holes, farther from
the slit; in which the spring can be anchored; if so, try
one of them and see if the cord tension is sufficiently
increased.

FIG. 3. This shows how to tie a
square knot, which is the best knot
to use to fasten the ends of a dial
cord together. [f you are not
familiar with this knot, practice
tying it a few times with this pic-
ture before you as a model.
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If not, or if no other anchor points are provided, you
can either shorten the spring or install a new one. To
shorten the spring, cut off a few turns from the anchor
end with a pair of cutting pliers, and bend the cut end
to form a new hook.

If a shortened spring is still too weak, install a new
.one. The exact size is not important, but be sure it is
strong enough so that it will not be stretched out of
shape when it is installed—otherwise it will quickly
lose its tension.

When you install a new spring, or shorten an old one,
be careful not to let the cord slip off the pulley system
—if it does, you may have to restring the whole drive.
You can hold the cord in place by pressing your thumb
firmly over the slit where the two parts of the cord
emerge from the condenser shaft drum. If you need
both hands for the spring, put a piece of scotch tape
over the slit instead.

Be sure you seat the end of the spring firmly in its
anchor hole or around its anchor post. Usually it’s
easiest to do this by grasping the end of the spring with
a pair of needle-nose pliers, stretching it slightly past
the anchor point, then allowing it to relax and guiding
it into or around its anchor as it does so.

Slipping Cord. If the cord seems tight, but slips on
the tuning shaft, probably grease or oil has gotten on
it. You can remedy this condition by working powdered
rosin into the cord. A commercial non-slip compound,
having a rosin base, is available in stick and liquid form.
This compound has the advantage that it shrinks the
cord slightly in drying, thus giving increased tension
as well as eliminating the effects of oil or grease.

Sticking Pointer. As we said earlier, cord drives are
always used with slide-rule dials, in which a pointer
moves horizontally over a long, rectangular dial that
resembles a slide rule. If the pointer sticks or binds, the
cord will get taut on one side of the pointer and loose
on the other, and may jump off its pulleys; if the cord
does not jump off, the tuning knob will at least be diffi-
cult to turn.

The pointer of such a dial usually slides along a metal
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track on the edge of the dial, or on the dial plate edge
itself. If the pointer sticks, inspect the track for burrs
that may cause increased friction. Remove them with
fine sandpaper, and spread a light film of vaseline over
the track. (Don’t get oil or grease on the cord.) Make
sure the dial lights do not interfere with the pointer
movement; if they do, bend their brackets slightly.

Cord Jumps OFf Pulleys. Provided the cord is tight
enough so that it should normally stay on its pulleys,
the usual reason it jumps off is that it is caught some-
where in the system. Turning the tuning knob then
tightens part of the cord and loosens part of it until the
loose part finally slips off its pulleys altogether. The
usual cause is a sticking pointer, as we just said. What-
ever the cause, remedy it, then put the cord on again.
Make sure that it is tight enough to stay.

Frayed or Broken Cord. Either of these must be re-
placed. The broken cord is usually harder to replace,
because the drive system will probably be completely
unstrung, and you will have to figure out how the system
works. Replacement is not difficult if you have the
manufacturer’s sketch of the stringing arrangement.
If you do not, be sure to make a diagram of the system.
If the cord is frayed but still in place, make the diagram
before you remove it.

Turn the condenser gang either fully closed or fully
open (maximum or minimum capacity) before you
start restringing, then string the drive in a direction
such that any tension you put on the cord will tend to
keep the condenser in position. This will let you pull
the cord taut during the operation without fear of its
slipping. Manufacturer’s instructions usually specify
whether the gang is in or out for the direction of string-
ing shown. (Be sure you cut enough cord off the spool
to do the job. It’s better to waste a few inches than to
have to waste the whole piece because it is short by
half an inch.)

Finally, connect the pointer to the cord in a tempo-
rary manner. (Most pointers clip on the cord, but in
some systems the cord is wrapped around a stud on the
pointer slider.) See that it is at the high-frequency end
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of the dial when the condenser gang is full out, and goes
toward the low-frequency end when the gang is turned
in. You may have the system strung backwards, in
which case all you can do is try to smile and do the job
over.

Turn on the set and check the accuracy of the pointer
setting. If necessary, adjust the pointer position until
both the frequency of the station being received and
the frequency indicated by the pointer are exactly the
same. Then, place a drop of speaker cement or collodion
on the pointer clip to bind it to the cord. It’s worth while
to take a little trouble with this, because your customer
may find it irritating to have the pointer indication even
a little off what it should be. In fact, you can demon-
strate to him how accurately the pointer is set when
you’re finished.
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Setting Up Push Buttons In Radio Receivers

Automatic tuning, in which a set is tuned to a desired

station simply by pressing a push button, has become
an almost universal feature. Adjusting the push but-
tons is an easy job, but one a set owner seldom attempts.
If the button doesn’t bring the station in “on the nose,”
or if he wants a different station, he will usually call
in a serviceman.
» There are three main types of automatic tuning sys-
tems—electrical, mechanical, and electro-mechanical.
In an electrical system, pushing in the button switches
a preadjusted set of trimmer condensers or adjustable
inductances (coils) into the tuning circuits of the radio,
and, at the same time, releases any button previously
pushed.

In a mechanical system, the motion produced by push-

ing in the button actuates a lever system that turns the
regular gang tuning condenser of the set to the desired
station.
» In an electro-mechanical system, pushing in the but-
ton (or, in some systems, turning a telephone-type dial)
starts a small electric motor that turns the gang tuning
condenser to the desired station. This is the only system
that is particularly complicated. We're going to cover
this system and its variations further along in your
regular Course. It would be best for you not to attempt
to adjust an electro-mechanical system until you've
studied the lesson on automatic tuning systems—unless
you have the manufacturer’s adjustment instructions
for the set in question. These instructions are usually
complete enough for you to make the adjustment with-
out difficulty, if you follow them closely.

However, electro-mechanical tuning is used in but
few modern sets. In this Booklet, we’re going to explain
how to adjust electrical and mechanical systems—the
kind servicemen are called upon to adjust almost every
day. We will give you the general procedure for all sets
instead of instructions for just a few specific radios.
You can easily take care of any small variations you
find in a particular set. Our instructions will be for set-
ting up all the buttons in a set; if you’re interested in
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adjusting just one button, follow the procedure only
until that button is set up.

ADJUSTING ELECTRICAL SYSTEMS

If you have the manufacturer’s instructions for the
set you’re working on, read them carefully. They may
contain some short-cut methods that apply only to that
set (which, of course, we will not give here). If you
don’t have them, the method described in the following
paragraphs will work perfectly well.

First, turn on the set and let it warm up for at least
twenty minutes. This will prevent drifting of the ad-
justments after the set reaches operating temperature.

While you’re waiting for the set to warm up, count

the number of buttons available for station selecting.
Ignore any that are used for other purposes (for turn-
ing the set on and off, for manual tuning, for phono-
graph operation, etc.). Have the customer select a cor-
responding number of stations. These should be local or
medium distant stations that can be received well.
(Naturally, if you are merely readjusting buttons that
have drifted off their settings, you will reset them to the
originally selected stations unless the owner wants a
change.) Look up the frequency of each station in a log
book or the radio listings in the newspaper, then list
each station in order of increasing frequency (lowest
frequency first on the list).
» Next, locate the trimmer adjustments on or above the
chassis (or directly behind the push buttons). There
will be two of these for each button, and they will be
marked to indicate the frequency range to which they
can be tuned. (For an example, see Fig. 4.) Assign a
station to each button on the basis of these frequency
ranges, then make a rough sketch to show which station
has been assigned to each button. If the customer has
selected a station for which no tuning trimmers are
available, (or two stations that need the same set of
trimmers), have him pick some other station (or one
of the two) and tell him he’ll have to use manual tuning
for the one you cannot set up.

You can usually reach these trimmer adjustments
from the back of the cabinet, sometimes by removing a
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back cover. On a few sets, you can reach them from the
front of the cabinet by removing either a cover plate or
the escutcheon plate through which the push buttons
protrude.

When the set has warmed up sufficiently, you’'re ready
to adjust the first button. Tune the set manually to the
station selected for the button, then press in the button.
Now turn the oscillator trimmer (sometimes called the
tuning or station-selecting trimmer) for that button
until you get the same program. (You can identify the
oscillator trimmer by the fact that you will hear several
stations as you turn the adjusting screw.)

Next, turn the other trimmer (usually called the an-
tenna trimmer) for that button until maximum volume
is produced. This is not a critical adjustment. Readjust
the oscillator trimmer carefully until the station is per-
fectly tuned. Return the set to manual tuning to make
sure the station is heard at ieast as well on automatic
tuning as it is on manual. (Usually the automatic tun-
ing will be slightly better, since the trimmer condensers
can be adjusted more accurately than the gang tuning
condenser.)

This completes the set-up for one button ; adjust each
other button in exactly the same way. Since there’s al-
ways a chance that you have tuned a button to another
station carrying the same program as the one you want,
check your work by pressing one button after another
during the station announce-
ment period. If the station you (@) @
want is a local, you can readily ) 2 i
check by comparing the back-
ground noise heard on automatic 'A .”m*. 'Bl
and manual tuning; if the back- YN T
ground is much noisier on auto- L O = «© ©ze

matic tuning, you probably have 3A .;Jg’;g ©s3s
tuned to some other station on . . a
the network. 1580 KC.
FIG. 4. Typical trimmer adjustments. 5A 75_8160,(5.53’
The oscillator trimmers (marked A)

S note O

. ADJUST "A" SCREW
(marked B) at the right. In some TO GET STATION. t

radios, one set of trimmers is above ADJUST “B" SCREW
the other. | FOR MaXIMUM VOLUME. |
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are at the left, the antenna trimmers q




Precautions and Hints. Never
turn a trimmer condenser screw
more than a few turns out
(counter-clockwise) or it will
fall out. Never apply force to a

N:CREW - SCrew.
If you can’t bring a station in
SCREW with the oscillator trimmer,
ADJUSTING loosen the antenna trimmer a
WRENCH turn or two and try again.
NuT » You may sometimes meet

. : coaxial (one inside the other)
ile(:f;. s-f-hf°:::°Ldtj"::t’; adjustments like that shown in
the antenna trimmer, Fig. 5. Special wrenches are
the screw adjusts the 1 ade for these, like the one

shown.
» Adjustable inductances called permeability-tuned
coils are often used in place of trimmer condensers. A
typical one is shown in Fig. 6. To produce the same
change in frequency, the adjusting screw of a perme-
ability-tuned coil must be turned many more times than
that of a trimmer condenser.

ADJUSTING MECHANICAL SYSTEMS

There are two types of mechanical automatic-tuning
systems. In one, the rocker-bar type, each button has
its own locking adjustment. In the other, the cam-and-

ADJUSTING

FIG. 6. Permability-tuned coils like this are used in many sets
in the oscillator circuit. Once tuned, such a coil will usually stay
in adjustment for a long time.
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LOCKING PUSH-BUTTONS

SCREW /
e

3 > . "SHAFT OF GANG
FINGER ROCKER BAR' TUNING CONDENSER

FIG. 7. Rocker-bar tuning mechanism. Since this is a mechanical

system in which movement of a push button turns the shaft of the

tuning condenser, you must push buttons in all the way to get

the desired stations. Pushing the button in only part way will not

turn the tuning condenser enough. Be sure your customers
understand this.

lever type, one locking adjustment takes care of all the
buttons.

Rocker-Bar Mechanisms. A typical rocker-bar
mechanism is shown in Fig. 7. The rocker bar is a flat
pivoted metal piece that is connected to the gang tuning
condenser through a gear system in such a way that the
angle to which the rocker bar is rotated determines the
condenser setting. Each button is on a plunger that goes
through a slit in the rocker bar. On each plunger is a
metal finger that can be set to any desired angle by
adjusting a screw. When a button is pushed, the finger
on its plunger bears on the rocker bar and turns the
bar to the same angle as the finger; this changes the
setting of the gang tuning condenser, and so tunes the
radio.

To set up the buttons of a rocker-bar system, take
the same initial steps as you do with an electrical sys-
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tem: turn on the set and let it warm up, have the sta-
tions selected, then list them and assign them to but-
tons. You don’t have to consider tuning ranges, because

any button can tune any station. It is usually best, but |

not actually necessary, to assign stations to the buttons
from left to right in the order of increasing or decreas-
ing values of frequency.

While you wait for the set to warm up, locate the ad-
justing screws. These are always accessible from the
front of the receiver, but you may have to remove the
push buttons, remove the station tabs from the buttons,
remove the station tabs from the ‘escutcheon (the orna-
mental plate around the buttons on the panel), or re-
move the escutcheon to get at them. In some sets, the
push buttons themselves serve as the adjusting screws.
If you have the manufacturer’s instructions, they will
tell you where the serews can be found.

Set up each button as follows: Back off its adjusting
screw. Press the button in and hold it in. Carefully tune
in the station desired for that button with the manual
control. Run in the adjusting screw as far as it will go.
Release the button.

That’s all you need do to set up one button; set up
each of the others the same way. Check your work when
you’re through by pressing each button in turn.

Cam-and-Lever Mechanisms. A typical cam-and-
lever mechanism is shown in Fig. 8. The cams—heart-
shaped metal discs—are secured to an extension of the
gang tuning condenser shaft by friction washers. A
single locking adjustment, when tightened, locks all
cams to the shaft simultaneously. The push buttons are
mounted on the ends of pivoted levers. When a button
is depressed, a roller on the other end of its lever is
forced against one of the cams; this turns the cam, and
the shaft to which it is locked, to the point where the
roller reaches the bottom of the V of the cam.

To set up one of these systems, take the same initial
steps you would for a rocker-bar mechanism: First,
warm up the set and assign stations to buttons. Then
locate the locking adjustment. This may be a screw in
the center of the manual tuning knob, as it is in the

18




LOCKING

BUTTONS

FIG. 8. Cam-and-lever mechanism. Mechanical systems like this

one and the rocker-bar mechanism (FIG. 7) are used mostly in

small and inexpensive sets. They seldom have more than four or
five push buttons.

mechanism in Fig. 8, or a knurled screw on the side of
the receiver, a wing nut on the side of the dial assembly,
a screw accessible from the back of the receiver, a screw
exposed by removing the push-button escutcheon or re-
moving a snap-in button on the escutcheon, or a screw
reached through a hole located below the tuning unit.
Sometimes the tuning knob itself must be pushed in or
pulled out, then turned, to unlock the cams. The manu-
facturer’s instructions, if you have them, will show you
where the adjustment is.

Once you have found the adjustment, loosen it. Firm-
ly push down the first button to be set and carefully
tune the set to the desired station with the manual con-
trol. Be sure to hold the button depressed until you are
through tuning. Then release the button, but do not

19



touch the locking adjustment. Repeat the process until
all the buttons have been set up; then, and only then,
tighten the locking adjustment.

FINISHING UP (ALL SYSTEMS)

No matter what kind of automatic tuning system you
adjust, be sure to give it a final check by comparing
push-button reception with manual-tuning reception for
each station. If manual tuning produces better recep-
tion on any station, readjust the automatic tuning for
that station.

A sheet of tabs on which are printed the call letters
of all U. S. stations is usually supplied with automatic
tuning sets. After setting up the buttons, secure the ap-
propriate tab for each on the button or in the escutcheon
surrounding them. When call-letter tabs are not fur-
nished, get the sheets from the distributor of the set or
from your radio parts supplier.

» Whenever possible, demonstrate the set to the cus-
tomer in his own home. Press each button to show that
it works as it should, and make sure he knows how to
operate the automatic tuning system. You may think
that anyone can operate automatic tuning—but a sur-
prisingly large number of people don’t realize that the
buttons must be pressed in all the way in a mechanical-
ly-tuned set, and some even forget that an electrically-
tuned receiver must be switched from manual to auto-
matic and vice versa. You’'ll build good-will, and save
unnecessary call-backs, by giving a short demonstration
of every set you adjust.
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Dear Mr. Smith:

I want to tell you how pleased I
have been with your Course, Frankly, I
was rather dublous about getting an edu-
cation through a correspondence Course
when I started, but I was honestly more
pleased with the Course than I can tell
you. I only regret that I didn*t take
it while in high school instead of after
graduating from college. I have cleared
several times the cost of the Course

already from spare time worke.
P.R.F., lexas
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NATIONAL RADIO INSTITOTE
WASHINGTON, D. C.
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OU are now ready to learn how to test and replace

radio parts. From this RSM Booklet, you will learn
how to deal with fixed and variable resistors; later
Booklets will take up the testing and replacement of
condensers, coils, and other radio parts. (Remember—
these are the mechanical procedures of servicing, which
are undertaken only after tests have isolated a part that
may be defective. Your Lessons in Radio Fundamentals
and later RSM Booklets will teach you the methods of
isolating defective parts.)

At this moment, you may not be ready for all the in-
formation this Booklet gives you. We suggest you read
it through now without worrying about any sections
you may not understand completely. Retain mentally
the facts that are useful to you now, and review the
Booklet a few times when you’ve gotten farther along
in your Course. You'll need all this information later on,
when you’re engaged in actual servicing.

RESISTOR DEFECTS

First, let’s learn something about the defects found
in each type of resistor. In the following, notice how the
manner in which each is made determines what may be
the trouble. Hence, it pays to know how radio parts are
constructed—this knowledge helps you see what may
g0 wrong.

Carbon Resistors. These, the most common fixed re-
sistors, are subject to several possible defects. An open
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TYPICAL RESISTORS

CARBON

== =\

METALLIZED

Carbon resistors are made of

carbon granules mixed with a

binder (bakelite or a ceram-

ic), cut in a rod-like shape,

and baked. After leads are

attached, bakelite is molded
over the assembly.

A metallized resistor is made

by coating a glass rod with

resistive material. Usually

bakelite is molded over the

metallized rod. Such a re-

sistor is very stable in its
value.

A wire-wound resistor is made
by winding a resistance wire,
such as nichrome, on a porce-
lain or bakelite tube or rod.
The entire device is then
coated with a vitreous enam-
el, a cement, or a special
varnish.

A flat wire-wound resistor is
made by winding resistance
wire on a bakelite or fiber
form. The entire unit is then
molded in bakelite, or
wrapped in insulating paper,
and cased in a metal con-
tainer.

A wire-wound power resistor

is a large wire-wound resistor

fitted with taps at various

points along its length. Some

types are equipped with vari-

able taps, others have only
fixed taps.

A variable resistor consists
of a resistance element with
a slider contact. The rheostat
has only two outside connec-
tions; one to one end of the
resistance element, the other
to the slider contact. Another
type, known as a potentiom-
eter, has a connection at

. each end of the resistance

element and a third connec-
tion to the slider.



circuit is common, as carbon resistors are easily broken,
and they will open if excessive current flows through
them; this current burns away the carbon particles in
a section of the resistor. Also, they decrease materially
in resistance when a current somewhat above their rated
current flows through them. This last peculiarity may
upset the circuit conditions in the stage in which they
are used. The resistor may return to its normal value
when it becomes cool, but eventually this decrease in
value may become permanent.

Carbon resistors rarely short-circuit internally. Many
are so molded that the resistance element is completely
surrounded by the binder material, which acts as an in-
sulator. If you are careful to bend the leads so they do
not touch other leads or other parts, there is little likeli-
hood that a carbon resistor will cause a short circuit in
a set.

Metallized Resistors. l.ike carbon resistors, these
also can open internally, for excess current will burn
away the resistive material and leave no path through
which current can flow. However, because of the
strength of the glass rod, these resistors are not easily
broken. They seldom change in value.

Wire-Wound Resistors. Excess current flowing

through a wire-wound resistor will cause the resistance
wire to melt at some point and thus open the circuit.
Wire-wound resistors seldom break or change material-
ly in value. However, the method of fastening the con-
necting leads may permit a poor contact to develop at
the clamp.
» Flat wire-wound resistors seldom break or change
materially in value, but they do open (ithe resistance
wire burns apart) when excess current flows through
them, and poor contacts sometimes develop inside their
cases between the leads and the resistance element. Oc-
casionally, the resistance element will short through the
insulating paper to the metal container. (One type of
flat wire-wound resistor is known as a Candohm, from
“canned ohm,” because the resistance is placed in a
metal container.)

» Wire-wound power resistors have the same troubles
3



as ordinary wire-wound resistors. However, individual
sections usually are affected, rather than the entire unit.

Summary of Troubles. You can see that fixed re-
sistors may open internally, change in resistance value,
have loose terminals, or short-circuit to other parts or
leads. Now, let’s see how to check resistors for these
faults.

BURNED-OUT OR OPEN RESISTORS

When a resistor has been severely overloaded, it will
sometimes be blackened and blistered, or even burned
almost in half. Obviously, you need not check such a re-
sistor—just reach for a replacement.

However, the external appearance of the resistor
does not usually indicate anything. An open resistor
can look just like a good one. You must use the ohm-
meter section of your multimeter to detect the differ-
ence.

» If you are interested only in finding out whether or
not a resistor is open, you need not bother to read the
ohmmeter scale accurately. If the battery within the
ohmmeter can force a current to flow through the re-
sistor and thus cause a meter reading, the resistor is
not open. If you get no reading (the meter pointer does
not move), the resistor is open. To make such readings,
use the highest ohmmeter range of your test instru-
ment. If this range will indicate higher values than the
largest-valued resistor in the set, then you can check
any resistor and get a reading on the ohmmeter scale if
the resistor has continuity (is not open). However, any
resistor having a higher value than the highest ohm-
meter range will not permit a noticeable pointer move-
ment—don’t assume such high-value resistors are open
unless you have other reasons to suspect them.

» After setting the multimeter controls to the highest
ohmmeter range, how does one check a resistor for an
open? If the resistor is disconnected from everything,
you need only touch its terminals with the ohmmeter
test probes, as in Fig. 1, and watch the meter for a
reading.

Sometimes the same simple procedure can be fol-
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lowed when checking a resistor that
is connected into a circuit. How-
ever, there are two important pre-
cautions to observe when you use
an ohmmeter to make tests within
a radio:

1. ALWAYS be sure the receiver
is turned OFF, If the receiver oper-
ates from batteries, COMPLETE-
LY DISCONNECT them. Other-
wise your ohmmeter may be ruined
by excess current.

2. Disconnect one end of the re-
sistor being checked, when shunt
paths may give false readings.

Shunt Paths. Shunt paths occur
whenever parts in parallel allow
more than one path over which cur-
rent can flow. This will cause false
readings. For example, suppose you wish to check volt-
age divider resistors R, and R, in Fig. 2. You would put
one ohmmeter test probe on the end of R, that goes to
B4+, and the other on the end of R, that goes to the
chassis. (The chassis is indicated by the ground sym-
bol.) You might expect the ohmmeter to read 40,000
ohms, the combined values of R, and R, (25,000 ohms
plus 15,000 