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Preface

This book presents profitable short-cut procedures for scrvicing radio re-
ccivers that arce dead, weak, noisy, huniming, distorting, squcaling, or in-
termittent. It shows how to usc the signal generator, vacuum-tube volt-
mcter, and oscilloscope as practical instruments for cutting down labor
costs in a scrvice busincss so as to boost profits. It guides you in getting
an auxiliary income from a profitable part-time radio servicing business.
It guides you as you cxpand into a profitable full-time radio business. It
tcaches vou how to handle customers profitably. It helps you to avoid
mistakes that lcad to low profits and failure. It gives vou basic technical
and business know-how if yvou plan to expand into the still more profitable
ficld of black-and-whitc and color television servicing.

The information represents the compressed experiences of many success-
ful servicemen presented clearly and concisely for casiest possible learning.
All you nced is a basic radio knowledge. The rest is here, telling exactly
how to make vour present knowledge pay off to give vou the highest
possible nct income from full-time or sparc-time servicing.

Nothing is taken for granted. Many simple diagrams accompany the
text to help vou visualize more clearly. By judicious repetition of informa-
tion, lcarning is made casicr and more lasting.

The business suggestions will be found invaluable for a radio or tele-
vision scrvicing business. Too many good technicians never get to run their
own successful shops because their business know-how is undeveloped.

William Marcus

Alex Levy
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Types of A-M Radio Receivers

Scope of This Book. The ficld of radio grows as fast as human imagina-
tion and enginecring skill can unite in making drecams come true. Within
onc generation, a radio alphabet has tumbled before us with terms like
tuned radio frequency, superheterodyne, a-m, f-m, TV and now color TV,
New variations of console modecls, table radios, portable receivers, three-
way portables, auto radios, a-c reccivers, a-c/d-¢ receivers, and all-transistor
radios appecar constantly.

The ficld of radio is so large today that it is no longer possible to pack
all radio knowledge into onc book. Of nceessity, thercfore, this book
specializes in onc large and highly uscful portion of radio knowledge,
aimed at developing vour professional techniques to the point where vou
can fix a-m radios fast cnongh to make a really good living from your
work.

The ficld of this book is a-m (amplitude-modulated) radio receivers.
In the rush to new things, television receivers capture the major share of
newspaper advertising. But the a-m receiver is still king from the point of
view of numbers in existence. It still makes up a lion’s sharc of sales and
service. The serviceman who overlooks its possibilities is losing a large
arca for profit.

And if the scrviceman is looking forward to the complete servicing
ficld, he must keep in mind that the a-m radio is the basic circuit for
study because of its simplicity. It is generally learned first and is a good
introduction for later study of tclevision.

This Chapter. This book begins with brief descriptions of the varicties
of a-m receivers. First comes the old tuned radio-frequency (trf) scts to

1



2 Profitable Radio Troubleshooting

liclp vou get vour bearings, even though this type of set is now a museum
picce. Then we go on to the superheterodyne receiver, which is the most
widcly used. A bricf description is given of receivers using two different
power supplics—the a-c recciver and the a-c/d-c receiver. Finally the auto
radio and the three-way portable receiver are described.

Second Chapter. Here vou get a quick preview of the professional trouble-
shooting techniques that make it possible to put servicing on an efficient
mass-production basis. Ilclter-skelter, hit-and-miss work habits never pay.

Remember that the time taken to develop a proper service approach at
the start will appear at some future date in the form of dollars and cents.

Chapters on Various Defects. The next few chapters after the one
described are concerned with receiver defects. Each will prove extremely
valuable to vou. After all, vour business will begin with a gripe about a
receiver. It hums; it is noisy; it whistles; it is dead; it doesn’t sound
clear; it brings in two stations at once; and many other conditions. Fach
chapter on defects in reccivers will give vou possible causes of trouble for
the various tvpes of receivers. ‘The generalized approach will help you to
narrow down all possibilitics to the specific cause. Properly used, this ap-
proach will save yvou time. And for vou, time will be money.

Chapters on Instruments. ‘I'wo chapters will concentrate on specialized
service instruments that help vou to work more rapidly and cffectively.
These instruments will be described and their practical use fully explained.
You will learn about vacuum-tube voltmeters, signal tracers, the cathode-
ray ocilloscope, and others.

Experience-building Chapters. Onc cntirc chapter shows you how to
get practical experience in the least possible time so as to build up vour
troubleshooting speed rapidly. 'Two related chapters provide quick-reference
reviews and actual examples of tvpical service jobs, to boost further your
speed and confidence.

Business-technique Chapters. 'The remainder of the book will carry vou
from the technical to the business aspects of a television and radio servic-
ing business. Just as a doctor’s bedside manmer may be the secret of his
success, so may vour sales personality be vour sceret. Not having it is like
entering a battle unarmed. These business-technique chapters are cven
morc important than the techmnical chapters, because they show yvou how
to get the moncy that vou deserve for vour professional servicing work.

The various types of a-m radio receivers will now be reviewed briefly,
with emplasis on the differences in their power supplies.
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Tuned Radio-frequency Receiver. You arc not going to find many tuncd
radio-frequency (trf) reccivers around today. Their production has just
about stopped. ITowever, you should know a little about them, just in case
one of these old scts is brought in for scrvicing.

AMPLIFIER IST A-F AMP A-F AMP

‘ | TRF DETECTOR AND SECOND []

POWER
SUPPLY

Fig. 1-1. The basic trf receiver

The trf recciver consists basically of a tuned radio-frequency amplificr,
a detector, two stages of audio-frequency amplification and a power sup-
ply. A block diagram of such a recciver is shown in Fig. 1-1. Its simplicity
makes it a rclatively casy sct to service.

In Fig. 1-Z is shown the schematic diagram of a typical trf receiver. This
circuit is a bit unusual in that the input and output of the r-f amplifier arc
tunced by means of tuning slugs which move in and out of coils L-1 and
L-2. Condensers C-1 and C-2 arc simply trimmners across the coils,

At this point, little will be said about the power supply. A little later in
this chapter, we will take up a study in more detail of how power is
furnished to the various stages. Since these were inexpensive reccivers,
they usually used a-c/d-c power supplics, which are cheaper to manufac-
ture.

Superheterodyne Receiver. The usual a-m receiver produced today
uscs the superheterodyne circuit, which has many advantages over the
trf circuit. This is truc for reccivers designed to operate on 117 volts—
cither a-c or d-c, on 6 volts as in the auto radio, on batterics or power line
as in the threc-way portable receiver. All these reccivers use the same basic
superheterodyne circuit, with differences in the power supply.

The block diagram of a superheterodyne recciver is shown in Fig. 1-3.
‘The modulated r-f signal from the antenna is amplified in an r-f amplificr
and fed to the next tube, the converter. Here the signal is mixed with an
unvarying r-f signal produced by a local oscillator within the receiver. Qut
of the converter comes a modulated signal at a radio frequency which is
much lower than the original r-f signal. This lowercd frequency is usually
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Fig. 1-2. The General Electric Model 50 trf receiver (clock omitted)
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around 455 ke and is called the intermediate frequency (i-f) signal. It has
the same modulations as the original incoming wave. Its frequency is always
the-difference between the frequencics of the original r-f and the local os-
cillator signals. When tuning from station to station, the oscillator is also
tuned automatically by the ganged tuning mechanism, to give the same
intermediate frequency at all times—455 ke.

R-F I-F IsT 2ND
AMP "" (0t "‘ amp [T OET A e amp ] A-F ame

L f

2 L

POWER
SUPPLY

Fig. 1-3. Block diagram of a superheterodyne receiver

The i-f signal is then fed to the i-f amplifier which is sharply tuned to
455 ke for build-up. Then it is fed to the detector for demodulation. The
a-f modulation is scparated from the modulated r-f signal, and the former is
then sent through two a-f amplifiers for increased power to drive the loud-
speaker.

In Fig. 1-4 is shown the schematic diagram of a small superheterodyne
receiver. Several things should be noted. In this receiver, as in many
others, the first r-f amplifier is omitted and the signal is fed directly into
the tuncd input of a converter tube. The local oscillator is part of the
same tube and coil T-2 is the local oscillator coil, tuned by condenser C-2.

Notc how thc main r-f tuning condensers C-1 and C-2 are ganged so as
to givce a constant intermcdiate frequency. Transformers T-3 and T-4 are
fixed-tuned for the intermediate frequency at the input and output of the
i-f amplifier.

The avce line feeds a low voltage to the converter and if amplifier, help-
ing to maintain a uniform sound level from the loudspeaker regardless of
the station signal strength at the antenna. Potentiometer R-1 is the volume
control rcgulating the strength of signal fed to the first a-f amplifier.

The power supply shown is of the a-c/d-c type. Since many superhetero-
dyne reccivers also use the a-c type of supply, this is a good point at
which to discuss these two power supplics.

A-C and A-C/D-C Power Supplies. The purposc of any power supply
is primarily to fumish current of any tyvpe to heat the heaters of the tubes
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and to supply the smooth d-c voltages required for the plates and screens
of the tubes. The type of circuits used will depend mainly upon whether
the power source is a-c or d-c.

La
. B+ _ ___
= l - 250V
+ +
B+
: c2 c3 v
nrv L R2
60 CPS 5Y3-G :
A-C L
SW 1 =z
cl L3 TO TUBE HEATERS: -
PARALLEL CIRCUITS

Fig. 1-5. A typical a-c power supply

In Fig. 1-5, we have the typical power supply of an a-c receiver. The
117 volts a-c arc fed to the primary winding of a power transformer. There
arc, as vou note, three secondary windings. Winding L-1 is part of a high-
voltage step-up transformer. Across it may be as many as 700 volts. It is
center-tapped, so that 350 volts on cach half of it arc fed to the plates of
the 5Y3-G rectifier tube. This tube changes the altermating current to
pulsating dircct current and feeds it to the filter system, made up of
clectrolytic condensers C-2 and C-3 and choke L-4. The choke is sometimes
the ficld coil of the loudspeaker, Emerging from the filter system comes
almost smooth, unvarying direct current. Resistors R-1 and R-2 make up
a voltage-dividing system to get various values of d-c voltage.

3525 1_-L '\N\lil B+

TCl TCZ .

DET
CONV IST A-F

PILOT

I-F
nrv
A-C

L
SWT

Fig. 1-6. A standard a-c/d-c power supply, in which heaters are connected in series

Coils L-2 and L-3 make up the low-voltage step-down portion of the
power transformer. Coil L-2 feeds low-voltage alternating current to the
5Y3-G tubc heater. Coil L-3 feeds low-voltage alterating current to the
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heaters of the other tubes within the recciver.

The same job must be done in the a-c/d-¢ receiver. In Fig. 1-6, we have
a typical a-c/d-c power supply. The a-c input s rectificd to pulsating d-c by
the 3575 tube. Notc that this tubc is a cathode-heater type. The current
is then fed to the filter (C-1, R-1, and C-2) for smoothing. Voltage dividers
arc usually not employed in the power supply. The 117 volts a-c arc fed
to the tube heaters, connected in scrics. Usually the heater requirements
arc such that 117 volts arc ncither too little nor too much. If 117 volts arc
too much, some sort of voltage-dropping resistor is inscrted in scries with
the heaters.

Auto Radio. The auto radio is a superheterodyne recciver and has many
similarities to the home recciver. 1lowever, its variations are primarily the
result of unique operating conditions. These conditions are operation from
a 6-volt storage battery, ncarness to sources of radio noise, and usc of a
smaller-than-usual outdoor antenna. These conditions might be best un-
derstood by examining a typical auto receiver in Fig. 1-7. The condenser
in the antenna input is designed to match the capacity of the particular
antenna used in the car. This matching enables a stronger signal to be fed
to the r-f amplificr.

Examination of the power supply of the rccciver shows the battery as
the power sourcc. It feeds a vibrator and transformer whose purposcs arc to
change 6-volt dircct current to high-voltage alternating current. The latter
current is rectificd in the 6X4 tube and then receives the usual filter circuit
action.

Onc terminal of the car battery is grounded to the chassis of the car.
The other terminal, called the hot terminal, is connccted through a
9-ampere fuse to the auto radio. The 6 volts of the battery are connected
across the heaters of all the tubes connected in parallel, since they arc
6-volt-type tubes. Spark-plate condenser M-5 and choke L-7 make up a
filter circuit to prevent cngine noisc from cntering the recciver through
the battery wirc.

Auto-radio Vibrator. Notc that the battery voltage in Fig. 1-7 is applicd
through the switch, vibrator choke L-8, and onc-half of the primary of
transformer T-1 whenever the vibrator reed touches the vibrator contact
points. ‘The upper and lower halves of the transformer primary winding
arc thus cnergized in tum as the reed moves between the upper and lower
contact points. The reed is kept vibrating by the action of the vibrator
clectromagnet. As cach half of the primary winding first passes and then
ccases to pass current, this action induces high a-c voltage across the sec-
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Fig. 1-7. Schematic diagram of Ford Model 5BF auto radio (Howard W. Sams Photofact illustration)
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ondary winding of this step-up transformer. This is rectified by the 6X4
to give the B-supply voltage, much as in an a-c power supply.

The continual sparking at the contacts would feed into the recciver and
producc a type of r-f interference known as hash. Iilter circuits suppress
the sparking and filter the undesirable r-f currents. Resistors R-18 and R-19
across the vibrator contact points also suppress sparking and hash. Vibrator
choke L-8 and condenser C-14 make up one hash filter which keeps the
undcsirable r-f current out of the receiver heater lead, while choke L-7 and
spark platc M-7 scrve as another.

Auto-radio Rectifiers. The a-c output of the vibrator transformer is fed
to a fullwave rectifier. The rectifier tube is usually of the hcater-cathode
tvpe, as in Fig. 1-7, because the cathode must be kept at a high positive
potential.

Some receivers use a cold-cathode type of rectificr tube, like the 074
tube, without a heater. It passes current through a gas and glows with a
purple light. Such a circuit is shown in I'ig. 1-8. In this circuit, condenscrs
C-4 and C-5 are filter condensers to reduce hash produced by the gas con-
duction.

ca
0008

/1
RECT
0Z4
L Q N
|
.

TO
¢5 FILTER

VIBRATOT_1> %

|
\ 0008
c2 L
35 VIBRATOR
CHOKE

i

HOT A

Fig. 1-8. Cold-cothode type of outo-rodio rectifier circuit

The rectifier tube output is fed into a standard L-C filter circuit for
smoothing. Auto reccivers rarelv usc a voltage divider. Lower screen volt-
ages arc usually obtained by suitably bypassed dropping resistors.

Synchronous Rectifier. The tvpe of auto-radio power supply just de-
scribed is known as the nonsynchronous type of supply. There is another
tvpe known as the synchronous vibrator type of power supply. This type
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depends for its opcration on mechanical rectification by the vibrator and
therefore does not require a tube rectifier. A simplified circuit for such a
power supply is shown in Fig. 1-9. Note that this vibrator has four vibrator
contact points.

BUFFER
/ CONDENSER
+
5y 0
P = II}—
cl 1a
P— t LOAD

Fig. 1-9. The synchronous vibrotor of on outo rodio

Three-way Portable Receiver. The thrce-wayv portable receiver is onc
designed to be used on cither an a-c line or d-c linc, or to be sclf-powered
by batteries. The changeover is performed by a switch. The tubces used arc
of the filament-heater type and require a heater voltage of 1.4 volts. Some-
times the output tubce is operated at 2.8 volts, with the two halves of its
hcater connected in series rather than in parallel.

The filaments arc usually connected in scries when operated cither from
the batterics or the lines. When the recciver is operated from the batterics,
the circuit is straightforward: B batterics furnish the platc and screen
voltage supplics; the A battery furnishes the filament voltage. When the
receiver is switched to a-c or d-c¢ line supply, various intcresting factors arisc.

Use on the power linc requires that the line furnish both the B supply
and the A supply. For the B supply, the common a-c/d-c supply with its
half-wave rectifier and an R-C filter is employved. For the A supply the
same rectifier is used with a different R-C filter.

A typical threc-way portable power supply is shown in Fig, 1-10. The
80-mfd condenser is the input filter condenser for both the A and B sup-
plv. The scrics of resistors in the A-supply string serves a special purpose,
'The audio-output tube is usually at the positive end of the series filament
string in order to obtain grid bias from the drop across the rcmaining
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filaments. As a result, the plate current of the output tube must flow
through the filament string. This condition would overload the filaments
of the other tubes.

ILB4 ILNS ILA6 ILNS ILH4

27
AN——
2,600 L
1,500 1,500 470
3,300

TO PLATES
- AND SCREENS

! —
0
- A+ 8-~ B+  ON-OFF

Fig. 1-10. A typical three-way portable radio power supply

The resistors in Iig. 1-10 act as equalizers to maintain proper voltages
across the filaments. The voltage drop of the other tubes furnishes bias
for the power tube. Bias for these tubes in turn is obtained partly from the
avc line, and partly from grid-return connections going to various voltage
points on the filament string.

Another variation of this basic circuit is shown in Fig. 1-11. A 11726-GT

3900
HrzZ6 6T
20

.
1225 1225

Fig. 1-11. A three-way portable radio power supply using a 117Z6-GT rectifier. Battery switching
is omitted to simplify the circvit
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tube replaces the 35Z5 tube. A slightly different A-supply and B-supply
filter is shown, but the principle of operation is basically the same.

Still another interesting variation is the one shown in Fig. 1-12. Tlere,
a sclenium rectifier replaces a tube rectifier. The selenium rectifier should
usually last a very long time in operation. Following the rectifier is a
standard R-C filter to furnish the B supply. The rectificd voltage past the

1900

40

BATT 8+
(-]

oLD

NEW

ECONOMIZER
SWITCH

Fig. 1-12. A three-way portable radio power supply using a selenium rectifier

sclenium rectifier is then filtered and sent to the series string of filaments.
The resistance network around the heaters once again acts as the voltage
cqualizers. The economizer switch is a device to extend the life of the
A battery. When batteries are new and voltage is high, current drain is
dropped through the 33-ohm resistor. When batteries arc old and voltage
is lower, the resistor is shorted out.



General Servicing Procedure

The Serviceman Needs a Procedure. The fellow who cnjovs the solv-
ing of a puzzlc or a problem could ask for no more pleasurable challenge
to his time or cnergy than radio servicing. If the recciver defect is a tough
nut to crack, so much the better—especially if it is solved.

But do not get any ideas that the professional radio serviceman with
his own business is a fcllow who spends his time enjoving the solving of
problems. The necessity of making his business a profitable onc adds a new
factor which he must ncver overlook. 11e must not only solve radio-service
problems, but he must solve them cfficiently. The defect must be found
and repaired with the greatest possible speed. It is not that the customer
wants his receiver returmed to him within the hour. Rather, it is the need
for time to handle the great quantity of service jobs coming into a suc-
cessful shop that makes efficicney the keynote.

Did vou cver sec a skilled technician like an oil-bumecr serviceman
handle a job? Ilc secmed so sure of what he was doing and what the next
step must be. You had the feeling that here was a man who knew his job.
If vou could look into the mind of the technician, you would see an cfh-
cient sizing up of the situation, and a dcfinite approach procedure for solv-
ing the defect. For the skilled radio serviceman the situation is similar,
except that there is an even greater need for a defnite procedure because
of the complexity of the problems that he tackles.

Professional Servicing Procedure. The profcssional radio serviceman
could in many ways be compared with a doctor. The scrviceman cures
ailing reccivers, just as the doctor curcs ailing persons. The procedures of
the two are very similar.

14



General Servicing Procedure 15

When the doctor receives his patient, he inquires as to past and present
complaints. This is cssential for getting the physical history of the sick
man. As the patient talks, the doctor looks for outward clues. Later, the
doctor will make a morc thorough cxternal examination. Then, on the
basis of complaints and external clues, he performs some directed tests on
the patient. Once the ailment is diagnosed, the doctor prescribes a cure.
And finally, a short time later, the patient rcturns for a checkup to make
surc that the ailment is gone.

Ll. Listen to the customer’s complaint. |

i

I}. Confirm the customer’s complaint. J

i

l3. Inspect for obvious external clues.

i

4. Perform directed tests:

Test instruments:

i K 1 f cir-

a- Afulhme’er. a. Isolate the defective section. n.:w eddgefo cu:
b. Signal generator. b. Isolate the defective stage. ;‘;I s an of po’s:p
e causes for the

& UMD Ul | ¢ lsolate the defective circuit.

| defect limi-

meter. d. Isolate defective components. i .I

d. Signal tracer. nate some steps in
e. Cathode-ray l this procedure.

ill b
S — 5. Correct the defect:

a. Repair or replace defective components.

i

6. Air check:
a. Check that defect is gone.
b. Check that no new defects exist.

i

7. Determine the service charge.

Fig. 2-1. Summary of the professional servica procedure

The professional serviceman follows a similar procedure, modified by
the nature of the medium that he handles. This service procedure is sum-
marized in Fig. 2-1. The mastery of this procedure will enable the service-
man to tackle his job with cfhiciency and with the fecling of self-assurance.
Let us analyze the various steps in more detail.

Customer’s Complaint. The customer’s complaint is the beginning of
the servicing cycle. A recciver is referred to the serviceman because the
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customer is not satisfied with its performance. The complaint can be, and
very often is, the first clue in the diagnosis of the defective condition. But
the untrained customer must not always be considered as infallible in the
description of a complaint. Often what irritatcs the customer may be
only onc condition in a group of conditions and may not bc the best
clue as to the defect.

Asking Questions. It becomes nccessary to cross-cxamine the customer
—politely, of course. The serviceman should first determine how long the
complaint has existed and how it developed. This is part of the case his-
tory. Somctimes, the serviceman will find that the complaint always cxisted
and was inherent in the recciver design. Since it is not wisc to redesign a
receiver, customer cducation as to the limitation of his set is all that can
be done.

The serviceman should also inquirc about previous service work for
earlicr complaints. This history may point to dcfects crcated by somc in-
expert technician. And finally, pointed questions should be asked about
the opcration of the receiver in other respects on the basis of suspected con-
ditions.

Purpose of Questions. This qucstioning serves several purposcs: First,
it draws forth a morc complete picture of the defective operation and
thercby helps to localize the defect. Sccond, the serviceman begins in this
procedure to develop a hypothesis as to the nature of the defect, so that
he may go directly to what he considers to be defective. And finally, the
psvchological effect on the customer is to give the impression that this
serviceman is approaching the problem systematically and professionally.

Confirming the Customer’s Complaint. Of coursc, too much time can-
not be consumed in this questioning. The serviceman soon procceds to
confirm the customer’s complaint. To avoid later complications as to the
service charge, it is wisc for the serviceman to point out to the customer
any other conditions of defective operation that may require scrvicing, n
addition to thosc described by the customer. Both must know cxactly
what the complaint is that the serviceman is contracting to remedy. The
serviceman is now rcady for the next step—the cxamination of the re-
ceiver for obvious external clues.

Looking for Clues. This search for cxternal clues becomes more sys-
tematic and cfficient as the serviceman gains more and more cxperience.
He scarches with his cyes, cars, nosc, and sense of touch. The odor or feel
of an overheated component can be an important clue. The serviceman
looks for broken conncctions, for components accidentally being grounded
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out, for lcads improperly dressed so as to pick up unwanted signals, for
tubes out of sockets, for disconnected tube grid caps, for tubes that do not
light, for mechanically damaged components, and similar conditions that
do not call for an cextended scarch or for controlled and directed tests.

The first examination should be made on top of the chassis, becausc
it is easicr to do so and because it can often be done without removing
the chassis from the cabinet. If no defective condition is found, it becomes
nccessary to continue the examination on the underside of the chassis. Of
course, the chassis must be removed from the cabinet to get to its under-
side.

The purposc of this examination is to find an obvious condition that
starcs the serviceman in the face. If no clue as to the cause of the defective
opcration is found, the serviceman then resorts to a svstematic isolation
procedure by means of dirccted tests. Since these tests vary in accordance
with the type of complaint, we should first classify defects with this point
of view in mind.

Types of Complaints. The scrviceman must have a clear picture in mind
of the cxact nature of the condition which makes the receiver one in need
of servicing. Such a picture guides him both in his scarch for obvious ex-
ternal defects and in his dirccted tests. It guides him in drawing upon his
service information for the solution of the problem.

A list of the most common conditions of recciver misbehavior is tabu-
lated in Fig. 2-2. On the basis of the customer’s complaint and his own

1. Dead Receiver—The receiver is completely inoperative, giving no signal output at the loud-
speaker. Tubes may or may not light.

2. Weak Reception—The receiver gives a weak output at the loudspeaker and may fail to re-
ceive some stations.

3. Hum—The receiver emits a steady low-frequency audio note of higher than normal level
with or without an accompanying station signal.

4. Oscillation Squeal—The receiver emits a steady high-pitched audio squeal with or with-
out an accompanying station signal. A variation is motorboating, where a low-frequency put-
put sound is heard.

5. Noise—The receiver emits the station signal simultaneously with annoying unintelligible
irregular sounds not originating at the station.

6. Distortion—The receiver reproduces the audio signal from a station in a form quite dif-
ferent from its source, and usuvally in an annoying form.

7. Intermittent Reception—The receiver intermittently falls into any one of the other defects
and then returns to normal.

8. Station Interference—The receiver gives response from two stations at the same time or
produces squeals and distortion due to interaction between two stations.

Fig. 2-2. Common conditions of defective receiver operation
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confirmation, the serviceman should automatically choose the condition
from his list that fits the facts. This step alone will climinate parts of the
receiver as the cause for the defective condition.

In the various chapters on recciver defects, the complete approach to
their solution will be given in greater detail. They will begin with the
search for cxternal clucs and proceed from there to the directed tests for
component isolation.

Making Repairs in Customer's Home. Often the cxternal clues will
be sufficient to indicate the cause of defective opcration, and repairs can
be made immediately in the home of the customer. If merely tubes are
weak, they ought to be replaced with new ones.

A customer may object to replacing several tubes. Under such circum-
stances, the wise serviceman will replace the poorest onces, but he will also
explain to the customer that there arc other weak tubes that ought to be
replaced. Such explanation saves embarrassment if the recciver gocs bad on
that account a short time later.

The scarch for external clues should not consume too much time. With
a little cxperience, you can perform the search within a few minutes. As
a result of the inspection, vou may be faced with a question: Should the
recciver be taken to the service shop, or should it be repaired in the cus-
tomer’s home?

Taking the Set to Your Shop. If the repair job requires any considerable
amount of time, it should be taken to the shop, since it is not advisable to
convert the customer’s home into a workroom where conditions for work-
ing may be poor. Of course, where external clues fail to disclose the de-
fect, the receiver must go the shop’s workbench for further isolation pro-
cedures.

If the receiver is a small model, it is taken with its cabinet to the shop.
But if the receiver is of the large console type, remove the chassis and loud-
spcaker from the cabinet and take only them with you. All nuts, bolts,
washers, screws, etc., should be placed in an envclope and be left in the
recciver cabinet in the customer’s home. Knobs should be kept on their
shafts for manipulation while testing.

As vou preparc to lcave with the customer’s treasured posscssion, the
customer usually asks in a troubled tonc about the cost. 1le might not
think it worthwhile to spend $8 to repair a receiver for which he paid $14.
It is wisc for you to withhold any quotation until you arc certain about
what must be done. Inform the customer that vou will give him a price in
a day or so and will then proceed with the repair if he so desires. But never
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repair the receiver without first giving the customer an approximate cost
and obtaining his approval.

If the defect is duc to some inherent weakness in recciver design or duc
to a particular locality and cannot be repaired, explain in simple language
why the defect cannot be fixed. The customer will usually be satisfied.

Place of Know-kow and Experience in Servicing. Two factors distin-
guish the beginning serviceman from the cstablished one. One is an un-
derstanding of how the receiver and its various components work normally,
as well as how they break down. The sccond factor is simply cxperience.
Together these factors shorten servicing time and thercforc make for
greater assurance of success.

As vou lcarn to repair more and more receivers, vou will establish the
places where certain models of receivers arc liable to fail. With more ex-
pericnce you will lcamn to differentiate between hum, noiscs, squeals, and
so forth. These audible sounds defy description on paper, but arc soon
lcarned through repeated hearings and provide excellent clues for finding
the defect.

Just remember that having lived through an experience is in itself not
valuable. You must lcarn to treat experiences as learning techniques which
must be recorded and classified for repeated use. In a later chapter, we
shall scc how you can systematically build up such a valuable servicing ex-
perience.

Value of Reasoning. 'Ihc understanding of how reccivers and circuits
work can also shorten servicing time. Such an understanding, however,
goes beyond the mere reading of a book. It is a functional understanding
that is the combined result of reading and cxperimenting. It is the type
of understanding that has cntered your ncrvous system and lics ready to
spring into your reasoning process when triggered by a real service problem.
Radio servicing is simply problem solving, and it requires the application of
rcasoning at cvery step.

Let us sce how such an understanding can help in reducing the time
consumed in localizing a defect. In Tig. 2-3 is the block diagram for a
basic supcrheterodyne receiver, with signal waveforms shown at various
stagcs.

All stages before the sccond detector make up the rf section; all stages
after it make up the a-f section.

Example of Dead Set. Suppose this sct is dead when brought in for
scrvicing, and is of the universal a-c/d-c type. This mcans that the tube
hcaters arc connected in series. If the scarch for external clues discloses
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nothing and the tubes are found to be good even though none are lit. you
must examine the complete heater circuit. This examination starts at onc
terminal of the line-cord plug and works back to the other terminal of the
plug. If the heater circuit includes a line-cord resistor in serics with the
tubes, you must check to be certain that this resistor too is not open.

MOD MOD
MOD 2 I'F
MOD  R-F
R-F MIXER I-F DET 1S Znoe
= UNMOD
W R-F
LOCAL
0sC.
f POWER
SUPPLY

Fig. 2-3. Block diagram of a superheterodyne receiver with signal waveforms

If the a-c/d-c recciver is decad and onc or two tubes do not light, you
should suspect a cathode-heater short in onc of the tubes. Figure 2-4 shows
how a cathodc-heater short in the converter tube would short out the de-
tector-first a-f tube heater. The condition would further be confirmed by
the heaters of the other tubes glowing brighter than usual because of in-
creased voltage across them.

2ND SHORT  per
RECT A-F 1-F CONV IST A-F
N\ A\ L /\
FEEDBACK
COIL

oo

Fig. 2-4. How a cathode-heater short in the converter tube shorts out the first o-f detector tube
heater

Example of Set That Hums. Understanding of circuits can be helpful in
checking the source of hum. Since the prime function of the filter con-
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densers in the power supply is to remove hum ripple, you check them first
when hum is present, especially if the B voltage is low at the same time.
If you suspect open condensers, shunt across them with good condensers
of about thc same capacitance and listen for hum climination. If vou
suspect that the filter condensers arc partially shorted, unsolder one lcad of
cach condenser and substitute similar good oncs. Again, listen for improve-
ment.

If the rectifier-tube plates become red hot, and the power transformer,
if present, becomes overly hot, vou may suspect that the input filter con-
denscr is partially shorted. This rcasoning comes from an understanding
that such a short would draw too much current through the rectifier tube
and the power transformer. You would be cven more certain if distor-
tion were present at the same time, because a partially shorted input filter
condenser would cause a low B voltage for the plate of all other tubcs.

If hum appears only when a station is tuned in, begin vour search in
the r-f section of the receiver. If hum is present for only onc station, vou
would suspect that it is a condition of the broadcasting station for which
nothing can be donc by the serviceman. The condition may be checked
with another recciver tuned to the offending station. If the hum is hecard
all over the tuning dial, on and between stations, direct vour attention to
the a-f section of the recciver and to the power supply.

If the hum comes in only when a station is tuned in, vou will also look
for an open power line filter condenser.

Example of Oscillating Receiver. Now take the oscillating rccciver.
If the tuning of the recciver affects the pitch of the oscillation note
slightly, the r-f scction of the receiver is suspected. Often, bringing the
haiid near cach r-f tube will cause an oscillating stage to change the pitch
of the oscillation note and the defective stage is located. This check will
not be used, of course, on the oscillator tube of a superhcterodyne.

If the pitch of the squeal is not affected by tuning, pull out the last if
tube. Now if the oscillation squeal does not ccase, confine vour attention
from the sccond dcetector through the audio-frequency section. A high-
pitchied oscillation squeal directs attention to the plate bypass condensers of
the output stage.

If the oscillating note is of a low-frequency motorboating type, look for
an open output filter condenser in the power supply.

Example of Distortion. \When distortion is the complaint, check the a-f
section of the receiver, because distortion usually originates in that sec-
tion. A rubbing voice coil will cut out the low-frequency notes and pro-
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duce poor tone. Short-circuited or leaking coupling condensers are a fairly
common cause of distortion. If the distortion is accompanied by hum or
oscillation or weak signal, check the output filter condenser of the power
supply.

Example of Weak Receiver. Knowing the function of a part in a receiver
and the operation of the different circuits aids the serviceman in his search
for defects, because he can analvze what happens when the parts or cir-
cuits are defective. Let us examine the analysis of the weak receiver. If the
signal output is weak for both local and distant stations, the receiver sen-
sitivity is probably good. If a tuning eve or tuning meter is present and is
functioning normally, direct vour attention to the a-f scction of the re-
ceiver.

[f distant stations arc not reccived while local stations are received, the
rcceiver sensitivity is probably poor. Inspect the r-f section of the receiver,
cspecially if the tuning eye or tuning meter (if present) does not operate
properly. If this same defect exists, but background hiss is present, the r-f
section is probably good. You then suspect that there is little signal input.
A likely culprit is an open primary in the antenna transformer.

Poor sensitivity could be caused by misaligned trimmer condensers.
When poor sensitivity is present but the tuning dial tunes at the proper
scttings, the oscillator trimmers are probably all right. You then check the
antenna trimmers and the i-f trimmers. If the tuning dial scttings arc off,
complete realignment is called for. If the trimmer cannot be peaked, all
their associated tuning circuits must be checked.

When hum or oscillation or distortion accompanies poor sensitivity,
check the output filter condenser of the power supply.

Example of Interference. When the complaint is station interference,
vour thinking will be conditioned by the naturc of the interference. Im-
proper receiver alignment could cause broad tuning and lack of sclectivity.
You should try peaking the trimmers to improve reception. If squeal oc-
curs only on onc or two stations, vou will rcadily suspect image-frequency
mterference. Try cither changing the i-f trimmer frequency slightly or in-
stalling a wave trap. If code interference comes in all over the dial, vou can
assume a code station operating at the intermediate frequency of the re-
ceiver is the cause. An i-f wave trap then is installed.

Example of Intermittent Trouble. 'The intermittent condition is not an
casy onc with which to reason. The only guide is the condition that is in-
termittent. If hum is intermittent, then whatever causes the hum must be
investigated from the point of view of not being a constant condition.
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Very often, rcasoning will disclose the defective condition immediately and
make further isolation unnccessary. When a receiver is brought to the serv-
icc bench, vou have the culprit in home territory. Ilere, you know how
much noise pickup vou normally have. You know the interference con-
ditions of the arca. You know the normal strength of signals of most sta-
tions. The comparison of opcration of the receiver on your bench and in
the customer’s home may point to a cause of poor operation.

The examples just given show how little additional knowledge is needed
to locate defects by logical rcasoning the professional way. The step-by-
step procedures for doing this will be presented in the chapters on rc-
ceiver dcfects.

When to Stop Guessing. Ilow much time should vou spend in trving
to reason and check for a suspected defect? The answer is only so long as
is necessary to check what vou believe is the most likely cause. Otherwise,
vou will fritter away valuable time making guess after guess. It would be
much wiscr for you to embark on recognized isolation procedures at once
after vour first guess failed to find the defect.

Of coursc, rcasoning docs not cease because isolation procedures have
begun. On the contrary, it accompaniecs and directs every step in such iso-
lation procedure with the purpose of shortening the time necessary to find
the receiver defect. Isolation procedures are mercly rcasoning by the serv-
iccman, assisted by test instruments which he uses in controlled experi-
ments to detect the clues.

Performing Directed Tests. At all timcs, you must try to narrow down
the area of investigation within the recciver in the shortest possible time.
If there are no external clues and reasoning fails to disclose the defect,
start making tests. These tests are not aimless ones but are dirccted toward
disclosing clues which are normally not cvident.

Some of these tests require specialized professional servicing instruments.
Others require simple checks or no instruments at all. In some cases, signal
generators, vacuum-tube voltmeters, multimeters, or similar instruments arc
utilized. In other tests, the signal chain from the antenna to the loud-
speaker is interrupted so as to make some stages of the receiver inoperative.
This type of test then checks the operation of the remaining stages which
have not been made inoperative.

In still other tests, circuits will be shocked into producing voltage surges
which travel down the signal chain from the shocked circuit to the loud-
speaker. If the shocking input points are carried from the loudspeaker back
towards thc antenna, a defective stage may be found when the voltage
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surge produced fails to reach the loudspeaker. You will receive detailed in-
structions for various test techniques in the later chapters of this book.

Choosing the Best Test. The choice of the type of test that vou will per-
form dcpends on vour available instruments, the nature of the defects, and
vour own personal preference. However, vou must develop a sufficient flexi-
bility in vour technique to be able to call upon any onc procedure which
will be directed at locating the defect.

The circuit-shock procedure is cffective for a dead receiver. It depends
on the fact that any sudden change of plate current in a tube produces a
voltage surge which is transferred through the signal chain to the loud-
spcaker, where it produces a click or growl. The procedure is to work
back from the loudspcaker toward the antenna. When no responsc is
heard, a defective stage is found.

Circuit shocks may be produced by removing grid caps, removing tubcs,
shorting a control grid momentarily to the tube cathode, touching the
socket grid terminal, shorting the tube cathode momentarily to the chassis,
and so forth. Any proccdure that causes a sudden plate-carrent change will
do the trick.

Making a stage inopcerative is cffective in locating hum, noisc, or oscilla-
tion squcal. For a-c receivers, start at the mput of the receiver and remove
tube after tube as you move toward the loudspeaker. When the removal
of onc tube climinates the defect, the defective stage is located.

In universal a-c/d-c rcecivers and battery reccivers, this procedure for
making a recciver inoperative cannot be used. Instead, a 0.5-mfd condenser
is used to short out the control-grid input circuit of cach tube and thereby
to make the stage inoperative. As before, the test is made from the receiver
input toward the loudspeaker until the defect disappears. If the input grid
circuit of the output tube is shorted out and the defect still persists, the
output stage and power supply are investigated. In this test, vou must be
on guard for hum, noisc or oscillation that sncaks around the blocked stage
through some common coupling.

Choosing the Best Measuring Technique. The signal gencrator is used
in a signal-substitution technique for diagnosis of a decad receiver, or of a
weak recciver. A signal similar to that existing at a particular stage when
the receiver is normally tuned in is injected by the signal gencrator at that
stage. The loudspeaker or an output meter is the output indicator.

Signal substitution begins at the loudspeaker and works back to the an-
tenna. When no signal rides through to the output indicator, the defective
stage is found. Since cach successive stage from the antenna except a
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diode detector amplifics the signal, less and less signal-generator input is
required. Therefore, when a lowered signal-gencrator input, as we move
back, fails to give a loud response, a weak stage is found.

The signal generator is also used to check alignment. When a fixed signal
input from the signal generator gives an output which may be increased by
varving the trimmer condensers, rcalignment is indicated. Where the out-
put indicator is a cathode-ray oscilloscope, stages producing distortion may
be located by obscrving it.

The signal-tracing technique is similar to the signal-substitution method.
A modulated r-f signal is introduced at the antenna by means of a signal
gencrator. The character of the signal is inspected by mecans of somce in-
dicator like a vacuum-tube voltmeter or cathode-ray oscilloscope, stage by
stage, from the antenna to the loudspeaker. At cach stage, the indicator
may show an inoperative stage, or onc causing noise, hum, distortion, weak
signals or intermittent operation.

For testing ave operation, a voltmeter of high sensitivity or a vacuum-
tube voltmeter may be connected from the ave bus to the chassis. Proper
avc voltage and ave voltage variation, as the recciver is tuncd from station
to station, may be obscrved.

Isolating the Defective Part. Once vou have localized the defective
stage, vou arc like the hunter who has corncred his quarry. The last mcas-
ures nccessary for the kill arc taken. Test the tubes in that stage if yvou
have not alrcady done so. Then, vou may measurc voltages with a volt-
meter to dctermine the defective part, or you may use your ohmmeter
to determine open circuits or short circuits of components. The remaining
technique of replacement or repair is more or less routine.

In the next few chapters of this book, the various isolation procedurcs
for standard receiver defects will be given in more dctail. After these pro-
cedures arc fully learned, vou can become quite cfficient as vou build up
vour storc of expericence.

Section Isolation. \When getting started, vou will probably begin your
scrvice procedure by checking each stage. But as your experience grows,
vou will find your speed increasing if you can localize the defect to a sce-
tion of the recciver, thereby ruling out some stages for check.

Take, for example, an inoperative superheterodyne receiver. An audio-
frequency signal is introduced at the ungrounded end of the volnme con-
trol. This point is the input of the a-f scction of the recciver. Normally,
the note should be heard loudly and clearly in the speaker. If the audio
notc is not heard, the defect lics between this point and the loudspeaker.
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Of course, this check presupposes that the power supply had been checked
and found to be good. A simple voltage check at the output of the power
supply would determine if all is well in the power supply.

Instead of the signal generator, you could have placed the tip of a
plugged-in soldering iron or a wet finger on the ungrounded terminal of
the volume control. If the a-f section of the receiver is in good shape, a
very strong growl is heard in the loudspcaker.

When the power supply and a-f section of the receiver have been found
to be good, you move back to the converter tube. The signal generator is
made to fecd a modulated signal at the intermediate frequency of the
recciver to the mixer grid. If the modulation note is not heard in the loud-
speaker, the trouble lies in the if amplifier or the detector stage. At this
time, you may increase the output from the signal generator and may
wobble the generator frequency control around the intermediate frequency
to see if the i-f trimmers are misaligned.

If the modulation note is heard, the i-f amplifier and detector are pre-
sumed to be functioning. Without changing the signal-generator connec-
tions, shift the receiver tuning dial and the generator frequency control to
600 ke, the latter being audio-modulated. If the modulation note is not
heard, the oscillator section is not functioning. If the modulated note is
heard, stages before the converter may be assumed to be defective.

Other Shortcuts in Locating Trouble. Simple directed tests may be used
for other defects. If the defect is hum or oscillation squeal, you can make
the last i-f amplifier tube inoperative by pulling out the tube or by short-
ing out the control-grid input circuit of the tube. If the defect disappears,
the defect is probably in the r-f scction of the receiver, since that section
has been cut off from the speaker. If it does not disappear you may reason-
ably suspect the a-f section or the power supply.

If rotating a volume control to its minimum volume setting reduces
hum, noise, or squcals from the recciver, an r-f defect is indicated. Other-
wise the defect lics in the a-f scction or power supply. Do not fail to check
the volume control itself for thesc dcfects.

If the receiver has a tuning indicator, like an electron-ray tuning indica-
tor, and it works normally, the r-f scction, detector, ave, and power supply
arc probably functioning properly. If a tuning indicator is not present, a
voltmeter with high sensitivity may be connected from the ave bus to
chassis to get the same cffect.

Stage Isolation. When vou have limited the defect of a receiver to a
particular section, procecd to narrow the defect down to a particular stage.
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Once again, the technique depends upon the complaint, the available test
instruments, and vour own preferences. If the defect can be localized to a
scction of the recciver, begin vour stage-isolation procedure in that section.
Otherwise, an over-all stage-by-stage testing technique must be followed
in order to locate the defective one.

Component Isolation. Once the defective stage is found, you must nar-
row the defect down to the one or two defective components in that stage.
In this step, the multimeter is the serviceman’s constant companion. The
voltmeter and ohmmeter share honors in locating short circuits, open
circuits, resistances that have changed, or any other defective condition.

In using these instruments, you must remember that voltage mcasure-
ments are made with the receiver energized. Ohmmeter measurements are
made with the power off. Also, d-¢ voltmeter polarity must be watched,
and proper ranges used for both instruments. The voltmeter sensitivity
must be kept in mind when making voltage mcasurements in order to in-
terpret the results properly.

In checking components, vou will be helped considerably if vou know
how components can become defective and which are most likely to go
bad. You should also look for conditions where one component goes bad
and makes an adjacent component go bad. For example, a defective
cathode resistor might ruin an accompanying bypass condenser.

Defective Components in Receivers. Components that become defective
in a radio receiver, in their order of frequency of breakdown, are tubcs, con-
densers, resistors, and coils. A more complete listing is given in Iig. 2-5.

Items Becoming Defective Frequency of Defect
Tubes 60%
Filter condensers 10%
Bypass condensers 9%
Resistors 5%
Voice coils 4%
Bad connections 3%
Volume controls 3%
Output transformers 2%
Coils 1%
Bad contacts 1%
Power transformers 1%
Others 1%

Fig. 2-5. Table showing per cent of times various defects occur in radio sets

This list may serve as guide in checking for defective components in a
particular stage.
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It would also be helpful for vou to have an understanding of how various
components develop defects, and how they may be checked. The follow-
ing lists give such a component analysis:

Tubes

Condition

How Checked

Low emission.
Open heater.
Shorted electrodes.

Cathode-heater leakage.

Tube checker.

Tube checker; chmmeter.
Tube checker; chmmeter.
Replace with new tube.

Gassy tube. | Replace with new tube or measure voltage across grid resistor.
Condensers (Electrolytic)
Condition | How Checked
Short. Ohmmeter check.
Leakoge. | Ohmmeter check; try reversing leads and take larger of two readings.
Substitution of good condenser.
Open. | Shunt with similar good one in receiver while in operation.
| Substitute good condenser.
Condensers (Paper and Mica)
Condition How Checked
Shart. Ohmmeter check.
Open. Shunt with similar good one in receiver while in operation.
Leakage. | Open one lead and check with ohmmeter.
Condensers (Tuning and Trimmer)
Condition How Checked
Shorts. Open connections to condensers and check with ohmmeter. Rotate dial

Leakoge due to dust.

Poor contacts.

while checking.
Blow aut and observe operation.

Clean wiper contacts and observe operation on tuning condensers.

Resistors (Fixed)

Condition

How Checked

Changes in resistance.

Open.

Open one lead and check with ohmmeter.
Open one lead and check with ohmmeter.

Resistors (Variable)

Condition

How Checked

Uneven contact.
Open.

Move contact arm and observe noise or intermittent operation.

Check with ohmmeter.

Coils and Transformers (Air-core)

Condition

How Checked

Shorted turns.
Open.

High resistance due to cor-

rosion.
Lowered Q.

Ohmmeter check; difficulty in aligning trimmers.
Ohmmeter check.
Ohmmeter check.

Broad trimmer adjustments.
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Coils and Transformers (lron-core)

Condition How Checked
Shorts. | Ohmmeter check in some cases; overheating. Substitution of part.
Open. | Ohmmeter check.

Loudspeakers

Condition | How Checked
Open voice coil. Disconnect one lead and check with ohmmeter.
Speaker-field defects. (See iron-core coils). Test for magnetism with iron rod.
Off-center voice coil. Push cone in and out and feel for rubbing.
Grounded speaker field. | Ohmmeter check between coil and frame.
Cone defects. Visual inspection.

Defective spider. Visual inspection.

Switches
Condition | How Checked
Ogen. »1 Ohmmeter check.
High-resistance contact. | Ohmmeter check.
Sockets
Condition How Checked
Leakage. Visual inspection.
Shorted prongs. Ohmmeter check.
Open prong contact. Visual inspection.

Connections

Condition [ How Checked
Open. | Ohmmeter check; moving leads.
Shorts. | Ohmmeter check; moving leads.

The list just given will hasten the job of locating a specific defect. Once
a defective component is found, a question presents itsclf to the service-
man. Should he repair the defect or should he replace it?

Correcting the Defect. When thc defect is one where repair is simple
and is not likely to cause a reoccurrence of the defect, then repair is in-
dicated. Where repair is impossible or is unlikely to be permancnt, re-
placcment with ncw and similar parts should be made. Where replace-
ment involves a fairly expensive part, call in the customer and explain why
replacement is superior to repair.

In replacing resistors and condensers, cxact replacements are usually not
nccessary, unless space requirements make it so. Condensers with higher
voltage ratings and resistors with higher wattage ratings may normally be
used. As for resistance and capacitance valucs, the replacement part may be
as much as 20 per cent different from the original part. Of course, vou
will be playing safe with an exact replacement.

Air Check. After the recciver has been repaired, you must subject it to
an air check. This check is mercly that of operating the receiver for a fairly
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long period of time. It assures the serviceman that all the customer’s com-
plaints have been removed and that no new defects have resulted from the
repair.

The set is turned on and the tuning dial is rotated to a non-station posi-
tion. Listen for hum that is too loud, for noise, oscillation squcal, etc.

The volume control is rotated back and forth to see if noisc results. The
tone control, if present, is rotated while listening to a station to check for
smooth opcration.

The volume control is then sct at moderate volume and the tuning
dial is rotated from 550 ke to 1,600 ke. Check that all stations come in at
the right position of the dial. Obscrve sclectivity by noting the amount of
dial space covered by each station. If a strong local station covers 30 ke
of the dial, sclectivity is poor.

Listen for tonc quality by listening to speech and music. Each should
be clear and crisp. More of the low tones should be heard from a larger
receiver.

Check the receiver power-handling ability by tuming the volume con-
trol on full. Distortion and rattling should not occur for a large speaker.

Finally, all switches are checked for proper operation and control. You
may then feel certain that your customer will be satisfied.

The Service Charge. The last step is the determination of the service
charge. It is advisable to compute this as soon after the air check as pos-
sible. At this time, you know specifically how much time was spent and
what parts were replaced. A record of both items as well as a case history
should be kept in your notcbook. Where a customer balks at the price, an
itemized listing is the soundest argument.

In the next few chapters of the book, specific and detailed techniques
will be presented for the various recciver defects. The overview picture just
given in this chapter will enable you to fit the following chapters into their
proper setting and gain a greater easc and skill in servicing.
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Receiver Is Dead. The customer will on occasion report that his recciver
is dcad. Such description merely means that the receiver is not giving the
desircd output, in fact is giving no output. The decad recciver is very much
alive cexcept for onc or two components and will spring into full lifc when
the few defective components are repaired or replaced.

Your job in the case of a dcad receiver is that of localizing the defective
component. It is onc of the easicst problems encountered in radio-service
work because there will be definite and complete breakdown of a com-
ponent resulting in an inoperative stage.

Your only need is a dcfinite and professional procedure for isolating the
defect quickly. The essence of successful servicing is speed. Given the most
mecager training and cxpericnce, any mechanic can locate a defect—if time
is unimportant. But that type of mechanic never runs a paying business or
holds down a job.

Servicing Procedure. The servicing procedurc for the dead receiver is
startcd by listening to the customer’s complaint and confirming the condi-
tion as a dcad receiver. The next step consists of surface inspection of
obvious dcfects. If a quick survey reveals a bumed part or an unlit tube,
vou have a timesaving indication of thc trouble. This inspection should
not consume too much time, since it is an inefficient isolating technique
at its best. With more and more expericnce, vou will consume less and less
time in this step.

Checking Input Power. If nonc of the tubes light, regardless of whether
the receiver is of the a-c or a-c/d-c type, the power source and the input
power circuit up to the rectifier should be checked. Is there voltage at the
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wall outlet? Docs the line plug make good contact at the outlet? Does the
line cord feel limp and soft at anv point, indicating a break? Vulnerable
points arc thosc at the plug and thosc where the line cord enters the chassis.
Is the line fuse, if present, burnt out? Docs the on-off switch operate?
Shorting across the switch will resolve this question.

Isolating the Defect. If no definite, obvious clues are found, vou must
proceed to apply service knowledge and directed isolation tests to locate
the defective stage. These tests will varv somewhat with different types of
reccivers. For this rcason, this chapter will be divided into separate divi-
sions dcaling with the a-c recciver, the universal a-c/d-c receiver, the three-
way portable receiver, and the auto receiver. Many of the tests will be
common to all and will be so described.

After the defective stage has been found, the procedure for isolating the
defective components is the same, regardless of the type of receiver. There-
fore, a description of such procedure for one type of receiver will be ap-
plicable for other types. And also, the final steps in repair procedurc will
be the same for all.

Typical A-C Receiver. The best way to examine the possible causes for
a dcad receiver is to have a standard receiver in mind. Then, any similar
tvpe of receiver can be handled with understanding, especially if its sche-
matic diagram is available.

Figurc 3-1 shows a typical a-c superheterodyne receiver. As we describe
various procedures, it is advisable to keep referring back to this diagram. Be
surc that vou understand the reasons for cach test. Be surc that you can
interpret the results of the tests, so that vou can understand the recason for
the next isolation test. These will be explained as we go along.

Search for External Clues. First look at the tubes. If all the tubes fail to
light, the investigation for external clues begins at the source of power. In-
sert a test lamp into the wall socket and determine if there is voltage. If
there is no voltage, examine the house fuse to sce that it is not blown.
If there is voltage, wiggle the plug in the wall socket to sce that it makes
good contact. If the tubes still fail to light, cxamine the plug to make sure
that the wires are firmly connected under the two screws. Then feel for
obvious breaks in the line cord. This is done by feeling the line for unus-
ually soft spots.

Next, inspect the line fuse -1, if onc is present, to determine if it is
blown. The on-off switch SW-1 is then checked to sce if it is operating
properly. Simply shorting across the switch will disclosc if it is the cause
for nonoperation. If transformer T-7, in addition, smells burnt, determine
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Fig. 3-1. A typical a< superheterodyne receiver
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with a ncon lamp whether the power line is dircct current, which cannot
be used.

Tube Clues. If the tubes do light, cxamine the tubes carefully to see if
any of them arc not lit. In the case of metal tubes where a visual check
is not possible, vou can feel the shell for warmth. Any tube that docs not
light is then tested in a tube checker to make surc that the heater is not
bumned out. If the tubes that do not light are found to be good, mspect
the socket and heater leads to the socket for any defects.

If all the tubes light and arc good, examine the receiver tubes to see if
any grid caps have been disconnected, or if any grid-cap leads are shorted,
thereby grounding out the signal. Determine whether tubes have been
shifted and placed back in wrong sockets.

Other External Clues. Examinc all spccial switches, like phono and
band switches, to scc if they are in their proper positions. \When a speaker
plug is present, make surc that it is fully inserted in its receptacle. A final
inspection should then be made to scc if the antenna is connected to its
proper antenna post, and the ground lcad to the ground post.

The inspection for external clucs is the Icast fficient part of the procedure
for locating defects. It should therefore be reduced to a very short time.
Confine vour cfforts to localizing tests. During this latter procedure, your
scrvice know-how must be directing the tests and interpreting their results.
The greater the application of the service theory, the shorter the time re-
quired for the directed tests.

Isolating the Defective Section. It is often wiscst to perform directed
tests on the receiver at once to isolate the defective stage. Ilowever, so
long as it is not too time-consuming, you should first try to find the de-
fective section, so that stage isolation will be confined to a smaller portion
of the receiver.

Quick Phono Test. If the recciver also has a phono player, vou may turn
to the proxo position and play a record. Since the pickup of the phono-
graph is connected to the input of the a-f section of the recciver, failure
to hear the record indicates a defect in the a-f section or the power supply.
Otherwise, the r-f section is defective.

Quick Tuning-indicator Test. If the recciver has an clectron-ray tuning
indicator (tuning eye), you have another means of localizing the defective
scction. Figure 3-2A shows how a tuning-cye tube is connected in a circuit.

Resistor R is usually located inside the tube basc. The tuning cyce tube
is virtually a vacuum-tube voltmeter connccted to the output of the rf
section of the receiver. In this position, it may give valuable clues as to the
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operation of the r-f section. When a low negative voltage is applied to the
grid of the tuning-cye tube, the eye is opened wide. As the applied volt-
age mcreases the C.\'C narrows dO\\'l].

You first tune the receiver for a station, which is not heard because the
receiver is dead. If the eve closes as in Fig. 3-2B, the rf section and power
supply arc all right, and the defect is in the a-f scction. If the eve does not
close, as in Fig. 3-2C, the r-f section of the receiver is defective. If the cye
shows none of the characteristic green fluorescence, as in Fig. 3-2D, it prob-
ably has no plate voltage, and a power-supply defect is indicated. Of course,
you must be sure that resistor R in Fig. 3-2A is not open.

OUTPUT TO DIODE
IF TRANSFORMER DETECTOR

(B) (<) (D)
EYE CLOSED: EYE OPEN: NO FLUORESCENCE:
A-F SECTION R-F POWER SUPPLY
(—7‘;?,5;’:5’? DEFECTIVE  SECTION PROBABLY DEFECTIVE
R DEFECTIVE

AVC

L Tunine
T  InpicaTOR B+
= TUBE

(A)

Fig. 3-2. A cathode-ray tuning indicator in a circuit, and meanings of indications when the set
is tuned to a strong local station

Quick Volume-control test. Other quick tests may be performed to iso-
late the defective section. For example, the tip of a plugged-in soldering
iron is touched to point 3 shown in Fig. 3-1. Normally a strong growl
should be hcard from the loudspeaker if the volume control is turned up
full. If it is not heard, the defect lies in the power supply or the audio sec-
tion (cvery stage from the point of test through the loudspeaker). If it is
heard, the defect lics before the test point, in the r-f section.

Isolating the Defective Stage. The localization of the defective section
would immediately confine your efforts to only a few of the stages. How-
ever, to give the overall picture, it is best that the check of all stages be
given.

The simplest localization procedure is circuit-shock procedure with the
receiver turned on. Here a stage is disturbed so that there is a plate-voltage
change. This voltage change produces a signal pulse which travels towards
the loudspeaker, producing a click or buzz. In the a-c type receiver, the
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simplest disturbance methods are removing and replacing the grid clip, or
removing a tube from its socket and replacing it.

Shocking the Second A-F Stage. When the second a-f tube is removed,
a click should be heard. If it is not, place a d-c voltmeter across the power
supply output, from point 1 of Fig. 3-1 to ground. A reading of 200 to 300
volts clears the power supply of blame. Otherwisc, the receiver is turned
off, and an ohmmeter check of the components in the power supply is
made. No B-plus voltage, coupled with red-hot plates in the rectifier, in-
dicates a shorted input filter condenser C-30. No B-plus voltage, together
with an overheated rectifier tube, even though the plates are not red, in-
dicates a shorted output filter condenser C-29.

If low B-plus voltage is found and the power supply components are
good, plate and screen voltages of all the tubes should be checked at once
for possible shorts. If the power supply is good, further ohmmeter checks
must be made of the loudspeaker, output transformer, and all components
of the sccond a-f stage, including the tube. Remember that circuit-shock
tests are made with the receiver turned on, while ohmmeter checks are
made with the set turned off.

Shocking First A-F Stage. Remove the first a-f tube. A click indicates it
is operating. If no click is heard, the tube and all its components are tested
with an ohmmeter. These include all components up to the signal grid of
the second a-f tube.

Shocking I-F Stage. If all is well thus far, remove the if tube. A click in-
dicates that everything is normal in the i-f and detector stage. If the click
is not heard, check the i-f tube and its components, the detector compo-
nents, the volume control, and all components up to the first a-f tube sig-
nal grid.

Shocking the Converter Stage. If no defect is indicated, remove the con-
verter tube. Here, the shock test is not so valid, because the click produced
will not indicate if the oscillator portion is working. You might try remov-
ing the rf tube. If this produces a click, the defect is probably in the in-
put circuit to the r-f tube or in the oscillator. These components may then
be checked with an ohmmeter.

If the click is not heard when the converter tube is removed, the tube
and its components should be checked with an ohmmeter. If the click is
not heard when the r-f tube is removed but is heard when the converter
tube is removed, then a defect in the r-f tube or its components is in-
dicated.

Many servicemen isolate defective sections of a stage by measuring volt-
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ages at various points and then checking these sections with an ohmmeter.
Voltage checks arc made with the receiver tumed on. Other servicemen
use the ohmmeter directly, since it will be used eventually,

Stage Isolation with a Signal Generator. A morc professional isolation
procedurc is that in which the signal gencrator is used. A signal, similar to
that present at cach stage when a station is normally tuned in, is injected
into cach stage to produce an audible tone from the loudspeaker. Start
from the sccond a-f stage and work back to the antenna. The first stage
that fails to link up with the signal chain and produce the note is the de-
fective onc.

Signal Feed to Second A-F Stage. Many signal gencrators provide a
400-cycle audio-frequency signal which may be injected into the signal grid
of the sccond a-f tube, as shown in Fig. 3-3 (to test point 2 of Fig, 3-1).
The audio note should be heard loud and clear. If it is not, the power sup-
ply, loud speaker, or any component from the test point to the loudspeaker
is defective.

200-600 OHMS

SIGNAL
GENERATOR o
400 CPS

Fig. 3-3. Injecting an o-f signal into the second a-f amplifier tube. Voltages shown are measured
with d-c voltmeter from test point to chassis

The power supply is checked at once for voltage at its output. For an a-c
sct its d-c voltage should be 200 to 300 volts. If it is not, possible defects
arc a defective transformer or rectificr tube, a shorted filter condenscer, or
an open filter choke.

The loudspeaker is then up for check. A normal low-level hum should be
hecard from it. If it is not, the voice coil or its connections may be open,
thereby receiving no signal. To check this, feed 3 volts from a battery
across the voice coil with the recciver turned on. Failure to hear a click in-
dicates a voice-coil defect.

When checking the voice coil with an ohmmeter, remember to discon-
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nect onc cnd from the output transformer. Many servicemen give the
loudspeaker an over-all check by disconnecting the loudspeaker and con-
necting in onc from their test bench for comparison.

Likely Second A-F Troubles. If all thus far is well, the sccond a-f stage
and its components are up for check. Likely troubles are an open primary
of the output transformer, open wiring between the power supply and the
tube, a defective tube, a shorted plate bypass condenser, or an open cathode
bias resistor. Figure 3-3 also shows typical voltage and resistance measurc-
ments for a second a-f stage. Voltage is given between points indicated and
the chassis.

Signal Feed to First A-F Stage. If all the checks thus far show that the
power supply, the loudspcaker, and second a-f stage are opcrating properly,
move back to check the first a-f stage. A 400-cvcle audio signal from the
signal gencrators is fed to the ungrounded end of the volume control with
the control turned on full, as shown in Fig. 3-4. This point, shown as point

100-170V

DET ROIO
IST A-F AVC
2 10 200
Lo A-F GRID
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Fig. 3-4. Checking the first a-f amplifier stage. Typical voltage and resistance values are given

3 in Fig. 3-1, is the input of the audio-frequency section of the recciver.
If every component from this test point to the loudspeaker is in good shapc
and operative, the audio notc is heard loud and clear. If the note is not
heard the defect is in the volume control, the first a-f tube, or any com-
ponent up to the signal grid of the second a-f tube.

Likely First A-F Troubles. The first and casicst check is that of the tube,
made in a tube checker or made with a substitute tube known to be good.
Sometimes the volume control opens or shorts. This condition would be
indicated if no audio note is hcard from the ungrounded end of the vol-
ume control but is heard when the hot lcad of the signal generator is ap-
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piicd to the grid of the first a-f tube. Condenser C-25 rarcly gives troublg;
sometimes, however, it may open and should be checked by bridging with
another good condenser. A defective volume control is best replaced rather
than repaired.

The plate resistor R-16 may open. This condition would be indicated
when the audio signal from the gencrator applied to the first a-f tube plate
produccs the audio note, but fails to do so when injected into the first a-f
tube grid.

Coupling condenser C-16 may open. This would be indicated when the
a-f signal from the generator produces the note from the sccond a-f tube
signal grid but fails to do so when injected into the first a-f plate. Bridging
the condenser with a good onc would clear the defect.

The last check is for open leads to the power supply. This check is made
with the voltmeter and ohmmcter when defective components are sought.
Figurc 3-4 also shows typical voltage and resistance mcasurcments for a
first a-f stage.

Checking A-F Section with Modulated I-F Signal. If the signal generator
makes no provision for an audio-frequency signal, a variation in the checks
must be made. The hot lecad of the signal gencrator is connected to the
plate of the last if tube, and the generator is sct for a modulated signal at
the intermediate frequency of the receiver, as shown in Fig. 3-5. If the tone

SIGNAL GENERATOR
. MOD I-F SIGNAL

ATTENUATOR FULL ON
—4 (—\

?

AvC

IMEG c2a |
500,000 TO IST A-F

Fig. 3-5. Injecting an a-f signal into the audio section when no pure a-f output is available
from the signal generator. Typical voltage and resistance values are also given. For iron-core i-f
transformers, primary and secondary resistances are 5 to 15 ohms
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is heard frem the loudspeaker, the second detector and audio section are
good. If no tone is heard, the bad stage is isolated with a set of earphones
whose leads are connected in series with 0.05-mfd condensers, shown in
Fig. 3-6A.

One phone lead is connected to the chassis and the other to the first a-f
plate, as shown in Fig. 3-6B. If the modulation note is heard in the phones,
the first a-f stage is good; otherwise it may be defective, depending on the
condition of the output i-f transformer, the detector, and the volume con-
trol, which may be checked immediately.

(- TONE HERE MEANS
DET AND IST A-F
ARE GOOD

(®-TONE HERE MEANS 2ND A-F
0.05MFD QO5MFD IS GOOD.NO TONE MEANS

=0 o @ TROUBLE BETWEEN © AND @
L 7'pHonEs (TG) ———

—1- 0.5MFD 1ST
600V A-F
PHONES
0.5MFD :

(A) (8)

Fig. 3-6. Checking the audio amplifier stages of a receiver

If the first a-f stage is good, the phone-check lead is shifted to the second
a-f tube plate. The modulation notc heard in the phones once again in-
dicates that the stage is in good shape. No tone at the second a-f tube plate
indicates trouble between the first a-f tube plate and the second a-f tube
plate.

This check made with the phones has tested the detector and audio
section. ITowever, it takes longer and is therefore used only when no audio
test signal is available.

Signal Feed to Second Detector. If using the audio test signal, vou would
have only checked the audio section up to now. The second detector stage
must therefore be checked separately. This is done by injecting a modu-
lated signal at the intermediate frequency of the receiver into the plate of
the i-f tube at test point 4 (the last i-f stage if there are morc than one), as
shown in Fig. 3-5. If the modulation note is heard from the specaker, the
detector is functioning. If no note is heard, the i-f output transformer, thc
avc circuit, or the detector tube and its components may be defective. The
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signal gencrator must be turned on full, since it takes a large r-f signal to
drive the detector stage.

In the i-f transformer, the windings L-9 and L-10 may open or short,
or the trimmers C-20 and C-22 may short. These conditions may be
checked with an ohmmeter. The detector tube may be defective. 'I'he
serviceman should not assume that the tube is good because the first
a-f scction checked good. Rarely does the i-f filter, consisting of resistor
R-12 and condensers C-23 and C-24, causc trouble. Somectimes ave resistor
R-14 opens. This opens the grid returns of the controlled tubes and may
causc hum in addition to causing an inopcrative receiver,

Figure 3-5 also shows the tvpical resistance values associated with the
detector stage. Since the diode plates have no d-c voltage, voltage values
arc omitted.

Signal Feed to I-F Stage. If all is well thus far, the if stage is up for
check. A modulated signal at the intermediate frequency of the recciver
is injected into the plate of the converter tube, test point 5. If there are
two i-f stages, this test is first made from the plate of the first if tube.

<«——— SIGNAL GENERATOR:
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Fig. 3-7. Checking the i stage. For iron-core i-f transformers, primary and secondary resistances
are 5 to 15 ohms

Figure 3-7 shows the sctup. The oscillator is made inoperative by shorting
across the oscillator scction of the gang tuning condenscr. If in doubt, short
both scctions. If the modulation note is heard in the loudspeaker, the i-f
stage is working. If it is not heard, the input i-f transformer T-4, the if
tube, the i-f components, or the decoupling filter may be defective.
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If it has not already been donc, the first check is that of the tube. The
tube is checked in a tube tester, or replaced with one known to be good.

Typical I-F Defects. Thc most usual defect of the if transformer is an
open winding. An ohmmeter check would soon disclose this fact. Some-
times the primary of the input i-f transformer shorts to ground in the
shield can. This would be indicated when no voltage is found on the con-
verter plate. Or the secondary may be shorted to the can. An ohmmeter
check from the secondary to the chassis would indicate this defect. The
i-f trimmers may short. The ohmmeter is used to check this.

Somctimes self-bias resistor R-9 opens, thereby opening the plate circuit.
An ohmmeter check would disclose this fact. Or a voltage check from
the i-f tube cathode to ground would show an abnormally high voltage.

A shorted scrcen bypass condenser C-19 could also cause a dead re-
ceiver. It would be indicated when no screen voltage is found. An ohm-
meter check would confirm the condition. Before replacing it, the scrvice-
man should check the scrcen voltage dropping resistor R-10 for damage
due to the condenser defect. Resistor R-10 itself may open and cause a
dcad receiver. An ohmmeter check would determine this condition.

Decoupling filter condenser C-21 may short. This condition would be
indicated when no B+ voltage is found on the if tube platc and when
decoupling filter resistor R-11 overheats. An ohmmeter check from i-f tube
platc to chassis would indicate the defect by showing very low resistance.
When replacing condenser C-21 becausc it is shorted, resistor R-11 must
also be replaced.

Fig. 3-7 shows the typical resistance and voltage values of an i-f amplificr
stage. Voltages are measured from test points to chassis.

Signal Feed to Converter. 'Ihc converter is the next area for investiga-
tion. The converter really combines two distinct stages, the oscillator stage
and mixer stage. Each stage must be checked separately. First tackle the
mixcr. The test point for this check is the signal grid of the converter tube,
point 6 in Fig. 3-1. This point may be most rcadily accessible at the stator
terminal of the mixer scction of the gang tuning condenser. The signal
generator then injects a modulated signal at the intcrmediate frequency
into the test point. The modulation note should then be heard from the
loudspeaker. If it is not heard, the defect may be in the mixer portion of the
converter tube, or the mixer components. The sctup for this signal check is
shown in Fig. 3-8.

The converter tube is most easily checked cither in a tube checker or
by substituting a tube known to be in good condition. The mixer com-



Dead Receivers 43

ponents to be checked are the mput transformer T-2, its tuning con-
denser C-7, screen bypass condenser C-13, plate bypass condenser C-14,
and cathode resistor R-5. A fault in plate bypass condenser C-14 would
have been found when checking the i-f stage from point 5 in Fig. 3-1. The
defect in input transformer T-2 and its tuning condenser C-7 would be a
short to chassis. This may be checked with an ohmmeter. Trouble in the
screen or cathode circuits would be revealed by voltage analysis.
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Fig. 3-8. Signal check for the mixer section of the converter

Figure 3-8 also shows thec typical resistance and voltage values of the
mixer section of the converter. Voltages arc measured from test points
to chassis.

Oscillator Test. The next check is that of the oscillator portion of the
converter. Here, also, the test point is the signal or mixer grid of the
converter, test point 6 in Fig. 3-1. The short previously placed across the
oscillator scction of the tuning condenser is removed. The receiver tuning
dial is set to some low frequency position, like 600 ke. The signal generator
then is used to inject a modulated 600-ke signal into the mixer grid. Fail-
ure to hear the modulation note from the loudspeaker, with the volume
control fully advanced, indicates a defect in the oscillator. The setup for
oscillator check is shown in Fig. 39.

Oscillator Troubles. Possible oscillator defects are a defective converter
tube or a defective component in the oscillator stage. The first and simplest
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check is that of the converter tube. It is wisest for the serviceman to try
onc or more substitute tubes, rather than to test the tubc in a tube
checker, On several occasions, a converter tube checks good in a tube
checker but fails to oscillate in the receiver. For that rcason a substitute
tube is a more reliable check.

Occasionally oscillator coils will open. This condition can be checked
with an ohmmeter. If the fcedback oscillator coil L-6 opens, a further
indication would be no voltage at the oscillator anode. An exact replace-
ment of the oscillator coil is important.
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Fig. 3-9. Checking the oscillator section of the converter, Receiver tuning dial is set at 600 ke

Sometimes the oscillator tuning condenser shorts, This condition may
be checked by disconnecting the Icad to the stator plate and by placing an
ohmmeter across the stator and rotor terminals. The short may be due
to conductive dirt, a bent plate, or loosened plates, and must be repaired
accordinglv. An open oscillator anode dropping resistor R-7 or short in
its associated bypass condenscr C-12 would causc the oscillator stage to be
inoperative. They are readily checked with an ohmmcter. Sclf-bias resistor
R-5 may open. This condition would be indicated by an abnormally high
voltage from cathode to chassis, and would be confirmed with an ohm-
meter. Oscillator grid resistor R-6 may open. Again, the ohmmeter would
disclose this fact.
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Figure 39 shows the typical resistance and voltage values for the oscil-
lator scction of the converter. Voltages are measured from test points to
chassis.

Signal Feed to R-F Stage. The last stage up for check is the rf stage.
The test point is the r-f grid, shown as point 7 in Iig. 3-1. The receiver
tuning dial is sct at a quict point around 1,500 kc. A modulated signal
at about 1,500 kc is injected from the signal gencrator into the test point.
Normally, the modulation note will be heard from the loudspeaker. The
sctup for this check is shown in Fig. 3-10. Since the previous check was
made from the control grid of the converter tube, failure to hear the modu-
lation notc indicates a defect in a component from the r-f control grid to
the mixer grid.

0.00025 MFD
SIGNAL 600V
GENERATOR °15) ?
7 30-50 OHMS
+ +250V [ L (F)

Epalars
V
30-50 ce
OHMS
: %Ra }
5 OHMS By cs
I
B+
+100V +100V

Fig. 3-10. Signal check far the rf stage. Receiver tuning dial is set at 1,500 ke

R-F Troubles. Possible defects in the r-f stage arc a defective antenna
transformer, a defective r-f tube, or defective r-f stage components. The
r-f tube is most casily checked in a tube checker. Other possible defects
in this stage may be checked with the ohmmeter or voltmeter.

Lither winding of the antenna transformer may open. 'This condition
is most readily found with an ohmmeter. The antenna tuning condenser,
in common with other tuning condenscrs, may short for one rcason or
another. An ohmmcter check from rotors to stators would indicate the
short; the repair job would depend on the cause of the short.

Sclf-bias resistor R-1 might open. The condition would be found with
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an ohmmeter. An abnormally high voltage from cathode to ground would
be an indication of the same condition. Screcn bypass condenser C-4 might
short. A voltmeter check would show no screen voltage, and an ohmmeter
check would confirm the condition. If such a short exists, screen decoupling
resistor R-3 must be checked for damage. Resistor R-3 might open, re-
moving screen voltage. An ohmmeter would confirm the condition. Plate
decoupling bypass condenser C-5 might short. Again, no voltage on the
plate would indicate the condition; and an ohmmeter check would confirm
it. If the condenser is shorted, decoupling resistor R-4 must be investigated
for damage. Resistor R-4 might open, removing plate voltage. Again an
ohmmeter check would confirm the condition. And fally the primary
of the r-f interstage transformer might open. There would be no plate
voltage on the r-f tube; an ohmmeter would indicate the condition.

Figure 3-10 shows the typical resistance and voltage valucs of the rf
stage. Voltages arc measured from test points to chassis.

Antenna-circuit Troubles. A rccciver which operates from the r-f grid,
test point 7, and does not operate from the antenna, point 8 in Fig. 31,
must have the defect located in the antenna coil T-1, the only component
between these two test points. The coil or leads will be open or shorted.
An ohmmeter checks the condition.

The signal gencrator is a potent service weapon. Although the descrip-
tion of its use may have secmed lengthy, the actual procedure is quick,
since vou move rapidly from test point to test pont.

Using the Signal Generator on Other Circuits. The various circuit de-
signs that one encounters in practice are subjected to analysis in a similar
manner. For example, some superheterodyne receivers cmploy separate
oscillator tubes. This practice is found in some old reccivers, and is very
common in the high-frequency circuits of short-wave sets, f-m scts, and
TV receivers. The isolation technique for finding a faulty stage will be
the same as the onc just given, where one single converter tube combines
both the mixer and oscillator functions. Voltage and resistance checks
must be adapted to the scparate tube setup.

In most very carly receivers, the second detectors arc screen-grid tubes
rather than diode detectors. For those early reccivers, the detector is
checked by injecting a modulated signal at the intermediate frequency
into the last i-f amplifier stage. The modulation note should then be heard
from the loudspeaker if the detector is operating.

In a multiband receiver, servicing procedures are the same as for any
other receiver up to the r-f portion. Each band is then checked scparately.
The additional factor for possible defects is the range switch.
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In somewhat later reccivers, some tubes have top grids. Signal check
would be the same as for later receivers. ITowever, an additional causc for
no operation is a grounded grid lead due to wearing away of the insulation
of the lcad.

Typical A-C/D-C Receiver. Once again, the best way to check a dead
a-c/d-c recciver is to keep a typical recciver of that type in mind. Figure
3-11 is the schematic diagram of such a typical recciver.

'The signal circuits of the a-c/d-c recciver are practically the same as for
the a-c recciver. As a result, the signal check is practically the same as
previously described. Most of the differences in the causes for a dead re-
ceiver arc those arising out of different power supplics.

Search for External Clues. \WWhen the serviceman is given a dead a-c/d-c
receiver, his first look is at the tubes. If he finds that none of the tubes are
lit, he suspects that onc of the hcaters is open. All the tubes go out
because the heaters are connected in series. If a tube checker is available,
all tubes arc immediately checked. If onc is not available, a simple pro-
cedurc is that of mecasuring across the heaters with the 150-v range of an
a-c voltmeter while the recciver is turned on. On this range, essentially
zero reading will be obtained for good tubes. For the tube with the open
heater, full line voltage of about 117 volts will be obtained.

The pilot lamp is an important clement in the a-c/d-c recciver. It is
usually across part of the rectifier heater. If the lamp opens, the rectifier
lcater may draw too much carrent and open also. When the pilot lamp is
open, it should be replaced at once with a good lamp.

If all tube hicaters are in good shape and the tubes do not light, cxamine
all components from the wall outlet to the heaters, as was done for an
a-c receiver, ‘There is onc additional factor. Before 1939, many a-c/d-c
reccivers utilized a line-cord resistor, a ballast tube, or a line-voltage drop-
ping resistor in scrics with the heaters to furnish the proper voltage to the
tube heaters. ‘They, too, may open and must be replaced. An ohmmeter
check would readily disclose this fact. The only check that might be con-
fusing is the linc-cord resistor. Ilere the resistor wire is connected from onc
terminal of the plug to the rectifier heater. Use the ohmmcter to measure
between the recciver end of this resistor and each line-cord plug prong.
If the resistor is good, one of the prongs should give a reading of around
100 olums; if bad, the reading will be infinity for both prongs.

Inspection may show that some tubes arc overly bright while onc or
two othcers do not light. This would indicate a cathode-hcater short in onc
of the tubes. The defective tube would be found with a tube checker.
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If the tubes light and arc in good shape, proceed with an isolation pro-
cedure.

Isolating the Defective Section. The scction isolation test for the
a-c/d-c receiver is similar to that performed for the a-c recciver. The main
check is that of placing the tip of a plugged-in soldering iron on the center
terminal of the volume control, which is R-3 in Fig. 3-11. If a strong grow!
is heard from the loudspeaker, the defect lics somewhere between this test
point and the antenna. If the growl is not heard, the defect lies somewhere
between this point and the loudspeaker or in the power supply.

Isolating the Defective Stage. The various stages of the a-c/d-c receiver
may be tested in the same manner and with the same reasoning. Ilowever,
where the circuit-shock procedure is employed, tubes may not be removed,
since the heaters are in series. ‘The removal of one tube would make all
the others go out.

The signal stages of the a-c/d-c receiver mav be shocked into producing
a signal by momentarily shorting the signal or control grid to the cathode,
or by shorting the tubc cathodes to the chassis, or by connecting a 0.1-mfd/
600-volt condenser from the tube plate to the chassis. When a stage is
reached, as vou move back from the output stage, where the click is not
hecard, this shocked stage is defective. The hunt then continues for the
defective component.

As with the a-c receiver, the stage-shock technique is not foolproof. A
more professional procedure will employ a signal generator for isolating a
defective stage. In this latter procedure, the same technique is used as was
cmployed with the a-c receiver. The ballooned numbers in Fig. 3-11 indi-
cate the stage test points and the order of test. The complete check of
stages is swmmarized in Fig. 3-12.

Test Signal Test Point Indicated Stages Checked
in Fig. 3-11

400-cycle 1 Second a-f, loudspeaker, power supply.
400-cycle 2 First a-f (including volume control).
Modulated i-f 3 Detector (including output i-f transfarmer).
Modulated if 4 i-f (including input i-f transfarmer).
Mod. 600 kc (receiver tuned 5 Canverter oscillator sactian.

to 600 kc)
Mod. 1,500 kc (receive 6 Canverter mixer sectian (including antenna

tuned ta 1,500 kc) and antenna input circuit).

Fig. 3-12. Summary of the signal-check pracedure for a receiver
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Isolating the Defective Component. The procedure for locating defec-
tive components within a defective stage of an a-c/d-c sct is similar to that
for the a-c receiver. The voltmeter and ohmmeter are used to determine
the specific defect.

With minor differences, the signal circuits of the two types of receivers
arc the same. The main difference lies in the power supply. Figure 3-11
gives typical voltage and resistance data. With the exception of voltage
rcading, a-c/d-c reccivers are checked just as a-c reccivers. Plate voltages
will be around 100 volts. Screen voltages will be about the same value or
slightly lower.

Circuit Variations in the A-C/D-C Receiver. Several intercsting variations
are found in the power supply of universal a-c/d-c reccivers. Where a p-m
dynamic loudspeaker is used, there is no speaker ficld for filtering. A filter
choke may be used in its place. The resistance of the latter is about 250 to
600 olims.

More commonly now the speaker field is replaced by a resistor whosc re-
sistance is between 500 and 2,000 ohms. The filter condensers used with
such a resistor have a capacity of at least 40 mfd. Because of the voltage-
dropping cffect of the resistor, the B-plus voltage will be about 70 to 80
volts. A power supply of this type is shown in Fig. 3-13.

RECT

600-15000
B+(70-80V}

To +H-40 tL 40
OTHER MFD TMFD
.~ HEATERS . .

Fig. 3-13. A typical a-c/d-c power supply with a filter resistor

Since the resistor in the power supply is subject to considerable heating
because of the large currents through it, it may change in valuc or open.
When open, there will be no B-plus voltage.

Some reccivers use a two-section filter, as shown in Fig. 3-14. The sccond
a-f amplifier tube, which does not requirc as much filtering as the other
tubes, receives a higher plate voltage. Typical values are shown.

Another interesting variation is the replacement of the rectifier tube by a
selenium rectifier. Figure 3-15 shows a typical power supply of this type,
where the sclenium rectifier replaces a tvpe 35Z5 tube rectifier. In such a
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circuit, the resistor in series with the heater string dissipates considerable
hcat and may open. If it docs so, nonc of the tubes light. In replacing a sc-
lenium rectifier, attention must be paid to proper polarity.

RECT

o B+{100-110V)

100-300 0 [1000-15000

B+(80-90V)

MZFCI)) ! MZFOD ™ Mf‘%
L _o%v T T T B-
Fig. 3-14. An a-c/d-c power supply with a two-section filter
+ 10000n
» —\W\—t—~B+
1
MFD MFD

2000
10 WATTS
- ——B-

" COMMON NEGATIVE

Fig. 3-15. Typical a-c/d-c power supply using a selenium rectifier

Dead Auto Receivers. The scrvicing of automobile receivers presents
special problems to the serviceman because of the conditions peculiar to
those reccivers. One of these conditions is the antenna mounted on the car
body. The other, and more important condition, is the type of power
supply which is powered by the car battery. In other respects, the signal
circuits of the auto reccivers are the same as those of the home radio and
arc checked in the same manner.

Onc possibility for inoperation of the car radio is the grounding of the
antenna on the body wherc the antenna is mounted. A simple check is
to disconncct the antenna plug from the recciver and to plug in a similar
antenna dircctly. If reeeption is then obtained, the serviceman then checks
the antenna mounting to locate the short.

Most auto reccivers cmploy a vibrator power supply, energized by the
car battery and furnishing the B voltage for the reccivers. There are two
types of vibrator power supplies—the nonsynchronous and the synchronous
types. Each will be taken up separately.
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Auto-radio Vibrator Action. The vibrator is essentially an electromag-
netic switch. When cnergized, the switch opens and shuts very rapidly.
"This action in the casc of the nonsynchronous vibrator interrupts a stcady,
dircct current and makes it possible to operate a transformer. From the
transformer on, the power supply operates in a manner similar to an a-c
power supply.

The synchronous vibrator is a more complex switch with a double sct of
contacts. Thesc points serve a double function. They make it possible to
operatc the transformer on direct current, and they also rectify the trans-
former output. As a result, the usc of a tube rectifier is not nceded. The
transformer is then followed by a flter system.

The two types of vibrator arc similar in appearance. They are cssentially
a cvlindrical can with a tubclike base. The unit is inserted into a socket
similar to that for a tube.

BUFFER CONDENSER R-F 8

VIBRATOR .0l MFD CHOKE CHOKE
/ RECT I
0.0l |IOMFD |ioMFD
,|_ L~ mFD LI—:I Jem
VIBRATOR N
TO I5A A CHOKE S

HOTA FUSE CHOKE
T [TV ] 009

BATT > o e
1 /1: To.smrD

SPARK PLATE

VOLTAGE DATA:

CAR CHASSIS TO HOT A LEAD__6V
CAR CHASSIS TO C.T. OF TRANSFORMER PRIMARY 55V
CAR CHASSIS TO RECT PLATES ___150-250V (AC)
CAR CHASSIS TO RECT. CATHODE ___160-260V
CAR CHASSIS TO B+___150-250V
RESISTANCE DATA:
CAR CHASSIS TO RECT. PLATES ___150-300 OHMS

RECT PLATE TO PLATE____300-600 OHMS
TRANSFORMER PRIMARY LESS THAN | OHM

Fig. 3-16. A typical nonsynchronous vibrator auto power supply

Vibrator Troubles. 1laving detcrmined that the antenna is all right, you
then make an external check of the vibrator. Turn on the set and listen
for the operation of the vibrator unit. It should cmit a very low purr when
working.
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If you do not hear the purr, it may be that the vibrator points are stuck.
Give the sct a smart slap. If the sct begins to play, advise the customer to
permit you to install a new unit. Tell him that the vibrator points are
bound to stick again and trouble will occur.

If the slap docs not start vibrator operation, you must make an external
check of the A supply from the battery. Fxamine Fig. 3-16, which shows a
typical nonsynchronous auto power supply. The lug from the battery feeds
through a fusc and switch to the vibrator. The fusc is quite accessible.
Check it to sce that it is not blown. If it is, replace with a new fuse and
sce if the sct operates. If the fuse is good, look for any high resistance
points in the lead to the vibrator which might lower the voltage to the
unit, thereby preventing its operation. A likely point is in the fuse case en-
closing the fuse. Be surc the inside of the case makes clean firm contact with
the fusc.

lBUFFER CONDENSER

| ] % T a3
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Fig. 3-17. A typical synchronous vibrator auto power supply

Figure 3-17 shows a typical synchronous auto power supply. Notc that
here again the same conditions cxist. ‘The hot A lead is inspected in the
same manncr for defects.

Checking Auto-radio Tubes. If thc vibrator works and the sct still fails
to work after making the visual checks described above, remove the cover
of the sct and inspect the tubes. Sce that they all light. Testing them in
a tube checker will confirm the condition of an inoperative tube.

This is as far as you can go with simple external visual checks. If the
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set still fails to opcrate, it becomes necessary to remove the sct from the
car and scrvice it on the bench like any ordinary recciver.

Bench Setup for Auto Radios. The bench should be set up for the con-
ditions found in the car. For an A supply, usc a standard 6-volt storage
battery. One word of caution! If the set uscs a synchronous vibrator, you
must be surc that the pole of the battery connected to the hot A lead is
the same as that for the car. Synchronous vibrators have polarity. The
vibrator and its socket are often so constructed that the vibrator may be
shifted in its socket to obtain the proper polarity.

Battery Polarity. To dctermine which terminal of the A battery in the
car is grounded, connect a 0-to-10 voltmeter with the negative lead on
the car chassis and the positive lecad on either terminal of the ammeter
on the instrument panel. If the voltmeter reads 6 volts, the negative termi-
nal of the battery is grounded and the radio A lead must go to the positive
terminal of vour battery. If the voltmecter ncedle swings backward, the
positive terminal of the battery is grounded and the radio lead goes to
ncgative.

You cannot usc a standard house antenna for a car radio. A simple
3-foot length of hookup wire will simulate the short auto antenna.

Auto Radio Tests. Refer once again to Fig. 3-16 showing the nonsyn-
chronous power supply. When the sct is on the bench, check to sec that
the spark plate condenser and condenser C-1 are not shorted. Inspect the
A choke and vibrator choke with an ohmmeter to sce if they are open.
Then check the switch for positive action with an ohmmeter. It closes and
breaks 5 to 8 amperes of current and may not function or may develop
a high-resistance contact.

Then check the B-plus voltage of the power supply with a voltmeter.
You should get a reading of 150 to 250 volts if the B supply is good.
Sometimes the buffer condenser shorts, producing a greatly reduced B
voltage. If this is the case, replace the buffer condenser with an exact dupli-
cate.

For the rest of the check, follow the standard test procedure. In all other
respects, the auto radio resembles an ordinary supcrheterodyne recciver.

Shortcut. Many defective conditions would be indicated by fuses that
blow, since they are accompanied by incrcased current drain from the
battery. This fact suggests a quick procedure. If there is no B voltage,
disconnect the B-plus lead at the output of the filter system and mecasure
voltage again. If the B voltage rises much higher, the defect is in the signal
section of the receiver. If there is still no B voltage, the trouble lics in the
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power supply. Then the serviceman connects a car ammeter of 0 to 20
amperes range in series with the hot lcad to the battery. If the ammeter
shows a larger drain than that indicated in the service literature for the
receiver, he knows a short exists in the power supply and checks the com-
ponents involved.

For the most part, the servicing procedure for the auto recciver with a
synchronous vibrator is the samc as that for one with a nonsynchronous
vibrator. Just be sure of the polarity of the vibrator in the former case.

Locating Defects in Three-way Portables. YWhen the complaint is pre-
sented that the receiver does not work, first determine what the customer
has in mind, since there arc two basic modes of operation: from the
power linc and from batterics. Which mode of operation—or perhaps both
—fails to operate?

Set Operates Only on Power Line. If only battery operation is dead,
first check the condition of the batterics, because their useful life is lim-
ited. If the batterics are still in good shape, inspect the battery plugs, bat-
tery leads, and the switches involved. If the set docs not work on either
mode of operation, the tubes should be checked in a tube checker. If that
test instrument is not available, the tube filaments may be given a continu-
ity check with an ohmmeter. But in that case, do not use the R X 1 scale
of the instrument, because the meter battery may burn out a battery tube.

Be sure to check the changeover switch which controls the mode of
operation. A bent contact or a dirty contact will be able to stop set opera-
tion in any one position. Wherc a rcpair cannot be made, replace the
switch with a similar one.

Set Operates Only on Batteries. If the complaint is that the receiver
fails to operate from the line, the external scarch starts at the wall outlet,
where a test for voltage is made. Inspect the plug. Look for breaks in the
line to the receiver. Check the power switch for proper operation, as well
as the line-battery switch.

If no defect is found, the rectifier tube is checked to determine if it is
operating. Assuming that the rectifier is good, check the B voltage with
a voltmeter. If little or no B voltage is present, the components of the
B filter system arc checked with an ohmmeter.

If the set has a sclenium rectifier, a shorted filter condenser might have
damaged the rectifier. The latter is best checked by opening the B lead to
the receiver and checking the filter svstem. If this is in good shape, turn
on the set and measure B voltage with a voltmeter. If there is no B voltage,
replace the sclenium rectificr.
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There is another point to keep in mind. The oscillator operation is
easily stopped if voltages to the converter tube fall. Check the oscillator
filament voltage. If it appears low, replace the A battery with a new one,
even though it scems to be all right for most purposcs.

If the complaint is that the sct fails to operatc from cither line or bat-
tery, then the receiver circuits must be checked as for any standard receiver.
This now definitely includes a tube check. A common trouble is the bum-
ing out of tube filaments. Changes in values of the cqualizer resistors
will redistribute the voltage across the various tube filaments and overload
onc or more of them, thereby injuring them.

Checking Tubes in a Portable. Tubes arc checked cither in a tube
checker or by measuring voltage across the filaments. Obscrve one im-
portant precaution. If you turn on the power in the receiver and find one
filament open, you might be tempted to replace the defective tube with
a new onc. But don’t do it. If you do, onc or more of the tube filaments
may flash and bum out. The reason is clear. Look at Tig. 1-10. If one
of the tube filaments opens, the 80-mfd condenser will have about 150
volts across it, and will retain this voltage for some time. When you put
in the new tube, that high voltage is applied across the filaments. Poof!
gocs one or morc tubes. To prevent this, first discharge all filter con-
densers before replacing a defective tube.

In some receivers, this effect will not occur because resistors arc con-
nected to act as a bleeder across the condensers, discharging them if a
filament opens. But it is still best to discharge the condenscrs as a matter
of routine. Removing a tube and then replacing it may causc the same
disastrous cffect.

If the tubes are good, service the set from the line mode of operation.
Check the B voltage. If this checks all right, proceed with the standard
signal check.
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Servicing and Aligning Weak

Recetvers

Is the Receiver Really Weak? \When a recciver is presented to the
serviceman with the complaint that it is weak, it becomes more im-
portant than with any other complaint to dctermine if a rcal defect
exists. The receiver itsclf may be perfectly normal in spite of the cus-
tomer’s opinion. Perhaps he may have suddenly decided to try to reccive
somc distant station and only succecded in obtaining weak reception.
The rceeiver may simply be incapable of picking up enough signal strength
to give loud output, and vou would do well to explain this condition to
him in nontechnical language.

Has the Customer Moved? Or, thc customer may complain that some
local stations arc now coming in more weakly than previously. You may
find by questioning him that he recently moved. In so doing, the recciver
owner may have moved into an arca where reception of the weakened
stations is inherently poor. Again, a simple, sympathetic explanation will
be sufficient. Or in moving, he may have had a less efficient antenna system
installed. Your job then becomes that of installing a more cfficient an-
tenna. If the customer brings the recciver to your service shop, you may
indicate to him the nced for a new antenna by connecting the receiver
to your own shop antenna.

If the receiver has a loop antenna, you may show him that reception for
some stations will be improved by rotating the recciver for maximum sig-
nal pickup. Most customers arc awarce of this phenomenon but often over-
look it as a cause of wcak output.

Is It a Summer Complaint? The complaints of weak reception will in-
crcasc in number as the summer months roll in. Because of the more in-

57
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tense sunlight, there is a shifting of the ionized Kennelly-Tleaviside layer
of air up in the sky. This shifting results in the attenuation of radio sig-
nals. Once again, most customers will feel satisfied if you cxplain the cause
in simple terms.

When is the complaint that the receiver is weak valid? Generally, weak
reception as a real defect exists when, under the same conditions as pre-
viously existed, the same radio stations are received at a volume consider-
ably lower than usual.

Clues for the Weak Receiver. This chapter will lump together the a-c
and the a-c/d-c recciver, since the signal circuits arc practically identical.
Furthermore, the tests for weak reception are primarily a variation of the
tests performed on the dead recciver.

Once vou have determined that the complaint of a weak receiver is
justificd, begin the search for clues that will save you time in tracking
down the defect. The manner in which the weak output occurs is often a
gencral guide to the defective section in the receiver.

Clues Pointing to R-F Section. For example, if distant stations come m
weak and strong local stations come in normal, you may rcasonably con-
clude that the defect is in the r-f section of the receiver. Probably the
r-f section is not giving enough amplification for weak signals; the strong
local stations deliver enough signal strength and do not requirc as much
r-f amplification.

If the recciver has a loop antenna, rotate the receiver and sce if improve-
ment results. The loop antenna has directional propertics and picks up
any one station with diffcrent strengths when turned in different directions.
No repair is necessary in that case.

If the receiver is a superheterodyne and you hear a fairly loud hiss as you
tunc to the weak distant station, vou may fecl sure that the r-f section is
amplifving properly but is not receiving a strong enough signal. It is then
advisable to check vour antenna system for defects, or the antenna coil
primary for an open. These arc the input to the r-f section of the recciver.
If it is the summertime, the shifting of the Kennelly-Tlcaviside layer might
causc the weak condition described above, and the receiver would be all
right. If you suspect that cause, check the set at night, when conditions in
the atmosphere improve.

Clues That Clear the R-F Section. Or the tvpe of wcakness might be
such that both distant and local stations come in weak. Ilere the likeli-
hood is that the defect lics in the stages after the if stage. A further cluc
is found if the rccciver has an clectron-ray-tube tuning eve. If the eve
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closcs normally when you tunc in a station, you know that the r-f section,
the second detector, and the ave circuits are functioning normally; and
the defect is in the audio-frequency section or loudspeaker.

If no distant stations arc received and local stations come in weak, any
part of the recciver including the power supply may be defective. For
such a condition, you would do best by beginning with localizing pro-
cedures, which are described later.

The tvpe of weakness may be such that reception is normal until you
tunc to onc cnd of the tuning dial. Obviously, this condition cannot be
duc to an over-all defect. A check of the various tuning circuits will show
onc or morc to be out of alignment. Later in this chapter we shall examine
a generalized procedure for realignment of a receiver.

Clues in All-wave Radios. If the recciver is a multiband type and it is
weak on onc band while normal on all others, it is obvious that only
thosc components associated with the weak band need be checked. This
fact limits the check to a misaligned r-f tuning circuit for that band, a
defective band switch, or open coils in its r-f tuning circuit.

In some cases of wcak reception, the installation of a good ground con-
nection will improve matters. Sometimes, installation of a good outdoor
antenna, where such anteuna is not used, will help the receiver response.
This is cspecially true if the rcceiver is in a rural area well over 25 miles
away from the desired stations.

The clues given above will help to locate the defective section for the
most part. Ilowever, if they fail to do so, you had better begin at once on
the over-all localizing procedures. Do not waste time on random search.

What Conditions in the Receiver Can Cause Weak Response? Before
beginning on the localizing procedure, it would be best to keep in mind
what conditions in the receiver can produce weak reception. You will then
make faster progress in locating the specific defect, once you have localized
the defective stage.

Tubes arc often a causc of weak reception. A vital aspect of any tube
is good filament or cathode emission of electrons. As the tube grows older
with usc, its emission may decrease to a point where it docs not permit
proper tube amplification. This is so common that you ought to test all
tubes at the start for emission in a tube checker, when the complaint is
wcak reception.

How Tuned Circuits Can Cause Weak Response. Tuncd circuits are an-
other cause of weak reception. Each circuit consists of a coil and con-
denser; together they produce fairly high resonant circuit gain for a desired
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small band of frequencics. Gain here may be lost in either of two ways.
Slight variations of the condensers may make the tuncd circuit resonant
to a frequency different from the desired frequency. The circuit is then
said to be misaligned. Thus, in a superhetcrodyne receiver, the trimmers of
an if transformer may have been altered to such a position that the tuned
circuits arc not cxactly resonant to the intermediate frequency of the re-
cciver. In a tuned radio-frequency receiver, the ganged tuning circuits may
not all be exactly resonant to the same frequency at any onc sctting.

The second reason for loss of gain of a tuncd circuit may occur in various
wavs. For example, introduction of resistance into a tuned circuit, such as
corrosion of a conncction, will cause reduced gain, even though the circuit
is properly aligned. Similar loss will be caused by excessive moisture in a
coil or shorted turns in a coil winding. This defect is indicated if the tuned
circuit tunes very broadly.

The tuned circuit should not be tampered with, however, unless other
possible causcs for weak reception have first been thoroughly investigated.
Further details on alignment will be given later.

How Condensers Can Cause Weak Response. A third possible causc of
wecak reception is that resulting from defective condensers other than
those rclated to resonant circuits. For example, open coupling condensers
may permit only strong stations to come in weakly while causing the re-
ceiver to be dead for other stations. Leaky coupling condensers will also
result in weak reception by reducing the bias on the coupled grid. Further,
an open cathode bypass condenscr will result in degencration of the stage
of which it is a component and will give weakened reception.

Similarly, an open plate bypass condenser may cause weak reception by
permitting the output stage to oscillate with resulting lowered B-plus volt-
age. Another condenscr defect that may cause weak reception is an open
ave filter condenser.

Loudspeaker Troubles. Thc loudspcaker may also be a causc of weak
reception. In an clectrodynamic loudspeaker, where the field coil is not used
as a filter choke in the power supply, an open field coil will result in lack
of proper magnetic strength, with resulting weak reception.

The voice coil may also result in weak reception when it is defective.
A warped or rubbing voice coil may result in weak reception by preventing
frcc movement of the conc. Distortion usually accompanics this latter
condition.

Other miscellancous causes of weak reception may now be listed. In
a-c receivers, a short in the power transformer will deliver low voltage from
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the power supply. Similarly, a short in the primary of the output trans-
former will deliver a weak signal to the voice coil. An open antenna coil
will prevent strong signals from being delivered to the following stages. 1ligh
resistance contacts, like dirty wiper contacts in the tuning condenscrs, may
result in weak reception. A grounded acrial or leadin, or a break in the
lcadin will also produce the same effect. With battery receivers, weak bat-
teries must be checked as a frequent cause of lowered output.

Often, a decfect that results in weakened reception will result in low-
cred voltage to some tube clectrode and may be detected in that way. A
lcaky scrcen bypass condenser will reduce screen voltage. A cathode bias
resistor that has altercd its resistance may bias the grid excessively nega-
tive and result in weakened output, usually with accompanving distortion.
An open input filter condenser in the power supply will result in lowered
voltage output from the power supply and weakened output. An exces-
sively leaky input filter condenser will produce similar results.

Localizing the Defective Section. Fxtcrnal clues plus the knowledge of
which components may cause weak reception should aid in quickly local-
izing the defective scetion. If they fail to indicate a cause, do not waste
time in a fruitless scarch. Procced at once to the systematic localizing
procedurcs. Remember that timesaving is extremely important to a suc-
cessful serviceman.

The Defective Section—Circuit-shock Tests. The procedure for checking
a weak recciver is similar to that used in the casc of the dcad receiver.
The diffcrence lics in the response obtained. We check the scctions of a
dead receiver to sce at what point no response is obtained. With the weak
receiver, we check to sce at what point we obtain weaker than normal re-
sponsc.

The simplest check involves circuit-shock procedures. Here the technique
is to produce clicks at various test points by means of shocking procedure
and to listen for a weak or strong click. ITowever, your ability to distinguish
between loud or soft clicks is not too reliable. Thercfore, further supple-
mentary procedures arc necessary to reinforce your troubleshooting analy-
sis.

Turn the volume control full on, and touch the ungrounded end of the
volume control with vour finger. If a loud hum or buzz is heard from the
loudspcaker, you may assume that the audio section, the power supply, and
the loudspeaker are normal. Look for the defects in the r-f section of the
rcceiver.

If the recciver has a phonograph, yvou can check by merely plaving a
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record. Normal volume indicates that the defeet is in the r-f section, since
the phono input is applied to the a-f scction.

A weak response from the input to the audio section indicates a defect
in that section, and it must be checked further.

Defective Audio Stage—Circuit-shock Tests. The first check in a weak
audio section should be that of the tubes. The tube checker will disclosc
any tube with low emission. This condition will often be true of tubes
that have been in operation for some time.

The sccond step is that of checking the voltage at the tube clectrodes—
the plate, screen, grid, and cathode voltages. Abnormally low voltages im-
mediately point to a defective component in that stage or in the power
supply. If the plate or screen voltages are low, check B-plus voltages at
the power supply for a defect in that section. IHere, the power transformer
windings may be shorted, the rectifier may be defective, or the filter con-
densers may be open or excessively leaky.
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Fig. 4-1. Click test for an operative out- Fig. 4-2. The coupling condenser C in
put circuit the audio section

The voltage check mav be preceded by listening for weak clicks as the
various stages are checked. Connect a 1-mfd/600-volt condenscr from the
plate of the output tube to the chassis, as shown in Fig. 4-1. If a loud click
is heard, the loudspcaker and power supply may be assumed to be normal.

When a loud click is not heard, check the B-plus voltage of the power
supply for a defect in that section. If it is all right, check the speaker by
placing a blunt iron tool near the center pole picce and observing if the
field is properly cnergized, as indicated by a strong pull. Weak energizing
may be due to an open or shorted ficld coil. Then check the motion of
the voice coil by pressing it gently in and out and obscrving whether it
has frce and unhindered motion.

If the tubes are good, voltages are more or less normal, and the loud-
speaker is in good shape, then vou might well investigate the coupling
condensers, such as C in Fig. 4-2, which might have developed a high-
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resistance leak. A quick check is to open one terminal of the condenser
and bridge a new condenser of similar capacity from plate to grid, as
shown in Fig. 4-3. If volume perks up, vou have located the defect.

Another condition to investigate is a possible open plate filter condenser
in the output stage, shown in I'ig. 4-4. This condition might throw the
output stage into oscillation and produce weak output. The quick check
is to bridge the old condenser with a new onc of equal capacity and to
listen for increased volume.

SUBSTITUTE
CONDENSER
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B+ 8+
Fig. 4-3. Checking the coupling condenser Fig. 4-4. Checking for an open output fil-
with a substitute condenser ter condenser with a substitute condenser

Defective R-F Stage—Circuit-shock Tests. If the power supply and audio
scction are in good shape, tum to the r-f section of the receiver. Ilere
circuit-shock tests arc not very effective, since misalignment of tuned
circuits would not rcadily be disclosed and yet might be a cause of weak
reception. However, other defects may be found.

If the tubes in the if and r-f stages have been in operation for some
time, vou had best test them in a tube checker. When they have been
found to be all right, vou can try circuit shocking from the last i-f tube
back to the antenna. This can be done, if the tubes have grid caps, by
removing and replacing the grid caps. Each time vou remove and replace
the cap, vou should usually hcar a loud thump or buzz. At the stage
where the test sound first comes through weakly, vou must check for a
defective component with the voltmeter and ohmmeter. This test, how-
ever, is not completely reliable because, in some reccivers, you get very
little sound cven when the set is working properly.

Where the tubes have no grid caps and the tube heaters are in parallel,
as in a-c receivers, shock the stages into producing thumps by pulling out
the tubes one at a time. Once again, the loudness of the test sound indi-
cates the defective stage, and the scarch for the defective component must
be made within the defective stage.
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Where the tubes have no grid caps and the heaters are in series, as in
an a-c/d-c recciver, you cannot pull out tubes. Stages are shocked by con-
nccting a 1-mfd/400-volt condenser from the plate of each tube to the
chassis, procecding from the i-f amplificr to the r-f amplifier. The first stage
where a loud click is not heard indicates that the stage previously passed
is defective. Thus, if vou fail to obtain a click from the plate of the con-
verter tube, the following if amplifier stage is probably dcfective. If the
last i-f stage fails to produce a click from its plate, the detector stage or
volume control is probably at fault.

Since circuit-shock tests arc a rather invalid procedure for analyzing the
weak receiver, many servicemen proceed directly to the signal substitution
mcthod, using a signal gencrator.

Llocating Defective Stage with Signal Generator. In a recciver cach
stage except the diode detector of a superheterodyne receiver amplifics the
signal before it passcs it to the next stage. When you have an idea of the
approximatc amplification or gain to be expected from each stage, you
can quickly localize the stage that isn’t giving normal gain and is causing
weak recciver output. Once vou have located the weak stage, the localiza-
tion of the defective components within that stage is routine.

For scrvicing purposcs, exact determination of stage gain is not cssential,
since the offending stage will usually be far below normal for the owner
to consider his receiver to be weak. Adequate stage-gain mecasurement can
be made with a signal gencrator and an a-c voltmcter.

How to Measure Gain. The technique of stage-gain measurcments is
simple and logical. A modulated signal from the signal generator, at the
proper frequency for the stage tested, is fed in to the input of the stage,
as shown in Fig. 4-5. The voltage of the gencrator signal is adjusted at
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Fig. 4-5. Feeding o signal fram a signal generatar ta the input af a stage

all times to producc a constant output from the receiver, known as
standard output. Standard output is determined with the a-c voltmeter
connccted as an output meter. Then the signal from the signal gencrator
is fed into the output of the same stage—the grid of the following stage.
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Obviously, vou must step up the voltage output of the gencrator to
obtain the same standard output as previously, since you do not now have
the gain of the stage. Then, by dividing the signal-generator voltage at the
output of the stage by the signal-generator voltage at the input of the
stage, you obtain the gain of the stage. This sequence is illustrated in I'ig.
4-6.
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7 VOLTAGE FOR STANDARD 9 9
AL S OUTPUT i

Fig. 4-6. Sequence af measurements ta abtain the gain aof a stage

Example of Gain Measurement. An cxample will illustrate the point.
If 50 microvolts of signal from the signal gencrator fed into the input of
a stage gives standard output, and 3,500 microvolts of signal from the
gencrator fed into the grid of the following tube (output of the stage being
tested) gives standard output also, then the gain of the stage is 3,500/50,
or 70.
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Fig. 4-7. Cannectian of an a-c valtmeter as an autput meter

Standard output used in stage-gain mcasurements has been sct by the
I.R.E. at 50 milliwatts of signal power fed into the speaker. For the service-
man, this output may be morc conveniently approximated by connecting
an a-c voltmeter across the primary of the output transformer, in the
manner shown in Fig. 4-7. The condenser in series with the a-c voltmeter
serves to isolate the d-c plate voltage from the meter, permitting only the
uscful signal voltage to be dclivered to the voltmcter.
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In stage-gain measurcments, the signal input level from the gencrator
is adjusted to keep the output meter at the proper fixed valuc. This valuc
corresponds to approximately 16 volts across the output transformer primary
for most receivers. Therefore, so long as you adjust the signal voltage from
the gencrator to a level that indicates 16 volts on vour output meter, you
know vou have standard output, or approximately 50 milliwatts of output
1)0\\'61'.

Setting the Signal Generator. Now how do you know the signal level
output from the signal gencrator? Few signal generators furnish an cexact
indication of the signal voltage output from the generator. But fortunately
for servicemen, cxact indications arc not nccessary. Comparative measurc-
ments will serve just as well. You can take various receivers, which are
known to be in perfcct operating condition, and can record the signal
gencrator attenuator sctting necessary at the grid of cach tube in cach
stage to give standard rccciver output. Then average the setting for cach
stage. Therceafter, if a receiver with weak output is checked and it becomes
neceessary to give much greater signal-gencrator output than the average
value previously determined at a particular grid, then vou know you have
found the weak stage.

Typical Gain Values. Avcrage stage-gain data for superhcterodyne re-
ceivers is given in Fig. 4-8, along with the signal frequency and signal
strength required from the signal generator for cach mcasurement.

Stage Test Range Sig. Gen. Dummy Input from
Frequency of Gain Fed Into Antenna Sig. Gen.
r-f 600 ke (mod) 10-40 Ant. terminal 400-ohm resistor  |5-12 v
Converter 600 ke (mod) 60-80 Converter sig. grid  {0.1 mfd/600 volts |50 uv
i-f i-f (mod) 80-120 |if grid 0.1 mfd/600 volts |3,500 uv
1st a-f 400-cps 30-60 st a-f grid 0.1 mfd/600 volts | 0.032 volts
2nd af 400—cps 5-15 2nd a-f grid 0.1 mfd /600 volts | 1.6 volts

Fig. 4-8. Average stage-gain data and signal-generator settings for broadcast-band superhetero-
dyne receivers. Last column gives signal inputs in microvolts and volts required to give standard out-
put from receiver. For first two stages, receiver should be tuned to 600 ke

As you move back from the loudspeaker toward the antenna, less and
less signal voltage is necessary from the signal gencerator in order to obtain
the same standard output, becausc of the gain of cach stage (except a
diode dctector).

Since most signal generators do not give an exact indication of gencrator
output, vou had best rccord the average scttings for cach stage to obtain



Servicing and Aligning Weak Receivers 67

standard output, and consider that setting (regardless of what the signal
generator attenuator indicates) to correspond to the average values shown
in the last column of Fig. 4-8. Thus, if vou feed the output of the signal
gencrator into the grid of the i-f amplifier and obtain standard output, you
may assume that the setting represents about 3,500 microvolts, regardless
of what is indicated by the signal generator attenuator control. The same
interpretation may be made of other scttings, and gain of a stage may be
rcadily calculated.

Where the manufacturer of a recciver furnishes instructions for making
gain-per-stage mcasurcments, follow theirs. Where no data is furnished,
usc the typical settings given in ¥ig. 4-8.

Locating the Weak Stage. You now have a rapid technique for isolating
a weak stage. Whenever vou find it necessary at the input of a stage to
increasc the voltage from the signal generator to a level considerably above
normal to obtain standard recciver output, you have located the stage
causing weak reception. Where two i-f stages are used, the gain of the mixer
and each if stage will be lower than where a single i-f stage is used.

Control Settings. In checking stage gain, the volume control is set at
maximum, the tone control (if any) is set at the minimum bass position,
and the fidelity control (if present) is set at maximum selectivity. These
settings give the greatest response from the receiver.

When checking the i-f stage of a superheterodyne receiver, the previous
r-f stages of the receiver should be made inoperative by shorting across
from the stator plates of the oscillator section of the gang tuning con-
denser to the frame of the condenser. This section may be found by
touching the stator plates of all scctions of the condenser gang while a
station is coming through. When the station disappcars or perhaps a new
one comes through, you have located the oscillator section.

Dummy Antenna. When making stage-gain measurcments, a dummy
antenna should be connected in series with the hot lcad of the signal
generator, using the components specified in Fig. 4-8 unless advised differ-
ently by the recciver manufacturer.

The oscillator section of the converter has been left out of this discus-
sion, since it is never involved in weak reception. The oscillator stage will
cut out completely or at onc end of the dial, long before its lowered signal
voltage will cause weak reception, and the recciver would then be
dead.

For a trf receiver, the same techniques as for the superheterodyne re-
cciver may be used. Iere the detector stage will provide gain also, ranging
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from 5 to 50. Other stages will give much the samc gain as for super-
heterodyne. Thus, gain of a trf stage will range from 20 to 40.

Isolating the Defective Component. After you locate the stage that is
causing weak reception, vou track down the defective component within
the stage by means of vour ohmmeter and voltmeter. The procedure is
the same as that for the dead receiver, keeping in mind the conditions in
the receiver, presented at the beginning of this chapter, that might cause
weak response.

Misalignment as a Cause for Weak Reception. Thce average superhetero-
dyne receiver has many tuncd circuits, cach of which has to be in reso-
nancc at its proper frequency for best operation of the recciver. When they
arc not in resonance, the receiver responds with a loss of sensitivity and
selectivity to an extent depending on the degree to which the tuned cir-
cuits are out of resonance. When the tuncd circuits are not in proper
resonance, the receiver is said to be misaligned.

In most reccivers, alignment adjustment for tuned circuits is performed
by varving small scmivariable condensers. In some reccivers, alignment
adjustment is performed by varving the position of powdered-iron core
slugs in the coils of the tuned circuits. This latter procedurc varics the
inductance rather than the capacitance of the tuncd circuit. However, the
alignment procedure remains the same.
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Fig. 4-9. Location of trimmers and padders on a typical a-c superheterodyne receiver
The basic tuned circuits which may have to be aligned arc listed below

in the order in which they arc handled: (1) i-f trimmers; (2) oscillator
trimmers and padders; (3) r-f trimmers; (4) antenna trimmers.
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‘The term trimmer is usually used for small variable condenscers in parallel
with larger tuning condenscrs or in parallel with coils. The term padder
is usually used for small variable condensers in series with the compo-
nents of a tuned circuit. Figure 4-9 shows the typical location of these ad-
justment condensers on a six-tube superheterodyne recciver.

When Should a Receiver be Re-aligned? \When signal checking the i-f
stage, the standard scrvicing procedure was to feed a signal to the stage
input and to wobble the gencrator control around the intermediate fre-
quency, say, 455 ke. If the signal came through at or ncar 455 ke, the stage
was considered good. Tlowever, suppose the signal came through weakly
at 455 kc. And further, suppose that in wobbling, two stronger signals
come in at, let us sav, 420 kc and 440 kc. In all probability, misalignment
of the trimmers is the cause. You should try re-alignment.

There arc many factors that could have produced this condition. Some-
one without training may have tinkered with them. Or a previous scrvice-
man may have replaced a component without having taken the trouble
to rc-align the sct. Or natural aging of components sometimes creates the
condition.

Equipment Used in Receiver Re-alignment. A rcceiver mayv be re-aligned
by using two basic instruments which vou encountered before. Onc is the
signal generator to inject a signal at the proper frequency into the receiver.
'The other is an output mcter, similar to the one used in making stage-gain
mcasurcments. It is connected as before across the primary of the output
transformer.

The signal from the signal generator is injected at various points in the
recciver, and the trimmers and padders arc adjusted to give maximum re-
sponsc on the output meter. When the recciver being re-aligned is of the
loop-antenna type and no antenna post is provided, the signal-gencrator
output is radiated into the loop of the recciver. A two-tum loop of wire
about 6 inches in diameter is constructed and connected across the output
terminals of the signal generator. This small loop is then placed a few
inches away from the loop antenna of the recciver. The strength of the
signal fed to the receiver may be varied by moving the generator loop
closer to or further from the receiver antenna and by varving the signal-
gencrator attenuator.

Alignment Tools. The resonance adjustment for most tuned circuits is
screw-controlled. Special alignment screwdrivers of polystyrene or bone
fibcr should be used. Similar alignment socket wrenches arc available
where the control is by means of hexagonal screws heads or nuts.
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Setting Up the Conditions for Alignment. An output indicator of some
sort is requircd to show when the trimmer or padder has been peaked.
The maximum deflection on the output meter shows the point of peak
alignment. If the rcceiver has an clectron-ray tuning indicator tube, the
closing of the cve may be used as an output indicator. If such a tuning
eve is not present, an output meter across the primary of the output trans-
former may be used, as shown in Fig. 4-10.
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Fig. 4-10. Using an autput meter far checking trimmer peaking

Where service notes by the receiver manufacturer on alignment are
available, they should be followed exactly. When not available, you may
safely follow the generalized procedure described below.

As little output from the signal generator as is necessary to give a read-
ing on the output meter should be used. This precaution is necessary in
order to be sure that no ave action takes place, since this would throw off
the output-meter indications. Do not work to an output indication above
16 volts if you wish to avoid ave action.

When the receiver is re-aligned, its controls should be set in such posi-
tions as to give maximum sensitivity. The positions of such controls,
when present, are listed below:

voLUME coNTrROL—Turned on full.

TONE CONTROL—Set to minimum-bass position.

SELECTIVITY CONTROL—Sct to low-fidelity (maximum sclectivity) position.
SENSITIVITY CONTROL—Sct to maximum-sensitivity position.

TUNING DiaL—Set to frequency required.

Aligning the I-F Amplifier. The first step in the re-alignment procedure
is the adjustment of the i-f trimmers in the i-f transformers. Where scrvice
notes arc available giving the intermediate frequency, the problem is
simple. But how can you know the intermcdiate frequency of a receiver
where service literature is not available?
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The most common intermediate frequency of recent years is 455 ke.
Other intermediate frequencies used in very old scts are 175, 260, and 465
ke. Modern auto scts often use an intermediate frequency of 260 or 262 ke.

If vou arc uncertain of the intermediate frequency, connect the signal
generator to the mixer grid and short out the oscillator scction of the gang
tuning condenser, Then rotate the signal-gencrator frequency control from
500 to 150 kc to produce a modulated note, and observe at what fre-
quency the response note is heard from the recciver loudspeaker. Usually,
the misaligned i-f transformer will not be too far from its corrcet sctting.
From the obscrved frequency of response and the knowledge of commonly
used intermediate frequencies, you can tell what the correct frequency
should be.

Avoiding Harmonic Response. You should not be confused by a har-
monic output from the signal gencrator. An example will make the point
clear. Supposc the intermediate frequency of a superheterodyne receiver
is 260 ke, but you arc not awarc of the fact. You short out the oscillator
tuning condenser scction, and fecd a modulated signal from the signal
gencrator into the mixer grid. At 130 ke, you get a weak responsc from the
loudspeaker. You then crroncously assume that the nearest common inter-
mediate frequency is 175 ke, and try to align the i-f transformer at that
frequency with very poor results,

What went wrong? Actually, when you obtained loudspeaker response
at 130 ke, it was the sccond harmonic (2 X 130 = 260) frequency from the
signal gencrator that produced the cftect. To avoid this error, start the
signal gencrator at 500 ke and work down. In this casc, the first response
would come at 260 ke, the second response at 130 ke (260 = 2 = 130),
the third response at 8624 ke (260 —-3), and so forth. The highest fre-
quency at which you obtain a response is the intermediate frequency.

Connections for I-F Alignment. You arc now rcady to align the i-f trans-
formers. The recciver and signal generator are hooked up as shown in Fig.
4-11. The output meter is adjusted for a high a-c rangc and connccted
through a 0.1-mfd condenser to the plate pin of the sccond a-f amplifier
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Fig. 4-11. Setup of equipment for aligning i-f transformers



72 Profitable Radio Troubleshooting

tube. The signal generator is adjusted for a modulated signal at the inter-
mediate frequency of the receiver. The stator plates of the oscillator sec-
tion of the gang tuning condenser are shorted to the condenser frame. The
receiver controls are set for maximum gain. Allow about 15 minutes for
the receiver and signal generator to warm up before procceding.

I-F Alignment Procedure. Adjust the attenuator of the signal generator
to produce a weak modulation note from the loudspeaker and as low an
indication on the output meter as possible. Alignment begins on either
trimmer condenser of the sccond, or output, i-f transformer. The trimmer
screw is carcfully turmed back and forth until the modulation note is loud-
est from the loudspecaker. Then reduce the modulation note to a low level
once again by mecans of the signal-generator attenuator, and adjust the
other trimmer screw of the output i-f transformer in like manner. Repeat
the same technique with the two trimmers of the input, or first, i-f trans-
former.

Now for the final adjustments. Set the output meter at a range of about
50 volts and adjust the signal generator output by means of its attenuator
to give a rcading of about 5 volts. Adjust the trimmers of the output i-f
transformer and then the trimmers of the input i-f transformer, in cach
case adjusting the trimmer screws to give peak, or maximum, indication
on the output mcter. When all trimmers have been set to give peak re-
sponse on the output meter, the alignment of the i-f transformers is com-
plete.

Aligning Oscillator Using Cut-plate Condensers. In somc receivers, the
individual sections in the gang tuning condensers are alike. In others, the
oscillator section has a smaller set of rotor plates, called cut plates. The
alignment procedure is somewhat different for the oscillator stage of cach
type. Let us first present the procedure for the cut-plate type.

Remove the short used in the i-f alignment procedure from the oscillator
section of the gang tuning condenser. The hot lcad of the signal generator
is fed through a 0.00025-mfd/600-volt condenser to the antenna post of the
receiver. The output meter is switched to a high-voltage range. Keep the
receiver controls in the position for maximum sensitivity. Tune the re-
ceiver to a quict point on the tuning dial at about 1,500 kc. Adjust the fre-
quency control of the signal generator to deliver a modulated signal at
the same frequency as that to which the receiver is tuned.

Now loosen the oscillator trimmer screw all the way, and then carcfully
close it until the signal is heard loudest. Then reduce the signal gencrator
output by means of its attenuator, and switch the output meter to a 50-volt
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range. Finally, adjust the trimmer screw very carefully for peak, or maxi-
mum, voltage on the output meter. The oscillator tuned circnit is now re-
aligned.

Aligning R-F and Antenna Trimmers. The antenna and f trimmers, if
present, are located on the tuning sections, other than the oscillator sec-
tion, of the gang tuning condenser. Sct the receiver at a quiet point at
about 1,400 kc. Sct the signal generator so as to produce a modulation note
at the same frequency as the receiver. Adjust the attenuator to produce a
low rcading on the output meter. The r-f and antenna trimmers are then
cach wobbled back and forth to produce peak response on the output
mcter.

Alignment of Receivers with Similar Condensers. Many scts, whose sec-
tions of the gang tuning condenser are similar, usc both trimmer and
padder condensers for proper resonance adjustment. Figure 4-12 shows the
schematic diagram of such an oscillator tuned circuit. Condenser C-1 is the
oscillator tuning condenser of the tuning gang. Condenser C-3 is the oscil-
lator trimmer condenser. Condenser C-2 is the oscillator padder condenser,
often called the 600 padder. In re-aligning this oscillator circuit, both pad-
der and trimmer condensers must be readjusted.

-

Cc3
TRIMMER

= C2
PADDER

Fig. 4-12. The trimmer and padder condensers for oscillator alignment

In reccivers with oscillator padder condensers, the alignment is a bit
more complex. As previously described, the signal generator is fed through
a 0.00025-mfd condenser to the receiver antenna. Ilowever, now tune the
receiver to 600 ke, and adjust the signal generator to produce a modula-
tion note at 600 ke. Adjust the 600 padder condenser for peak response.
This adjustment has been made at the low-frequency end of the broadcast
rangc.

Now tune the receiver to a quict point at the high-frequency end, at
about 1,500 kc. Adjust the signal gencrator to produce a low modulation
note at the same frequency as that of the recciver. Loosen the oscillator
trimmer screw, and slowly tighten it until the modulation note is heard
loudest. Adjust the generator attenuator for a low rcading on the output
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meter, and adjust the trimmer for peak voltage on the output meter. Then
proceed to align the r-f and antenna trimmers as described in the section
above.

Rocking Procedure for Aligning the 600 Padder. The oscillator align-
ment is not yet complete. Tune the receiver and signal gencrator to 600 ke,
and readjust the 600 padder for pecak response. Sct the attenuator to give
an output-mcter reading of 16 volts. Then tunc the recciver slightly higher
than 600 ke, say 605 kc. Leave the signal generator at 600 ke, and readjust
the 600 padder for peak responsc. If the output-meter reading increases in
this adjustiment, repeat the entire mancuver until no further increase oc-
curs.

If the output-meter reading docs not increase, tunc the receiver slightly
lower than 600 kc, sav 595 ke. Adjust the 600 padder. If there is an in-
crcase in output, rock the receiver tuning condenser to a lower frequency
and adjust the padder until maximum output is reached, that is, until varia-
tion of the padder screw docs not produce an increase of output.

Signal Generotor Receiver Ovutput
Indication
Frequency Setting Hot Lead to |Tuning Condenser Setting| Adjustment
if  (usually Any (oscillotor section | Output i-f trim. Peok.
455 ke.) Mixer signol grid.|  shorted). Input i-f trim. Peak.
600 ke. Antenna. 600 ke. | 600 padder. |Peak.
1,500 ke. Antenna. 1,500 kc. | Oscillator trimmer Peak.
1,400 ke. Antenna. 1,400 kc (tune for moxi-i r-f and ont. trim. ‘Peuk.
|
| mum output). |
600 ke. iAntennu. |600 ke (rocking tech- | 600 podder. iPeuk.
| | nique). | |
1,500 ke. lAntenno. :1,500 ke (tune for moxi-: Oscillator trimmer. | Peak.

| | mum output). |

Fig. 4-13. Generalized alignment procedure for a superheteradyne receiver

Esscntially, in this step the receiver tuning gang is rocked back and forth
around 600 ke, while the 600 padder is adjusted until any variation of the
padder at the frequencies off 600 ke does not produce an increase in out-
put on the output meter. Its purpose is to find the combination of 600
padder sctting and receiver-tuning-dial position which peaks the output
meter, even if the receiver tuning dial falls slightly off the 600-ke position.

The oscillator trinmmer is then rechecked at about 1,500 ke for peak re-
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sponsc. Feed in a test signal at 1,500 ke. Tune the sct for maximum output.
Then retouch the oscillator trimmer for peak.

The complete alignment procedure is summarized in proper order in
the outline given in Fig. 4-13.

Aligning a TRF Receiver. Thc alignment of a tuned radio-frequency re-
ceiver is a somewhat simpler task than that of a superheterodyne receiver,
since all the tuned circuits of the former type normally operate at the same
frequency at anyv one time. There may be two tuned r-f amplifiers and a
tuned detector. All these main tuning condenscrs are ganged togethier and
operate from the same receiver tuning control. In the course of events,
aging or the replacement of a coil may throw onc or more of these tuning
circuits out of resonance with the others. As a result, receiver volume will
be weak and receiver tuning will be broad.

Use of Tuning Wand on TRF Set. A quick mcthod to determine if re-
alignment is nccessary is the usc of a tuning wand. It consists of a fiber
rod with a band of brass at onc end and a band of steel at the other. In-
scrtion of the brass end into a coil reduces its inductance; insertion of the
steel end increases its inductance.

Connections for TRF Alignment. An output mcter is connccted across
the output transformer primary, as was done previously in superheterodyne-
receiver alignment. A modulated signal at about 1,500 ke is fed into the
antcima from the signal gencerator through a 0.00025-mfd/600-volt conden-
scr to give a low indication on the output meter. The recciver is tuned to
the same frequency. Now insert both ends of the tuning wand in tum
into cach coil of the tuning circuits. If the insertion of either end gives an
increased indication on the output meter, that tuning circuit must be re-
aligned. Normally, inscrtion of either end should reduce the output-meter
indication.

TRF-alignment Procedure. Re-alignment of these tuning circuits is per-
formed as follows: The receiver is tuned to a frequency of 1,500 ke, and
its volume control is turned full on. Allow a warmup period of about 15
minutes. Feed a modulated 1,500-ke signal into the receiver antenna. The
gencrator signal should be at a level to give a 16-volt output-meter indica-
tion. The small trimmer condenscers in parallel with cach section of the
condenser gang arc then adjusted to peak. Alwavs align the tuning circuits
in the order from the detector to the antenna. For cach tuning circuit,
adjust the trimmer to give peak or maximum response on the output
mcter.

Many trf receivers have condenser sections whose end plates arc slotted
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radially. These arc used for tracking adjustments. The segments of the
end plate are bent slightly in or out for proper tracking. Be careful that
you do not short the condenser when making this adjustment.

Other Alignment Techniques. There are other ways in which receivers
may be re-aligned, using the signal tracer, vacuum-tube voltmeters, or os-
cilloscopes. However, they are in no way simpler than the procedures elab-
orated in the description just presented. Further understanding of their
use will be given in a separate section of this book.
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Customer Complains of Hum. When the customer complains that his
recciver hums, he is referring to a defect of degrec rather than a condition
that docs not cxist in a normal receiver. Every recciver that opcrates from
the power lincs or a vibrator power supply will have a certain amount of
hum. Normally, it is at a tolerably low level and is considerably below
the desired signal level. ITowever, under certain conditions, the level of the
hum rises to a level that is quite high when it is compared with the de-
sircd signal level. At that time vou get the call from the customer.

Start with Questions. A little questioning at this time is desirable. Did
the recciver always hum? How recently did it begin to hum? Was the re-
ceiver serviced recently? If yes, what was the defect at the time? Docs the
recciver hum all over the dial? Or docs it hum only when a station is tuncd
in? Was a new antenna recently installed? These are not uscless questions;
they arc the beginuings of the application of your knowledge to the prob-
Tem of localizing the defects. Of course, be sure to confirm the customer’s
complaint by turning on the set and listening vourself before proceeding.

Types of Hum Defects. Hum is manifest as a steady low-frequency audio
note. It originates when a low-frequency voltage enters the signal chain of
a receiver. Not many defects will permit such an entry, and the defect can
rcadily be isolated as a result. It has been estimated that two defects ac-
count for about 90 per cent of excessive hum in reccivers, First and fore-
most (75 per cent) is a defect in the filter section of the power supply.
The sccond cause (15 per cent) is a leak between the cathode and the
heater of a tube, especially in the audio-frequency section. Other defects
account for the remaining cases of excessive hum.

77
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How Hum Gets In. The point of entry of the low-frequency a-c voltage
(hum voltage) determines the manner in which the hum appears from
the receiver, and this in tum helps vou to isolate the defective scction. The
audio-frequency stages are untuned and will pass along the hum voltage
when such voltage is injected into one of these stages. As a result, the
receiver will hum over the entire range of the receiver tuning dial. If a
receiver hums excessively over its entire tuning range, you know that the
defect must be in the a-f stages or in the power supply.

The r-f stages are tuncd stages, tuned to frequencies which could not
pass along the low-frequency hum voltages. Thercfore, if the recciver werc
not tuncd to a station and the hum voltages entered onc of the r-f stages,
the hum voltages would be blocked and the receiver would not hum. But
when a station is tuncd in, the hum voltage entering the r-f stage acts to
modulate the station carrier signal, just as a voice or music modulated the
carrier at the broadcasting station. Then, after demodulation at the de-
tector, the hum voltage appears at the a-f section and produces hum at
the loudspcaker. This type of hum appears only when a station is tuncd in
and is known as modulation hum, or tunable hum.

Locating the Defective Section. Rcasoning from the type of hum being
produced in the receiver, you can immediately isolate the defective section
of the receiver. Tune it to an off-station position and turn the volume con-
trol down to a low level. If excessive hum is heard, the defect lics in the
power supply or the a-f section. Swing the tuning dial through its rangc.
The location of the defect is verified by the fact that the hum is heard
continuously.

If no hum is heard, turn up the volume control and tunc to a station.
Any hum now heard is modulation hum, and a defect in the r-f scction
of the receiver is indicated. Swing the receiver tuning dial through its
range. The location is confirmed by the fact that the hum disappears be-
tween stations and rcappears at on-station positions. It is advisable to swing
the tuning dial through its range in order to avoid being mislead by onc
poor broadcasting station whosc signal reccived some hum modulation at
the station, a condition which you cannot control.

Locating the Defective Component in the Power Supply. Assumc that
you have a receiver with continuous hum over the entirc range of the
tuning dial. Since the power-supply scction is the most likely cause of this
condition, we will analyze the power supply of an a-c recciver for possible
specific causes.
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Power-supply-circuit Review. l'igurc 5-1 is the schematic circuit of an
a-c power supply. It is composcd of a power transformer which has several
sccondary windings. Onc steps down the voltage for the rectificr filament.
Another sccondary steps the voltage up so as to apply about 300 volts on
cach rectifier plate. The third sccondary steps the voltage down to that
required by the heaters of the other tubes. Condensers C-1 and C-2 and
filter choke L-1 make up the filter circuit to smooth out the rectifier out-
put. Choke L-1 is often the spcaker field. Resistors R-1 and R-2 are the
voltage divider as well as a bleeder. Condenser C-3 is the line filter con-
denscr,
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c2 B+(100V)
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TO TUBE
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60 CPS 120 PULSES 120 RIPPLES ALMOST
PER SEC PER SEC D-C

Fig. 5-1. A typical a-c power supply with accompanying waveforms

Beneath the schematie diagram are the waveforms of the B supply. In
the sccondary is a 60-cycle alternating current which is fed to the rectificr
plates. The rectifier is a full-wave rectifier whose output is a direct current
pulsing at a ratc of 120 times a sccond. Condenser C-1 serves to peak
the output voltage. It discharges into the filter choke a direct current rip-
pling at a 120 ripples per sccond. Choke L-1 and condenser C-2 make up
the final smoothing filter section. Condenser C-2 discharges almost pure
direct current into the voltage divider. The small amount of ripple (120
ripples per sccond) left is negligible and accounts for the constant pres-
ence of tolerable hum even in a normal receiver.

Suspect the Filter Section First. 'I'he grcatest possibility for hum, as
may be scen from the waveforms, lics in the filter section. For then a
voltage rippling at 120 per second would feed onto the tube and produce
hum. And in the filter section, the most frequent cause of hum is either



80 Profitable Radio Troubleshooting

the output or mput filter condenser C-1 and C-2. These condensers are
clectrolvtic condensers and may undergo several changes. They may losc
somc of their clectrolyte with age and drop in capacity. Any such con-
denser with a white salt creeping out of its edge should be suspected of
this condition.

A filter condenser may develop excess lcakage. For condenser C-2, this
will make it draw too much direct current through choke L-1, thereby re-
ducing its inductance and its ability to smooth out the ripples. If the con-
denscrs open, they will not function to smooth out the ripples at all. If
any of thesc threc changes occurs in the condensers, recciver hum will be
cxeessive.

Testing Filter Condensers. Thc best way to test for these conditions is to
obtain a good condenser of about the same capacitance and with at lcast
the samc working voltage of the original onc. Shunt this good condenscr
across the terminals of the old condenser. Be sure to observe proper
polarity with the good electrolytic condenser, lest yvou ruin it. If the hum
disappears or drops in volume, vou know the output filter condenser is
defective and must be replaced with a new one.

A convenient device for shunting a condenser across a suspected one is
that shown in Fig. 5>-2. Two Falmestock clips arc mounted on a wooden

% a7

Fig. 5-2. A convenient device for shunting a condenser

board. Paint a 4 near onc and a — necar the other. Connect a good con-
denscr across the clips, 4+ to 4 and — to —. Then place two test leads
under the clips and proceed with the shunting technique. It is a good idea
to have several such Fahnestock clip boards around for similar purposcs.
A good all-round filter condcenser uscful for shunting in practically all re-
ceivers is a 20-mfd/450-volt clectrolytic condenser. Of course, the 4 side
gocs to the + clip and the — terminal goes to the — clip.
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Practical Suggestions. \Vhcre excessive leakage cxists in the output filter
condenser, the hum level may not decrcase appreciably by this shunting
technique. When this condition is suspected, as when the condenser oper-
ates too warm, open one lcad of the condenser and place the good con-
denser temporarily in its place.

Somctimes, when the output filter condenser is shunted with a good
onc, hum will still be present but at a lower level. You should then suspect
the input filter condenser C-1 as well. By mcans of test leads with alligator
clips, shunt the input filter condenser similarly. If the condition is as
suspected, hum should drop to its tolcrable level.

Input filter condenser C-1 may lose capacity, develop cxcess leakage, or
open and result in hum. But since its prime function is to maintain peak
rectifier output voltage, B-plus voltage will be dropped to a low level and
rcceiver output will be weak. Therefore, when you find hum plus a weak
rcceiver output, check the input filter condenser. Shunt it, or substitute a
good new condenser of similar capacity and working voltage to what you
had previously.

Filter Blocks. Input filter condenser C-1 and output filter condenser C-2
are often in onc can or block. Leakage may develop between these two con-
denscrs, with the result that the inductance of choke L-1 drops and hum
level rises. The condition is not readily checked. Where vou suspect that
condition, open one lcad in cach of the condensers and substitute new ones
to sce if hum level drops to a tolerable level. Then the entire block is re-
placed.

As a practical suggestion, it is advisable to replace the entire block if onc
of the filter condensers becomes defective. This procedure is reccommended
because of spacc limitations in a receiver rather than other requircments.
If space permits, you may only replace the defective component of the
condcenser block.

Filter Choke. On rare occasions, some of the turns of the filter choke
may short and lower its inductance. Hum level would then rise. When the
filter choke is the loudspeaker field coil, it should have a resistance of 1,000
to 2,000 ohms when good. You can best check it for a short with a sub-
stitutc spcaker of the same type. If bad, it may be necessary to replace
the entire loudspeaker. Mounting dctails, wattage rating, resistance, and
voicc-coil impedance must be taken into consideration in the replacement
loudspcaker.

Vibrating Laminations. There is another type of hum which may occur
in power supplies which is not clectrical in nature but purcly mechanical.
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Power transformer or filter chokes have iron cores made up of many lam-
inations of iron. Sometimes the bolt holding them together looscns, and
the plates in turn become loose. Then cddy currents flowing through the
laminations as a result of the current through the coils causc the lamina-
tions to vibrate and cmit a hum cven when no station is tuned in. The
sound is distinctly a mechanical onc and is rcadily identified. Try tighten-
ing the holding bolts.

Locating Defective A-F Stage. ITum introduced into the a-f scction of
a receiver would result in hum over the entire tuning range of the receiver.
If the power supply has been found to be perfect, then turmn at once to
the a-f scction of the recciver and isolate the defective stage.

60CPS INPUT
VOLTAGE

Fig. 5-3. A typical cathode-type tube circuit

What can cause hum to be introduced into an a-f stage? In most cascs,
it will be cathode-hcater Icakage. Figure 5-3 shows a typical cathode-type
tube circuit. Resistor R-2 is the self-bias resistor. It furnishes the d-c
voltage differcnce between the signal grid and cathode (grid bias).

Assume now that the cathode comes in contact with the ungrounded
end of the heater. Ileater current now has two paths to ground. Onc is
through the heater and the other is through the cathode and sclf-bias re-
sistor R-2. Since hcater current is 60-cvcle alternating current, this alter-
nating current will appear across the sclf-bias resistor and hence make the
grid reccive a 60-cvcle a-c voltage with respect to cathode. Then if filter
condenser C is incapable of bypassing this a-c hum-producing voltage or
if the tube has high amplification, the hum voltage will be amplified and
the receiver will hum.

If the cathode comes in contact with the grounded end of the heater,
heater current will not pass through resistor R-2 and hum will not result.
Of coursc, this would ground the cathode and cause distortion or oscilla-
tion. The amount of hum would depend on whether there was direct
cathode-hcater contact or considerable lcakage between the two.
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Checking Cathode-heater Leakage. The simplest procedure for checking
for cathodc-heater leakage in an a-f tube is by mcans of a tube checker or
by replacement with a new tube. Since both a defect in the a-f section
as well as a defect in the power supply could causc hum over the recciver
tuning range, check the a-f tubes and the rectificr tube at the start before
proceeding further. If the tubes are all right, then proceed with the check
on the power supply. If the power supply checks normal, then begin the
systematic isolation of the defective a-f stage.

Hum-isolating Technique. Thc technique involved in dctermining the
defective stage is that of mterrupting the signal chain, beginning at the
loudspeaker and working back to the volume control. As wc move back
from onc point of interruption to the nexst, the first point where the hum
comes in indicates a defect between this point and the last one tested.
I'igure 54 shows this technique in block form.

DIRECTION OF A-F SIGNAL

5 C % -

SIGNAL INTERRUPTED AT
THIS POINT: NO HUM

SIGNAL INTERRUPTED AT
THIS POINT : HUM
DEFECT IN IST A-F CIRCUIT

Fig. 5-4. Locating a defective stage in the audio section

Now turn to an actual schematic diagram of the audio section of an a-c
recciver. Figure 3-5 shows such an audio scction. Since the heater of a-c
reccivers arc conncected in parallel, you may remove any tube without af-

IST
AF

l

Fig. 5-5. The audio section of a receiver

fecting the heater supply to other tubes. Therefore, remove the sccond a-f
tube from its socket. ‘T'his blocks the a-f signal chain at the signal grid pin
of the tube just removed. If hum is still heard, it is entcring the signal
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circuit somewhere between the plate pin of the second a-f tube and the
loudspeaker.

If the hum stops when the second a-f tube is removed, it is entcring
somewhere ahead of this output tube. Thercfore, reinsert the sccond a-f
tubc and remove the first a-f tube from its socket. This step halts the a-f
signal chain at the signal grid of the first a-f tube. Any hum now heard is
entering somewhere between the plate pin of the first a-f tube and the
second a-f amplificr stage. Poor tube pin contacts arc also such a defect.

If no hum is heard, then the hum voltage is obviously entering between
the input of the a-f section and first a-f stage. Thus by means of a signal-
chain-blocking technique, you can isolate a particular defective stage or
circuit.

Isolating Defective Component in A-F Stage. Let us cxamine how a
hum voltage of cxcessive proportions enters an a-f stage. You have alrcady
found that cathodc-heater lcakage is one of thc most prevalent causcs.
Here you merely check the tube in a tube checker or replace it with one
known to be good. The simplicity of this step always makes it a first step.

Loudspeaker Hum-bucking Coil. Various other defects in the a-f section
may result in hum. For example, many clectrodynamic loudspeakers have
a small stationary hum-bucking coil comnected in serics with the voice
coil but mounted on the center pole picce of the loudspeaker. Any ripple
voltage from the ficld coil normally induces some hum voltage in the voice
coil. But if the hum-bucking coil is connected in opposite phasce to the
voice coil, the former will have induced in it the same hum voltage but in
such phasc as to cancel out that in the voice coil, and receiver hum will be
minimized. If a previous serviceman replaced the voice coil and cone of
the loudspeaker, he mav have placed the voice coil in the same phasc as
the hum-bucking coil. The result would be lound hum. The remedy is
simple: Mercly reverse the connections of the voice coil.

Another source of hum may be an open grid circuit. An open grid cir-
cuit makes a tube more sensitive. It is thereby more subject to pickup of
hum voltages by induction. Distortion of the signal would probably ac-
company this type of hum.

Induced Hum Voltages. ITum voltage may be induced into the a-f scc-
tion in other ways. For example, a customer may have folded his long
power-line cord and placed it in the back of the cabinet near a circuit which
picks up the 60-cvcle current in the cord. Or the metal shiclding around a
tube or around a lcad may have been removed, and hum voltages arc
picked up by signal circuits. Sometimes a shicld fails to make good contact
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with ground. When this condition occurs, the shield picks up hum volt-
ages and then in turn induces them into the signal circuits which they were
intended to shicld. Reeciver hum then becomes excessive.

Hum-producing Defects in Wiring. Somctimcs, as a result of previous
service work, lcad dress has been disturbed—particularly in the region of
the first a-f tube. Volume control leads and first a-f tube grid leads should
all be short and dressed closc to the chassis, away from wiring that carrics
60-cycle current. Where this condition exists, try redressing leads care-
fully around the offending stage.

R!
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Fig. 5-6. A source of hum resulting from poor electrical contact

In some instances, a poor connection may rcsult in hum. For example,
take the circuit shown in Fig. 5-6. Circuit A shows the grid retum and
the heater connected to a common ground point. If this ground connec-
tion corrodes and forms a high-resistance contact, it behaves as in circuit
B, where a high-resistance R-1 has been added in serics with the heater.
The hcater current flowing through contact resistance R-1 will producc a
60-cvcle a-c drop across the resistor, and this a-c voltage will in turn be
fed to the grid of the tube whose return goes to the same ground point.
Receiver hum results. Be sure to check all connections in a defective stage.

Other Causes of Hum. In some rcccivers with filament-type tubes using
center-tap filament resistors, hum may develop if half of the resistor opens.
This is illustrated in Fig. 5-7. If one half of the resistor opens, the grid re-
turn will be connccted to one end of the heater rather than to the mid-
point. This condition feeds 60-cycle alternating current into the grid, and
hum results.

The volume control may also be defective and cause hum. If you can
vary the loudness of the hum by rotating the volume control arm, the de-
fect may be in the control or in its leads.

Another cause for hum may be an open cathode bypass condenser. Fur-
ther, in a push-pull stage, tubes that are not balanced and do not have
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cqual emission may result in hum. The best check is to substitute new
tubes in the push-pull stage to note the effect. And finally, a replacement
component like a transformer or choke may, becausc of insufficient shicld-
ing or becausc of placement, result in inducing hum in signal circuits.
Altering the position of mounting of these componcnts may eliminate the
hum.

FILAMENT
RESISTOR

TO A-C HEATER
VOLTAGE

Fig. 5-7. A source of hum in a center-tap heater filament tube

The defects just described account for hum voltages getting into the
a-f section of the receiver and for receiver hum over the entire tuning range
of the receiver. Now let us examine the causes of modulation hum. Ilere,
hum voltages are induced into the r-f section of the recciver.

Locating the Defective R-F Stage. The symptom of modulation hum it-
self limits the defect primarily to the r-f section of the receiver. The job
immediately becomes that of isolating the defective stage. This task may
be readily performed with a signal generator and an output meter. The
technique consists essentially of feeding an unmodulated signal into the
input of each stage, beginning with the second detector and working back
toward the antenna. When the input of the defective stage is reached, the
hum voltage will modulate the unmodulated signal from the signal gen-
erator and the hum will be heard. The defect then lics between the input
of the defective stage and the input of the stage just previously checked.

Isolating Modulation Hum. Figurc 5-8 shows the r-f section of a re-
cciver. Let us isolate the defective stage for hum. Connect your output
meter across the primary of the output transformer as in stage-gain mcas-
urements. At all times, the attenuator of the signal gencrator should be ad-
justed to give an output of about 25 volts. This precaution is necessary in
order to avoid overloading any stage by too strong a signal.

Now set the signal gencrator to produce a modulated signal at the inter-
mediate frequency of the receiver. Feed the signal through a 0.1-mfd con-
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Fig. 5-8. The rf, or front, section of a receiver, showing capacitors that can cause hum if open
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denser to the plate of the i-f amplifier. Tune the receiver to a non-station
position. The gencrator modulation note should be heard from the loud-
spcaker. Switch now to an unmodulated note at the intermcdiate fre-
quency. If hum is now heard from the loudspcaker, the defect lics in the
circuit between the plate of the i-f amplifier and the volume control.

If hum is not hcard, retain the recciver at the same non-station position
and the signal gencrator at the intermediate frequency. Feed an unmodu-
lated signal into the plate of the converter tube. If you hear hum, the de-
fect lics in the circuit between this test point and the plate of the i-f tubc.

If vou still hear no hum, set the signal-gencrator frequency control at
the same non-station position as the receiver. Feed an unmodulated signal
at this frequency into the plate of the r-f tube. If hum is heard now, the
defect lics in the circuit between this test point of the receiver and the
converter plate. If hum is not heard from the loudspeaker, the defect lies
in the circuit between the antenna and the r-f amplifier plate.

Isolating the Defective Component. What dcfective conditions within
the r-f scction can result in modulation hum? The primary causc of hum in
the r-f scction is once again cathode-heater lcakage. Therefore, the first
task is to test the tubes in a tubc checker or to replace each with one
known to be in good condition.

Other conditions similar to those which caused hum in the a-f scction
may cause hum in the r-f section. Such conditions are open grid circuits,
high-resistance contacts, poor lead dress, poor shiclding provisions, and
pickup of hum voltages by signal circuits by inductive means.

Decoupling-filter Troubles. Onc additional mcans of hum pickup is re-
lated to decoupling circuits. In Fig. 5-8, all the resistor-condenser combina-
tions marked R and C make up decoupling filters in the grid and plate cir-
cuits.

The plate decouplers prevent any hum voltage from getting into the
plate circuit from the power supply. However, if condensers C in these
decoupler filters open, hum voltage may enter the plate circuit and be
handed along the signal chain to produce modulation hum. A similar re-
sult may occur if the condenser C opens in a grid decoupling filter. Occa-
sionally, these conditions arc accompanicd by motorboating—a put-put
tvpe of sound from the receiver.

Antenna-system Troubles. Poor antcnna and ground conncctions may
also causc modulation hum. The curc is to check antenna and ground con-
ncctions, both at the recciver and outside the receiver for firm, good con-
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tacts. Sometimes it is necessary to prevent pickup from the power lines by
grounding cach linc of the power line through condensers installed in the
receiver. These condensers may be 0.1-mfd/400-volt condensers. 1f such
condensers arc alrcady present, check to see that they have not opened.

Hum may also be picked up by an antenna running close to a power line.
It is advisable in such a case to reconstruct the antenna as far as possible
from the power lincs and, if possible, at right angles to, rather than parallel
to, the power lings.

Open Screen Bypass Condenser. Another condition may cause hum to
result in a receiver. If a defect develops in the bias system of a tube, it
may become extremely receptive to hum voltages, especially if the tube
becomes overbiased. A thorough check should be made of the bias system
of the tubc involved. A screen voltage that has become too low may causc
a similar condition with hum resulting. Check screen voltage with a volt-
mcter. If it is too low, check the power-supply source and the screen by-
pass condenser, marked C-1 in Fig. 58, for a leakage which would pro-
duce low screen voltage.

You now have a complete hum-localizing procedure. It was presented
for the superhetcrodyne receiver. The same techniques, however, apply to
a trf receiver as well. Just be sure to use proper frequencies when injecting
signals with the signal generator.

Hum in A-C/D-C Receiver. Thc a-c/d-c recciver may develop constant
hum or modulation hum for the same reasons that these defects develop
in the a-c receiver. ITowever, design differences in some cases make a
slightly different technique necessary.

Circuit knowledge is just as applicable in the a-c/d-c recciver as in the
a-c receiver. Hum heard over the entire tuning range of the receiver results
from a defect in the power supply or the a-f section. Modulation hum re-
sults from a defect in the r-f section of the receiver, These clucs should im-
mediately center your attention on the proper sections for analysis.

After the proper sections are localized for investigation, the localization
of the defective stage, or circuit, is next sought. It is primarily in this step
that the technique varies slightly. Thereafter, the localization of defective
components is similar.

Locating Defective Stage for Constant Hum. Constant hum from the
receiver over its entire tuning range can only be duc to a defect in the
power supply or in the a-f section. Since tubes are the casiest to check and
are the second most frequent cause of hum, the rectifier and a-f tubes
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should be checked first in a tube checker or by substitution of good tubes.
If the tubes are in good condition, turn to the power supply for investiga-
tion.
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Fig. 5-9. A typical a-c/d-c power supply

Figure 59 shows a typical a-c/d-c power supply. The most likely defect
in the power supply is a defective output filter condenser C-Z. In review,
the other possible defects may be listed as follows:

Defective input filter condenser C-1.

Leakage between condensers in a condenser block.

Short in the filter choke L-1 (usually speaker ficld coil, normally about 450
ohms).

If the causc of hum is not disclosed by a defective tube or by a defect
in the power supply, then you must proceed with a systcmatic stage-isola-
tion technique in the a-f section. A signal-chain-interruption technique is
used once again. But it cannot be done in the same manner as with the
a-c receiver where the a-f tubes were removed, one at a time. In the a-c/d-c
rcceiver, tube heaters are in series (see Fig. 5-9), and removal of onc would
cut off the hcater supply from all. Therefore, the signal chain must be in-
terrupted with the tubes in their sockets and with receiver power turned
on. This may bc done by shorting out the signal at various test points
through a 1- or 2-mfd/600-volt condenser.

Refer to Fig. 5-5, which might also be the a-f section of an a-c/d-c re-
cciver. Tumn on the receiver and hear the hum. Place the shorting con-
denser across the primary of the output transformer T-1. If hum is still
heard, the defect lies between the output transformer and the loudspeaker.
If hum is not hcard, place the shorting condenser across the grid resistor
R-1 of the second a-f tube, thereby blocking the signal chain at that
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point. If hum is heard, the defect lies between the grid of the second a-f
tube and the output transformer. If hum is not heard, place the shorting
condenser across grid resistor R-2 of the first a-f tube. If hum is hicard, the
defect lics between the grid of the first a-f tube and the grid of the sccond
a-f tube. If hum is not heard, the defect lics between the volume control
and the grid of the first a-f tube. In this mamner, the defective stage may
casily be found.

Isolating Defective Stage for Modulation Hum. As in thc a-c receiver,
modulation hum in the a-¢/d-c¢ receiver indicates a defect in the r-f section
of the recciver. The technique for isolating the defective stage in this sce-
tion is identical with that used on the a-c receiver r-f scction. Thercafter,
isolating the defective component is similar to that uscd with a-c reccivers.

Isolating Defective Component in A-F and R-F Sections. The same con-
ditions that cause hum originating in a-f and r-f scctions in a-c reccivers
causc hum in a-c/d-c receivers, and arc checked in the same manner. By
way of review, general hum originating in the a-f scctions may be caused
by the following defects:

Cathodc-heater lcakage.

Reversed hum-bucking coil.
Opcn grid circuit.

Induced hum voltagcs.

Open shields.

Poor Icad dress.

Poor contacts.

Open center-tap filament resistor.
Dcfective volume control.
Placement of new transformers and chokes.
Unbalanced push-pull stage.

Cathode-hcater lcakage is a fairly common occurrence in a-c/d-c re-
ceivers, particularly in second a-f amplifier tubes. The greater the heater
voltage, the greater the possibility of hum resulting from cathode-heater
leakage.

In the tvpical heater string of Fig. 59, the left side of the dctector-first
a-f tube heater is 12 volts above B-minus, or ground; the lcft side of the
converter tube heater is 24 volts above ground; the left side of the i-f tube
heater is 36 volts above ground; and the left side of the sccond a-f tubc
hcater is 86 volts above ground. Obviously the sccond a-f will reccive the
largest magnitude of hum voltage resulting from cathodc-heater leakage,
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the if amplificr the next highest hum voltage, the converter the next
highest hum voltage, and the detector-first a-f tube the lcast. The order of
conncecting the heaters in the string is a design factor because hum voltage
resulting from cathode-heater leakage is most devastating in the detector-
first a-f tube, then in the converter, and least offensive in the second a-f tube.

Causes of Modulation Hum. And now, by way of review, the defects
that may result in modulation hum resulting from the entering of hum
voltages into signal circuits in the r-f scction are listed below:

Cathodc-hcater leakage.

Open grid circuits.

Poor contacts.

Poor lcad dress.

Poor shiclding provision.

Induced hum voltages.

Open decoupling filter condensers.
Poor antenna and ground conncctions.
Open line filter condenser (C-3 in Fig. 59).
Defective biasing voltages.

Pickup from ncarby power lincs.

These arc the same defects as those found in a-c receivers and are checked
in the same manner.

Hum in the Three-way Portable Receiver. Hum trouble in a threc-way
portable receiver is best analyzed with the power supply in mind. Figurc
5-10 shows a typical power supply for such a recciver. Here, too, general
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Fig. 5-10. A typical power supply for a three-way portable receiver

hum over the entire tuning range of the receiver indicates a defect in the
power snpply or the a-f section, and modulation hum indicates a defect in
the r-f scction.
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The quickest mcans of determining if the defect is in the power supply
when general hum exists is to switch the receiver from power linc to the
battery modc of opcration. If the hum disappears, the defect is probably
in the power supply. The power supply is then up for mvestigation.

Two filter circuits exist in the power supply for the power line mode
of opcration. The B-filter system is an R-C filter consisting of condenscrs
C-1 and C-2 and resistor R-1. If these condenscrs lose capacity or develop
excess leakage or open, or if resistor R-1 changes considerably in value,
filtcring will become incfficient and hum voltage will be fed to the tubes.

There is also the A-filter system consisting of condensers C-1 and C-3
and resistor R-2. If these become defective in a manuer similar to the B
filtcr, hum voltage is fed to the heater string, and recciver hum results. The
test for the condensers is shunting with or substituting a new good con-
denscr. The resistors may be checked with an ohmmeter.

Thereafter, if the power supply checks all right, the a-f scction is cx-
amined for defective stage isolation in the same manner as the a-c/d-c re-
ceiver was handled. Similar defective conditions are to be checked in a
defective stage.

Modulation hum should dircct vour attention to the r-f scction. The
signal-generator technique described under the a-c receiver section for locat-
ing the defective stage is equally applicable here. Once again similar de-
fccts in the defective stage should be sought.

Hum in Auto Receiver. Thc causc for hum in the auto recciver mav be
isolated in the same manner as was donc for other tvpes of reccivers. But
the type of power supply used here introduces a few new possibilitics. Poor
grounds and poor shielding arc extremely annoying conditions resulting
in hum. The components of the power supply and of the unit itsclf should
be properly and completely shiclded. The filter condensers filtering the
leads to and from the power supply should be checked for opens or lcak-
age. Thercafter localization of the defective component is as was pre-
viously described. It should be noted that hum in the auto recciver is of
a higher frequency than that found in receivers fed from a 60-cycle source.
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Squeals and Put-puts

Squeals and Put-puts. Here the customer will report to you that his re-
cciver whistles or makes noise. This is useless as a cluc to a defect. You
will have to check the complaint carcfully yoursclf and make your own
observations of defective operation.

You will recognize the whistle as squedl, a high-pitched audio note from
the loudspeaker. The squeal will not be mistaken for hum, because the
former is a note of much higher pitch.

The noise will in this case be found to be a put-put sound, not unlike the
sound of a small motorboat. It, too, is an audio-frequency note but of a
frequency considerably lower than hum frequency.

At first, it would seem that you arc dealing with two unrelated service
problems, but both squcals and put-puts (often called motorboating) have
common causcs. They are both conditions within the receiver called oscilla-
tion, of undesirable tvpe.

After having identificd the nature of the receiver defect, you will have
to verify the condition of squeal further for the manner in which it mani-
fests itself. Docs the receiver squeal all over the dial, on stations and be-
tween stations, whether volume is high or low? Docs it squcal all over
the dial, but only on stations? Does it squeal only at one cnd of the dial
and only on stations? This complete verification of the customer’s com-
plaint will serve as the beginning of the localization procedure. Squeal
appearing on only one station is a special type to be described later.

What Is Oscillation? In order to understand the innumcrable ways in
which undecsirable oscillation might arise, it would be advisable to review
the nature of oscillation. A mechanical analogy will make the point clear.

94
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Suspend a pendulum by a string and draw it about onc foot to a side of
the center resting position. Then let it go. The pendulum will vibrate, or
oscillate, back and forth, as shown in Fig. 6-1. The curves under the pen-
dulum show the path of the pendulum bob as it swings back and forth

with the passing of time. Note that the oscillation is slowly damped and
the bob finally comes to rest.

TIME
41!!!{!’///

p- RESTING POSITION
Fig. 6-1. The oscillating pendulum

What damped the oscillation? Losses within the pendulum system it-
sclf slowly robbed the bob of its energy and finally stopped it. These losses
arc the friction of the bob against the air and the friction within the string
where it is attached at its support. Were it not for these losses, the bob
would swing forever cqually to cach side of the center resting position.

Maintaining Oscillation. Ilow might you sustain the oscillations? If at
the instant the bob reached the top of the swing and was about to move
in the opposite direction you tapped the bob slightly with your finger, the
bob would swing equally in the opposite direction. And if you kept tapping
the bob every time it reached the top of the swing, the bob would con-
tinue to oscillate with undiminished energy.
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Three factors entered into the process of producing sustained oscilla-
tions: The first factor was the ability to get vour finger at the bob. The
second factor was vour imparting of encrgy to the bob by means of vour
finger to overcome the losses that would dampen the oscillations. And
the third factor was that vou had to impart the energy from your finger at
just the right instant. ITad you tapped the bob before it reached the top of
its swing, vou would have stopped the oscillations rather than sustained
them. Your finger is said to have been in phase with the swinging bob.

How Amplifier Circuits Oscillate. Amplifier circuits built around tubes
are perfect setups for oscillation, because the characteristics which make
them good amplificrs provide the conditions necessary for undesirable os-
cillation. Signals arc passed down the signal chain of the recciver, con-
stantly being amplified. If, because of some defective coupling path, some
of the amplified signal is fed back to the input of a stage with sufficient
energy to overcome losses in the input circuit and in proper phasc, that
stage will begin to oscillate, producing the squeal. In reccivers, not only
may undesirable coupling take place within a single stage, but an amplifier
stage may couple with another stage carlicr in the signal chain and cause
the carlicr stage to begin to oscillate.

Mechanical Causes of Oscillation—Microphonics. Oscillations within a
receiver may result clectrically as a result of some mechanical defect.
Normally, loudspcakers arc floated off the cabinct and the chassis by
means of rubber suspensors. Similarly, a tuning gang condenscr is floated
on rubber. In time, the rubber may vitrify and become hard. Vibrations
from the spcaker may then be fed to the tuning gang, causing it to vibrate
at an audio frequency with a resulting oscillation squeal. This condition
will be more marked when the volume control is turned up high.

At otlier times, the clements of a tube may be slightly loose. A loud sig-
nal from the loudspcaker, or a jarring of the receiver, may set these cle-
ments vibrating, and the loudspcaker output will sustain the vibration.
A Toud howl is emitted by the loudspeaker. Such oscillations arc often
referred to as microphonics, about which more will be said later.

How Triodes Can Oscillate. Figure 6-2 shows a triodc amplifier. The
station signal in tuning circuit L-C is amplified in the tube and appcars as
a larger voltage across the plate load L-1. 'The plate and grid act as a small
condenscer shown as C,p.

In a triode, this capacitance is large enough to feed a fairly large amount
of the output signal back to the grid, particularly at high radio frequencics,
and in proper phase. As a result, the tube is thrown into a state of un-
desirable osciltation. The higher the O of the grid circuit, the greater the
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amount of voltage fed back to the grid circuit. Because of this factor,
high-gain stages with high-Q tuncd circuits have the greatest tendency to
be thrown into undesirable oscillation.

Cgp -
/>\Y

Fig. 6-2. A triode amplifier showing the grid-to-plate capacitance that can cause oscillation

Screen-grid Tubes. To overcome the grid-to-plate capacitance which pro-
vides a feedback path, the screen-grid type of tube (pentode and beam-
power tubes) were designed. Thus, the 2A3 triode has a grid-to-plate
capacitance of 16.5 mmfd, and the S0L6 becam-power tube has a grid-to-
plate capacitance of 0.8 mmfd.

This reduction in grid-to-plate capacitance is accomplished by placing
a grounded grid—the sercen grid—between the signal grid and the plate.
The screen grid cannot be grounded directly since, for proper operation, it
must be opcrated at a positive d-c potential. It is thercfore grounded, so
far as the a-c signal is concerned, through a condenser which offers a low-
impcdance path to ground for the signal.

How Screen-grid Tubes Can Oscillate. Iligure 6-3 shows a tvpical
pentode-type tube circuit. Resistor R-1 drops the d-c screen potential to
the proper level. Condenser C-1 is the screen bypass condenser which
grounds the screen for the a-c signal. If this screen bypass condenser opens,
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Fig. 6-3. A typical pentode circuit, showing the screen bypass condenser that can cause oscillation
if open
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the screen grid is no longer grounded for the signal. Feedback from the
plate to grid circuit increases and undesirable oscillation begins.

Or, the plate circuit may feed energy back to the grid circuit outside
the tube and result in oscillation. If the leads going to the plate pin and
the grid pin arc closc, such undesirable coupling may take place. To mini-
mize this possibility, the grid and plate leads should be as short as possible
and dressed to be as far apart as possible. Further to prevent external cir-
cuits from coupling with electrodes within the tube, the tube itsclf may
have a grounded metal shicld around it or be a metal tube whose grounded
shell acts as a shield.

Sometimes, magnetic coupling takes place outside the tube, and un-
desirable oscillation results. Thus, in Fig. 6-3, coil L-2 may couple mag-
netically with coil L-1. To prevent this possibility, the coils are placed
within grounded metal shields.

Coupling between Separate Stages. In radio receivers, you must not
only be concerned about coupling within cach individual stage, but you
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Fig. 6-4. A two-stage circuit showing decoupling and bypass condensers that can cause oscillation
if open

must also take into account over-all coupling between stages. Take, for
cxample, the two-stage circuit in Fig. 6-4. The possibility of oscillation re-
sulting from open screen-grid bypass condensers C-1 was just mentioned.
"T'here arc other possibilitics.
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Feedback may occur between two stages where there is a common com-
ponent in which coupling takes place. The normal procedure for climinat-
ing coupling through the common component is to bypass the signal to
ground around the component by means of a condenser.

Note that the sclf-bias resistor R is common to the cathode circuit of
both tubes V-1 and V-2. The two stages are decoupled by means of cathode
bypass condenser C. Should this condenser open, signal current flowing
in the plate circuit of tube V-2 would flow through sclf-bias resistor R.
and would producc a signal voltage drop across it. This, in tumn, would
fced to the grid of tube V-1. The feedback would be in phase and produce
oscillation.

Decoupling-condenser Troubles. Similarly, there is a possibility for coup-
ling in common output filter condenser C4. Signal current in the plate
circuits of tubes V-1 and V-2 both pass to ground through the output filter
condenser C-4, which is common to both circuits. A voltage drop takes
place across this clectrolytic condenser. Particularly for r-f currents, clectro-
Ivtic condensers arc poor as r-f bypass condensers. Since plate current also
passcs through the sclf-bias resistor, the voltage developed across C-4 will
be fed to the cathode and then in tumn to the signal grid of tube V-1. It
this feedback voltage is in proper phasc, oscillation results.

To overcome this possibility, a plate decoupling filter is placed in cither
or both plate circuits. These are shown as resistors R-2 and condensers
C-2. The path for the signal current is now through bypass condenser
C-2, a paper condenser, to ground without going through the common
component C+4. Of coursc, should plate decoupling bypass condenser
C-2 open, condenser C-+ again becomes the common component and
undcsirable oscillation might result.

Bypass-condenser Troubles. A similar possibility of coupling exists as
a result of a common component C-5 in the ave supply. For both tubes
V-1 and V-2, the grids return to ground through condenser C-5, in
which coupling may devclop. To eliminate this possibility, deccoupling
filtcrs, made up of resistors R-3 and condensers C-3, are placed in the grid
circuit of cither or both tubes. Signal path to ground in the grid circuits is
through bypass condensers C-3, thereby decoupling the grid circuits. Should
the grid decoupling bypass condenser open, condenser C-5 again becomes
a common componcent, and undesirable oscillation might result.

Another bypass condenser may be responsible for oscillation. Take the
audio-output stage shown in Fig. 6-5 as an cxample. Plate output bypass
condenscr C-1 tends to keep the second a-f tube from oscillating as an r-f
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oscillator. Distributed inductances and capacitances in the plate and grid
circuits of the stage simulate resonant circuits which could maintain r-f
oscillations. Condenser C-1 bypasses these r-f currents to ground. But if
the condenscr opens, oscillation could follow. Sometimes, this oscillation
results in distortion or a rushing type of noisc. In such condition, operating
voltages drop and the output tube overheats.

QUTPUT BYPASS
2ND CONDENSER

G g
I

Fig. 6-5. An audia-autput stage, shawing the autput bypass candenser that can cause ascillatian
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Lead and Contact Troubles. Coupling between stages may also develop
as a result of poor lcad dress, particularly if the recciver was serviced re-
cently. Two leads may have been moved so as to couple signal encrgy
from onc to the other. Or, poor shicld contacts may make shields ineffce-
tive and permit coupling.

A peculiar condition of poor contact might couple two stages and result
in oscillation. The wiper contact of a tuning gang condenscr connccts
the rotor shaft to the condenser frame, which is in turn grounded. If onc
of these wipers becomes defective, because of dust or corrosion under it,
it will fail to ground its scction of the tuning gang. This poor contact
will force signal current to flow along the rotor shaft and through another
wiper to ground. As a result, the two scctions are coupled, and undcsirablc
oscillation may devclop.

Oscillation as a Result of Stage Instability. Instability in a stage may
also result in oscillation squecal. When the grid bias of a tube is decreased,
the mutual conductance of the tube increases, and the tube becomes morc
subject to oscillation. Similarly, if for one rcason or another the plate and
screen voltages become higher than normal, the tube may oscillate.

Another condition that might causc instability in an amplificr and result
in oscillation is improper alignment. Examine the i-f amplifier in Fig. 6-:6.
The tuncd primary of input transformer T-1 loads the tuncd sccondary,
and similarly, the tuned sccondary of output transformer T-2 loads its
tuned primary. If the primary of T-1 is misaligned, it loads its sccondary
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to a lesser degree and the Q of the sccondary rises. As a result, a small
feedback will develop a largc voltage across it, and oscillation may follow.
Similarly, if the sccondary of the output transformer is misaligned, the Q
of the primary rises. This condition contributes to the tube instability.
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Fig. 6-6. A typical if amplifier stage, in which improper alignment can cause oscillation
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Fig. 6-7. Two types of inverse feedback circuits
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Inverse Feaedback and Oscillation. Inverse feedback is the converse of
regeneration which results in oscillation. In regeneration, signal voltage
feeds back in phase with an earlier circuit. In inverse feedback, some signal
voltage is deliberately fed back to an earlier stage, out of phase, to produce
a degenerative effect. In audio stages, inverse feedback provides improved
over-all audio hdelity.

Figure 67 shows two inverse feedback circuits. The feedback paths are
shown in heavy lines. Circuit B is not readily subject to oscillation. But
circuit A may cause undesirable oscillation. For example, if in previous
service work the output transformer was replaced and the new output
transformer was connected with its leads reversed, a regenerative voltage
rather than a degenerative one would be fed back, and the audio amplifier
would begin to oscillate. Normally, this would have been noticed as soon
as the replacement was completed. If you discover such a condition, you
must reverse the transformer primary winding leads.

Put-puts or Motorboating. Motorboating results from a low-frequency
regencrative feedback and usually is characteristic of a-f circuits. Take, for
example, the two audio stages shown in Fig. 6-8. The signal current path
from the plate circuit of the second a-f tube is from the plate, through the
primary of the output transformer L-1, and through output filter con-
denser C-1 to ground.
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Fig. 6-8. A typical audia-frequency sectian

If condenser C-1 opens or loses capacity, a fairly large signal voltage
will be developed across it which will be fed to the plate of the first a-f
tube. From here, the feedback voltage will feed through coupling con-
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denser C-2 to the grid of the sccond a-f tube and sct up the motorboating
type of oscillation.

To minimize this possibility, a platc dccoupling filter is placed in the
plate circuit of the first a-f tube. Thereafter, if the plate decoupling by-
pass condenser opens, motorboating results. Increased hum would ac-
company these defects.

An open grid circuit is another possible cause for motorboating. The
open grid circuit would remove grid bias and increase the mutual con-
ductance of the tube, making it more susceptible to oscillation.

locating the Defective Section. The dcfective section can often be lo-
cated by the manner in which the oscillation manifests itsclf. If the oscilla-
tion occurs on and off stations all over the receiver tuning dial, cven when
volume is turned down, the defect probably is in the a-f section. If the
oscillation ccases as you reduce the receiver volume, check the if stages
and the volume control. The volume control is at the input of the a-f scc-
tion. Thercfore, if it can stop oscillation, the defect is before the volume
control.

If the oscillations arc tunable (come in on all stations), the probability
of location is in the if stage, although the r-f stages arc not above suspicion.
But if the oscillations come in only at stations primarily at onc end of the
tuning range of the recciver, the location is probably in the r-f scction.

Do not waste too much time trying to localize the section. When you
have doubts about the scction, begin at once on the systematic procedure
for localizing the oscillating stage, and then find the defective condition.
Of course, this latter procedure in itsclf is not too simple a matter becausc
several stages may be acting together to produce the undesirable effect.
But a planned approach in any case will be timesaving.

Localizing the Oscillating Stage. Thcre are several ways of approaching
the problem of localizing the oscillating stage that is producing the squeal.
Somc arc effective in most cases; others frequently fail in the job of locali-
zation.

Onc approach to the problem is that of holding the hand ncar each tube
in turn while the receiver is producing squeal. Hand capacitance, when
closc to the oscillating tube, may upsct the delicate balance and cause oscil-
lation to ccase or the pitch of the oscillation squeal to change. But fool-
proof results cannot be counted on with this measure.

Another approach to the problem is that of introducing losses into the
grid circuit of a tube believed to be oscillating and thercby causing oscilla-
tions to ccase, Hold onc terminal of a 10,000-ohm resistor or a 0.1-mfd
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condenser and touch the grid terminals of the tubes with the other termi-
nal. When oscillation squcal ceascs, you have reached the oscillating stage.
However, a strong feedback voltage may override the losses introduced,
and oscillation continues.

Still another approach to the problem depends on the fact that an
oscillating tubc draws grid current. As a result, a voltage drop devclops
across the signal grid-load resistor. If, when measured with a voltmcter of
ligh sensitivity, the voltage drop across this grid-load resistor is 1 volt or
more, you may assume that the stage is oscillating.

Signal-interrupting Technique. Standard techuiques for isolating oscil-
lation include the technique of interrupting the signal chain, or using a
signal generator.

In the signal chain interruption method, the technique cmployed is
similar to that used with hum localization. For a-c reccivers, begin at the
power output tubc and procecd to remove one tube at a time moving
toward the antenna, replacing cach after the check. When you rcach a
stage where removal of a tube fails to prevent oscillation, then you know
that the next stage toward the loudspeaker is oscillating. Figure 69 is a
block diagram illustrating this mcthod.

OSCILLATING

STAGE
STAGE STAGE STAGE STAGE
! 2 3 4

SQUEAL CONTINUES\ SQUEAL STOk SQUEAL STOPS
WHEN TUBE 1S WHEN TUBE IS WHEN TUBE IS
REMOVED REMOVED REMOVED

Fig. 6-9. A method for locating an oscillating stage

Since you may not remove a tube in an a-c/d-c receiver without making
the entirc receiver moperative, vou must interrupt the signal chain by
making a stage inopcrative in another manner. For such receivers where
hcaters are in series, connccting a 0.5-mfd condenser from grid to chassis
or conmmon ncgative will make the onc stage inoperative, while permitting
the others to function. Then the same procedure and analysis is made as
for the a-c recciver. Block cach stage in turm, moving from the loudspcaker
to the antenna. When onc stage fails to stop the oscillation squcal, you
know that the next stage toward the loudspeaker is oscillating.

Stage Isolation with a Signal Generator. Thc signal gencrator may be
best used in localizing an oscillating stage where the oscillation is tunable,
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that is, the squcal is heard only when a station is tuned in. Connect the
ground lIcad of the gencrator to the chassis of the receiver. Tune the re-
ceiver to an off-station position, and tunc the signal gencrator to a modu-
lated frequency, the same as that of the receiver. Connect the hot lead
of the generator through an appropriate condenser to the antenna post
of the recciver. (For a loop-antenna recciver, make connections the same
as for alignment.)

You should hear the generator modulation note plus the oscillation
squeal from the loudspeaker. Switch the generator so that modulation is
removed. You now hear only the oscillation squeal from the loudspeaker.
Now move the hot lead from signal grid to signal grid of cach tube, mov-
ing toward the loudspeaker. Of coursc, at the grid of the i-f stage, you
must retune the signal generator to the intermediate frequency of the
recciver.

At the grid of the first a-f tube, you adjust the signal generator for an
a-f output, although tunable oscillation is usually an r-f section condition.
The a-f check may be omitted here.

The procedure is carried on until the oscillation squeal fails to be heard.
You know then that the trouble is in the next stage back toward the an-
tenna. Figure 6-10 is a block diagram illustrating this method.

OSCILLATING
—— ot STAGE
l/’ \ \ } \
; |sTAGE | “™1sTAGE| “*{sTaGE| “~{sTAGE STAGE
s PS I 2 3 4 5
GEN 0sC 0SC 0sC 0S¢
SQUEAL  SQUEAL  SQUEAL  SQUEAL
HEARD HEARD HEARD NOT HEARD

Fig. 6-10. Locating an oscillating stage with a signal generator

The method is not foolproof, because the connection of the signal
generator to the signal grid of the oscillating stage often loads the grid
circuit so that oscillation stops. It may then be that the first stage where
you fail to hear the oscillation squeal is the oscillating stage. In locating
the causc of oscillation both stages must be carcfully imvestigated.

Stage Isolation for Microphonics. If a recciver squeals only at high
volume and ccascs at low volume, the trouble might be an i-f stage. If you
find that the i-f stages are not oscillating, vou might suspect a condition
of microphonics, a condition found often in compact receivers where
components are crowded together. Look at once for the condition of the
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rubber floats of the loudspeaker and the gang tuning condenser, as well
as of those of the chassis (if any).

If one of the tubes is microphonic, tune in a station and turn the vol-
ume control down until the microphonic squeal ccases. Tap each tube in
turn sharply with your finger. When the microphonic tube is reached, a
bon-n-n-g is started and soon dies out. Replace the tube with a good one.
Any tube may be microphonic, but the detector-first a-f tube in a super-
heterodyne receiver is a very common offender. Inspect carefully the shock-
mounting for that tube.

locating the Defective Component. Locating the defective component
that is resulting in oscillation squeal is not simply a matter of investigating
the components of the oscillating stage. That is why the servicing for
oscillation squeal may be a little more time-consuming than other opera-
tion defects. Two or more stages or some remote component may be in-
volved. However, with the backlog of understanding of reasons for stage
oscillation presented earlier in this chapter, timesaving procedures may be
followed.

When the stage oscillation results in put-puts or motorboating, turn at
once to the power supply, and bridge the output filter condenser with a
new electrolvtic condenser of similar capacitance and working voltage. If
this step fails to stop the motorboating, check all a-f grid circuits for an
open with an ohmmeter. Remember that decoupling resistors must be
included when making this grid circuit continuity test.

Replacing Bypass Condensers. When vou find the oscillating stage that
is producing oscillation squcal from the receiver, trv bridging the bypass
condensers with a similar good condenser. Usc a condenser with very
short leads and hold the condenser at the center. If vou find that the squcal
ceases, replace the open bypass condenser. Don’t be disappointed if the
replacement docs not stop the squeal. Bringing your hand near the oscillat-
ing stage may have stopped oscillation, and the bypass condenser that was
bridged may not have been open in the first place. Look for another cause.

The bypass condensers which should be checked for a possible open are
listed below for your convenience:

Screen bypass condenser.

Plate decoupling bypass condenser.

Grid decoupling bypass condenser.

Cathode bypass condenser (common to two stages).
Plate output bypass condenser (second a-f stage).
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Checking the Shielding. If nonc of the bypass condensers arc open, next
investigate the shiclding and contacts around the oscillating stage. Check
to sce that all r-f coils and transformers arc in shicld cans, and that thesc
shicld cans are properly contacted to the chassis. For checking good con-
tacts of shiclds to ground, make a firm contact between the shield cans
and the chassis by means of a nail or serewdriver. Check to sce that shiclds
around grid lead wires are properly grounded or that grid lecads going to
grid caps are inside the tube shicld. Sce that shields around tubes are not
missing. Often, you can teil by the presence of the socket mounting
whether a tube shield is missing.

Similarly, sometimes connecting a jumper from volume control shell
to the chassis stops oscillation squeal, because it grounds the shell.

There is another way in which poor shielding may lead to oscillation
squcal. In metal tubes such as the 6F6, the shell is connected to pin 1 and
grounded from that pin. The shell thus acts as a metal shield. Somctimes
the tube is replaced with a glass equivalent and no external shicld is pro-
vided. As a result, stage oscillation may follow. On a few occasions, the
connection of the shell to pin 1 becomes defective, and the result is an
ungrounded shicld with the possibility of oscillation. These conditions
must be checked by replacing with a new tube.

Checking the Tuning Condenser. With regard to poor contacts, therc
is onc condition to be investigated when an rf stage before the if stage
is oscillating, as evidenced by tunable squeal at onc cnd of the receiver
tuning dial. This possible defect is the wiper contacts on the gang tuning
condenser. Corrosion on, or dirt under, the contact may result in oscilla-
tion. Be sure to clean thesc contacts thoroughly.

Checking Lead Dress. Another condition to investigate around the
oscillating stage is the possibility of poor lead dress, particularly if the re-
cciver was recently serviced. Grid and plate leads should be as short as
possible and separated as much as is convenient. Usc a wooden stick and
push suspected leads apart gently. If, while the oscillation squeal is coming
through the loudspeaker, you gently push leads apart and change the
pitch of the squeal or reduce it, then try further separation to remove
coupling and oscillation.

Another condition to investigate around the oscillating stage are voltages
which might lead to stage instability. Be sure that grid-bias voltage is not
too low and plate and screen voltages are not too high.

Also, do not overlook the possibility of oscillation squeal resulting from
incorrect replacement of an output transformer in a receiver with inverse
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fcedback. Instead of providing degencration, the incorrect replacement
would cause regeneration and stage oscillation.

And finally, if all other conditions scem to be correct, improper align-
ment may be the possible cause of oscillation in r-f and if stages. Re-
alignment is then called for.

Oscillation in Other Types of Receivers. Oscillation squeal in the three-
way portable receiver will result from similar defective conditions as thosc
just described. But a few additional conditions may result in squeal. On the
battery mode of operation, oscillation of a stage may follow when the B
batteries age and deliver too low a voltage.

Another possibility occurs in the power-line mode of operation. Because
of the position of the power-output tube, the audio-plate current would
flow through the remaining tube filaments to ground. Such a condition
would cause audio regeneration. To prevent this condition, an audio by-
pass condenser is provided to bypass the audio signal to ground. Should
this condenser open or should its capacitance bccome less with aging,
then oscillation might result. Of course, hum would also appear in this
defect.

In the auto recciver, causes for an oscillating stage are the samc as those
described for the a-c/d-c receiver. They are localized for stage and com-
ponent in the same manner.

SUMMARY OF PROCEDURE

An oscillation defect is not an easy one to locate. Your best bet is to
poke around the receiver with a condenser, placing it across those suspected
of being open. When the oscillation disappcars, connect in a replacement
condenscr.

The next procedure to follow, if condenser check fails, is to survey care-
fully all shiclding. Take nothing for granted in this step. Do not be satis-
ficd with the thought that a shicld scems properly grounded. Be sure.

As a last resort, somctimes throwing the if trimmers slightly out of
alignment may remove an otherwise insoluble casc of oscillation squeal.



Noise in the Receiver

What is Radio Noise? By onc definition, noisc is any spurious sound
which comes riding in with the station signal but which did not exist at
the source originally. This dcfinition of noise would include hum, squeal,
crackling, motorboating, and similar sounds. Ilowever, since hum and
squcal have been treated under different chapters, we shall climinate those
two types of spurious sound.

The type of noise we shall consider in this chapter is that which is
charactcrized in the loudspeaker as scratching, crackling, hissing, clicking,
cxplosive sounds which mar normal recciver reception. Noisc of this type
is irritating and completely ummusical, as distinguished from hum or
squcal.

Noisc will normally appear from the loudspeaker of any receiver, but its
level is so low as compared with the level of the desired signal that it is
not very disturbing to the listencr. The ratio of signal to noise is said to
be high. However, when the signal-to-noisc ratio is low, the noisc level
is so grcat, as comparcd with the desired signal level, that the receiver is
brought in for scrvicing. Of course, confirm the condition by listening
yourself.

Where Does Noise Signal Come From? The problem of servicing a re-
cciver for noise is complicated by the fact that the defect may be more
than mercly a recciver defect. The origin of the noisc may be outside the
receiver. As a serviceman, it becomes your job to determine the origin of
the noisc, even before you tackle the problem of locating the actual spe-
cific cause.

Noise may have three main origins: The first is antenna-ground pickup.

109
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The second is noise signal via the power lines. The third is noisc originating
within the receiver itself. You must detcrmine the origin of the noise and
then systematically track down specific offendecrs.

Determining Source of Noise Signals. The sourcc of the noise is deter-
mincd by a process of elimination. The first step is to remove antenna
pickup. Disconnect the antenna and the ground from their posts on the
receiver, and connect the two posts together with a short picce of wire.
Tunc the receiver to a station position, and turn the volume control all
the way up. If you hear noise from the loudspecaker, it is coming from the
power lines or from within the receiver itself. If no noise is heard, the
antcnna-ground system is the sourcc.

Tracing Noise with a Portable Radio. You might bring along to the
customer’s home a threc-way portable rcceiver to sece whether noisc in
the defective receiver is coming in over the power lines. Operate this test
receiver in the power-line mode of operation, as an a-c/d-c rccciver. Tum
it on and tunc to a station. If you hear noisc on the portablec receiver, it
is coming in over the lines. To further verify this, switch to battery mode
of operation. Noisc should disappcar.

Use of Power-line Filter. As a sccond procedure, you might bring along
a line filter such as the one shown in Fig. 7-1. Thesc filters may be pur-
chased from many radio-supply companics. Inscrt the filter plugs into the
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Fig. 7-1. A line filter

wall outlet. Then insert the receiver plug into the filter receptacle. Turn
on the recciver and tunc to a station. If noisc is heard at the same loud
level as previously, the receiver may be presumed to be the source of the
noisc. If noisc level is diminished, the power lincs are the source of the
noisc.

Noise-isolating Procedure. The cntire procedure is summarized in Iig.
7-2. The antenna-ground system and power lincs may be removed as sus-
pected offenders at once by taking the receiver to your shop where condi-
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tions arc known. If noisc is still heard from the recciver in your shop,
you may assumc that the receiver is the source.

If the noisy recciver is of the loop-antenna type, you cannot short out
the antenna. In such a case, rotate the recciver in a circle. Since loop
antennas arc directional in character, any variation of the noise level is
an indication of noise pickup by the antemna.

| TURN ON RECEIVER
2. DISCONNECT ANTENNA AND GROUND
3. SHORT ANTENNA POST TO GROUND POST

| IF NOISE STOPS J IF NOISE CONTINUEiI

NOISE 1S PICKED UP NOISE IS IN THE
IN THE ANTENNA- RECEIVER OR
GROUND SYSTEM POWER LINE

COMPARE OPERATION
WITH A THREE-WAY
PORTABLE RECEIVER

I’_' |_—|
EE J [ Fnosy |

NOISE IS IN THE NOISE IS IN THE
RECEIVER POWER LINE

Fig. 7-2. Procedure for isolating the cause of noise

Causes of Noise in the Antenna-Ground System. 'There are two possi-
bilitics for noise signals in the antenna-ground system. One ariscs as a
result of some physical defect in the antenna-ground system. The other
results from antenna-ground pickup of noise signals like any other radio
waves. Let us consider the first cause.

In a tvpical outdoor radio-antenna installation, the flat-top is mounted
on the roof between two glass or porcclain insulators. The lcadin 1s con-
nccted to the flat-top and runs down to the antenna post of the lightning
arrester. From this point, there is a jumper to the antenna post on the
receiver. From the other lightning arrester post, a wire is connected to an
outside grounded metal post. Finally, there is a lcad from the ground
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post of the recciver to a grounded pipe, like a radiator or water pipe in
the house. In coming through the window, the leadin is often attached to
a flexible insulated flat copper mesh, known as a window leadin strip.
The other end of the strip is connected by means of a wire to the rc-
ceiver antenna post.

There are many conncctions in such an installation. Whercver thesc
connections arc poor or intcrmittently open, noise will result. These may
be found by pulling sharply at various points along this signal linc. If
the noise increases in the recciver as you make this check, you can be fairly
surc that a contact is poor.

It is a good idea to solder all antenna-system conncctions, cven where
conncction screws or nuts arc provided. Look for loosc strands of wirc
from a fraved end which might be grounding intermittently. Where the
ground lead makes contact with the radiator pipe, be sure that the pipe
is clean raw mctal.

There arc other possibilitics in the antenna-ground system. As a result
of constant flexing, the window strip might break within its cloth holder
and make intermittent contact. If the noise increases when vou bend the
window strip, replace it.

Another causc of noisc in the installation may result when the antenna
flat-top or the lcadin intcrmittently grounds against an object like a rain
drain, a tree, or some similar object. Such a defect will be readily found
in any routine inspection.

Ground-pipe Troubles. Sometimcs, the defective condition exists in an
obscurec manner. For example, what you may have thought was a ground
pipc may turn out to be one very poorly grounded. Corrosion may have
developed at the threaded joint, thercby making poor contact. To chieck
this condition, strike the pipc a sharp blow with a book or similar object.
If this condition exists, noisc from the receiver will increase. Just find
voursclf a different ground pipe and apply the ground clamp to a freshly
sandpapered section, if vou do not have a clean surface.

Another obscure causc occurs as a result of these ground pipes. It results
from the fact that the pipes under the flooring intermittently touch cach
other as you walk over the floor. These intermittent contacts often result
in receiver noise. To check the condition, walk heavily across the floor. If
recciver noise incrcases as vou do so, you probably have the condition
described above. Try to find a grounding pipe not affected by these con-
tacts. Otherwise, vou will have to get to the pipes and wedge insulating
materials like wooden boards between the contacting pipes.
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These conditions usually will not occur in loop-type receivers. low-
cver, in some such reccivers, the loop ends arc attached to clips which in
turn fit into spring clips. These mav become corroded and cause similar
noisc.

Antenna Pickup of Noise Signals. The sccond main way in which noisc
may cnter the antenna-ground system is by pickup, like any other radio
signal. The receiver antenna is incapable of differentiating between a sta-
tion wave and a noisc wave. As a result, the two will be picked up and
result in noisy reception from the speaker.

Onec type of noise wave is that produced in naturc and known as static.
It originates from lightning, where an oscillatory spark lcaps from a cloud
to ground, ground to a cloud, or from cloud to cloud. This spark produces
a splash of radio waves of manyv frequencies which produce noisc voltages
in necarby antennas. Do not trv to remove such noisc. It will occur only
infrecquently, and most customers will understand if vou explain the
situation in nontcchnical terms.

Much more significant is man-made noisc picked up by the antenna.
It is likely to be of longer duration and cxtremely annoving to the
listener. More important, however, is the fact that vou can do something
about it. I'he procedurcs for locating and climinating man-made noisc
are covered in an cntire chapter later.

Sources of Noise within the Receiver. Our main considcration in this
chapter is localizing noisc that originates within the recciver itsclf. The
way in which the noisc occurs will be a helpful guide.

Noisc within the receiver in most cases occurs when a sudden voltage
change takes place in a signal circuit. The sudden change Icads to a volt-
age pulse which travels down the signal chain and emerges as noisc from
the loudspeaker. Onc of the main causces for such voltage pulscs is a poor
contact, where a conncction suddenly opens and suddenly closes and con-
tinucs the process.

Another cause is an intermittent shorting of the signal chain; this short-
ing must be bricf, or the recciver will be reported as dead. Still another
causc of noisc may arisc from the loudspcaker, where the voice coil must
vibrate freelv and as a unit. When it fails to do so, noisc results.

And last, a loosc part in the receiver or its cabinct or something on the
cabinet mav be vibrating, thereby producing a peculiar noise which may
be mistakenly assumed to be produced clectronically by the receiver. Fach
causc for receiver noise will now be considered with respeet to likely
componcnts.
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Noise from Intermittent Shorts. Let us first turn to the question of
shorts. Often this condition results from defects within the tubes. In-
ternal intermittent shorts between tube electrodes may cause noise. This
condition is often found by means of a tube checker, especially if vou
rap the tube sharply while it is being tested.

Coils are also causes of noise. As a result of aging, dampness, or other
conditions, the insulation betwecen windings may break down, and the
turns of wirc may intermittently short. The result again would be noise.
In excessively damp regions, vou should expect such a defect.

Dust, loosc picces of solder, overhcated plastic insulation, and similar
conditions may cause partial or complete intermittent shorts which also
produce noise in the receiver. Often, conductive dust or other materials
around the basc of a tube socket, where the tube pins arc close together,
may cause such shorts. Or sometimes the plastic tube basc becomes over-
heated and partially conductive. Noise results. Unless you can scrape away
the overheated section, replace the socket with a new one.

Tuning Condenser Shorts. Occasionally, shorts devclop between the
stator and rotor plates of onc or more sections of the gang tuning con-
denser. Where these shorts are intermittent, noise results. The short may
be duc to dust, conductive dirt particles, or bent plates. The application
of a gentle strcam of air, as from a bicycle pump, will blow out the dust.

Where the short in the tuning condenser is duc to conductive particles
or a bent plate, listen carefully for a scratching sound as vou rotate the
tuning knob slowly. When vou hear it, examine the plates carefully under
a strong light. Bend back the bent plate carcfully until no short cxists.

Somctimes intecrmittent shorts occur between rotor and stator plates
because the stator plates fall out of line when their holding screws become
loose. Pry the stator assembly back into linc, and place spacing shims be-
tween the rotor and stator plates on both sides of the rotor shaft; then
tighten the stator holding screws.

Potentiometer Shorts. A more frequent cause of rccciver noise is the
poor contact or intcrmittent open contact. Many components may develop
such a defect. A very frequent noise producer is the potentiometer used
in volume and tone controls. There are many reasons why these compo-
ncnts misbchave. The carbon resistance strip often cracks up and produces
irrcgular contact with the movable arm. Or poor contact may develop be-
tween the rotor and the ring which is supposed to maintain a good contact
with it. This defective condition cxists if the amount of noisc from the



Noise in the Receiver 115

receiver increases when vou rock the volume or tonc control back and
forth. When a defective control is found, replace the potentiometer.

Shorts in Tubes. Tubcs mav again be a causc of noisc. The tube may not
be making finm contact with the prong clamps of the socket. Any vibration
of the tubc would then produce intermittent contacts and noisce. Some-
times the internal conncctions of the tube clectrodes to its prongs may
be defective. Such defects may be found by turning on the recciver and
snapping the defective tube with your finger. If the amount of noisc -
creascs sharply, the trouble is in the tube or its socket.

If the socket prong clamps arc bad, bend them with longmosc pliers
to make positive contact. If the defect is within the tube, replace the tube.

Poor Soldered Joints. Another cause of noisc is a corroded soldered
connection. The condition results from a chemical action. When two dis-
similar mectals are in contact with moisture, they act like a dry ccll, and a
corroding process results. Eventually, this corroding process produces an
intermittent contact or a partial open, across which a spark may jump.
Such corrosion may cven take place between turns of a coil. Both produce
a Noisy receiver,

The primary coils of i-f transformers and of output transformers arc
very often subject to this type of corrosive process, because circuits carrying
direct current arc particularly subject to corrosion. An ohmmeter check
will often disclose the condition, because the resistance of such coils is
much higher than normal. Power-transformer turns corrode only infre-
quently because of the heavy wire used.

It is usually advisable to replace a defective transformer, unless corrosion
is at the ends of the coil windings. Then merely clean the wire and resolder
to its terminal.

Poor Joints in Condensers. Somctimes, because of tension resulting from
temperature changes or similar conditions, the pigtail lcads of paper con-
denscrs may pull away from the metal foil in the condenser and make
only intcrmittent contact, thereby producing noise pulses. If this is the
case, wiggling the condenser, while the receiver is turned on, would in-
creasc the amount of noise.

Poor Contacts. On occasion, a shicld that is grounded may make poor
indefinite contact with the chassis. This, too, would in some cases producc
sputtering noises from the recciver loudspeaker. Or dirt at the wiper con-
tact of a tuning condenser would have a similar effect.

Dirt and corrosion on the contact of a switch could also be an offender.
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Clcaning the switches with carbon tetrachloride removes dirt. If cor-
rosion has taken place, you had best replace the switch with a new one.
Somctimes contact in switches is bad because the contacts have lost their
tension. With open switches, trv bending the contacts with long-nose
plicrs. Otherwise replace the entire switch. When such defective switches
arc operated, they produce noisc.

With three-way portable and battery receivers, there is another source of
noisc. Battery connections or plugs frequently corrode at the battery and
producc noisc because of poor contact. The batteries may also become
noisy when they arc run down, producing sputtering and crackling sounds.
While the recciver is battery-powered, test the voltage of vour B batterics.
If a 6714-volt battery reads less than 54 volts, change it for a new one.

There are many unusual wavs in which noise results from intermittent
opens and shorts. We have presented the main causes. When hunting for
such noisc producers, do not overlook any possibility.

Loudspeaker Defects. The next source of noisc centers around the loud-
specaker. Rattling sounds are often emitted by the speaker while the receiver
is tuncd to a station. Such disturbing sounds may result from various con-
ditions. If the voice coil becomes warped or goes off center, it might rub
against the pot and center pole picce, producing the noisc as a result. Some-
times, the paper conc rips or breaks loosc from its basket rim or the voice-
coil form with the same cffect. Or grit and dirt may get into the free space
between the voice-coil form and the pole piece. And again, the spider might
loosen and rattle, or the tumns of the voice coil may unravel and rattle.

H N
UNSOLDER ONE TEST
VOICE-COIL CONNECTION SPEAKER
B+

— RECEIVER ———

Fig. 7-3. How to use a bench-est speaker for checking a suspected loudspeaker in a receiver

Where a loudspeaker produces noise as a result of the conditions stated
above, it is usually best to replace it. If the correct size is not readily ob-
tained, have a new conc-voice-coil assembly put in by a firm that specializes
in this work.

Somctimes recentering of the voice coil will stop the rattle, if this can
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be done conveniently. On many modern speakers the spider is cemented
in position and cannot recadily be loosenced for recentering.

In checking a loudspeaker as a source of noise, vou might simply replace
it with a test-bench loudspeaker and sce if the noise ccascs. I'igure 7-3
shows how to conncct in a test speaker. The test loudspeaker is a p-m
dvnamic type. Open the voice coil of the receiver loudspeaker and con-
neet the test speaker across the secondary winding of the output trans-
former. Now opcrate vour receiver. If noise no longer is present, a carcful
check of the receiver loudspeaker is called for.

Loose Parts. The last main group of causes for noisc is nonelectric in na-
turc. The vibratory operation of the loudspeaker may throw into vibration
any freelv moving object in and around the receiver. A buzzing sort of noise
is heard whenever a station is turned on, particularly on high volume. Such
offenders may be loose bolts, loose shiclds, a loosc tuning-dial window, a
loose board in the cabinct, a cabinct handle, an ormamental object on the
cabinct, and similar objccts. The noise will quickly disappear if vou place
vour hand on the vibrating objcct and damp the vibration. Here, too, no
objcct is above suspicion.

Localizing the Defective Section. Bcfore beginning the localizing pro-
cedure for a defeet within the recciver, vou must first go through the
steps listed in Fig. 7-2. Our major consideration in this chapter is a defect
within the receiver.

Begin by turning on the recciver. Then proceed to throw any band
switches or similar switches back and forth while listening for noisc. Sce
if this causes the noise to vary in character or to disappear temporarily.
Then vary other controls like the volume control or a tone control. If the
noisc incrcascs as you vary any of these, vou have probably found the
source of the noisc. The next control to vary is the receiver tuning dial.
Swing it over thc entire range. If vou find noisc increases or occurs at
certain points as you do this, give the tuning condenser a carcful going
over.

You may next try to localize the defective section of the recciver, if the
manipulation of the front-pancl controls give no indication of the causc.
While the reeciver is tuned to a station and is emitting noise, turn the
volume control all the way down. If the noisce disappears, the defect is in
the r-f section of the recciver. If the noise is undiminished, the defect lics
in the receiver a-f section or in the power supply. If the noisc is mercly
reduced, the location is indeterminate, and a stage localization procedure
must be followed.
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The procedure just presented refers to modern receivers wherc the vol-
ume control is at the input of the a-f section. In older receivers where the
volume control is not so located, begin the stage-localization procedure at
once.

Isolating Defective Stage by Signal Blocking. Do not waste time if
any section-isolation procedure gives indeterminate results. Procced at once
to the over-all stage-isolation tests. This procedure is similar to that used
with hum. Since noise is passed along the signal chain, we may interrupt
the signal chain at various points to find where the noisc is first introduced.

With an a-c type receiver, begin with the output tube and work back
along the signal chain toward the antenna. Refer to Fig. 7-4 for details.
You may treat the a-f section as a unit. Pull the detector-first a-f tube V-3
from its socket. This intcrrupts the signal chain at the second detector
plates. If vou continue to hcar noise, the causc lies between the triode plate
of tube V-3 and the speaker, or in the power supply.

Check cvery possibility in these circuits. Try substituting the bench-
test speaker. Check the power transformer for corrosion and shorts. Do
the same for the output transformer and the filter choke in the power
supply (often the speaker field). Check the output tube V-4 for shorts,
poor internal connections, poor seating in its socket, and dust or leakage
paths on its socket. Wiggle the leads of paper condenscrs to determine if
the pigtail leads make good contact with the foil plates. Check all con-
ncctions for corrosion. On occasion, carbon resistors crack and produce
noise; as a last mcasure, check them also.

If the noise stops when tube V-3 is removed, then the defect probably
lies ahead of the triode platc of the tube. Replace tube V-3 and remove
tube V-2 from its socket. This step stops the signal chain at the signal
grid of the i-f tube. Now if the noise is still heard, the defect lics some-
where between the i-f tube signal plate and the first a-f tube plate. Check
tube V-3, its socket, and the seating of the tube in its socket. Check the
output i-f transformer for corrosion, particularly the primary winding.
Check the volume control. Check paper condensers and carbon resistors
as before. Check for shorts against the i-f shield can. And check all soldered
connections for corrosion,

If the noise stops when tube V-2 is removed, then the defect lics ahead
of the plate of the i-f tube. Replace tube V-2 and remove tube V-1. The
signal chain now is interrupted at the plate of the converter tube. If noise
is now heard, the defect lics between the converter plate and the i-f tube
plate. Again check all components. Check the i-f tube, its socket, and its
scating in the socket. Check the input if transformer, particularly the
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primary coil. Check that nothing in the i-f shield can shorts against it.
Check paper condensers and resistors as previouslv. Check all soldered
connections for corrosion. Check shield contacts.

If noise stops when tube V-1 is removed, the defect lies between the
antenna and the converter tube plate. Check tube V-1 and its socket.
Check the oscillator coils. Check the gang tuning condenser. Check all
shields for proper grounding contacts. Check soldered connections for cor-
rosion. Check paper condensers and carbon resistors, as beforc.

Of course, you cannot pull tubes in the signal-interruption test with an
a-c/d-c receiver. Here vou operate as before with hum. Make cach stage
inoperative by connecting from signal grid to chassis or common ncgative,
through a 0.5-mfd condenser, working back from the output tube. In
that way, you can limit \he defect between the signal grid of one tube and
the signal grid of the next tube. The items to check will be the same as
for the a-c receiver.

Locating Defective Components. After vou find the defective stage,
hunt for a defective component. So varied are the causes of noisc that
you must approach the job with a full understanding of how noisc signals
may cnter the signal chain. Many clues will be found if you approach the
problem systematically.

Of course, the localization of a defective loudspeaker is simple. If noise
disappears when vou usc a substitute bench-test speaker, you immediately
have the defective component. Complete replacement or repair is then
called for.

Suppose vou find that a dcfective stage produces noise even when no
station is tuned in. Then, probably, the noise pulses are entering by means
of sudden variation of the supply voltages. You should then first tum to
inspection of the plate and sereen-grid circuits. If these circuits are not
defective, then look to the bias circuits of vour control grid.

Other clues will present themselves. Corrosion at a terminal may often
be seen and recognized by green copper salt which is formed as a result
of the chemical action. Arcing across an open section of a coil or momen-
tary shorting may sometimes be seen in a dark room. Sounds, too, may be
clues. A steady crackling sound, hcard constantly, may indicate a corroded
i-f transformer primary or an output transformer primary. Often rapping
gently with a wooden pencil at various components will increase noise
when the defective one is tapped.

Corrosion in coil windings may not be found by jarring the component.
It is best found with an ohmmecter test. Good windings in r-f and i-f
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transformers normally have a resistance of less than 100 ohms. A corroded
winding, however, will have a resistance of several hundred ohms. ‘The
resistance of the output transformer winding will also increase greatly
when the coils corrode.

After a defective component has been found, it should cither be repaired
or replaced. Do not try to be too skillful in improvising a temporary re-
pair where a replacement is called for. Remember that your customer will
judge vou by the length of time that his serviced receiver plays well, rather
than by how ingeniously vou improvised a repair. And the customer is
rcady to pav for any repair that stands up.

Noise in the Auto Receiver. The modern auto receiver is for the most
part a supcrheterodvne receiver with the same signal chain as a home re-
cciver of a similar type. Thercfore, it is subject to the same recciver condi-
tions that causc noisc as thosc for any other receiver, and they may be
localized in the same manner. Ilowever, the auto radio has a few addi-
tional possibilitics for noise pickup because of its location with respect to
external noise producers (spark plugs, distributor, generator, static dis-
charge, cte.) and becausc of its vibrator-type of power supply. Each will be
considered in turn.

In many cases, the elimination of noise resulting from the external noise
producers is a matter of original installation. Of course, if vou arc called
upon to install a car radio, you must be completely informed as to proper
mcthods of climinating noisc. But also, from a servicing point of view,
vou must be prepared to determine where the original installations went
bad.

As a first step, determine whether the receiver itself is noisy or whether
installation is bad. Perhaps the simplest method is to remove the receiver
from the car and operate it in vour shop off an auto antenna. If vou con-
tinuc to hear noise, the defect is in the receiver. If the noisc stops, the
installation is bad. Or you may operate the receiver in the car while the
car is parked and listen for noisc. If any is present, the receiver is probably
defective. But a few other possibilities exist. The antenna may intermit-
tently short to the car body, or the lcad from the storage battery to the
receiver may have some defects. These may be checked simply by inspee-
tion.

Let us at this point assume that the recciver and its antenna and supply
linc arc good. We then turn to the installation problems.

Auto-radio Installation. In a typical automobile-radio installation, the
receiver is contained in a metal case, which is usually mounted to the dash
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of the car behind the instrument pancl, as in Fig. 7-5. The antenna is a
tclescoping rod mounted on, and insulated from, the cowl of the car. The
antenna is connccted to the radio recciver by a short length of shielded
lead-in wire. Power for the receiver is usually obtained through a lcad
connected to the ammeter on the instrument pancl. The ammeter is in
turn connccted to the ungrounded side of the storage batterv. The car
frame or chassis acts as the common rcturn lead; the rcceiver picks up its
ground conncction through its mounting bolts.
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Fig. 7-5. Typical installation of auto radio having attached speaker. Only two bolts, fitting into
speed nuts already on car instrument panel, are needed to mount the set in the car for which it
is intended

The auto radio and its antenna system are surrounded by noise-signal
sources. Wherever a spark occurs, a noisc signal is scut out. 'These noisc
signals arc so broad in frequency that they cover the entire tuning band.

The reduction in level of the noisc signals is handled in three main ways
in the installation aspcct of the auto radio. First, the radiation of noisc
wavces is reduced at the source by suppressors, filters, shiclds, cte. Second,
the antenna is placed in a position where it will have minimum noise
pickup. And third, the radio itsclf is completely shiclded within a metal
case.
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Interference-suppression Techniques. One of thic worst sources of noisc
is the spark produced at the distributor and the spark plugs in the ignition
system. When a defect cxists in the installation, ignition interference is
heard from the receiver as a serics of ticks at the same rate of speed as
the spark plugs are firing in the motor.
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Fig. 7-6. Methods of suppressing noise in auto-radio installations

Ignition-noise radiation is usually reduced by installing a suppressor
resistor, purchased at any auto- or radio-supply shop, in series with the high-
tension lead which runs from the ignition coil to the center connection of
the distributor, as shown in Fig. 7-6. Do not install suppressor resistors in
cach spark-plug lcad, becausc that would interfere with the engine per-
formance. In some cars, ignition lcads are made very short and are cn-
closed in grounded metal conduits, thereby reducing noise radiation.

Hood Grounding. The mctal car hood also aids in reducing ignition in-
terference. If it is well grounded to the car frame, the hood acts as a
shicld between the engine and the antenna. A hood bond is usually cm-
ploved to give a good ground connection, as shown in Fig. 7-6. It is a picce
of flexible brass, one surface of which has been serrated to give an effect
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like the tecth of a file. A sclf-tapping screw connccts onc end of the bond
to the frame, while the tecth of the hood bond make good contact to the
hood when it is closed.

Generator Condenser. Sparking at the gencrator commutator is another
cause of noisc. It is heard from the receiver as a high-pitched whine which
changes in pitch and loudness as you accclerate the car. It is reduced by
placing a condenser on the battery side of the gencrator, as shown in Fig,
7:6. This condenser is a standard gencrator condenser, purchasable at any
auto supply shop. Be sure that there is no paint on the gencrator that
might prevent proper grounding of the condenser.

Wheel Static Springs. Another source of noise is wheel static. The
wheels gencerate static clectricity when they turn, and this static clectricity
sparks across to thc axle, thereby producing noisc signals. The front wheels
are greater offenders because of their weighting.

Wheelsstatic interference usually starts when the car is traveling at a
fair speed above 20 miles per hour on a smooth, drv road, and sounds like
atmospheric static. To identify it, drive the car until the interference
starts. Then tum off the ignition key and coast. If you still hear noisc
which gradually disappears as the car slows down, the cause is wheel static.
Whecl-static interference is reduced by installing static-collector springs
(spring contacts that ground the wheel to the axle), as shown in I'ig. 7-6.

Tire Static. Another similar type of static is that known as tire static.
It results from a static charge picked up by the tires and is produced when
the charge sparks across to the wheel. Some makes of tires are worse of-
fenders than others. Tire static is heard as a stcady whine, or as a thump
that occurs with cach revolution of the wheel, when the car is traveling
over 20 miles an hour. To check for tire static, drive over a dry road and
hear the noisc. Then wet the tires and drive over the same road. If now
you do not hear it, the noisc was caused by tirc static. The condition can
be helped by painting the outside sidewalls and tread of the tire with a
conducting paint made up of a mixturc of naphtha, powdered graphite,
and rubber cement. But the treatment will have to be renewed periodically
as the paint wears off.

Brake Static. Sometimes noise, known as brake static, occurs because
of faulty brakes. The static occurs at regular intervals and increases with
the speed of the car. It occurs when the brakes drag, or when high spots
on the brakes touch the whecl. T'o remedy the condition, have the brakes
readjusted or re-aligned.

Receiver Grounding. The recciver itself is well shielded by its metal
case and normally will not pick up noise signals cxcept from its antenna.
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The mounting bolt, as shown in I'ig. 7-5, holds the casc to the dash and
provides the ground for the receiver case. Be sure that the ground connee-
tion is good and that no paint is under the bolt.

Another good ground contact must be made at the antenna end of the
shiclded lcadin wirc. The cnp that encloses this contact usually has a ser-
rated cdge and makes good contact to the body cowl when the antenna
assembly is tightened in place. Check to sce that this ground contact is
good, thereby reducing noise pickup by the leadin.

In spitc of the procedure described above, noise somctimes still gets
to the receiver. Interference of this type is known as chassis pickup. It is
identified by its presence even after the antenna is disconnected from the
receiver. Such interference is usually brought to the receiver by the steering
column, temperatare and oil-line tubing, and the brake, throttle, and
speedometer cables that Iead through the dash from the motor compart-
ment. This interference can be removed by bond-grounding the cables and
the tubing where they enter the dash from the motor compartment. The
steering column is similarly bonded to ground. Clean the cables, tubing,
and steering column with fine sandpaper; then wrap the bonding braid
around thesc parts and connect under holding screws.

Noise from Power Supplies in Auto Radios. The wiring, such as the
battery lead which enters the recciver, is also a source of noise pickup.
But the recciver design places filters at the entrance point for this wiring
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Fig. 7-7. The battery circuit in an auto radio, and typical construction of spark plate behind
entrance hole for battery lead

inside the radio, to bypass any noisc signals. The battery lead commonly
gocs to the tube heaters and vibrator of the recciver, as shown in Fig. 7-7.
Condenscrs S.P. and C-1, together with r-f choke L-1, act as a filter circuit
to bypass to ground noisc signals picked up in the engine compartment by
the wiring.
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Condenscr S.P. is a spark-plate type of condenscr, consisting of a mctal
plate insulated from the chassis by a thin sheet of mica. The metal is onc
plate of the condenser and the chassis is the other. Figure 7-7 shows such
a spark plate connected in the circuit.

Condenser C-1 is a normal 0.5-mfd condenser. The r-f choke L-1 is about
30 to 50 turns of heavy wire wrapped in the form of a flat coil, about 14
inches in diameter. Since this filter is in a low-voltage circuit, it rarely
breaks down. The main source of noise from this input circuit is in poor
contacts at the battery, in the fuse holder, or at the switch. These condi-
tions are checked in the normal way as for any type of receiver.

Vibrator Noise. The next source of noise signals from thc power sup-
ply arises from the vibrator and its accompanying circuits. The making and
breaking of current at the vibrator contacts are accompanicd by sparking,
which causcs noise in the receiver. This interference is known as hash.
Practical vibrator circuits provide for spark suppression and hash filters,
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Fig. 7-8. Typical vibrator circuit in an auto radio

A typical vibrator circuit is shown in Fig. 7-8. Condenser C-3 is known
as a buffer, or timing condenser. Once of its functions is to reduce sparking
at the contacts of the vibrator. It is extremely important that you replace
a defective buffer condenser with one of exact capacitance, if vou wish
proper spark suppression. Buffer condensers are of the oil-filled type with
capacitances from 0.005 to 0.03 mfd and with a rating of 1,600 volts. An
open buffer condenser would raise the hash level.
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Resistors R-1 and R-2, connected across the vibrator contact points, are
also cffective in reducing sparking and hash. They range in resistance from
50 to 200 ohms. These resistors rarcly give any service difficulty. Some-
times condensers are used in the same circuit instcad of resistors R-1 and
R-2.

The vibrator choke and condenser C-2 form a hash-flter circuit. A simi-
lar hash filter is sometimes connccted to the B-plus output lead. In the
former case, the filter bypasses vibrator hash signals out of the receiver
heater lead to ground. In the latter case, the filter bypasses vibrator hash
from plates and screen-grids to ground. An open condenser C-2, or a
shorted vibrator choke, would increase the hash level.

Other methods used for hash suppression are the total shielding of the
vibrator in a grounded metal casc as well as the power supply itself. Where
grounding of the metal cascs is poor, noise may incrcase in level. Not to
be overlooked in the sources of noise is the vibrator itself. A vibrator with
pitted points or poor spring tension may result in noise. When other
factors have been checked, replace a vibrator with a new one and see if
the noise diminishes.

From this point on, the power supply resembles any standard supply. It
should therefore be checked in the usual manner when noisc is present.
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Man-made Interference

Man-made Noise. In the previous chapter, the major emphasis was on
noisc originating within the recciver or in its antenna-ground system. In
this chapter, the emphasis is on noisc that originates from a source outside
the recciver. It is assumed that you have already cleared the receiver system
of suspicion.

The problem of external man-made noise is an important one. Even an
expensive receiver of fine quality will exasperate the owner when noise mars
listening entertainment. Most customers will be willing to go to a fairly
high expense to reduce or eliminate this irritant.

Your first task as the serviceman is to verify that the source of the noise
lics externally or within the receiver. You will recall that this is done by
disconnecting the antenna and ground from the recciver. If the noise per-
sists now when the receiver is turmed on, the cause lies within the receiver
and must be tracked down. If the noise stops, it was picked up by the an-
tenna as a noise wave or entered the receiver through the power lincs.

With loop-antenna receivers, you can make the check by using a power-
linc filter to determinc if the line is the source. You can also rotate the
recciver to see if noise level changes somewhat, in order to determine if
the noisc is picked up by the antenna as a wave.

Noisc that enters the receiver through the antenna-ground system or
through the power lines is usually man-made, in the sense that it is caused
by some man-made device.

The only exception is natural clectric static, which normally cannot be
eliminated.

128
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How Man-made Noise Enters the Receiver. Man-madc noisc is pro-
duced primarily by electric devices which produce sparks, like motor dec-
vices with brushes, thermostats, circuit breakers, and similar devices ener-
gized from the power lines. The spark then sends r-f energy by waves to the
antenna of the receiver and by current pulses through the recciver power
cord.

Sparks at the motor brushes produce pulses of current which oscillate at
radio frequencics up and down the lines from the motor to the recciver,
and produce noise pulses through the lines. Also, these oscillating line cur-
rents radiate noisc waves out into space which are picked up by the an-
tcnna.

Another way in which noise is produced is by disturbances in the powcer
supply and transmission lines of a community which cause pulscs of cur-
rent to travel down these lines. Examples are leaks to ground or other con-
ductors through tree limbs, leaky power-line lightning arresters, cracked in-
sulators, loosc picces of wire hanging on a line, and generator defects.

Your job in handling the customer’s complaint depends on your ability
to locate the offending device, your right to adjust the device, the cost in-
volved in climinating the noise, and your judgment as to the best way to
get the best results.

Questions Help Identify Noise. Your ncxt job is to track down the
source of noise from cither of two sources: pickup from the power lines or
noisc pickup by the antenna-ground system. Before vou begin the localiz-
ing check, try to get a more detailed description of the noise by asking
pointed questions of vour customer. The answers may be the first clues
for vour problem. Whenever possible, check the customer’s answers.

In I'ig. 8-1 are listed two important questions with possible answers and
possible sources. Thev are not meant to be final by any mcans. Try to get
cven morce specific descriptions. Such answers plus your own observations
can narrow the scarch.

Isolating Noise with a Portable Radio. Do not waste too much time
trving to determine the source of the noise only by means of questions. As
a service technician, vou will have to perform purposeful experiments to
obtain more definite clues. Perhaps the best way to start is to bring a scnsi-
tive batterv-powered portable recciver with a loop antenna into the cus-
tomer’s home. Make sure the noise is still coming from the radio; then dis-
connect all clectrical circuits by removing the house fuses. Tune in the
samc station on your battery receiver. If you do not hear noise, it probably
came into the customer’s receiver via the power lines.
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What is the Nature of the Noise?

Profitable Radio Troubleshooting

Cause

1. Rhythmical crackling, buzzing, whining

sound.

Brush motor or generator.

. Staccato sounds of short duration.

Doorbells, telephone dials, devices that make and
break contacts for short periods.

. Loud buzzing or rushing sound.

Neon signs, fluorescent lights, X-ray and diathermy

machines.

. Crackling, scraping sound.

Loose connections in wiring, rubbing pipes, dis-

turbances in transmission lines.

. Clicking sounds now and then.

Electrical switching devices.

6. Loud buzzing sound. Heavy sparking devices like arc projectors, trolley-

car switches, etc.
When Is the Noise Usually Heard? Cause

1. When walking across floor. Loose plugs in sockets, rubbing pipes, loose electric
lamps.

2. When the house elevator is operated. Elevator motor.

3. When a trolley car goes by. Trolley-car switching, trolley-line sparking.

4. Regularly at short intervals. Refrigerator, oil burner, etc.

5. tn the morning only. Electric shavers, electric juice extractors, etc.

6. When house lights go on. Defective electric house device, poor fuse contacts,

defective outlets, etc.

7. When neighbor X first installed an elec-

trical device.

Inspect the new device (if possible).

Fig. 8-1. Ildentifying noise

Locating Noise Sources in the Home. Now plug in the customer’s re-
ceiver again, after checking the socket, plug, and line, and turn it on. Re-
place the fuse that serves that recciver, making certain that it is in good
condition and makes good contact in its socket. Switch on cach of the
other devices fed by the circuit of that fusc, one at a time. Listen for noise.
Each fusc serves a number of lamps and outlets, as shown in I'ig. 8-2.

When noisc begins in the recciver as a device is turned on, check it for
poor socket contact, loosc plug wircs, loose and defective lamps, defective
control switch, power-line breaks, ctc. Repeat the procedure for cach other
fusc and its rclated circuit. The remedy in cach defective case is obvious.

Locating Noise Sources Outside the Home. If thc noise is hcard from
the reeciver before any home devices are turned on after a good fusc is re-
placed, it is probably originating in the power lincs outside the home. A
search of the home arca may disclosc an offending device. Check the house-
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clevator motor. IFind out if a doctor has clectrical equipment which is fre-
quently used. Determine if a neon sign is on the power lines. Check for a
storc in the building or ncarby that uscs clectrical machines. In many cascs,
the problem is best handled at the source of the noisc. When vou cannot
tackle the noise at its source, your next best procedure is that of installing
onc or morc linc filters. More will be said about these filters in a later

scction of this chapter.
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Fig. 8-2. Typical home power-line circvit

Take vour portable test rccciver a short distance from the customer’s
house, and tune it to a station. Rotate the recciver until the noise is loud-
cst. The linc of the top of the loop antenna then points to the source of
the noisc. About a block away, repcat the rotation of the recciver until
the noisc is loudest. The point where the imaginary extension of the top
of the loop antenna in cach case crosses is the location of the source of the
noisc, as shown in I'ig. 8-3. Verify the location by walking with the re-
ceiver to that point. The noise will increase as vou approach it.

Outdoor Power-line Noise. If thc source tums out to be some power-
linc defect, do not try to clear up the condition yourself. Notify the power
company, and they will send a trained employce to check and rectify the
condition. Public utility companies are glad to rcpair any defect, because
it helps to scll more receivers, which consume more electrical encrgy, and
because it often forestalls further breakdown of their equipment.

Noise-producing Electric Motors. Bccause they are used in such large
numbers, vacuum cleaners are a common source of man-made noisc. They
contain a small brush-type motor which rotates at high speed, causing
much noisc. Such motors may be readily filtered right at the appliance.
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Iowever, unless the noise is a community problem, vou cannot provide
filters for all.

Another device that may produce noise is the common soda-fountain
stirrer. Ilere, too, brush-type motors are causcs of the noise. They may be
silenced by placing filters at the device. The filters should bc mounted
between the motor and the on-off switch.
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Fig. 8-3. Locating a source of noise

Electric drills and sanders with brush-type motors arc also great noisc
producers. Dirt falls in the motor and produces excessive sparking. Iilters
mounted as close as possible to the motor and mounted firmly can re-
duce the noise. A similar condition exists with food mixers.

Large brush-type motors and generators are frequent noise producers.
IIere an clectrician is usually required, to sand and clean the commutator,
rcadjust or replace the brushes, and connect cach brush. Study vour local
clectrical laws, because very often thev specify that only licensed clectri-
cians can make changes in clectric wiring.

Electric refrigerators, especially of the older type, may be quite noisy.
Somctimes, the electrical noise can be considerably reduced by bonding
the motor frame, compressor frame, and refrigerator chassis with a stout,
braided metal bond.

Sewing-machine motors, dental drills, and barber shop hair-dryver motors,
arc also possible troublemakers. Again filters will remedy the situation. Oil
burners, too, have motors which may require filtering. In addition, most
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oil burncrs employ a spark to ignite the fucl. The spark may be suppressed
with suppressor resistors similar to those used in automobiles. Where these
suppressors arc needed, tell your customer to have them installed by his
oil-burncr scrviceman. Work with that serviceman if nccessary, but don’t
do this typc of work by yoursclf.

Filters may also be needed across the thermostat Icads. The frame of the
oil burncr may have to be bonded to the boiler and then to a grounded
water pipe. Similarly, the core of the high-tension transformer may have
to be grounded. Filtering the input leads of the transformer often helps
too.

Other devices that employ thermostats or switches, like heating pads
and 1rons, can producc sparks and noise. First, be surc contact points are
clean, since they will produce prolonged sparks if in a dirty condition.
Spark suppressors or filters placed across the spark gap will reduce noise
considerably.

A doctor’s diathermy and X-ray cquipment may also produce noise. The
curc 1s to place the equipment in a metal-screened room, where good con-
tacts arc madc between all joints of the grounded screen including the
door, and to flter the power lines to the equipment. Since the cost of
such an installation may prove prohibitive, the best procedure is to give
the customer sympathy for an incurable condition.

Neon-sign Noise. In somc cascs, ncon or neon-type signs may be a source
of noisc. But often the reasons for the interference may be obscure. Some-
times a little air Icaks into the glass tubes, and the gas pressure insidc in-
creascs. As a result, the transformer voltage is no longer high enough, and
the sign flickers. This flickering produces noisc. The remedy is to get the
sign owner to have the tubes refilled with new gas under proper pressure, or
have the sign replaced.

Somctimes a new sign transformer produces noisc because it is elcc-
trically leaky. You can dctermine this condition by switching off the sign
and disconnccting the sccondary lcads from the sign. Then turn on the a-c
supply. If the transformer is leaky, you will hear a frying sound. The only
remedy 1s to try to get the transformer replaced.

In some cases, placing a filter across the primary tcrminals of a ncon
transformer will eliminate noisc pulses from the line. Grounding the trans-
former casc sometimes also helps. Often, noise is produced because of
leakage where sections to the tubing cross over. Insertion of pieces of mica
at the crossover may remedy the situation. Sometimes wire or chain sup-
ports of a ncon sign acquirc different potentials which cause noise. Sup-
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porting the sign with a nonmetallic support, like a good grade of rope, may
help. Here again, don’t touch the equipment yourself; neon signs should
be handled only by experts in that ficld, because of the high voltages in-
volved.

Public-utility-equipment Noise. Flashing traffic signs can also be great
noisemakers. The problem is handled by placing a condenser across the
flasher. In addition, the supply lines to the sign might be filtered. Report
traffic-light troubles to the police department.

Noise may originatc with trolley buses or cars and their power lines. If
a trolley bus goes by and produces excess sparking, report its number to the
transportation company. Sometimes the simple replacement of a defective
trolley wheel will remedy the interference cffect. If noise is constant from
the trolley-bus power lincs, report it again to the company. A sparking
gencrator at onc of its power stations might be the cause.

Telephone cquipment, especially dial phones, may be a source of noise
of the clicking type resulting from the opening and closing of relays. Re-
port such a condition to the telephone company, and they will install
special filters.

Fluorescent-light Noise. Modern fluorescent lights introduce another
noisc producer. A typical simple fluorcscent-lamp installation is shown in
Fig. 8-4. The starter is normally closed. When the line switch is closed,
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Fig. 8-4. A simple fluorescent-lamp installation

the starter opens after a bricf period of heating, and a spark is produced.
A small condenser across the starter contacts absorbs the spark and reduces
the amount of noisc. Try using new starters if noise is produced by the
lights. The condenser may have failed. Or you might try moving the radio
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receiver and its antenna and Icadin at lcast 10 feet away from the lamp,
the range of direct radiation from the lamp. Linc filters made directly at
the lamp will eliminate line radiation as well as linc-noisc pulses.

Belt Static. Another source of noisc is the static discharge from moving
belts. Figure 8-5 shows a simple method of draining the charge from the
belt while it is in motion. A wooden block is mounted with small mctal
springs dangling from it and with the springs making contact with the
belt. Wire the springs together and bring the wirc under the motor mount-
ing bolt with good contact between the two. Run a wire from the bolt to
a well-grounded object. The springs will remove any charge from the belt
and run it to ground.

- MOQUNTING BOLT

Fig. 8-5. Draining static charge from a motor belt

In this scction vou have scen several ways in which noise was produced
by various devices. It is by no mcans a complete list. Many more could be
addcd. Ilowever, after localizing a noise producer, you will find the ex-
amples given above helpful in determining what to look for.

Suppressing Sparks. In suppressing the spark of various clectric make-
and-brcak contacts, you must be carcful that you do not interfere with the
proper operation of the clectric device. Thus, relays and vibrators should
not be subjected to spark suppression, unless you check thoroughly after-
ward for proper operation. Ilowever, switches and temperature-control
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Fig. 8-6. Spark suppressor across a switch or temperature thermostat
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thermostats such as those used in clectric heat pads, automatic clectric
irons, and similar devices, and motors and gencrators may have their
sparks suppressed. A simple suppressor is a condenser or condenser and
resistor in scrics placed across the spark contacts. Figure 8-6 shows a spark
suppressor that may be uscd across a switch or temperature thermostat.

For spark suppressors at the brushes of motors and generators, simple
condenscrs may be used. A typical suppressor is shown in Fig. 87 for a
motor or gencrator with two brushes. The condensers are of the dual capac-
itor type. The condensers have a capacitance of 0.5 to 2.0 mfd and a volt-
age rating at lcast 50 per cent greater than the working voltage of the
motor or generator. Whenever possible, ground the frame of the noise-
producing device first; this often cures the trouble.
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Fig. 8-7. Spark suppression at the brushes of motors and generators

Important Warning. The previous sections on suppressing noisc at the
sourcc told vou how to handle the problem. Iowever, it should be cm-
phasized again that it may be inadvisable in many cases to make the
remedy voursclf. If anything goes wrong with the equipment with which
you have worked, you may be blamed for it, even if vour operation was not
the causc. Perhaps it would be more advisable to tell vour customer to
call in the expert on the noisy cquipment—the clectrician, the refrigerator
man, the oil-bumer man, etc.—to make the nccessary repairs. Ile will
be quite willing if you cxplain that in many cases the repair should be
madec morc for the sake of saving the equipment from breakdown than
for the purpose of removing radio noise.

With regard to man-made noise, your job is primarily to locate the
sourcc of noisc for yvour customer, and to furnish linc filters in the cus-
tomer’'s home. Do not let yoursclf open to a damage suit.
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The technique for locating noisc sources has alrcady been presented. Let
us now turn to the question of linc-noisc filters.

Line-noise Filters. Linc-noisc filters serve two purposes when applied
at the noise-producing devices. First, the filter prevents noise pulscs from
traveling along the power lincs. Sccond, as a result of the climination of
linc pulscs, radiation of noisc from the power lines is also eliminated.

Noise filters arc of various types. You may have to trv various combina-
tions to obtain best results. Most filters are simple condensers or combina-
tions of condenscrs and r-f chokes. A few combinations arc shown in Fig.
8-8. Various other combinations may be more satisfactorily used. The box
with the N in it in cach casc represents the noise producer. Generally,
the filter should be mounted as close to the device as is possible and con-
venicnt. '
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Fig. 8-8. Various types of noise filters

Where a filter unit is mounted in a stecl box, as when it is used with
hecavy nonportable cquipment, all wiring from the noisy equipment to the
filter should be in accordance with underwriters” regulations. Where short-
ing of a filter condenser is likely to short the power lincs, it is advisable to
place a fuse between the condenser lead and the power line. The con-
densers used must have a voltage rating of 600 volts or more to withstand
surges. Their capacitances range from about 0.1 mfd to 1.0 mfd.

Line Filter Test Board. You will often have to experiment with various
combinations to sce which filter gives best results at minimum cost to your
customer. Figure 89 shows a simple board with filter components on it
which you mav connect up into any combination. Each component is con-
nccted to a binding post so that vou may run jumpers to them for any de-
sircd combination. Someonc at the recciver must report results to vou as
various filter combinations arc tricd, if the noisy device is not ncar the
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recciver. A set of sound-powered phones, similar to those used in television
installation work, is valuable for this purpose.
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Fig. 8-9. Test filter board

If you find that noise pulses are coming into the receiver through the
power lines and vou cannot locate the noisy device or cannot filter it (re-
member our previous wamning), then your next-best procedure is to filter
the power lines at the receiver. You may usc filter circuits similar to those
used in filtering noisy devices at the source. Such a simple filter is shown
in Fig. 8-10. The filter is enclosed in a metal shicld can, and the shicld can
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Fig. 8-10. Filtering line noise at the receiver

is in turn grounded sccurely to a cold-water pipe or radiator pipc. Commer-
cial versions of this can be obtained from a radio-parts jobber.

When the receiver has a built-in loop antenna, noise can often be re-
duced or even eliminated by moving the receiver to another part of the
room or by rotating the set.
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Intermittents

The Complaint of Intermittent Operation. When a receiver is brought
in for intcrmittent operation, you will rarcly find the customer describing
its operation as “intermittent.” In such a defect more than in any other,
vou will get a fairly accurate description of the poor operation. e will say
that the receiver plays all right and then fades. Or, he will say that the rc-
ceiver plays all right and then begins to hum, or squeal, or go dcad, or
sound distorted, or become noisy.

You can scc that the receiver in intermittent operation suffers from a
defect which causcs any one of the common recciver defects—hum, squcal
and motorboating, noisc, a dead recciver, or distortion. The factor which
makes it difficult to find the defective condition in intermittent operation
is that the dcfect docs not remain constantly bad. For example, while
checking a recciver which intermittently hums for defective components
which causc hum, the defective component suddenly acts normal and the
hum disappcars. You cammot check for hum any longer, because the hum
is gone. Yet the defective component is still there and may make the re-
ceiver ]1[111] at any moment.

You have no choice but to wait until the defect operates once again and
then check for the defective component. For this rcason, the servicing of
an intermittent recciver may consume much of your servicing time. Do not
put aside vour other service jobs for the intermittent one. Rather, permit
the intcrmittent receiver to run at one side of your bench while you do
other servicing and wait for the defect to become opcrative. Then turn your

attention to the intermittent receiver. Obviously, vou must take an inter-
139
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mittent recciver to your scrvice shop rather than work in the customer’s
home if vour first cxamination does not disclose the causc.

Questioning the Customer. Customer information in this defect is ex-
tremely important, because you may find the receiver in its normal phase
of opcration at the time of first inspection. However, valuable information
will only be forthcoming if vou direct the questions to secure specific data.
Below arc listed some typical questions:

1. Specifically, what happens in the receiver?

2. Does the receiver play normally, become defective, and play normally
at regular intervals? About how long does the receiver play normally before
it gocs bad?

3. Docs the recciver play normally and then remain defective? Docs the
rccciver operate normally if vou walk across the floor, jar the receiver, throw
the receiver line switch on and off, or turm on and off some other clec-
trical device in the housc?

4. Docs the receiver become defective whenever it is operated or only
at specific times of the day?

5. Docs the recciver fade gradually or suddenly?

Confirming the Complaint. Be surc that the complaint is a valid onc.
Intermittent fading of a receiver may be a natural condition over which
vou have no control. Often, about sunrise and sunsct, stations may fadc as
a result of the shifting of the Kennelly-Heaviside layer. This is an upper
layer of air which plays an important part in passing on the radio wave
from a fairly distant station. Explain the matter in simple terms to your
customer with regrets.

You may also find that at certain times of the dav linc voltage drops,
producing a weaker output. Tell the receiver owner to notify the utility
company about the condition. They may take steps to obtain better regula-
tion of the voltage. If noisc comes on at some particular time of day, in-
vestigate the possibility of a noise-producing device that gocs on at some
rcgular time of the day.

Most often, vou will confirm the complaint of the customer on the serv-
icc bench. But some complaints, especially intermittent noise, may be
checked at the home. At the same time, vou will begin to scarch for ex-
ternal clues. Check the antenna and ground installation for breaks or poor
conncctions. Shake the Icadin and sce if this incrcases noise. If it docs,
hunt until you find the cause. Walk around the room and scc if the noise
develops. If it does, examinc ground pipes for rubbing. Such rubbing
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pipes may be scparated with an insulated wedge or bonded together firmly
with a conducting wirce. Inspect the scating of the receiver plug in its wall
socket. Be sure that the contacts are good. Examine the house fuse to scc
that it is scated firmly in its receptacle. Tum on clectrical lamps and de-
vices. Where one of these produces noise, check it for loose connections
or poor socket contacts. If the receiver suddenly becomes louder or drops
in level when some clectrical appliance is tumed on, a poor ground con-
nection or poor antenna is probably the cause. Receivers of the a-c type are
morc subject to this defect.

If you cannot find the defect at once, take the recciver to your shop. Ex-
plain to the customer that the nature of the complaint may require more
time than the normal servicing job. He will ordinarily be willing to put
up with this condition if he has confidence in your ability to make a per-
manent repair. Some servicemen engender good will by leaving a small
portable recciver at the home of the customer while they take the defec-
tive recciver to their shop. The loaned recciver is a good technique for
still another reason. If the intermittent receiver at your shop refuses to act
up badly, you may check with the customer to sec if the loancd receiver
is acting badly intermittently. If it is, then his set is cleared of suspicion. If
it is working well, then at least his installation is good, and you must check
his receiver further.

Defects Which Cause Intermittent Operation. Paper condensers arc one
of the most common causes of intermittent operation. The leads of thesc
condenscrs are pressed into contact with the rolled metal foil plates. Hard
wax at the ends of the condensers holds the Icads in place. Too much ten-
sion on the leads or cxcessive heat which softens the wax may permit the
lcads to pull slightlv awayv from their plate contacts. Jarring or rclease of
tension could then drive the leads to make good contact with the plates,
and all is well again—until the next break.

The defective operation produced intermittently by such an open con-
denser depends on the location of the condenser. IFor example, an open
coupling condenscr of the type described could cause intermittent fading
or weakening of the receiver output as well as intermittent distortion.

Very often, when checking such a receiver, bridging the suspected con-
denser with a good one cures the defect. Then when the test condenser is
removed, the defect scems to be gone. This is an almost certain indication
of an intermittently open condenser. The bridging technique helped to
heal the open comnection, but rather superficially. Remove the old con-
denser and replace it with a new one.
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Elcctrolvtic flter condensers of the tubular cardboard tvpe sometimes
cause intermittent hum. In such cases, leakage develops intermittently be-
tween the condenser and its grounded mctal support through the insulat-
ing cardboard. The condenser then intermittently fails in its filtering func-
tion.

Intermittent Tubes. Another verv common cause of intermittent receiver
operation is the tube. Its heater, because of its high temperature during
opcration, is greatly subject to cxpansion changes. Sometimes the heater
breaks as a result of the expansion, but the broken ends remain in contact
when the tube is cold. As soon as vou turn on the receiver, the heater
becomes hot and expands. The broken ends scparate and the tube goes
out. It then may cool and permit the broken ends of the heater to remake
contact; the tube lights and functions again. This intermittent action re-
peats itsclf regularly. The recciver operates normally and then goes dead
in synchronization with the action. In intermittents of this type the music
fades out gradually as the open causes the heater to slowly cool off. Then,
after the tube cools and contact is remade, the music comes on gradually
with the slow warming up of the heater.

With glass tubes, you will sce the heater go out and easily spot the de-
fective tube. In the casc of metal tubes, you can tell if the tube is out by
fecling the metal shell for warmth.

110 VOLTS
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Fig. 9-1. Checking for an open heater with a voltmeter

Where the tube heaters are in serics, as in a-c/d-c receivers, all the tubces
go out when the defective heater of one tube opens. You can tell which
tube is dcfective as soon as the tubes go out by measuring across each
hecater with an a-c voltmeter, as shown in Fig. 9-1. All good heaters will
give no rcading. When you place the voltmeter across the broken heater,
vou will get a rcading of 110 volts. The tubes with the higher heater volt-
ages are most likcly to break their heaters, since they are hottest in opera-
tion.

Becausce of the heat developed within a tube and expansion effects that
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follow, tube clements may short within the tube intermittently and pro-
duce various intermittent defects. These defects depend on which elec-
trodes short and usually last until the set is shut off and the tube cools
down. Somctimes you may cause the condition to develop by tapping the
tubc lightly.

Intermittent Grid Caps. Tubcs with grid caps often develop intermittent
defects, especially where the grid-cap clip has been removed quite often.
The connection between the control-grid lead and the grid cap may break
or become corroded, making intermittent contact as the tube vibrates
mcchanically. If you hear noisc, hum, or distortion as vou tap the grid cap
lightly, the defect probably lies there. Apply a hot soldering iron with a
little solder to the top of the grid cap for a few scconds. Of course, it is
better to replace the tube. Often the soldering job will not stand up too
long.

While you are at it, check and resolder the connection between the grid
lead and the grid-cap clip. Replace the grid-cap clip and tap the grid cap
again to sce if the defect is gone.

Intermittent Connections in Tubes. The clectrodes of tubes are welded
to their leads within the tubc. Sometimes these welds open under the
influence of heat and open the particular electrode where this occurs. The
defective condition which results depends on the clectrode affected. The
defect usually lasts until the receiver is shut off and the tube cools. Tap-
ping the defective tube lightly often causes the defective weld to open or
closc. When you locate such a tube, replace it with a new one.

Intermittent Contacts in Tube Sockets. And still another way in which
a tubc enters into intermittent operation of a receiver is in its seating in
its socket. Corrosion of the socket or spread socket prongs may cause the
tube clectrode to make intermittent contact with its socket prong as the
tube vibrates. Again, the defcct depends upon the tube pin affected. You
can often detcct such a condition by rocking the tubes gently in their
sockets and by listening for the appearance or disappearance of the defect.
Replaccment of the socket or squeezing the prongs will fix these conditions.

In onc sense, grid emission might be called a cause of intermittent op-
cration. The distortion resulting from this occurs only after the receiver has
been in operation for a while and the grid has become sufficiently hot.

Intermittent Tuning Condensers. Tuning condensers may also be a cause
of intermittent operation. Conductive dirt that falls between the plates
may at various positions of the tuning dial short the rotor and stator plates.
This may causc the recciver to go dead intermittently or cause noise. If
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the receiver is noisy as vou turn the tuning dial, you know that the defect
lics in the tuning condenser.

Sometimes, dirt collects between the wiper contacts and the rotor plates.
This, too, may causc intcrmittent noise, fading, or oscillation squcal as
good and poor contacts are altcrnately made. If you suspect such poor con-
tacts as the cause of the defect, clean the contacting surfaces and sce if the
condition is corrected.

Intermittent Resistors. Resistors, too, may causc intermittent defects.
I'ixed resistors may break internally as they become hot and remake con-
tact as they cool or vibrate. This is especially truc of resistors in circuits
that carry currents.

Variable potentiometers, such as those used in volume controls and
tonc controls, are especially subject to defeets which cause intermittent
opcration. Pitting or wear of the carbon clement causes it to make varying
contact with the movable slider arm. To check the volume control, try
tapping it with the arm in several positions, and scc if vou can produce
the intermittent condition. If the volume control is bad, your best pro-
cedure is to replace it with a new one.

Intermittent Coils. Coils also may causc intermittent effects. Tension
produced by the thermal expansion of a coil form may cause the thin wires
of a coil to break from its connccting lug. Slight vibration somctimes rc-
makes contact, and all is well again until expansion opens the break. Air-
corc coils are subject to this condition.

Corrosion in the metal of thin-wire coils may producc an cxceedingly
tiny break in the wire. It may intermittently open and close. Or a tiny arc
may bridge the gap and give the cffect of a continuous circuit. A sudden
voltage drop may quench the spark and open the circuit. The arc may
appear again when the voltage rises or a surge is produced by switching
the receiver on or off or switching other clectrical devices on and off. You
may be able to resolder a coil terminal to its lug if it has broken off. A
corroded coil should be replaced.

Intermittent Pilot Lamps. Pilot lamps may also causc intermittent noise.
'These lamps often are poorly scated in their receptacles. As a result the
Icad tip at the basc of the lamp may make intermittent contact. lixamine
the lamp base for a rounded lead tip. If it is flattened and wom, add a bit
of solder with vour soldering iron.

Intermittent Connections. Thermal expansion may causc bits of solder,
especially if connections arc made with excess solder, to move and touch
another conductor. The nature of the intermittent defect would depend
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on where such shorting took place. Sometimes the terminals of i-f trans-
formers intcrmittently short against the transformer shicld can, and the
receiver goes dead. Occasionally the spcaker ficld of an clectromagnetic
dvnamic loudspeaker shorts intermittently to the center pole picee of the
speaker. Such a short may produce an intcrmittent dcad recciver or inter-
mittent fading. Sometimes conductive dirt gets into an i-f transformer and
shorts the trimmer condenser. Vibration may open the short and later
remake the short. A cleanup job is called for.

Auto-radio Intermittents. In auto rcceivers, in addition to all other
causcs, the vibrator of the power supply may causc an intermittently dead
recciver. As the vibrator points wear or the spring weakens, the unit will
somctimes fail to start. T'he car owner soon discovers that if he flips the
recciver switch on and off several times or hits a bump which vibrates the
car, the receiver begins to play. Check the condition by turning on the
receiver, and listen for the vibrator buzz. If vou do not hear it, slap the re-
cciver sharply. If now vou hear the buzz, the vibrator is probably defective,
You mav further confirm the condition by feeding 4 volts to the vibrator
rather than the usual 6 volts. If the vibrator docs not buzz, it is probably
defective,

Intermittent noisc in a car radio may also be duc to poor contact of the
fusc in its holder. Tuspection recadily discloses the condition. Onc other
possibility in the car radio may be a defective on-off switch. Low voltage
and high current is fed to the switch. Poor contact in the switch might
causc intermittent fading. Of coursc, the switch may be a causc of inter-
mittent operation in any radio recciver.

Intermittent Soldered Joints. All rcceivers arc subject to intermittent
defects resulting from poorly soldered joints. These may corrode and open
and closc intermittently with vibration. The great number of such soldered
conncctions in a recciver make the probability of such a condition quite
likely.

Intermittent Oscillation. There is once superhcterodyne-recciver defeet
which is closely akin to intermittent operation, known as critical oscilla-
tion. In critical oscillation, rceeption will be normal at the high-frequency
end of the tuning range, crratic at the middle frequencices, and dead at the
low-frequency end. This condition is duc to failure of the oscillator at the
low-frequency end of the tuning range.

You can check the condition in the following manncr. Start at the low-
frequency end of the tuning range and tunc toward the high-frequency end,
noting the frequency of the first station received. Assume it is 1,100 ke,
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Now start at the high-frequency end and tunc in the other direction. If
vou reccive all stations, including the onc at 1,100 k¢, and then receive a
few further on, like onc at 1,000 ke and onc at 900 ke but no others, von
have critical oscillation.

The rcason for the receiver behavior is that oscillator operation is more
cficient at high frequencies than at low frequencies. An oscillator tubce
with weak electron cmission might oscillate at the high-frequency end of
the tuning range but not at the low end. Once the tube is oscillating, it
might continuc cven bevond the position of normal nonoscillation. Try
the substitution of another oscillator tube. Sometimes vou may have to
try various oscillator tubes before vou get one that removes the critical
oscillation. In other receivers the tubes subject to critical oscillation may
be perfectly satisfactory.

Other conditions may also causc intermittent oscillation. Dirt in the
oscillator scction of the tuning gang may be the causc. If nothing scems to
clear the condition, try substituting a cathodc sclf-bias resistor of lower
ohmage.

Intermittents Caused by Heat and Vibration. Gencrally, most intermit-
tent defects arc the result of unstable opens, shorts, or leakages. Ileat is
onc genceral causc of the intermittent action. Ileat causcs parts to expand
and move slightly. In reverse, the cooling of parts causes them to contract
and move back.

Vibration is another general cause of intermittent action. Vibration as
a result of speaker action or external causes can make parts that arc close
together touch or move apart.

Rubber-covered lcads are a fairly common cause in this respect, especially
when they pass through small openings in the chassis. The rubber drics and
cracks, permitting the lead to short intermittently.

Elcctrical surges arc a gencral cause of intermittent action. They may
canse small open circuits to be closed by an arc or be opened by the
quenching of the arc. Electrical surges and vibration will give highly ir-
regular action. Ilcat usually causcs regular intermittent cffects, since the
defect produced by thermal action often clears as the defect removes the
heating factor and cooling restores normal action.

Localizing the Defective Section. Bcfore vou begin vour localization
tests, give the receiver a complete visual inspection. You may spot the
defect quickly and save time. Fxamination may show an extremcly cor-
roded conncection. Tum on the recciver and pull on the leads to this con-
nection. Sce if the recciver acts up when vou do this. If it does, you prob-
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ably have found the defect. In a similar way, tapping the tubes may causc
the receiver to act up. If it does so, the tube or socket or lcads of that
stage may be the causc.

Obscrvation of the receiver in a darkened room might disclose a tiny
clectrical are which is causing the intermittent condition. You then have
the defective component and take suitable remedial steps. Similarly, ob-
scrvation of glass tubes may show by going out when the intermittent
condition develops. If metal tubes arc used, feel the outside shell after a
few minutes for warmth to scc if the heater is open.

Look for conditions which might produce shorts. Look for connections
that lic close to the chassis. Sce if the terminals of components are very
close to cach other. Check shiclds for contacts that arc well grounded. In-
spect rubber-covered lcads that go through small chassis holes to see that
the rubber insulation is not cracked, permitting the copper lead to be in-
termittently grounded.

Isolating Intermittents. You could go on from here and wiggle cvery
lcad, cvery paper condenser, and cvery resistor. But vou are racing with
time. It is more advisable to localize the defect systematically if your over-
view scarch does not immediately disclose the causc.

H

adl

-||<—<7+

Fig. 9-2. Checking for fading with a meter at the avc bus

With a-c reccivers that go intermittently dead or grow weak (fade), you
may localize the defective section of the receiver with a d-¢ voltmeter of
high sensitivity (high resistance). ‘T'une to a station and conncect the meter
to the ave bus, as shown in Fig. 9-2. Note that the positive terminal of the
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voltmeter goces to the ground. Leave the meter permanently connected un-
til the receiver fades or gocs dcad. If the reading of the meter changes
when the recciver acts up, the defect lics in the r-f section of the receiver
or in the power supply. If the meter does not change in value when the
trouble occurs, the defect is in the a-f section of the receiver.

You do not nced a voltmcter if the receiver has an electron-ray tuning
mdicator, since the latter is in effect a vacuum-tube voltmeter connected
to the ave bus. Tune the recciver to a station, and sce if the tuning in-
dicator varics its indication as the receiver acts up. If it does, the r-f sec-
tion or power supply is defective. If the indicator does not change, the a-f
section is at fault.

You may make the same localization test on an a-c/d-c receiver, except
where the heater circuit intermittently opens and closes. The receiver
would then go completely dead, since the heaters are all in serics. Where
this occurs, you have a type of localization test, because then you will
dircct vour attention to the hcater circuit.

Isolating Intermittents with a Signal Generator. The signal generator
may be uscd to localize the defective scction of an a-c receiver when the
mtermittent condition is fading or a dead recciver. Tune the receiver to

TO 2ND A-F
STAGE

A-F
SIGNAL
GENERATOR °]

—
Alg~ .
%

Fig. 9-3. Using a signal generator to check for fading

a quict non-station position. Set the signal generator to give an audio out-
put. Conncct its ground lcad to the chassis and the hot lead to the un-
grounded cnd of the volume control (input of the a-f section), as shown
in Fig. 9-3. You will continue to hear the gencrator note from the receiver
loudspeaker. If the note suddenly disappears or drops in volume or pro-
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duces another defect, the a-f section or power supply of the recciver is
probably where the defect lics. If the note continues to come through un-
altered for a long time, the defect probably lics in the r-f scction of the
receiver,

Locating the Specific Defect. Once you have found the defective stage,
vou have limited vour ficld of operation. Proceed now with both tests and
rcasoning. The nature of the intcrmittent complaint may guide vou in
finding the specific defect. For instance, oscillation squcal would dircct
vour attention to the scrcen bypass condenser, a grounded shicld, or a
similar device. Or intermittent distortion would Icad you to check the tube,
a coupling condenser, and so forth,

If you cannot correct the defect, proceed to tap and rock the stage tube
gently. Try replacing tubes in some cascs. Wiggle all leads firmly to sce if
connections are good. Use vour judgment on how hard to wiggle to break
a defective connection but not a good one. Listen for the cffect of such
wiggling in the receiver. Pull and wiggle the Icads of paper condensers and
fixed resistors in the stage. Push all shicld cans and shicld wires. Sce if
such action makes a diffcrence in the receiver output. Inspect coils for
signs of corrosion. As a last resort, if all clse fails vou should replace each
component of the defective stage—onc at a time, starting with paper con-
denscrs. With cach replacement, sce if the defect stays permanently cleared
up.

You may be guided in vour hunt for the defect by the recciver behavior
if the intermittent condition is duc to thermal action. Here the recciver
plays normally and acts up at regular intervals. The shorter the interval
between normal and defective output, the greater the heat at the defective
part or the smaller the defective component. Thus, tubes and defective
connections act up quickly. Heavy transformers or large resistors usually
have the longest period between normal and defective output. These prin-
ciples may direct you to the defect a little more rapidly than otherwisc.

Air Check. Your rcputation as a scrviceman among vour customers de-
pends primarily upon vour skill in repairing receiver defects. More service-
men losc their reputations with intermittent defects than with other re-
ceiver defects. Such a state of affairs develops from the fact that many
servicemen remove the intermittent defect without testing the peninanence
of the repair. They return the receiver to the customer, only to have it
brought back shortly after. You will feel quite silly when this happens to
vou.

Be surc to give a recciver which vou believe cured of an intermittent de-
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fect a thorough air check. Turn it on, tune to a station, and let it run con-
tinuously for several hours in the receiver’'s own cabinet or in a closed box.
Change your station several times. Turn the linc switch off and on scveral
times. From time to time slap the receiver chassis sharply. If the receiver
continues to play normally during this air check period, you may be rea-
sonably sure that the defect is permanently clcarcd up.
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Distortion

What Is Receiver Distortion? Distortion in a receiver in onc way is
similar to hum—both conditions normally cxist in every receiver. 1low-
cver, the extent to which they make themsclves manifest is the aspect that
is of interest to you as a scrviceman. A 5 per cent distortion is acceptable
to receiver designers. And cven 10 per cent distortion is not too objection-
able to the average listencr. Tube manufacturers give the percentage of
distortion for their tubces at reccommended opcrating voltages in their tube
manuals.

Ilowcever, when the customer reports his receiver, he usually is not re-
ferring to the permissible distortion inherent in the recciver design. If he
complains that the quality of his small, inexpensive receiver is not so good
as his ncighbor’s large, cxpensive receiver, a short, friendly, nontechnical
explanation will make him satished with the limitations of his own rc-
CCIVCT.

Usually, the customer will be comparing the quality of his receiver with
its previous quality. Ile will claim that the recciver doesn’t sound well,
or has poor quality, or sounds mufflcd. On rare occasions, a customer with
an cxtremely discriminating car will report that the recciver is not repro-
ducing high or low notes quitc as well as it used to do. By and large, most
complaints will not be of this latter tvpe, but rather of the type where
distortion is of a degree where receiver reproduction is barely intelligible
and cxtremely irritating to hear.

Questioning the Customer. Rcgardless of whether vou think the cus-
tomer’s complaint is valid or that of a fussy individual, vour service is to
the customer and not to the receiver, especially in the case of distortion. If

151
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vou do not find the recciver too bad, determine just what the customer
finds objectionable. By questioning, determine if the receiver ever had a
quality which the customer found satisfactory. Try to find out if the re-
ceiver was recently serviced. Determine if the receiver distorts all over the
tuning dial or only on a few stations. Has a new antenna installation re-
cently been put up? Docs distortion develop after about a half hour of op-
cration or right at the start?

You may think some of the questions are unnecessary, since you will
confirm any condition yourself rather than rely on the customer informa-
tion. But remember first that customer information may point out an
avenue of mvestigation and save you time. Furthermore, questioning car-
ricd on in a professional manner will impress your customer with your
ability as a professional worker. The doctor will always obtain the case his-
tory of his patient and ask pointed questions before examining him.

Harmonic Distortion. The main type of distortion which you will be
called upon to service in an amplitude-modulated type of recciver is that
known as harmonic distortion (sometimes, amplitude distortion). You will
have to know a little about the nature of this type of distortion if vou
wish to understand its servicing aspect better. However, do not be troubled
if you fail to follow it completely, since it will not retard vour service skill.

Examine Fig. 10-1. In it are shown the I,-E, (how plate current changes
when grid voltage changes) curves for a particular tube as found in the
tube manual. Three curves are shown: the upper one for a plate voltage
of 300 volts; the center onc for a plate voltage of 250 volts; and the lower
onc for a plate voltage of 200 volts. Assume that, for our normal operation
of the tube, a plate voltage of 250 volts is used.

Undistorted Output. Ior normal distortionless output, we must operate
our tube on the straight portion of the curve, carefully avoiding the upper
and lower bends of the curve. To obtain this result, the signal grid bias
is set approximatcly at the center of the straight portion of the curve. Thus,
the grid bias E, is shown by the solid vertical line. An input signal A
causes the grid voltage to swing back and forth around its bias point. This
causes the platc current I, to swing up and down along the straight por-
tion of its characteristic curve. The result A is a symmetrical, faithful re-
production of the input signal, and no distortion exists.

Strong-signal Distortion. Now assume that a signal of twice the strength
or magnitude is applicd to the signal grid of the tube as shown at B, op-
erating with the same grid bias. The voltage excursion of the grid drives the
plate current into both the upper and lower bends of the characteristic
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curve. The output curve at B now does not resemble the input curve, since
the peaks are flattened. This flattening introduces new tones which did
not exist in the original input signal. We say that harmonics have bcen
introduced which cause distortion of the signal.

Ep=300V

Ep=250V %
_____ -.59’2_99_‘5.._/’_\--_-___- ©
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OUTPUT:

{A)_NORMAL UNDISTORTED
{B)_HARMONIC DISTORTION _ OVERLOADED GRID

(B) {C)_HARMONIC DISTORTION_GRID BIAS TOO LOW
| [ {D)_ HARMONIC DISTORTION_GRID BIAS TOO HiGH
h Eg(NORMAL) {A)_HARMONIC DISTORTION_PLATE VOLTAGE TOO HIGH

| (A")_HARMONIC DISTORTION_PLATE VOLTAGE TOO LOW
i Q%)

Eg(TOO LOW)

(D)
Eg(TOO HIGH)

Fig. 10-1. Plate current—grid valtage curves aof a tube

Meaning of Harmonics. What are harmonics? A sound is mercly a vi-
bration of an clastic material at a certain number of vibrations per sccond.
Let us say that a saw blade is vibrating at a frequency of 256 vibrations a
sccond and is emitting a particular note. If we can make the bladc vibrate
at twice that frequency (2 X 256), or 512 vibrations per second, the pitch
of the note will be higher, and we say the new note is the sccond har-
monic of the original note.

Now make the blade vibrate at three times the original frequency
(3 X 256), or 768 vibrations per sccond. The pitch is still higher, and we
say this note is the third harmonic of the original note. Thus, when a tube
gives distorted output by producing harmonic notes which did not exist in
the input signal, we say that we have harmonic distortion. Such distorting
harmonics were introduced into curve B.

Distortion Caused by Low Grid Bias. Let us return to Fig. 10-1. Assume
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oncc again that our input signal is not too great in strength, as shown at C,
But this time our signal grid bias is too low. The excursion of the plate
current this time carrics it into the upper bend and the output C is dis-
torted becausc its upper loop is flattened. Again we have harmonic distor-
tion.

Distortion Caused by High Grid Bias. A similar tvpe of distortion occurs
if a normal input signal is applicd to the signal grid, as at D when the grid
bias is too highly ncgative. The plate current swing this time carries it
mto the lower bend of the characteristic curve. Tlarmonic distortion once
again is present, since the output D has its lower loop flattened.

Distortion Caused by Wrong Plate Voltage. Lct us make another as-
sumption. Assume that grid bias is normal and that the signal input is as
at A. But this time plate voltage is too high, namely 300 volts. We are
opcerating, thercfore, on the npper characteristic curve. The output A’ is dis-
torted because the plate current swing carries it into the upper bend, flat-
tening the upper loop.

A similar type of distortion occurs when plate current falls too low.
Assume that grid bias is normal, as is the signal input, as at A. The plate
voltage falls to 200 volts, and we arc opcrating on the lower characteristic
curve. This time the excursion of the plate current carrics it into the lower
bend of the characteristic curve, and the lower loop is flattened.

When hunting for the causes of harmonic distortion, you must look for
any condition which would change the grid bias or the plate voltage of a
tube. So far as too great an input signal is concerned, vou will rarely find
that the incoming signal is too large. Usually, the difficulty is that the stage
operation has dcteriorated to a point where it cannot handle a signal of
normal strength. Even more rarely, too large an acrial near a strong station
may give a too strong signal.

Frequency Distortion. On very few occasions, vou will be called in for
another type of distortion known as frequency distortion. The sounds
heard from a recciver are not simple monotones but complex mixtures of
tones of many different frequencics. Where frequency distortion exists,
an amplifier stage will fail to amplify eqnally the tones of different pitches,
and the output will accentuate low, middle, or high frequencics more than
the others.

Where the frequency distortion is apparent only to a customer with a
very discriminating car, vou will have to take frequency response curves.
More will be said about this procedure later. Normally, only where fre-
quency distortion is extreme will you be called in. Your job then is to
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check alignment for extreme sideband cutting or check condensers for de-
fects, since a change in capacitance of a condenser will alter its ability to
handle signals of different frequencics.

Specific Causes of Harmonic Distortion. Let us now examine specific
defects in a recciver which can cause harmonic distortion. Most of these
defeets will occur in the a-f scction, the loudspeaker, and the power supply.
Let us take the schematic circuit of Fig. 10-2 as a typical audio scction of
a rcceiver in which distortion defccts may arise.

1
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Fig. 10-2. Typical audio section of a receiver, showing common causes of distortion

One of the most common causes of distortion is a leaky coupling con-
denser between stages. Assume that coupling condenser C-1 becomes lcaky.
A current of electrons from the power supply now flows from ground
across grid-load resistor R-1, across the leaky coupling condenser C-1, across
plate-load resistor R-2 to B-plus. The dircction of this current tends to give
a voltage drop across R-1 such that the grid end is positive, and the grid of
the tube V-1 is driven more positive, as shown in Fig. 10-2. The voltage
drop across the self-bias resistor is such as to make the grid of the tube
negative. The net result is that the bias on the tube is either less negative
than normal or even positive, depending on the extent of leakage across
condenser C-1. This means that the bias of the tube is too low, and it oper-
ates around the upper bend of its characteristic curve, producing distor-
tion.

You may check for a leaky coupling condenser in the following manner:
Normally, no current flows through grid-load resistor R-1. If current flows
across R-1 because coupling capacitor C-1 is leaky, a voltage drop will take
place across it. You may check for such a voltage drop with a voltmeter of
high sensitivity (high resistance). Place the positive lead of the volt-
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mcter at the grid end of resistor R-1 and the negative lead at the other end
of the resistor. No reading clears condenser C-1. If yvou get a reading, the
condenser may be leaky. Notice that we have said that the condenser
“may” be leaky. There is another condition known as grid emission which
could cause the same effect. Later, we will show how to differentiate be-
tween the two conditions.

Grid Emission. \What is grid emission? Sometimes during the process of
manufacturc of a tube, a small portion of cathode-emitting material ac-
cidentally dcposits upon the control grid. As a result, the grid may emit
clectrons, especially if the tube becomes quite hot. This condition cannot
be detected by a tube checker, since heat is a prercquisite condition. When
the grid emits clectrons, it causes clectrons to flow from ground across re-
sistor R-1 to the grid, as shown in Fig. 10-2. The direction of clectron flow
is such that the grid end of resistor R-1 is positive, driving the control grid
more positive. The same distortion as occurred with a leaky coupling con-
denser results. This condition is especially bad with zero-bias type of opera-
tion, that is, where cathodes are connected dircctly to ground. Distortion
caused by grid emission usually becomes evident after the recciver has been
in operation for a short while.

To diffcrentiate between coupling-condenser leakage and grid emission,
connect vour voltmeter across grid lead resistor R-1. If vou have no read-
ing, neither condition cxists. If vou obtain a voltage drop across R-1, re-
move tube V-1, if vou have an a-c recciver. No voltage rcading now indi-
cates grid emission in the tube. Replace the tube with a new one. A volt-
age rcading with the tube removed indicates a lcaky coupling condenser.

You cannot remove a tube in an a-¢/d-c receiver or three-way portable
receiver. Here vou must unsolder cither lcad of the coupling condenser,
with the voltmcter across the grid-load resistor. If the voltage drop across
the resistor disappears when the condenser is opened, vou have coupling-
condenser leakage. If it does not disappear, you have grid emission.

Poor Grid Bias. Defects in the tube-biasing svstem may also producc
harmonic distortion. Refer once again to Fig. 10-2, tube V-1. If sclf-bias
resistor R-3 should open, it would scem that there would be no cathode
current. But cathode bypass condenser C-3 is usually an clectrolytic con-
denser with considerable leakage resistance. A voltage drop would occur
across it to bias the grid. Since the leakage resistance is much greater than
the resistance of self-bias resistor R-3, the voltage drop across condenser C-3
is quitc large, and the control grid receives a very large negative bias. The
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tube operates around the lower bend of its characteristic curve with re-
sulting harmonic distortion.

Usually, the voltage drop across condenser C-3 is so large as to destroy
the condenser. Then the receiver is reported as dead. When sclf-bias re-
sistor R-3 opens and the grid reccives a very high negative charge, plate
current drops. As a result, the voltage drop across the plate-load resistor de-
creases (output transformer primary) and the plate voltage of the tube
rises. A higher-than-normal plate voltage then would point to a possible
open resistor R-3.

Another bias defect would result if cathode bypass condenser C-3 shorts,
thereby shorting out the voltage drop across self-bias resistor R-3 and re-
moving the grid bias. The tube would then be operating around the upper
bend of its characteristic curve and would produce harmonic distortion.
Because there is no grid bias, plate current would be large and produce a
large voltage drop across the plate-load resistor. As a result, plate voltage
would be quite low.

Cathode-heater Leakage. A cathode-heater short may also upset the bias
system and produce distortion. Examine the tube stage in Fig. 10-3. Grid
bias is obtained from the voltage drop across self-bias resistor R-3. Should
the cathode of the tube short to the grounded side of the hcater, resistor
R-3 would be shorted out, and there would be no bias on the tube. Dis-
tortion would result. In this case, as with a shorted cathode bypass con-
denser, plate voltage would be low.

OPEN
VOLTMETER

CATHODE - HEATER
LEAKAGE

Fig. 10-3. Source of distortion from cathode-heater leakage

There are a few occasions when an open grid-load resistor like R-4 of
Fig. 10-3 may cause distortion (usually accompanied by weak output and
hum). The free-floating grid picks up electrons and becomes excessively
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ncgative. You may suspect a leaky coupling condenser or grid emission and
connect a voltincter of high scusitivity across the grid-load resistor as
shown. As you do this, the distortion disappecars. The reason for this re-
ceiver behavior is that the voltmeter bridges thic open section of the re-
sistor R-t. When yvou remove the voltmeter, the receiver sounds distorted
again. Replace resistor R-4 with a new onc.

Wrong Bias in Fixed-bias Circuits. Circuits that cmploy fixed bias,
rather than sclf-bias, are especially likely to produce distortion. Take for
example, the fixed-bias circuit of Ivig. 10-4. Notice that the center tap
from the high-voltage secondary winding gocs to ground through resistors
R-1 and R-2. The plate currents from all receiver tubes must pass through
these resistors. As a result, a voltage drop takes place across them, and the
transformer end of resistor R-1 as well as the point between R-1 and R-2 are
morc ncgative than ground.
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Fig. 10-4. A fixed-bias circuit, showing resistors that provide a fixed grid-bias voltage

The cathodes of tubes V-1 and V-2 are connccted directly to ground.
The control grid of tube V-2 obtains its negative bias by being connected
to the ncgative end of resistor R-1; the control grid of tube V-1 obtains
its ncgative bias by being connected to the junction between R-1 and R-2.

Supposc that coupling condenser C-1 becomes slightly leaky or that grid
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emission appcars in tube V-2. The grid bias of tube V-2 decrcases and the
plate current goes up. But this rise in plate current produces a greater
voltage drop across resistors R-1 and R-2 through which the plate current
flows. As a result the grid of tube V-2 reccives a greater negative bias, and
a sort of restoring situation develops for the tube. ITowever, the larger
voltage drop across resistor R-2 feeds a larger negative bias to tube V-1,
which docs not have a leaky coupling condenscr or grid emission. The tube
is forced to opcrate around the lower bend of its characteristic curve, and
distortion results.

Measuring Bias Voltage. A condition like the above is found by making
a voltage check between the grid of V-1 and ground, as shown in Fig. 104.
Tube V-1 will probably be working at a lower-than-normal plate voltage.
The better indication is that the bias voltages across resistors R-1 and R-2
will be higher than normal. When checking the bias voltage at the grid
of tube V-1, it may be noticed that the distortion is partially clcared up.
This is because the mcter resistance, in parallel with the grid load, tends to
restore normal bias voltage on the tubc. These indications point to a
hecavy current flow through the following output tube, which of coursc
focuses attention to the coupling condenser and the possibility of grid
emission in the tube.

Leaky Decoupling-filter Condensers. Another effcct producing distor-
tion may result from a fixed-bias circuit. Refer once again to Fig. 10-4.
Assume that decoupling-filter condenser C-2 becomes leaky. As a result,
the voltage of the plate of tube V-1 drops. The grid bias remains about
the same as when normal, because the drop across resistors R-1 and R-2 is
primarily dependent on the large plate current of the output tube V-2.
The normal bias is too negative for the tube at its lowered plate voltage,
and distortion results.

If the receiver is an a-c recciver, you may check for leakage in condenser
C-2 in the following way: Remove tube V-1 from its socket. If all is nor-
mal, there is no voltage drop across resistor R4, since no plate current is
flowing. But if condenscr C-2 is lcaky, elcctrons flow from ground through
condenser C-2, through resistor R-4 back to B-plus. If your voltmcter shows
a voltage across R-4, you know that condenser C-2 is leaky and must be
replaced.

Similarly, if condenser C-3 is lcaky, the samc cffects result. But this time
your voltmeter will show a voltage drop across both R-3 and R4 with
the tubc removed. In an a-c/d-c recciver, vou cannot remove the tube;
mercly unsolder the plate lead at the tube socket.
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Distortion by Overloading the R-F Amplifier. As was stated previously,
overloading of a stage is usually an indication of a defect in the recciver
which prevents it from handling normal signals properly. On rarc occasions
closeness to a powerful station will cause overloading and distortion.
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Fig. 10-5. Using a wave trap to remove overloading by a powerful station

You may remedy the situation by shortening the antenna, rotating the
rcceiver if it has a loop antenna, or constructing a wave trap in the an-
tenna circuit for the station involved, as shown in Fig. 10-5. Coil L-1 and
condenscr C-1 make up the trap. The trap is tuncd to the frequency of the
powerful station and passcs some of its signal to ground. These traps may
be purchased from most radio-supply houscs.

In a loop antenna recciver, a similar trap may be placed in the converter
signal grid circuit, as shown by L-1 and C-1 in I'ig. 10-6.
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Fig. 10-6. Placing a wave trap in a loop-type receiver

Overloading. Lct us examine receiver defects that result in overloaded
stages. Scveral conditions may result from a defect in the ave system. Ex-
amine I'ig. 10-7. Assume that ave filter condenser C-1 shorts or becomes
excessively lIeaky. The ave voltage to the controlled tubes will be shorted
out, and their bias may be too low. As a result, the controlled tubes could
be overloaded and distort.
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A similar effect would result if one of the controlled tubes develop grid
emission. The flow of grid current through the ave filter resistor R-1 de-
velops a voltage drop across it with such polarity as to neutralize the nega-
tive voltage normally fed by the ave system. The bias on the controlled
tubes becomes too low, and a strong signal may overload them, producing
distortion.

DET

1ST AF
s

AVC

Fig. 10-7. How avc voltage can produce distortion

Refer once again to Fig. 10-7. If audio coupling condenser C-2 becomes
leaky, some avc voltage will be fed across it to the grid of the first a-f tube,
increasing its negative bias and driving the tube to the lower bend of its
characteristic curve. The more you tum up the volume control (away from
ground), the more avce voltage you feed to the tube and the more negative
its bias and the worse the distortion.

Distortion in Audio Stages. Another condition, particularly in the second
a-f output stage, may result in distortion. Since the output tube handles
so much power, the stage is readily thrown into a state of r-f oscillation
because of distributed inductances and capacitances of its input and output
circuits. This oscillation is a parasitic tvpe of oscillation which consumes
much power from the power supply, lowering all operating voltages. Dis-
tortion results, often accompanicd by a rushing sound or high-pitched
whistle.

To prevent this tendency toward parasitic oscillation, a plate bypass con-
denser is used (C-4 in Fig. 10-2). If it opens, the distortion may follow.
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This condition may be found when the output tube and the components
of the power supply overheat and all voltages are low.

Distortion in Push-pull Audio Stages. Push-pull stages may produce
amplitude distortion, just as do single-ended stages. A splendid characteris-
tic of the push-pull stage is that it reduces or eliminates cven-harmonic
distortion. Becausc of the climination of such distortion, cach of the tubes
of the stage may be overloaded somewhat without giving distorted output.
For example, maximum undistorted output for a single 6A3 tube will be
3.2 watts, while a pair of push-pull 6A3 tubes will deliver a maximum un-
distorted output of 10 watts. 'The climination of even-harmonic distortion,
however, is dependent on a perfect balance in the push-pull stage.

Iigure 10-8 illustrates a transformer-coupled push-pull stage. Both tubes
V-1 and V-2 must have practically identical characteristics. 1f one tubc
grows weak, the balance is upset and distortion increascs. Both tubes must
be driven by equal signal voltages on their grids, and these voltages must
be 180 degrees out of phase (that is, e, cquals e, and e, is 180 degrees out
of phase with e,). Normally, this condition is obtained by center-tapping
the secondary winding of the input transformer and connecting the center-
tap to ground.

L gE .
Q%l I
=1z

Fig. 10-8. A transformer-coupled push-pull stage

A short or open in cither half of the secondary winding or the grounding
of any of its turns would upset the balance and produce distortion. Re-
placement of defective tubes or input transformers is the remedy in these
two cascs. I'inally, a short, an open, or grounding in cither half of the pri-
mary winding of the output transformer would upsct the balance in the
same way as the input transformer and increase distortion.

Phase Inverters. \Vhen a push-pull stage is resistor-condenser-coupled
to its driver stage, vou have the problem of obtaining cqual voltages that



EBAsco

ALAN B. CARPENTER

Lgysco KsvironwvieNt

A Division of Ebasco Services lucorporated

10900 NE 8TH STREET « BELLEVUE. WA 98004-4405



Distortion 163

arc 180 degrees out of phase for the grids of the push-pull tubes. Such
conditions arc usually obtained by usc of another stage known as a phasc
inverter,

Iigure 10-9 shows a block diagram of a phasc-inverter tvpe of push-pull
amplifier. Notice that a ncgative voltage fed to the grid of the first a-f tube
causcs it to feed a positive signal to the grid of the phasc-inverter tube
and onc of the push-pull output tubes. When the phasc-inverter tube re-
ceives a positive signal, it in tum feeds a negative signal to the grid of
the second push-pull output tube. Thus, the two push-pull tubes receive
signals that are 180 degrees out of phasc. But you must still have these
signals equal in amplitude or voltage.

<] isT + ] 2nD
A-F A-F (A)
+
PHASE > 2ND
INVERTER A-F (B)

Fig. 10-9. Block diagram of a phase-inverter type of push-pull amplifier

To obtain this sccond condition, a portion of the positive output volt-
age pulsc of the first a-f tube is tapped off the grid leak of the upper out-
put tubc and fed to the grid of the phasc-inverter tube. 1lere the gain of
the inverter tube brings the ncgative output pulse for the lower output
tube to the same level as the positive pulse fed to the upper output tube.
Figure 10-10 shows the schematic diagram of a typical push-pull amplifier
using a phase inverter.

The circuit just described is in a statc of fairly delicate balance for
proper operation. Somcetimes the phasc-inverter tube grows weak. Signals
of uncqual magnitude arc delivered to the grids of the push-pull tubes,
and distortion results. If the values of the grid-load resistor R4 or R-6
change, a similar cffect occurs. Of course, any of the conditions which
cause distortion in a single tube stage would also cause distortion in a push-
pull stage.

The Speaker and Distortion. The loudspeaker, too, may introduce dis-
tortion into a receiver. The simplest wav to determine if the loudspcaker is
the cause is to open the voice coil of the loudspeaker and connect a test
p-m dynamic loudspeaker across the output transformer sccondary. If the
distortion disappcars, vou know that the loudspcaker is at fault.

Several conditions in the loudspeaker can distort the output. First, the
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Fig. 10-10. Schematic diagram of a typical push-pull amplifier

voice coil may be warped or off center. The result is that the voice coil
rubs against the speaker pot and distorts the sound. Or metal dirt may

Distortion | Cause
Scraping, raspy sound. Warped voice coil.
Poor bass-note reproduction. Off-center voice coil.
Distortion. Dirt in gap around center pole piece.
Buzzing. Broken voice-coil cement.
Poor bass-note reproduction.
Distortion.
Poor high-frequency reproduction. Warped paper cone.
Distortion.

Fig. 10-11. loudspeaker defects that cause distortion

have gotten in the space between the outside pole piece and the center
pole picce, producing a rubbing condition again. Again, the papecr conc
may have warped with age and exerted uncven pulls which draw the voice
coil off center. Or the cement holding the voice-coil wires together might
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have cracked, producing a buzzing, distorted sound. Figure 10-11 lists the
types of distortions produced by loudspeaker defects. A new loudspeaker
will usually be needed, since modern voice coils and cores can rarely be re-
paired.

In certain circuits using an electromagnctic dynamic loudspeaker, dis-
tortion, coupled with a weak signal, may occur if there is an open ficld
coil. Such a circujt is shown in Iig. 10-12. Noticc that an open speaker
ficld in such a circuit will not upsct other voltages. Only the speaker will
be affected. The residual magnetism of the pole piece will permit the
spcaker to operate very weakly.

You may check the strength of the pole magnet by holding a blunt
iron object like a socket wrench near the center pole picee. If it is weak,
check the field coil with an ohmmeter. In some cases, vou may be able to
replace the speaker ficld. In this case, follow the manufacturer’s instruc-
tions. Wherc the construction of the loudspeaker prevents such a replace-
ment, vou will have to replace the cntire loudspeaker with one similar to
the defective one.

Fig. 10-12. An apen speaker field cail can cause distartian

Other Factors Involved in Distortion. Other conditions may result in
harmonic distortion. In threc-wav portable reccivers, weak batteries may
produce distortion in the battery mode of operation. In the power-line
mode of operation, another condition may arisc. The bias for tubes in
such receivers is obtained from the plate current of the output tube. If
such an output tubc develops grid emission, it increases the bias of the
other tubes. If it becomes weak, the bias of the other tubes becomes too
low. In either case, distortion results.

Figure 10-13 summarizes the possible causes of harmonic distortion in a
recciver. Sec if you can recall all the reasons why these conditions pro-
duce distortion. Although you will still be able to service reccivers cffi-
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ciently without complete understanding of the reasons, an understanding
of them will cnable you to meet minor variations with a more systematic
approach.

R-F Saction A-F Section Loudspeaker
Shorted or leaky avc filter/Leaky coupling condenser. Voice coil defects:
condenser. Grid emission. | a. Warped coil.
b. Off-center coil.
c. Broken coil cement.
d. Dirt around coil.
Grid emission frcm tubes re- Open self-bias resistor. |Warped paper cone.

ceiving avc voltage. Leaky or shorted cathode bypass Open speaker field.

condenser.
Cathode-heater leakage.
[Leaky a-f coupling condenser from
| volume control.
|Unbalanced push-pull stage.
|Open plate bypass condenser.
Low or high plate voltages.
|Poor output tube in three-way port-

able receivers.

Fig. 10-13. Summary of causes of harmonic distortion

Specific Causes of Frequency Distortion. When vou encounter frequency
distortion as a scrvicing complaint, vou will usually find that the dcfect
lics in some condenser that has changed in valuc. An example will make
the point more clear. Assume that you have a condenser and feed across it
a signal of a certain frequency. The condenser will offer a certain amount
of impedance to the signal. Now incrcase the signal frequency. The con-
denscr offers less impedance to it. Decrease the signal frequency; the con-
denser impedance becomes greater. Now keep the signal frequency con-
stant at its original frequency but usc a condenscr of lower capacitance.
The impedance of the condenser increases. Now use a condenscr of higher
capacitance. The impedance of the condenser decreases. You sce then the
variation of impedance with changes of frequency and capacitance.

Let us examine the circuit in Fig. 10-14 for possible causcs of frequency
distortion. Condenser C-1 is usually an clectrolytic condenser. With time
it drics out and loses capacitancc. It then offers a higher impedance path
than previously, especially to the lower audio frequencies. As a result,
the lower audio-frequency notes may be diminished.
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Again, if coupling condenser C-2 opens, a very small amount of capaci-
tance between the leads will remain. This lowered capacitance offers high
impedance to all audio frequencies, except the high frequencics, which are
passed on to the signal grid of the output tube. Frequency distortion
coupled with weak output results.

IsT 2ND "
A-F ‘H AF 03_L
T

g ==

RECT I 1
Fig. 10-14. Circuit for inspection for causes of frequency distortion

As was stated previously, condenser C-3 prevents r-f oscillation of the
output stage. In addition, it bypasses many of the higher audio frequencies
to ground. Somctimes, this condenser opens, but feedback is not such as
to produce oscillation. But now it fails to bypass the higher audio fre-
quencies, and these appear in the speaker output.

The power-supply output filtcr condenser C-5> may also causc frequency
distortion. The signal path for the output tube is from the plate through
the output transformer primary, through condensers C-5 and C-1 back
to the cathode. Sincc condenser C-5 is an electrolytic condenser, it may
dry and losc capacitance. It would then offer a higher impedance to lower
frequencics, and the receiver output would contain only the higher audio
frequencies. Of course, hum would also probably be present.

Condenscr C-4 and variable resistor R-1 make up a tonc control. When
the anm of the resistor is near the connccted end, more of the high audio
frequencies are bypassed to ground. When the arm is near the unconnccted
end of the resistor, more of the higher frequencies are passed to the loud-
speaker. If an internal short occurs in this variable resistor, more of the
higher frequencies would pass to ground, and the receiver would have
a greater bass response.
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Another condition which may cause frequency distortion is sideband
cutting resulting from fixed-tuned circuits, like the i-f transformers, which
are peaked too sharply. The higher frequencies are then cut out, and the
recciver output sounds too bassy. Merely vary the adjustments slightly to
give a broader pcak by varying the trimmer condensers.

Locating the Defective Section. Several external clues may enable vou to
go quickly to the causc of distortion. One is overheating of a component
in the recciver. For example, when the plate bypass condenser of an output
tube opens, it might cause r-f oscillation which would overheat the output
tube and power-supply components. Sometimes complaints of two troubles
give a cluc. For example, if the power-supply output filter condenser drics
and loses capacitance, it would produce distortion as well as hum. Again,
if a coupling condenser opens, it would produce distortion as well as a
weak signal.

Sometimes the sound of the distorted receiver output will direct vour
attention to the defect. But description of peculiarities of sound arc ex-
tremely difficult, and localization by sound will grow with your own cx-
periences.

TO 2ND
A-F GRID

—1
PHONO VoL =
CONT ,,

\

0.IMFD =
400V

Fig. 10-15. Using an external phonograph for distortion check

If you fail to find a clue as to the source of the trouble, begin your
localization procedure at once. For the sake of section isolation, as before,
you may think of the receiver signal chain as being divided into the r-f
section and the a-f section.

Most defects that cause distortion will occur in the a-f section, and vou
may begin stage isolation in that section. ITowever, to be surc of the de-
fective section, you may make a simple test. If the receiver has a phono-
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graph attachment, switch on a record and listen for the output. Since the
phonograph pickup arm is attached at the input of the audio scction, the
presence of distortion informs vou that the defect lies in that section, If
the record sounds undistorted, vou know that the defect lies in the r-f
scction.

If the defective recciver has no phonograph attachment, vou may con-
nect the output from a phonograph pickup that vou may have in vour
shop to the input of the reeciver, as shown in Fig. 10-15. The pickup signal
is placed through a 0.1-mfd condenser across the volume control of the
recciver. The receiver is tuned to a non-station position. Again, if the record
output is distorted, the defect lies in the a-f scction of the recciver. Then,
having localized the defective section, begin vour stage-localization pro-
cedures.

Stage-localization Procedures. Since most distortion defects occur in
the a-f scction, we will assume that our section-isolation procedure indi-
cates a defective a-f scction, and proceed to localize our defective stage.
‘Tunce the recciver to a station. Begin by muting the loudspeaker of the
recciver. Unsolder the terminal of the voice coil, and connect a resistor of
comparable impedance to the voice coil (about 5 ohms, 10 watts) across

0.05MFD
25K0 2
O

0.05 MFD

/\,{

LEVEL OF INPUT ADJUSTED WITH
THE POTENTIOMETER

Fig. 10-16. A simple audio signal tracer

the output transformer sccondary winding. Then, by means of the audio
signal tracer shown in Iig. 1016, check the output at various points. The
simple audio tracer is a pair of high-impedance carphones fed from a wire-
wound potentiometer. The two condensers block dircet current when test-
ing from the plate of a tube. Their working voltages should be high, about
400 volts or more.

Test Points for Audio Signal Tracer. Figure 10-17 illustrates the use of
this device. Connect one end of the audio tracer to the chassis. The other
end is then touched to various test points while you listen with the phones
for distortion. The test points arc numbered in sequence.
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First comes the ungrounded end of the volume control. Distortion heard
here indicates trouble in the r-f section or detector.

Second comes the grid of the first a-f amplifier. Distortion hcard here
may be duc to a defective volume control.

® i
LY

-~
*\’,\ n cl B+
Fig. 10-17. Using the simple audia signa! tracer

Third comes the plate of the first a-f amplifier. Distortion hecard here
indicates a lecaky coupling condenser from the volume control C-1, grid
cmission from the tube, improper grid bias, or improper plate voltage.

The fourth test point is the signal grid of the second a-f amplifier. Dis-
tortion hcard here, but not heard previously, will be of the frequency-
distortion type and will be weak, indicating an open coupling condenser
C-2.

Fifth comes the plate of the sccond a-f amplifier. Distortion heard here
indicates a lcaky coupling condenser C-2, grid cmission from the tube, an
open sclf-bias resistor R-1, a shorted cathode bypass condenser C-3, or one
that has lost capacitance with age, an open plate bypass condenser C-4,
or improper plate voltage. Note that a lcaky coupling condenser or grid
cmission produces the distortion cffects in the plate circuit of the tube
affected.

If vou still hear no distortion in vour phones, the defect probably lics
in the loudspeaker. Check it with a test-substitution spcaker, after remov-
ing the resistor placed across the output transformer sccondary winding.
Where the output stage is a push-pull stage, be surc to test the grids and
plates of cach tube scparatcly.

Isolating Defective Components. Once vou have isolated the defective
stage, cxamination of the recciver circuit, coupled with knowledge of how
distortion occurs, will aid you in finding the specific defect. Figure 10-13,
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listing the common causes of harmonic distortion, will help you in that
regard. ‘T'he scction on specific causes of harmonic distortion gave you
mcthods of checking for common causes. Review that scction and know
it well. Generally, checking the tube clectrode voltages of a defective stage
will aid in isolating a defective component when thesc voltages are quite
different from the normal values supplied by the recciver manufacturer.

QUICK SUMMARY PROCEDURE

There arc many possible causes for distortion, as you have scen. How-
ever, since some defective conditions occur more frequently than others,
vou may make a quick check of these conditions before entering upon a
morc svstematic serics of checks. When distortion occurs, first try sub-
stituting ncw tubes. If this fails to curc the defect, open one terminal of
all coupling condensers and substitute with good ones. If the distortion
still persists, try loudspcaker substitution. From here on out, you will
have to usc the fund of knowledge furnished in the chapter just described.

Distortion can be a tough problem. Do not be discouraged if the causc
is somctimes clusive. Experienced servicemen run into the same difficulty.
Just kecp your wits about you and be systematic. Follow the procedure
rccommended, whereby you narrow the analysis down from section to
stagc to component.
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I nterference

Interference Effects. The defects described in this chapter are of a type
that you may rarcly encounter in your scrvicing carecr. For the most part,
they arc conditions which will occur only if the receiver is located in a
spot where unusual radio signals cxist, such as closeness to a powerful sta-
tion or in a fringc arca. ITowever, because you may get such a complaint on
occasion, this chapter will tell vou how to improve or eliminate the defect.

There are certain interference cffects which are associated with normal
station signals having dcfinitc wave characteristics, specific frequency dis-
positions, and a dcfinite strength in their relation to the design of the
recciver. All these interference cffects can be handled once vou learn to
recognize the nature of the defect.

The mamner in which these interference effects occur varics. Sometimes
vou will hear a stcady whistle or a chirpy type of whistle, known as birdies.
Somectimes, vou will hear two stations simultancously. At other times, vou
will hear code signals on the broadcast band. Or vou may hear a low growl
or fluttering signal as vou tunc for a station.

Each defect has a specific cause and must be handled in a manner de-
pendent upon your proper analvsis of the cause. You must be sure first that
the interference cffect is not produced by a defective component within
the recciver. Perhaps vour experience with similar complaints in a particu-
lar neighborhood will enable vou to size up the situation at once. In some
cascs, as vou build up vour experience with such interference cffects, vou
will be able to deterimine the condition by its unique sound. For the most
part, the interference cffects to be described in this chapter either have

172



Interference 173

unique recognizable sounds, or appecar on only onc or two stations.

In the interference cffects to be described, vou have whole receiver
responsce. There is no need for section- and stage-localization procedures,
When vou find such interference cffects, a few simple adjustiments at a
few kev points in the signal chain will help to overcome the condition,
We shall therefore describe the defects in terms of the adjustments made
to remedy them.

Interference Effects Remedied by a Wave Trap. NManv of the interfer-
ence cffects are reduced or climinated by the use of wave traps. ‘These act
to cut down the strength of the interfering signal. Tlowever, a knowledge
of the type of interference, the frequency of the interfering signal, and
connections and adjustments of the trap is essential to the application
of the remedy.

Image Interference. The first interference cffect to be described is that
known as image-frequency interference, characteristic of supcrheterodyne
receivers. This is especially troublesome when the receiver does not have
an r-f amplificr. The antenna picks up station signals broadly at all fre-
quencies and feeds them through a tuned circuit to the signal grid of
the converter tube. Ilere it mixes with the local-oscillator signal to pro-
duce signals of scveral frequencics. The i-f transformer, however, is fixed-
tuned and accepts only the signal that is the difference in frequency be-
tween the station and oscillator signal—the intermediate-frequency signal.
This i-f signal is then amplified by the i-f amplifier and passed on to the
sccond dctector. The if transformer will accept any signal at the inter-
mediate frequency.

We have just described a normal sequence. Let us be specific. Suppose
vou tune for a station at 1,000 ke, and the signal of this frequency reaches
the converter signal grid. The local oscillator produces an unmodulated
signal at 1,455 kc. The two signals mix in the converter tube, and the dif-
ference frequency (1,455 — 1,000 = 455 kc), or intermediate frequency;, is
accepted by the i-f transformer.

ITowever, assume that another station at 1,910 ke is on the air. The
single tuned circuit of the converter may not be sclective enough to keep
this signal from rcaching the converter signal grid. When it docs so, it
mixcs with the local-oscillator signal, and the difference frequency s
(1,910 — 1,455 = 455 ke) 455 ke, This difference frequency is the inter-
mediate frequency of the receiver and is accepted by the if transformer.
Thus if the two stations at 1,000 ke and 1,910 ke arc on the air simultanc-
ously, both will produce signals in the signal chain and appear at the
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loudspcaker. The interference is heard as a whistle or as birdies, or as a
mixturc of modulations of both signals.

The interference cffect is known as image-frequency interference. Any
station is likely to cxperience interference from another station that hap-
pens to have a frequency which is higher than that of the desired station
by twice the intermediate frequency. Thus vou will obtain image-frequency
interference in New York City on station WMNCA (570 ke) from station
WIIONM (1,480 kc) for receivers with an intermediate frequency of
455 ke.

You may reduce this tvpe of interference in several ways. First, vou may
reduce the receiving antenna cfficiency by shortening it, thereby suppressing
the strength of the undesired station. Or you might install a wave trap
tuned to the frequency of the undesired image station. This wave trap
cither blocks the undesired signal from the signal chain of the recciver or
bypasses it out of the signal chain. Or vou might re-align the receiver so
that it opcrates at a slightly diffcrent intcrmediate frequency. Changing
the intermediate frequency of a receiver by about 10 ke will not effect
the receiver disadvantageously.

Direct I-F Station Interference. \With rcgard to image-frequency re-
sponsc, it is not alwavs an image station at twice the intermediate fre-
quency above the desired station. Somctimes the harmonics of other
broadcasting stations or of stations outside the broadcast band scrve as
image stations to producc the same cffect. However, they are handled in
the same manner.

Any superheterodyne receiver is especially sensitive to its intermediate
frequency. With an intermediate frequency of, let us say, 455 ke, any
signal at or ncar this frequency gets to the converter grid. This is especially
truc of reccivers with no r-f amplifier and with high i-f gain. The converter
passes the undesired signal at this intermediate frequency along the signal
chain to producc interference with the desired station signal. The inter-
ference is usually experienced as a nontunable birdic, or audio tone, or
code. It may cover the entire tuning dial with increased intensity at the
low-frequency end of the band.

This type of interference is reduced in several wavs. If the receiver is of
the loop-antenna type, vou may try rotating the receiver for minimum
pickup of signal from the interfering station. Some receivers come equipped
with a wave trap tuned to the intermediate frequency to minimize this
cffect. If the set docs not have this trap, the installation of one in the
antenna or converter grid circuit will help clear up the condition. It may
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also be a good ideca to tunc the trap to the frequency of the offending
station, rather than to the intermediate frequency, as suggested in the
alignment chapter.

I-F Harmonic Interference. Supcrheterodyne reccivers are also subject to
interference when a station whose frequency is twice the intcrmediate
frequency of the receiver is received. Assume that your receiver has an
intermediate frequency of 455 ke and that vou arc tunced to a station with
a frequency of 910 ke (2 X 455 ke). The local oscillator will be producing
a signal at a frequency 1,365 ke (455 ke + 910 ke). There will be a normal
i-f signal at 455 ke. But in addition, the sccond harmonic of the desired
station will also combinc with the local-oscillator signal to produce a
spurious i-f signal at 455 ke (1,820 — 1,365 = 455 kc). The two i-f signals
vary at different rates as the recciver is tuned and produce a whistle. Since
1,820 ke is outside the broadcast band, this trap will not cut down re-
ception of any desired station.

You may reducce this type of interference by re-aligning the i-f stages of
the receiver so that the particular station is no longer at twice the interme-
diate frequency of the receiver. Or you may install a wave trap, tuned to the
sccond harmonic of the station signal, in the signal grid of the converter.

Oscillator Harmonic Interference. Another interference effect that ap-
pears in superheterodyne receivers is that which results from the harmonic
content of the local oscillator signal. In this defect, vou hear short-wave
speech or code at various points in the standard broadcast band. Such a
condition is a likcly one in reccivers with loop antennas, because loop
antennas resonate to several frequencies in addition to the fundamental
onc for which thev arc tuned, and cven provide them with considerable
gain.

Assume that you tune your receiver for a station at 1,000 ke. To pro-
duce an intermediate frequency at 455 ke, the local oscillator must pro-
duce a signal at 1,455 ke. Now if the oscillator output has a harmonic
content, its sccond harmonic at 2,910 ke (2 X 1,455) will also be present.
Furthermore, if your loop antenna is resonant to a short-wave signal at
or ncar 3,365 ke or 2,455 ke, vou will have an if signal at 455 ke
(3,365 — 2,910 and 2,910 — 2,455) produced by the short-wave station at
the output of the converter.

This type of interference may be handled in several ways. First, try turn-
ing the receiver loop to give minimum pickup from the interfering station.
Or vou might try substituting a regular shiclded antcnna coil for the loop.
Such a replacement would of course, require complete re-alignment of the
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receiver. Another possible remedy is the reduction of the harmonic con-
tent of the oscillator signal. Before you attempt this, however, check the
voltage at the oscillator grid. Normally, this voltage has a range of 5 to
10 volts, negative, for an a-c/d-c set, and a range of 8 to 15 volts, ncga-
tive, for an a-c recciver. If vou have higher grid voltages than normal, you
may suspect that the oscillator is producing harmonics which produce the
interference effect. To reduce this voltage and remove the harmonic out-
put, trv to replace the grid-leak resistor of the oscillator with one whose
resistance is about half of the onc removed. After making this substitu-
tion, be surc that the oscillator operates over the entire tuning range of
the receiver. Tune i all stations between the high- and low-frequency
ends of the dial. Sometimes placing a wave trap that is tuned to the
frequency of the offending station in the grid circuit of the converter
tube will improve the operation of the recciver.

I-F Formation. Another tvpe of interference occurs when two stations
whosc frequencies differ by the amount of the receiver’s intermediate fre-
quency enter vour antenna. Superhetcrodyne receivers, having no rf
amplifier stage and having poor sclectivity, are likely to develop this com-
plaint. The two signals combine at the input of the converter stage and
form a constant signal at the intermediate frequency of the receiver. The
presence of this spurious i-f signal, as well as that from the desired station,
produces a whistle or birdie or second stations heard on practically all
stations. Such interference could occur, for example, in Chicago because
of station WCFL (1,000 kc) and station WIIFC (1,450 kc), where a
recciver has an intermediate frequency of 445 to 455 k.

A similar condition might occur where the harmonics of two station
signals mayv have a frequency diffecrence equal to the intermediate fre-
quency of the receiver.

Again vou may handle the problem in several ways. You might try to
reduce antenna cfficiency by shortening the antenna. Or you might try
shifting the intermediate frequency of the recciver slightly up or down.
And finally, the installation of a wave trap, tuned to the frequency of
one of the offending stations, may remedy the condition.

Cross-talk within Receiver. Still another interference cffect that may
result in supcrhetcrodyne receivers or trf reccivers is the onc known as
cross-modulation or cross-talk, originating within the receiver. In this de-
fect, a sccond station is heard in the background when you tunc to some
desired station. The undesired station signal is associated with the car-
rier of the desired station and only appears when vou tune for the de-



Interference 177

sired station. What usually happens is that the undesired strong signal is
demodulated in the early stages of the receiver and remodulates on other
carriers in the same stages. This defect is more likely in receivers having
no r-f amplifier stage, or in reccivers having exposed wiring and not having
variable-mu tubes.

It is possible for the undesired signal to be picked up in other ways than
by the antenna. There may be pickup by the power-supply line, by direct
pickup by exposed grid leads, or by direct pickup by unshielded tubes of
the recciver. It is sometimes necessary, thercfore, in some cases to usc
several remedial mcasures.

This interfcrence effect may be reduced by using one or a combination
of the following remedial measures: One measure is to shicld the exposed
grid leads and wiring of the first stages of the receiver. Another procedure
is to install a line filter for the receiver. And a third measure is to install
a wave trap tuncd to the strong local station that is causing the interfer-
ence.

Adjacent-station Beat Interference. Another interference effect occurs
from the mixture of two station signals whose frequencies differ by an
amount which produces an audible note. It affects both superheterodyne
and trf receivers, especially those with poor selectivity. The interfcrence
manifests itself as a steady, high-pitched tone or whistle. Thus two sta-
tions whose frequencies are 10 ke apart may send signals into your receiver
and produce a 10 ke note or whistle.

To overcome this condition, you may install a wave trap, sharply tuned
to the station adjacent to the one you desire. This procedure reduces the
signal from the interfering station. If the recciver has a tone control, sct
it at a morc bass position. And if the receiver has a fidelity control, sct
it at the selective position. This step will make the tuned circuits
more sclective in their blocking of the adjacent station signal. Some-
times realigning the i-f transformers for a sharper peak will aid the con-
dition.

This condition is one that is very difficult to remedy, since the wave
trap would in most cases be incapable of eliminating one station without
at the same time eliminating the desired one. Do not be afraid to tell your
customer that nothing can be done. He will be even more ready to accept
this fate when he learns that all his neighbors have the same complaint
for the two stations.

A summary of the interference effects described above is given in Fig.
11-1.
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Type of Interference Receiver Effect Receiver Affected Occurrence Remedies
Image interference. Whistle or two stations together. | Superheterodyne. | Near 1,610-t0-1,750-ke, police Wave trap. Re-align i-f.
band.

Direct i-f station. Nontunable code, birdie, or au-| Superheterodyne. | At coastal areas near commercial | i-f wave trap. Re-align if. Turn
dio tone all over the band. stations. loop.

if harmonic. Whistle when tuning a station | Superheterodyne. | Near station operating at twice re- | Wave trap. Re-align if.
with a frequency twice the re- ceiver intermediate frequency.
ceiver i-f.

Oscillator harmonies. Short-wave code or sound on | Superheterodyne. | Where short-wave signals are in- | Wave trap. Reduce oscillator har-
broadcast band at various tense. monics. Turn loop.
points.

i-f formation. Whistle, birdie, or two stations [ Superheterodyne. | Usually in congested metropolitan | Wave trap. Re-align i-f. Shorten
together. areas. antenna.

Cross-talk within receiver. | Two stations heard together only | Superheterodyne | Metropolitan areas with one or | Wave trap. Shield leads. Use line
when tuned to a station. or trf. two very powerful stations. filter.

Adjacent-station beat. High-pitched tone or whistle on | Superheterodyne | In areas where a strong station is | Sharply-tuned wave trap. Tone

Fig. 11-1. Interference effects remedied with a wave trap

a station.

or trf with poor
selectivity and
high fidelity.

adjacent to a desired station.

control more bass. Fidelity con-

trol in selective position.
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Using the Wave Trap. A wave trap is a simple device used to reduce
interference from a particular station. In essence, it is simply a resonant
circuit tuned to the particular frequency of the interfering station. As
such it consists of a coil and trimmer condenser for tuning adjustments.
They may be purchased at a fairly low cost from any radio-supply shop
in compact shiclded units, so that it is not necessary for you to make it
voursclf.

Resonant circuits arc of two types: One is called the parallel resonant
circuit and the other is the scrics resonant circuit, as shown in Fig. 11-2.
Both arc primarily resonant to a particular frequency, but their behavior
is quite different.

000 —) =
(A) (8)
PARALLEL RESONANCE SERIES RESONANCE

Fig. 11-2. There are twa basic types af resanant circuits

The parallel resonant circuit offers a high impedance to a signal at
the resonant frequency, and practically blocks its passage through the cir-
cuit. 'T'o all other frequencies, it offers considerably less impedance and
permits them to pass through the circuit.

The series resonant circuit acts in an oppositec manner. It offers a very
low impedance to a signal at the resonant frequency, and permits it to pass
through the circuit. To all other frequencies it offers very high impedance
and practically blocks their passage.

How to Choose a Wave Trap. We have mentioned that vou may use a
wave trap to reduce the strength of some undesirable signal entering the
antcnna circuit. You may use either a series resonant or parallel resonant
circuit to achieve this result. Which one should vou use? The answer is
dependent upon the type of antenna coil used in the recciver. On re-
ceivers with a low-impedance input, that is, with a primary winding of the
antenna coil having a d-c resistance of less than 10 ohms, usc a parallel
resonant wave trap. On receivers with a high-impedance input, that is, with
a primary winding of the antenna coil having a d-c resistance of 10 ohms or
more, usc a scrics resonant wave trap. Such wave traps arc shown in
Fig. 11-3, with the inductor shown as L and the condenser as C.

In the parallel resonant wave trap shown in Fig. 11-3A, the trap prevents
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the interfering station signal to which it is tuned from entering the primary
of the antenna coil, but permits stations of other frequencies to do so. In
the series resonant circuit shown in Fig. 11-3B, the trap offers a rcady path
for the interfering station to which it is tuned, to bypass the primary of
the antenna coil and to pass to ground. But it offers a high impedance to
other stations at other frequencies and forces them through the antenna
coil primary winding,

A A
S ¢ S
- -
G L S
G
(A) {8}
PARALLEL RESONANT WAVE TRAP SERIES RESONANT WAVE TRAP
WITH LOW-IMPEDANCE INPUT WITH HIGH-IMPEDANCE INPUT

Fig. 11-3. The parallel and series wave traps

Using Wave Traps with Loop Antennas. You may be wondering how
vou handle a receiver with a loop type of antenna. The problem may be
handled in onc of two ways. First, vou may install a wave trap in the signal
grid of the r-f amplifier tube or the converter tube, as shown in Fig. 11-4.
In Fig. 11-4A, a parallel resonant wave trap, shown as L and C, is in the

1L
1\

CONV
:] L R-F
£ e = 32
’_i(_—j'.— c
AVC
AVC
(o) (b)

Fig. 11-4. Location of wave traps in a loop-type receiver
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grid circuit of the r-f amplifier tube. In Fig. 11-4B, a scries resonant wave
trap, shown as L and C, is in the signal grid circuit of the converter tube.

The other method is that of constructing an absorption type of wave
trap. This is mercly a tuned loop placed adjacent to the loop of the re-
ceiver. It serves to attenuate a signal in the receiver loop, whose frequency
is that of the absorption trap. Wind a small loop with a long diameter of
about 8 inches and a small diameter of about 4 inches. Obtain a two-
scction mica trimmer from an old if transformer, and connect the small
loop to it. You may usc onc trimmer or both in parallel, depending on
the frequency to which you want it to resonate. Tunc the recciver to the
interfering station, place the small loop parallel to the recciver loop, and
adjust the trimmers until the loudness of the station drops sharply. Move
the absorption trap closer and away until you get the greatest attenuation.
Fasten the absorption loop in place. Such a setup is shown in Fig. 11-5.

r<FIBRE
SUPPORT

Fig. 11-5. A simple absorption wave trap

Broadening the Action of Wave Traps. You may vary the cftect of the
wave trap by making a small variation. If you wish the trap to be broader
in its cffect, that is, either block or pass a slightly wider band of frequen-
cics rather than block or pass approximately onc frequency, you may load
the resonant circuit with a resistor. With a parallel resonant trap,
connect a resistor of about 100,000 ohms across the condenser. With a
serics resonant trap, conncect a resistor of about 10 to 100 ohms in scries
with the other components of the trap.

Wave-trap Installation Tips. When installing a wave trap in a recciver,
be sure that vou do not disturb the lcad dress of the receiver more than
neccssary. Sometimes vou may have to rc-align a recciver after installing
the wave trap. Of course, you must usc a wave trap whose tuning range
includes the frequency of the station that you wish to climinate. Ilcre is
where you must size up the nature of the interference to determine the
frequency you wish attenuated. When the wave trap is installed, tune it
by means of its trimmer condenser until the interference is reduced or
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climinated. In each case proper operation in the customer’s home is the
final check.

Other Interference Effects. There arc other interference effects between
stations which arc not remedied by the installation of a wave trap. The
following paragraphs will describe these cffects, give their causes, and sug-
gest specific remedics. In some cascs, you will have to use more than one
of the suggested remedics.

Oscillator Radiation. Onc such interference effect occurs in super-
heterodyne receivers without good shielding and in which the first stage
is the converter tube. In such cases, the local oscillator of the receiver radi-
ates a signal over a limited arca. It may do so directly, or be transmitted
through the power lines or via coupling with the antenna. The manifesta-
tion of the interference is a whistle heard on a particular desired station,
disappearing at times or changing pitch at random. This type of inter-
ference occurs where two stations arc scparated by the amount of the
intermediate frequency of the receiver.

Figure 11-6 shows how the interference occurs. The two receivers use
an intermediate frequency of 455 ke, Receiver A is tuned to station A
at 700 kc. Its local oscillator develops a signal at a frequency of 1,155 ke
(700 +4- 455). Receiver B is tuned to station B at 1,155 ke. Now if the
local oscillator of receiver A radiates, two signals at a frequency of
1,155 ke reach receiver B and produce the whistle.

Y \4

/—\/_\/\j
STATION A OSCILLATOR RECEIVER A
700 KC RADIATION TUNED TO 700KC
FROM RECEIVER
A AT 1I55KC

Y V%
—~ e~

STATION B RECEIVER B WHISTLE
1,155 KC TUNED TO 1I155KC

Fig. 11-6. Whistle caused by a radiating oscillator

The problem may be handled only if the offending receiver is a second
onc in the customer’s own home. Obviously you cannot hunt for a neigh-
bor’s sct and then play with that. You might alter the lead dress in the
offending recciver to reduce coupling between the oscillator and the
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antenna. You might reduce the size of the antenna of the radiating re-
ceiver or install a good ground conncction. Ty shiclding the oscillator
stage completely and hltering its supply Icads. You might trv dcercasing
oscillator excitation by shunting the tickler section of the oscillator coil
with a high-resistance resistor, or by reducing resistance of the oscillator
grid leak. If you cannot locate the radiating receiver or arc not permitted
to tamper with it, install a filter in the power line of vour receiver.

Cross-talk outside the Receiver. Another interference cffect is cross-talk
or cross-modulation, originating outside the recciver. It manifests itself as
a sccond background station hcard on or between other stations. ‘This
condition affccts both superhcterodyne and trf reecivers in the vicinity of
very strong stations and where overhcad power lines are strung. When
two strong radio waves cut across some elevated conducting material, they
may be partially detected in the conductor and be reradiated at new spuri-
ous radio frequencics to ncarby antennas. If onc of these spurious fre-
quencics is the same as that of a desired station for which you are tuning,
vou get cross-talk. The detector action takes place because of poor or
corroded joints and contacts, poor ground contacts. and similar causcs.
This tyvpe of interference usually varies with the dampness of the weather
and the wind, which might make joints vary as wires swing.

There is little that vou can do about this interference cffect. It fortu-
nately is limited to a fairly small arca. If vou locate the cause, vou may cor-
rect it by notifving the utility company, checking all ground connections
for good contacts and grounding firmly all metal conduits. If the recciver
has a loop antenna, try rotating the antenna.

Same-frequency Beat Interference. Another interference cffect occurs
when a receiver picks up signals from two stations operating at the same
frequency. This is indced a rarc case, since the FCC allocates the same
frequency only to stations scparated by large distances.

If the stations arc high-powered oncs, the separation is almost the width
of the country: east coast and west coast. Ncar either station there is no
trouble, sincc the other is too weak to beat with the strong one. It is only
at midway points where the station signals are of ncarly cqual strength that
there may be trouble. Even here insensitive receivers will not be bothered,
since they will not respond to cither signal. It is only sensitive reccivers
in this midway arca that will be troubled by a squeal or growl whenever
the tuning dial passcs over the frequency of the two stations.

If there is a sufficicney of good local program material in such a location,
there will be no complaints other than that of a squcal point on the dial.
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If desirable, this can be remedied by shortening the antenna or otherwise
lowering the sensitivity of the receiver (either trf or superheterodyne). Of
course, the sensitivity must be kept adequate for the desired program.

However, especially where there is a dearth of local program material,
the owner of a sensitive receiver may request clear reception from either
of two stations, most likely the stronger one in his arca. Or the stations
arc likely to be separated by a time differential also, the customer experi-
encing good reception from the western station after the eastern one goes
off the air. Ile then complains of a squeal or growl on the desired station.
A wave trap will not work, since it will cut down both stations equally.
The best remedy is to erect a flat-top antenna with the free end pointing
towards the desired station. This will increase reception from the desired
station and reduce it for the interfering station. In the case of loop-
operated receivers, rotating the directional loop will accomplish the same
cffect. Also, if the sct has a bass-boost tvpe of control, operating the
set in the minimum-bass position will reduce any growl that may still be
present. If the set is not so equipped, vou might try reducing the capaci-
tance of the audio coupling condensers, or audio cathode bypass con-
densers.

Final Checks. Be surc that all final checks for interference conditions are
made at the customer’s home. The location of your shop, your antenna,
and other factors at your shop may give quite different results from those
obtained where the receiver normally operates. Figure 11-7 is a summary of
nterference cffects which are not cleared by using a wave trap.

Type of Receiver Effect | Receiver Affected Occurrence Remedies
Interference
Oscillator radi- | Whistle on a sta- | Superheterodyne City areas. Shift i-f. Reduce os-
ation. tion, varying in with poor cillator excitation.
pitch. shielding. Filter power line.
Cross-talk aut- Second station in | Superheterodyne Near strong sta- | Correct poor connec-

side the re-
ceiver.

background on

or between sta-

tions.

or trf receivers.

tions and
power lines
oriron struc-

tures.

tions and ground
leads. Turn re-

ceiver loop.

Same-frequency
beat.

Growl or flutter.

Superheterodyne
or trf receiver
of high sensi-
tivity and fidel.
ity.

Between two
stations on
same fre-

quency.

Construct directional
antenna. Turn re-
ceiver loop. Short-
en flat-top. Tone
control at treble.

Fig. 11-7. Interference effects not cleared with a wave trap
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Servicing with the Vacuum-tube
Voltmeter

The simplest instrument for tracing signals is the vacuum-tube volt-
meter. It mcasures signal voltage—rf, i-f, or a-f voltages—at any point
in a circuit without disturbing the circuits to which the voltmeter is con-
nected. In this way, as you procced along the signal chain, you can see
what happens to the signal. In addition, d-c voltages may also be meas-
urcd without loading the tested circuits. You can use the vacuum-tube
voltmeter for many other purposcs, like receiver alignment, measuring
voice-coil impedance, measuring the Q of a coil, determining the power
output of a rcceiver, and many more.

The commercial instruments specifically called signal tracers are merely
expanded combinations of vacuum-tube voltmeters. For practical scrvice
work, however, you can get along without a signal tracer if you have a
good vacuum-tube voltmeter.

Value of Vacuum-tube Voltmeter. Thc main advantage of the vacuum-
tube voltmeter is that it makes its measurements without loading circuits
across which it is placed to any disturbing extent.

Figure 12-1 shows what happens in a circuit when measuring voltage
with an ordinary moving-coil voltmeter whose scnsitivity is 1,000 ohms
per volt. On the 100-volt range, the voltmeter has a resistance of 100,000
ohms.

Assume that there is a 60-volt drop across two resistors, R-1 and R-2, con-
nccted in series and with the same resistance, 100,000 ohms. The voltage
drop across cach resistor will be equal—30 volts across each, as shown in
Fig. 12-1a.

Now conncct your voltmeter across resistor R-2, as shown in Fig. 12-1b.

185
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You would expect to get a reading of 30 volts, but vou do not becausc of
the loading cffect of the voltmeter. Resistor R-1 still is 100,000 ohms.
However, the combined resistance of resistor R-2 and the voltmeter in
parallel is 50,000 ohms. A redistribution of voltage drops occurs, and the
voltmeter rcads only 20 volts, as shown in Fig. 12-1c. You sce then how a
moving-coil voltmeter can give an incorrect rcading. In addition, when
mcasuring voltage across a tuncd circuit, the voltmeter reading produces
dctuning.

RI R1 Ri
30V 1000000 100,000 40V >100,0000
60V 60V 10000005
30V R2 R2 ! s0v R2+VOLTMETER
100,000 02 100,000 0. 50,000 0
(o) (b) (c)

Fig. 12-1. Voltage variations when using a voltmeter

The disturbing cffect of such a voltmecter dccreases as vou increasc the
sensitivity or resistance of the mecter. Let us mcasurce the same voltage
with a voltmeter whose sensitivity is 20,000 ohms per volt. The results are
shown in Fig. 12-2. For a 100-volt range, the resistance of the voltmceter
is 2,000,000 ohms. The combined resistance of R-2 and the voltmeter is
95,238 ohms. The voltage distribution would be such that the voltmeter
would now read 29.3 volts, which is ncarer to the correct value.

Ri ! RI
100,000 N 307V 100,000 N
60V 60V i
R2 ) R2+VOLTMETER
100,0000 2,000,000 29.3v 95,238 0
to) {b)

Fig. 12-2. Voltage variation with a high-resistance voltmeter

The vacuum-tube voltmeter gives cven more accurate results because
its impedance is in the order of 15 megohms or more. Its loading of a
circuit is practically ncgligible and docs not draw currents that would
upsct the circuit which it was mcasuring. Thercin lies the main advantage
of the vacuum-tube voltmeter.

Reading A-C Values. I'hcre is an important consideration when dcaling
with an a-c vacuum-tube voltmeter. Alternating voltages and currents have
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magnitudes that are expressed in various ways. It does not matter particu-

larly which form of expression we usc, so long as we know which onc

we arc talking about. Figurc 12-3 shows the various ways of cxpressing
<« PEAK

<——RMS 0,707 X PEAK
AVERAGE : 0.604 XPEAK

Fig. 12-3. Expressing magnitudes an a sine curve

magnitude of an a-c sinc wave and their interrclationship. The greatest
displacement of the alternating voltage or current from its zero position
is the peak value. The root mean square (rms), or cffective, value is
0.707 times the peak value. The average value is 0.604 times the peak
value. Practically all a-c voltmeters rcad rins valucs.

Practical Vacuum-tube Voltmeter. 'I'ic most widcly used vacuum-tube
voltmeter in use today by servicemen is of the type comparable to the

Fig. 12-4. The Sylvania Palymeter, Type 221 Z
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moving-coil multimeter. The instrument is designed to measure a-c volts,
d-c volts, and resistance as an chmmecter. Such an instrument is the Syl-
vania Polymeter, shown in Fig. 12-4.

Voltage readings can be made up to 1,000 volts a-c or d-c. In addition,
the d-c range can be extended up to 30,000 volts by the usc of a special
probe. The instrument is also capable of measuring r-f voltages up to
300 volts at frequencies from 10,000 eycles per second up to 300 megacycles
per sccond by the use of a special r-f probe. This latter probe contains a
type-1247 diode rectifier tube. You can also use the meter to measure d-c
currents up to 10 amperes. And last, the instrument can be used to meas-
urc resistances up to 1 billion ohms. So you see that you have a very versa-
tile instrument here.

Input resistance on all d-c ranges is constant at 16 megohms, a condi-
tion which would load circuits to a small extent. On the a-c ranges, the input
impedance is 2.7 megohms. On the r-f mode of operation, the input im-
pedance is 2.3 megohms.

Fig. 12-5. The scales on the Sylvania Polymeter, Type 221 Z

There are five scales on the meter, as shown in Fig. 12-5. Resistance is
read on the top scale. On the scale beneath it, you read a-c and d-c volt-
ages, d-c current, and r-f voltages above 3 volts. On the scale beneath it,
differentiated by being red, you read r-f voltages up to 3 volts. The bottom
scalc is one to indicate polarity of a voltage when vou zero the meter at
center by means of a zero-set control.

Practical Uses. Manv scrvice jobs can be performed with such an instru-
ment. We will confine our discussion to applications to the a-m receiver.
First, oscillator voltages at all points on all bands of a recciver may be
mcasured, using the special r-f probe. You may also measure ave voltage
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at the diode or at the grids on the controlled tubes. Then audio voltage
mcasurements may be made, including voltages from power transformers
or audio voltages from the input of the audio scction of the recciver to
the speaker voice coil. All d-c voltages at the clements of any tube may
be measured. The voltages of bias cclls can be measured directly without
injuring the cell. Of course, all resistance measurcments of components
within a recciver can be made. And, too, stage-gain mecasurcments of all
stages can be made by taking the ratio of the voltage at the output to the
voltage at the input of the stage. There are many other uses to which vou
can put this versatile instrument.

Voltohmyst. Another practical vacuum-tube voltmeter is the RCA
Junior Voltohmyst, shown in Fig. 126. It is designed to mecasure d-c
voltages from 0.1 volt to 1,200 volts, as well as rms a-c voltages from 0.1
volt to 1,200 volts. 1t can also measure resistance values from 0.2 ohm to
1,000 mcgohms.

Fig. 12-6. The RCA Junior Voltohmyst, Type WV.77A

For all d-c voltage ranges, the input impedance is 11 megohms. The
input impedance varics with the a-¢ voltage ranges. For the 3-, 12-, and
60-volt ranges, it is 0.2 mecgohm; for the 300-volt range, it is 1 mcgohm;
for 1,200-volt range, it is 2 megohms.
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Figure 12-6 shows scveral cables, attachments and controls. The cable
with the alligator clip is the crounp cable, which is directly connected to
the chassis of the instrument. The other cable is the direct prod and is
attached to the vorrs omns plug. The voltages and resistances of a circuit
arc mcasured between this prod and the clip of the crouxp cable.

By mcans of the zrro apy control, the meter pointer may be sct at
cither the zero at the left of the dial or at the zero in the center. The
latter position is uscful in bias voltage mecasurements.

The onnm apy control is the device to sct the pointer at the extreme
right of the dial scale when using the instrument as an ohmmeter. This is
similar to the adjustment found in the standard ohmmeter.

‘The control under the onne apy knob is a function sclector. It turns
on the power and sclects the function of the instrument for any particular
measurcment. The control under the zero anjy knob is the range sclector
for d-c or a-c volts or ohms.

When making d-c voltage measurements, the direct prod is inscrted into
the WG-217 d-¢ probe, which places a 1-megohm resistor in scrics. Then
the voltages arc tapped on the plus side by the d-c probe and on the
ncgative side by the crounp clip. The function sclector switch is sct to
—vorrs or +4-vorts, depending on whether a positive or negative voltage
is being measured.

When making a-c voltage measurements, mcasurement is made be-
tween the direct prod without the d-¢ probe, and the ground clip. The
manufacturer suggests that a precaution mav be taken when mecasuring a-c
voltage where d-c voltage is present. The d-c voltage might upsct the read-
ing by permitting the instrument to offer too low an input impedance. In
this casc, place a good 0.5-mfd paper condenscr ahcad of the direct probe
to act as a blocking capacitor.

When making zero-center measurements, the only note to be made is
that the function sclector is sct at 4-vorrs. The pointer will then move
to right of center for positive voltage and to left of center for negative
voltage.

And finally, when making resistance measurements, use only the direct
probc and the ground clip. Where polarity must be observed, as in
mcasuring lcakage resistance of clectrolvtic condenscrs, the direct probe
is always positive with respect to the crouxp clip.

Normally, the Voltohmyst can mcasure a-c voltages at a frequency from
30 cps to 3 megacycles. Tlowever, a crystal-diode probe is available and
makcs it possible to rcad a-c voltages up to 20 volts in the presence of d-¢
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voltages up to 250 volts, at a frequency range of 50 ke to 250 me. This
crystal-diode  probe consists of a germanium rectifier and a resistor-
condenser network. It is mercly attached to the direct probe in a manner
similar to the d-c probe.

‘T'here are other devices available for extending the d-¢ voltage range and
the ohmmeter range. But these find greater usage in other circuits, such as
1V high-voltage supplics.

In addition to rcgular recciver measurements, the instrument may be
used for many special applications. Some of these arc oscillator grid-bias
mcasurcment, ave voltage mecasurement, bias ccll voltage measurcment,
detection of gassy tubes, and insulation-resistance measurcments.

The Vacuum-tube Voltmeter as a Service Instrument. The prime ad-
vantage of the vacuum-tube voltmeter is that it can make its mcasurcments
on a receiver while in operation, without disturbing the circuits tested.
You may thercfore trace a signal as it passes along the signal chain of the
receiver. This characteristic qualifies it as a signal tracing instrument of
great valuc to the serviceman.

It has however some minor disadvantages. First, vacaum-tube voltmeters
arc usually morc expensive than a moving-coil voltmeter. Sccond, it is
more likely to go bad, since it has more components which may fail.
‘I'hird, the vacuum-tube voltmeter must be frequently recalibrated because
of components that change in valuc.

I'or proper operation, a vacuum-tube voltmcter should be given a
warmup period of about 20 to 30 minutes before you measure with it.
Thereafter, acquaint voursclf fully with the operation instructions as
presented by the instrument manufacturer, and use accordingly.

Generally, when mecasuring a-c voltages in a circuit that also contains
a d-c component, an isolating condenser is placed in series with the hot
prod to isolatc that d-c component. In talking about a-c vacuum-
tube voltmeters in this text, assume the presence of such an isolating con-
denscer.

Signal Tracing with a Vacuum-tube Voltmeter. The vacuum-tube volt-
meter can serve many purposcs for the serviceman. With this instrument
vou may make the same measurements that can be made with a moving-
coil voltmeter. Ilowever, there are many measurements made by the tube
voltmeter which cannot be made with the moving coil instrument.
Furthermore, vou can usc the tube voltmeter as a tracer of a signal through
the signal chain of the recciver, because the instrument gives minimum
disturbance to the circuits under test. In this scction, we shall show you
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how to use the vacuum-tube voltmeter as a signal tracer. In the next
section we shall study how special measurements may be made.

Checking the Power Supply. Takc the basic supcrheterodvne receiver
whose schematic diagram is shown in Fig. 12-7. It will serve as a basis for
understanding the testing technique to be described. How may vou check
defects in the power supply with the vacuum-tube voltmeter? You may
check shorts or open circuits in the high-voltage winding of the power
transformer T-7 by mcasuring the voltage between each plate of the
rectificr tube and ground. Normally, the two voltages should be cqual.

Then you may determine if the filter condensers C-29 and C-30 are
functioning properly. Place an a-c¢ vacuum-tube voltmeter across input
filter condenser C-29. You will get a rcading dependent on the design of
the power supply. Now place the voltmeter across output filter condenser
C-30. The rcading should normally be very much less. If you have to
replace a shorted input filter condenser C-29, you can determine the mag-
nitude of the peak surge voltage before the other tubes warm up, so that
vou mav replace it with one whose peak voltage rating is not underrated.
Mecrely place the a-c voltmeter across the terminals where the condenser
would normally be connected.

Finally, you can check B voltage with a d-c vacuum-tube voltmeter across
condenser C-30, or from the plate of the output tube to ground. If all is
well, you proceed to the signal chain of the receiver proper.

Checking the R-F Section of a Receiver. Begin by feeding an unmodu-
lated r-f signal from a signal gencrator into the antenna of the recciver.
Choosc a non-station frequency at the low end of the tuning range. Turn
on vour recciver, and set its tuning dial at the same frequency as that
of the signal generator. The reason for choosing a low-frequency signal is
that at such a frequency the tuning condensers arc at maximum capacity.
Therefore, any vacuum-tube voltmeter input capacitance across them will
detunc the circuits to the least extent.

A signal is now being fed through the receiver up to the input of the
a-f scction. You mayv now trace it up to that point with the vacuum-tube
voltmeter. Connect an r-f vacuum-tube voltmeter with its ground prod
to the receiver chassis and the hot prod to the plate of the r-f amplifier tube
(point 3). You do not usc test points 1 and 2 because the measured volt-
ages at those two points arc too low—in the order of microvolts. A good
voltage rcading at point 3 indicates that all is working up to the plate of
the r-f tube. If no signal or an extremely low signal is found, check the an-
tenna and r-f input tuning circuits. Also check the r-f tube and its clectrode
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Fig. 12-7. A basic superheterodyne receiver
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voltages with a d-c vacuum-tube voltmeter. When an abnormal voltage is
found, chieck components in the normal manner.

Checking the Converter. Now shift the r-f probe to the signal grid
of the mixer scction of the converter tube (point 4). Normally, the signal
should appcar at this point with a somewhat higher voltage than at the
previous test point. A weak signal or no signal at this point would in-
dicate trouble in the following components: shorted or open windings in
the r-f transformer T-2, or the secondary of T-2 may not be tuned properly
according to the tuning-dial calibration, or an open avc bypass condenscr
C-6, which may be tested in the same manner as condenser C-5, or a
shorted tuning condenser C-2, or dirty wiper contacts on C-2, or grid
cmission in the converter tube, or leakage from grid to ground.

Shift the hot probe to the plate of the converter tube (point 5). Many
frequencics exist at this point, but vou arc interested in finding the signal
at the intermediate frequency of the recciver and at an amplified level.
The point to check for the i-f signal is the grid of the i-f amplifier tube. It
may be mcasured there with an r-f vacuum-tube voltmceter at a gain of
60 to 80. Of course, you may mcasure the if signal at the converter plate
if vou have a tuned vacuum-tube voltmeter tuned for the intermediate
frequency.

To check the operation of the mixer scction of the converter tube, con-
ncct the hot prod of vour untuned r-f vacuum-tube voltmeter to the con-
verter plate, and block the oscillator by shorting the oscillator scction of
the gang tuning condenser. This permits the r-f signal to come through
amplificd. You may measure its voltage level with the voltmeter. It should
be considerably greater than at point 4. If it is not, check the tube and its
electrode voltages with a d-¢c vacuum-tube voltmeter. Where an abnormal
rcading is found, check the components involved.

Checking the Oscillator. The oscillator is the next stage up for check.
Conncct the hot prod of the r-f vacuum-tube voltmcter to the stator
plates of the oscillator section of the gang tuning condenser (point 6) from
which the short has been removed. You should get a fairly large reading
on the voltmeter. At this point, vou may check the oscillator operation
over the entire band by changing the signal-gencrator frequency and the
tuning dial of the recciver in step over the entire tuning range. If oscilla-
tor opcration is defective, check the tube and its electrode voltages.

You mayv check the oscillator operation with a d-c vacuum-tube volt-
meter placed across the oscillator grid resistor R-7. When the tubce is
oscillating, grid current flows and produces a d-c voltage drop across the
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resistor. If vou measure no voltage across this resistor, the oscillator is not
functioning.

Now shift the hot prod of the r-f vacuum-tube voltmeter to the grid of
the i-f amplifier (point 7), This was the point at which you mcasured the
voltage at the intermediate frequency. Failure to get a signal at that point
or an abnormally weak signal indicates a defective converter tube or a
defect in the input i-f transformer T-3. These transformers may be mis-
aligned. Or the transformer windings may be open, shorted, or corroded.
Also, the trimmer condensers may be shorted. Check the i-f tube for grid
cmission.

Checking the I-F Amplifier. Shift the hot prod of the vacuum-tube volt-
mcter to the plate of the i-f amplifier tube (point 8). You arc measuring
the if signal at that point. Normally, the voltage should be 80 to 120
times greater than that at point 7. IFailure to get such a reading indicates
a dcfective i-f tube or onc with improper electrode voltages. You may
mcasurc these with a d-¢c vacuum-tube voltmeter and check components
mvolved.

Shift the r-f prod of the vacuum-tube voltmeter to the diode plates
(point 9). Normally, vou should be measuring the i-f signal at voltage level
slightly below that mcasured at the plate of the i-f amplificr. Failure to
obtain a rcading or the presence of an abnormally low signal indicates
various possible defects: a misaligned i-f output transformer T-4, open or
shorted windings, or shorted trimmer condensers, corroded windings, or
a dcfect in the diode plate circuit.

Checking the I-F Filter. Bcfore procceding to the a-f section of the re-
ceiver, vou might check the condition of the i-f filter composed of con-
densers C-23 and C-24 and resistor R-14. The purpose of the condensers
is to offer a path of negligible impedance to the i-f signal. This i-f signal,
thercfore, will produce no voltage drop across these condensers. Place
vour r-f vacuum-tube voltmeter across these condenscrs. If you obtain the
rcading of any considerable value of voltage, the condenscrs arc open. As
a further check, connect vour r-f vacuum-tube voltmeter from the grid
of the first a-f tube (point 11) to ground. Since the signal gencrator is
producing an unmodulated signal, there should be no audio voltage. If
the if filter is defective, however, vou will have an if signal on the grid.
Thercfore, any voltage reading on the voltmeter indicates a dcfective i-f
filter. When making this check, listen for noise or hum from the loud-
speaker, since they arc signals which will get to the first a-f tube grid and
give an crroncous rcading,.
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Checking the AVC Circuit. Before Icaving the r-f scction of the recciver,
you may check the ave system. Resister R-10 and condenser C-19 make
up a filter system which removes the audio signal appearing at the un-
grounded end of the volume control R-15 and permits only the steady d-c
component to be applicd through the ave bus to various controlled
tubcs.

To see if this ave filter is functioning properly, connect an a-c vacuum-
tube voltmeter from the junction of R-10 and C-19 to ground. Switch
your signal gencrator so that it produces a modulated signal. 1f the filter
is good, vou should get no rcading on the voltmeter, since all that ap-
pears at the test point is a steady d-c voltage, which you may measure with
a d-c vacuum-tube voltmeter from the same point to ground. Any rcading
on the a-c meter would indicate an open condenser C-19.

Checking the A-F Section of a Receiver. Now turn to the check of the
audio scction of the receiver. The signal generator must be sct so as to
deliver a modulated r-f output. Turn the receiver volume control full on.
Comnect an a-c vacuum-tube voltmeter to the ungrounded end of the
volume control (point 10), and ground. A voltage rcading establishes the
presence of the audio signal.

Shift the hot prod of the a-c vacuum-tube voltmeter to the grid of the
first a-f amplificr tube (pomt 11). Normally, you should get about the
same voltage reading. If vou do not, the volume control R-15 or the a-f
coupling condenser C-25 is defective. You can shift the hot prod to the
arm of the volume control to sce if the audio signal is at that point. If it
is not, the volume control is defective. Then place the a-c vacoum-tube
voltmeter across condenser C-25. Normally, practically no voltage should
appear across it. If vou get a considerable voltage rcading, the condenser
is open,

Checking the First A-F Stage. Conncct the a-¢c vacuum-tube voltmeter
with the hot prod at the plate of the first a-f tube (point 12) and the
other prod to ground. Normally, you should measurc the audio voltage
here at a considerable level above that which yvou obtained at the grid of
the tube—about 40 to 60 times greater for a high-mu triode tube. Failure
to get such a rcading indicates a defective tube or imiproper clectrode
voltages. These latter voltages may be measured with a d-¢ vacuum-tube
voltmeter.

Shift the hot prod of the a-c vacuum-tube voltmcter to the signal grid
of the output tube (point 13). You should have approximatcly the same
rcading as from the previous test point. If vou fail to get a proper reading,
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coupling condenser C-26 is probably defective. To check C-26 for leakage,
connect a d-c vacuum-tube voltmeter from point 13 to ground, and remove
the first a-f tube. Now if you obtain any rcading on the voltmeter, the
condenser is lcaky. Replace the first a-f tube in its socket.

Checking the Output Stage. Shift the hot prod of the a-c voltmeter to
the plate of the output tube (point 14). You should get a reading that
is about 5 to 15 timcs greater than that at the grid of the tube for pentodes
or beam-power tubes. For triode output tubes it will be less, about 2 to
5 times. If vou fail to get the normal voltmecter reading, the tube or its
clectrode voltages are bad. Check the latter with a d-c vacuum-tube volt-
meter. Where abnormal voltages are found, check the components -
volved.

While on the output tube, let us sec how you could check components.
Suppose vou wished to check cathode bypass condenser C-27 for loss of
capacitance or an open condition. Normally, its purposc is to bypass the
audio signal, and it must offer negligible impcdance to that signal. As a
result, the audio signal produces no voltage drop across the condenser.
Thercfore, if vou connect an a-c vacuum-tube voltmeter across the con-
denser, vou should get no voltage reading. If you get a reading, the con-
denser has cither lost capacity or is open. Incidentally, all bypass con-
densers may be checked for an open condition in a similar manner, since
in cach case thesc condensers are designed to offer negligible impedance
to any particular alternating current. Shorted condensers would show up
by the way they upsct normal tube electrode voltages.

If you wish to measure the grid bias of the tube, connect a d-¢ vacuum-
tube voltmeter across the cathode resistor R-19. The voltage drop across
this self-bias resistor, as vou recall, supplics the bias for the signal grid of
the tube.

To complete the signal-tracing procedure, connect the hot prod of
your a-c vacuum-tube voltmeter to the voice coil (point 15). The a-f
signal appearing here will be at a considerably lower voltage than at the
plate of the output tube, depending on the step-down ratio of the output
transformer.

In signal tracing with a vacuum-tube voltmeter in service work exact
measurcments are not very important. The customer will not usually com-
plain of defective receiver operation until the defective condition becomes
extreme. Therefore, your job as a serviceman is to check wide voltage de-
viations from those normally expected. The servicing of weak and of dead
reccivers is probably vour easiest job for that reason.
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Checking for Hum, Noise, and Osciilation. When checking hum, noise,
oscillation squeal, or motorboating in a receiver with a vacuum-tube volt-
meter when no station or generator signal is present, vou handle the defect
as if it werc a signal itsclf. Use the a-c vacuum-tube voltmeter to determine
the stage in which the defeet is introduced. Thereafter you may use rou-
tinc measures to locate defective components. The problems of distortion
and intermittent operation of a recciver are not so readily handled with a
vacunum-tube voltmeter. They are more casily handled with the type of com-
mercial servicing instrument called a signal tracer, which is basically a
vacuum-tube voltmeter.

Special Service Measurements with the Vacuum-tube Voltmeter. The
previous scction presented a brief signal-tracing procedure in the receiver
as a whole. For such a purposc alone, the vacuum-tube voltmeter would be
an invaluable scrvice tool. But many other checks and mcasurements may
be made with such a voltmeter. In this section, some of these other uscs
will be described.

Measuring Stage Gain. Another important usc of the a-c vacnum-tube
voltmeter is that of mcasuring stage gain. This mcasurement is cspecially
uscful in locating a stage causing weak receiver reception. Many receiver
manufacturers indicate average stage gain in their service notes for that
purpose. You mcasure the input signal voltage at the signal grid of a tubc,
then measure the output signal voltage cither at the output of the stage
or at the signal grid of the next tube. By dividing the sccond voltage valuc
by the first vou obtain the gain of the stage.

Receiver Alignment. I'hc vacuum-tube voltmeter may also be used for
the alignment of a recciver. Each stage may be aligned with the voltmeter
employed as an output indicator. Feed an unmodulated signal with a
signal gencrator at the intermediate frequency of the recciver into the
mixer grid of the converter tube. Conncect the r-f vacuum-tube voltmeter
from the platc of the i-f amplifier to ground. Then adjust the trimmers of
the first if transformer for peak output. Connect the r-f vacuum-tube
voltmeter from the diode plate of the sccond detector to ground. Adjust
the trimmers of the sccond i-f transformer for peak output. ‘The i-f section
is now properly aligned.

To align the antenna oscillator and mixer stages, feed an unmodulated
signal with the signal gencrator at some non-station frequency into the
antenna of the receiver, and tune the reeciver to that frequency. Conncect
vour r-f vacuum-tube voltmeter from the grid of the i-f amplificr to ground.
Adjust the antenna, oscillator, and mixer trimmers for peak response on the
voltmeter.
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In a similar manner, a receiver wavetrap may be properly aligned. Fecd
an unmodulated signal from a signal gencrator into the antenma of the re-
cciver at the frequency to which the wave trap is supposed to be tunced.
Comnect vour r-f vacuum-tube voltmeter from the mixer grid of the con-
verter to ground. Then adjust the trimmer of the wave trap to givc mini-
mum responsc on the voltmeter.

Measuring O of a Tuned Circuit. A fairly common causc of weak re-
cciver responsc is decrease in the gain, or Q factor, of a tuncd circuit. An
r-f vacuum-tube voltmeter may be used to get a relative picture of such
gain. I'ced an unmodulated signal into the tuned circuit as shown in Fig.
12-8. Connect the voltmeter across the tuning condenscr. Tune the con-
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Fig. 12-8. Measuring the Q of a tuned circuit

denser for peak responsc. Now tune the condenser a bit off the resonant
frequency. If the gain is good, the voltmcter indication should show a
considerable drop.

Checking Efficiency of a Filter Circuit. An important use of the vacuum-
tube voltmeter is that of determining the cffectiveness of filter circuits.

R4 C2
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Fig. 12-9. Second detector and ave circuits of a superheterodyne receiver

Figure 12-9 shows the second detector and ave circuits of a superhetcrodyne
recciver. The filter circuit, consisting of R-1, C-1, and C-2, prevents i-f signals
from rcaching the signal grid of the first a-f amplificr. To check its cfficiency,
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fced a strong unmodulated signal from a signal generator into the receiver
antenna at an off-station frequency, and tune the receiver to that fre-
quency. Connect an r-f vacuum-tube voltmeter from the signal grid of
the first a-f amplifier to ground. If the filter is perfect, you should get no
reading on the voltmeter.

Resistor R-4 and condenser C-4 make up a filter which prevents any a-f
or i-f signals from feeding back on the avc bus to the controlled tubes. Feed
a strong modulated signal from a signal generator into the receiver antenna
at an off-station frequency and tune the receiver to that frequency. Con-
nect an a-c vacuum-tube voltmeter from the ave bus to ground. If the filter
is efficient, you should get no indication on the voltmeter.

Measuring Receiver Output. The over-all power output of a receiver may
also be determined with a vacuum-tube voltmeter. Disconnect the voice
coil of the loudspeaker, and shunt the secondary winding of the output
transformer with a resistor having the same ohmage as the impedance of
the voice coil. Tunc the receiver to a station, set the volume control for
full undistorted volume, and measure the a-f voltage across the resistor. Mul-
tiply this voltage value in volts by itsclf and divide the result by the value
of the resistor in ohms. The answer is the power output of the receiver in
watts.

Checking a Phase Inverter. You may also check a phase-inverter stage
feeding into a push-pull stage, by measuring the signal fed to the signal
grids of the two second a-f tubes with an a-c vacuum-tube voltmeter. Tune
the receiver to a station, or feed a modulated r-f signal to the antenna with
a signal generator. If the magnitudes of the signals on the grid are not equal,
try a new phase inverter tube and check resistor components involved.

Determining Voice-coil Impedance. Another special use of the vacuum-
tube voltmeter is that of determining the voice-coil impedance of a loud-
speaker. This may be necessary when replacing a loudspeaker or an output
transformer. Figure 12-10 shows how to make such a test. Connect a 20-
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Fig. 12-10. Determining voice-coil impedonce
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ohm wire-wound high-wattage variable resistor in serics with the voice
coil of the loudspeaker. Feed a 400-cycle audio note from a beat-frequency
oscillator into the serics combination. Connect one test prod of the a-c
vacuum-tube voltmeter to point A, the junction of the resistor and the
voice coil. Alternatcly, touch the other prod to point B and point D, while
slowly moving the movable arm of the resistor toward point C, until you
get cqual voltmeter readings at B and D. When you obtain this condition,
the impedance of the voice coil is cqual to the resistance between points
A and B. Mecasurc this latter resistance with an ohmmeter, and you have
the voice-coil impedance.

Checking Critical Oscillation of an Oscillator. The vacuum-tube volt-
meter is also extremely uscful in determining a condition of critical oscilla-
tion where the local oscillator oscillates at the high-frequency end of the
dial but ccascs to do so at the low-frequency end. Connect an r-f vacuum-
tube voltmeter between the stator plates of the oscillator scction of the
ganged tuning condenser and ground, as shown in Fig. 12-11. Tum on the
recciver and rotate the tuning dial slowly from the high-frequency end to
the low-frequency end. The instant the oscillator ceases to oscillate, the
voltmeter will show no reading.

Fig. 12-11. Checking critical ascillatian of an ascillatar

Many other special measurements may be made with a vacuum-tube volt-
meter. With experience in its use, the versatility of the instrument is al-
most limitless. Morc and more, it is becoming a constant companion of
the radio serviceman.
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The Oscilloscope

The Oscilloscope in Service Work. The cathode-ray oscilloscope is one
of the more recent test instruments that have worked their way from the
cungineering laboratory onto the radio serviceman’s bench. Unfortunately,
failurc on the part of the serviceman to master this valuable tool has too
often causcd the serviceman to place it to onc side, gathering dust through
disuse. The purpose of this chapter is to show lhow valuable the oscillo-
scope can be when thoroughly understood.

The primary valuc of this instrument is that it shows by visible mcans
the information that we obtain with other test instruments in an indircct
manner. As an ancient Chinese sage expressed it a long time ago: One pic-
ture is worth a thousand words. Because vou see normal or abnormial re-
sults dircctly and quickly on the oscx]]oscopc screen, vou save time that
you would normally consume by other means in making various checks
and interpretations of the results.

The picture shown on the screen of the oscilloscope is known as a
waveform trace. You have been handling waveforms before without realiz-
ing it. Every time you connccted the signal gencrator to a test point in the
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Fig. 13-1. Waveforms of various types of signals

recciver, you thought in terms of unmodulated r-f signals, modulated r-f
signals, and a-f signals. Figurc 13-1 shows the wavcform picture of these
signals. Similarly, when you thought of a distorted signal, you mentally

constructed a waveform picture to fit the facts.
202
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The oscilloscope shows these waveforms when properly connected at
various points in the recciver. When the waveforms are different from what
vou normally obtain, you know vou have located a defective part of the
TCCCIVCT.

The Cathode-ray Tube in the Oscilloscope. I he hcart of a cathode-ray
oscilloscope is the cathode-ray tube. 'This tube (often abbreviated C-R
tube) consists of three main parts: IFirst, there is the clectron gon, which
produces a narrow clectron beam. Sccond, there is a deflector system to
dircct the clectron beam up and down or to one side and the other in
simultancous combinations of these movements. And last, there is the
screen where the clectron beam causes fluorcscence and traces the wave
form picturc. Let’s take these up onc at a time.

The Electron Gun. Figurc 13-2 shows a pictorial representation of a C-R
tube. The clectron gun produces the narrow beam of clectrons which will
cventually strike the fluorescent sereen. The cathode, heated by the fila-
ment hcater, cmits a cloud of clectrons. Next in line is control grid No. 1,
a cyvlinder-shaped clectrode, which controls the number of clectrons passing
through it by means of its applicd negative bias voltage. The clectron
strcam next passes through accclerating grid No. 2, which is positive with
respect to the cathode, and which speeds up the moving clectrons. (In
some C-R tubes, accclerating grid No. 2 is not uscd.)
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NO.2 DEFLECTOR | SCREEN
\ PLATES
- HORIZONTAL —
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Fig. 13-2. Pictorial representation of a cathode-ray tube

The bias voltage supplicd to grid No. 1 determines the number of clee-
trons that will pass through the clectron gun. This voltage is governed by
the sctting of a potentiometer adjusted by a front-pancl control labcled
INTENSITY OI BRIGIITNESS.

Anodc No. 1 is often called the focusing electrode. 'The clectron beam
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cmerging from grid No. 2 is too broad for practical use. Anode No. 1, by
means of the clectrostatic ficld around it, focuses the clectron beam into a
narrow beam. Anode No. 1 has a variable voltage applicd to it controlled by
a front-pancl knob labeled rocus. Anode No. 2 accclerates this narrow
beam toward the center of the face of the cathoderay tube, where it pro-
duces a small fluorescent dot.

The Deflector System. If there were no deflecting device in the C-R tube,
the thin clectron beam would fall on the fluorescent screen somewhere
around the center and would produce a visible stationary spot. The de-
flector plates make the spot move.

Consider that the horizontal deflector plate D, is made positive with
respect to plate ID,. The clectrons passing through the plates have negative
charges. As a result, the electrons in the beam will be deflected towards
plate D, which is positive. The more positive the voltage of plate D,, the
mor¢ the beam will be deflected toward it. The over-all result is that the
fluorescent spot will not appear at the center of the screen but horizontally
displaced toward D,. Similarly, if plate D, is made positive with respect
to plate D, the spot will be horizontally displaced toward plate D,.
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Fig. 13-3. The input circuit to the C-R tube

In the samc way, the spot may be displaced vertically from the center
by making plate D, positive with respect to D, or by making plate D,
positive with respect to plate D,. When both pairs of plates arc energized,
the spot gocs off at an angle. You can visualize these better if you think
n terms of a sort of tug of war. The spot is drawn up by the vertical de-
flector plates, and at the same time it is drawn to the right by the horizon-
tal deflector plates. The combination of these two movements makes the
spot go off at an angle.

In Fig. 13-3, vou sce the graphic svmbol of the C-R tube with the de-
flector plates connected to the tube circuits. Note that one plate from
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cach of the two pairs of deflector plates D, and D 1s connccted to anode
No. 2. This arrangement is nccessary in order to keep them at the same
potential as anode No. 2 and to prevent defocusing of the clectron beam.
A low and adjustable d-c voltage is usually applicd to cach pair of deflector
plates through two potentiometers in order to permit recentering of the
spot when you find it necessary to do so.

The two centering controls for cach sct of deficctor plates are found on
the front panel of the oscilloscope and arc labeled CENTERING.

The Screen. The inside surface of the large front face of the C-R tubc
is coated with a chemical called a phosphor. When the invisible electron
beam falls on the phosphor, a visible spot occurs where the beam strikes.
The color of the visible spot may be green, white, or vellow-orange, de-
pending on the type of phosphor used. The glow persists for a short while
after the clectron beam moves to a new point. As a result, if the spot
sweeps quickly across the screen—let us say from left to right—vou will
not scc a moving dot but rather a linc running from left to right because
of this persistence.
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Fig. 13-4. Effect of sine-wave voltages on the deflection plates

Now what happens when a sine-wave a-c voltage is fed to the vertical
plates? As you know, the sine voltage is onc that varics from instant to in-
stant, increasing from zcro to a maximum and falling to zcro, then rising
to maximum with polarity reversed and falling to zero again. Since the
displacement of the spot depends on the magnitude of the voltage fed to
the deflector plates, the dot will start from center, rise vertically to maxi-
mum, fall to center, drop vertically to maximum, and fall to center. If vou
continued to feed in the sine voltage, vou would see a vertical linc as in
Fig. 13-4A. The deflection below center will be cqual to the dcflection
above center.
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Spot-deflecting Action. An intcresting point may be made at this time.
The amount of displacement of the spot cither above or below center, as
measurcd by the length of the vertical line above or below center, is an
indication of the peak value of the a-c voltage fed to the vertical deflector
plates. Therefore, with proper calibration, the oscilloscope is now acting as
an a-c voltmeter.

Similarly, if you fed the sine voltage to the horizontal deflector plates,
vou would get a horizontal line as shown in Fig. 13-4B. Remember, the
vertical and horizontal lines are not really lines but only appear that way
because the electron beam spot is rapidly moving up and down or horizon-
tally back and forth, respectively.

If you fecd the sinc voltage in phase to the horizontal and vertical platcs,
the combined varving deflections will produce the slanting line shown in
IFig. 134C. It is casy to understand this result because, at any onc nstant,
cqual voltages will be drawing the spot up or down and to the right or
left.

'There arc other methods of producing deflection of the clectron beam.
The method just described is known as the electrostatic method, since the
clectrons are deflected by the electrostatic ficlds around the deflector plates.

With some C-R tubes, the deflection is obtained by mcans of magncet
coils around the narrow neck of the tube. Ilere the magnetic ficld pro-
duced by the moving clectrons in the electron beam reacts with the mag-
nctic ficld from the magnet coils, and deflection results. This latter method
is known as clectromagnetic deflection. Electrostatic deflection is more
commonly used in oscilloscopes. IFlectromagnetic deflection is more com-
monly uscd in television systems where longer cathode-ray tubes arc uscd.

Sweep Voltage. Wc have thus far succeeded only in making an applicd
a-c sme wave look like a vertical linc or a horizontal line or a slanting linc.
How do we get the a-c sine voltage to look like the standard sine voltage
on the screen of the C-R tube? The answer is found in the sweep voltage
of the oscilloscope.

A simple exaniple will make the concept a little casier to digest. Sup-
posc you were at a blackboard with a picce of chalk and traced a vertical
line steadily up and down, as in Fig. 13-5A. This corresponds to the sine
voltage applicd to the vertical deflector plates. Now walk steadily and at a
constant ratc along the blackboard while you continue to write up, down
and up along the vertical line. The result will be that shown in I'ig. 13-5B.
Now lift the chalk and move back. Place the chalk at point A and repeat
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the process. If your motions arc the same as before, you will merely be
tracing over the same curve.

The oscilloscope operates in a similar manner. The varying a-c sinc volt-
age on the vertical plates produces a vertical line as the spot moves rapidly
up and down. If now you apply only a uniformly rising voltage to the hori-
zontal deflector plates, the spot will move uniformly across the screen hori-
zoutally. If you apply both voltages at the same time, vou will obtain a pic-
turc of the a-c sinc wave that vou applied to the vertical plates on the
screen. The uniformly rising voltage on the horizontal plates is known as
the sweep voltage.

5 B
1 L]
A A A
¢ ¢
ONLY SIMULTANEOUS VERTICAL
VERTICAL AND HORIZONTAL
MOTION LINEAR MOTION
(A) (8)

Fig. 13-5. Effect of adding a linear horizontal motion to a vertical motion

If the sweep voltage moves once across the screen while the a-c sine volt-
age applicd to the vertical deflector goes through onc cycle, you will sce one
cycle on the screen. If the sweep voltage moves once across the screen
while the a-c sine voltage gocs through two cycles, you will sec two cycles
on the screen, and so forth.

Sweep Retrace Action. Therc is another requircment demanded of the
sweep voltage. After the sweep voltage has caused the spot to move hori-
zontally at a uniform spced across the scrcen from left to right, the spot
must quickly return to the left end of the screen to repeat its uniform hori-
zontal movement. It is desirable that this return period or flyback time be
as short as possible. The voltage to give this condition is produced by a
special gencrator called a saw-tooth oscillator. In the saw-tooth generator,
voltagc riscs at a stcady rate, then drops rapidly as shown in waveform dia-
gram of Fig. 13-6A. Notc how the waveshape gives this generator its name.

Sweep Voltage Waveform. Figure 13-6B shows the uniform horizontal
movement of the spot across the C-R tube screen with the application of
a saw-tooth voltage to the horizontal deflector plates. Let us examine the
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figurc. The saw-tooth voltage rises steadily with time from A to E. As a re-
sult, with cqual passage of time, the spot moves equal distances from A’
to E’ on the screen. The time E to F is called the flyback time, when the
spot jumps back quickly to position A” on the screen. Then the next saw-
tooth voltage pulse repeats the action. Flyback time is too short to make
the spot visible on the screen.

VERTICAL INPUT

w
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g/
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>
TIME —
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SAW-TOOTH l
VOLTAGE «©)
VOLTS —»>
HORIZONTAL
INPUT

VOLTS —=

Fig. 13-6. Uniform horizontal sweep resulting from the saw-tooth voltage

Now, with the saw-tooth sweep applicd to the horizontal deflector plates,
apply an a-c sine voltage to the vertical plates. The resulting waveform pic-
ture on the C-R tube screen is shown in Fig. 13-6C. Note how vou now
get the waveform of the input to the vertical deflector plates on the screen
when vou have vour saw-tooth voltage input to the horizontal deflector
plates. 1f you had onc saw-tooth pulsc in the time that two cvcles of a-c
sinc voltage were fed to the vertical plates, two cveles would appear on the
screen; if vou had one saw-tooth pulse in the time that three cvcles were
fed to the vertical plates, three cveles would appear on the screen.

The procedure described is the most universal mcthod of obscrving a
waveform picturc on the C-R tube sereen. ‘The saw-tooth voltage developed
by a saw-tooth oscillator in the oscilloscope is applied to the horizontal
plates. The test voltage of any waveform is fed to the vertical deflector
plates. On the screen is seen the waveform of the test voltage.

Synchronizing Circuits and Controls. In order to obtain a stationary
waveform on the screen, the time for one sweep must be the same as one,
two, or any whole number of repeating cveles fed to the vertical deflector
plates. If this condition docs not cxist, the pattern will drift across the
screen or become quite complex. Also, the input signal to the vertical input
must be synchronized in proper phasc with the sweep frequency voltage.
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Various circuits and controls provide the proper synchronization of the
horizontal sweep voltages and the vertical deflector voltages. The fre-
quency of the saw-tooth oscillator is usually adjusted by two front pancl
controls: Onc is a multipole switch, often labeled rance. The switch
sclects a step which is a small range of frequencies over which the oscillator
will oscillate. In conjunction with this control is another control labcled
FREQUENCY. It is a continuously variable control which tuncs the oscillator
to a specific frequency within the sclected range.

So far, we have the sweep oscillator frequency under control. But it
must still be synchronized with the frequency of the test voltage going to
the vertical deflectors. ‘T'his latter job is performed by mcans of a front-
pancl control switch labeled T MING SYNC or SYNC SELECTOR. It usually has
three positions: Exrt, “60™ or LINE FREQUENCY, and 1NT. When this sclector
switch is on its INT position, internal synchironization occurs with the test
signal voltage, and the test voltage waveform may now be scen on the
screen. This is the usual mode of operation in radio-scrvicing work.

Wlien the selector switch is in the “60” or LiNE FrREQ position, the syn-
chronizing voltage is taken from a 60-cvcle source present in the power
supply of the oscilloscope.

And finally, when the sclector switch is in its kxr position, an external
signal voltage may be fed into the oscilloscope for svnchronizing purposcs.
This external voltage is fed into the instrument via input jacks labeled
sync. Later on, we shall sce how to usc these synchronizing voltages.

There is one further synchronizing control labeled syxc. which varies
a potentiometer. By proper adjustment it locks the trace on the screen in
a stationary position.

The Complete Oscilloscope. You now have a basic picturc of how the
cathode-ray oscilloscope works. A few more items must be tied in before
vou have the complete picture. Figure 13-7 is a simplified block diagram of
a complete oscilloscope. Note the vertical and horizontal amplifiers. The
external voltages applied to the deflector plates may often be insufhicient
to producc appreciable deflections of the clectron beam. To produce larger
deflections and, as a result, a larger trace on the screen, the amplifiers are
provided. These amplifiers, of course, must be free of distortion if vou
wish to get a truc waveform picture of the test voltage.

The cathode-ray oscilloscope is designed primarily to trace the wave
forms of a-c test voltages. A d-¢ blocking condenser is therefore inserted in
scrics with cach pair of plates in the oscilloscope to keep out undesirable
dircet currents.
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The last item to be discussed is the power supply of the oscilloscope.
Actually, there are two sections to the power supply. One is the low-volt-
age supply, furnishing about 400 volts for the amplifier and sweep circuits.
The other is the high-voltage supply, furnishing about 1,500 volts for the
operation of the C-R tubc. The magnitude of this latter voltage is suffi
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Fig. 13-7. Simplified block diagram of a complete oscilloscope

cient to discourage vou from poking into the oscilloscope with the power
on. An interlock switch automatically cuts off power when the instrument
is out of its casc, but do not rely on its foolproof opcration. Remove the
line plug if you have to work inside the instrument.

Oscilloscope Controls. You can best lcarn what vour oscilloscope is
capablc of doing by inspecting its control knobs before vou begin to use
it in actual radio-scrvice work. The best way to start is to read carcfully
the instruction manual furnished by the manufacturer of the oscilloscope.
Then try to obtain the waveform trace on the screen of a simple a-c sine
voltage, like the 400-cycle note from a signal gencrator.

Let us Icarn a little more about the oscilloscope controls by assuming
that we are going to obtain the 400-cycle waveform tracc on our screen.
The front panel and controls of a typical oscilloscope are shown in Fig.
13-8. Assume further that we are using that instrument for the purposc
mentioned above,

At the top of the front panel you scc the screen of the oscilloscope.
Alongside the screen arc two controls labeled 1xTENsITY and Focus. These
control the brightness and the sharpness of the waveform that you will sce
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on the screen. Below the screen and the two controls just mentioned, the
front pancl is divided into three main divisions. All the controls on the left
side arc the vertical deflector plates controls. All the horizontal deflector
plates controls arc on the right side of the pancl. And in the center and
lower right arc all the timing or sweep-voltage and synchronization con-
trols.
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Fig. 13-8. Front view of an oscilloscope, showing controls

Turning on the Oscilloscope. Begin by sctting all controls in their ex-
treme counterclockwise positions. Then insert the line-cord plug and turn
the iNtENSITY control in a clockwise dircction until you just hear a click.
Somctimcs, the on-off switch may be associated with another control. This
opcration turns on the oscilloscope power. Wait about one minute and
turn up the NtENsity control until a spot appears on the screen. This
INTENSITY control is a potentiometer which varies the voltage fed to con-
trol grid No. 1 of the C-R tube. The spot on the screen may not be sharp,
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but rather may be fuzzy. Turn the rocus control in a clockwise direction
until the spot is sharp. The rocus control is a potentiometer which varies
the d-c voltage applicd to anode No. 1 of the C-R tube.

CAUTION: Never dllow a bright spot to remain stationary on the
screen, because this will burn the screen. If necessary, turn
down the intensity control.

Next center the spot on the screen by varving the vertical and horizontal
CENTERING controls. These are potentiometers which feed positive or nega-
tive voltages to the ungrounded vertical and horizontal deflector plates of
the C-R tube.

Vertical Gain Controls. You have now completed the preliminary ad-
justments nccessary for any study made with oscilloscope. Let us now in-
vestigate the vertical controls. Down at the bottom of the left scction of
the pancl are the input terminals. One of these is labeled eyp and is the
grounded terminal. Whenever yvou have a test voltage source with one side
grounded, connect this grounded side to the onp input terminal.

Above the input terminals is a switch labeled anrpLiFier. In its OFF posi-
tion, the test voltage is fed to the vertical deflector plates directly. In its o
position, the test voltage is fed to the vertical amplifier and then fed to the
vertical deflector plates. In radio-service work, you will probably usc the
oscilloscope with this control in its oN position at all times. Above the
AMPLIFIER control is the Gain control. This latter control is a potentiometer
which controls the magnitude of the signal fed to the vertical amplificr,
and hence the degree of vertical deflection.

Let us experiment with the vertical controls. Connect the leads from the
signal gencrator producing the 400-cycle signal to the vertical iNpuT ter-
minals. Turn the anxeniFier switch to oN. You will notice a vertical line
produced at the center of the screen, since there is no horizontal sweep.
Vary the caix control and note how the vertical line incrcases and de-
creases in size. Remove the leads from the vertical ixpuT terminals.

Horizontal Controls. Now consider the horizontal controls at the right.
At the bottom are the horizontal input terminals. These are similar to
those vou encountered for the vertical input. Above the input terminals is
a control labcled 11vuNG syNc.—anie. The two extreme right positions of
this switch control arc similar to the anieLirier control for the vertical in-
put. In the orr position, any test voltage fed to the horizontal input ter-
minals is fed directly to the horizontal deflector plates of the C-R tube.
In the on position, any test voltage will be fed to the horizontal amplificr
and then fed to the horizontal deflector plates of the C-R tube. Above this
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control is the caiN control, which is a potentiometer that controls the
magnitude of the signal fed to the horizontal amplificr, and hence the de-
gree of horizontal deflection.

Let us experiment with the horizontal controls as described up to this
point. Connect the signal generator with its 400-cycle signal to the hori-
zontal iNpuT terminals. Turn the ante switch to its oN position and notice
the horizontal line at the center of the screen. Vary the AN control, and
note how the horizontal line increases and decreases in size. Remove the
lcads from the horizontal INpUT terminals. -

Synchronizing Controls. Now lct us examine the TIMING sYNC positions
of the TiviING syNc—anp switch control. Note that there are three posi-
tions for this portion of the switch. When vou use an external synchroniz-
ing voltage fed into the sync input terminals at the bottom center of the
panel, vou set the switch to its ext position. If your test signal has a fre-
quency of 60 cvcles per second or any harmonic value of 60 cycles (c.g.
120, 180, 240, 300, etc. cyvcles per second), you may set the switch at its
“60” position. This furnishes an internal synchronizing voltage at 60 times
a second. Most often in radio-service work, you will set the switch to its
INT position. This position furnishes an internal synchronizing voltage at
any frequency properly locked to the frequency of the test signal fed to
the vertical input terminals.

Once yvou sct the switch mentioned above to its INT position, you must
use the timing or sweep controls in the center of the front pancl. Above the
syNc input terminals is the RaNGE switch. You set this switch at the range
position, which includes the frequency of the test signal fed to the vertical
input. To get closer to the proper sweep frequency that will produce a
stationary image on the screen, you must adjust the vernier potentiometer
control labeled FreQUENCY. The image on the screen may still drift slowly.
To make it absolutely stationary, vou turn the sync control above the
FREQUENCY control in a clockwise direction until the image just stands still.
This sync control is a potentiometer used to control the amount of syn-
chronizing voltage fed to the sweep oscillator. It locks the test signal and
the sweep oscillator frequencies. Do not turn the sync control up more
than necessary, since oversynchronization mayv distort the screen image.

Connecting the Oscilloscope. Now let us complete the procedure. Con-
neet the signal gencrator and its 400-cvcle signal to the vertical vput
terminals. Set the TIME syNc—antp control to its INT position. Set the
RANGE switch to its “120-530" position, since this includes the 400-cycle
frequency. Then vary the FrEQUENCY control until the image on the screen
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just about stands still. Then turn up the sy~c. control just cnough to make
the wavcform image remain stationary. You should see the a-c voltage
wavcform. If yvou wish, you may tum up the NrexsiTy control for a
brighter image.

There is onc precaution which yvou must kecp in mind. Stray voltages
may be picked up by the oscilloscope input leads, particularly in the neigh-
borhood of power machinery. Spurious unwanted waveforms will appcar
on the screen. A helpful procedure in such cases is to use shiclded input
leads.

Service Measurements with the Oscilloscope. Therc are many checks
and mcasurements which vou may make with the cathode-ray oscilloscope.
As vou become more and more familiar with this versatile instrument, yvou
will find many ways in which to usc it to save vour servicing time. We will
confinc the remainder of this chapter to a study of some of the more im-
portant uscs which vou will make of this service instrument.

As a prcliminary learning procedure, make the checks to be described
on a recciver that is known to be in good operating condition, so that vou
will Iecam to recognize normal oscilloscope waveform traces. Then when
vou sce abnormal traces, you will recadily recognize them and will know
where to look for defects.

Servicing a Receiver That Hums. [Ium originating within a receiver is
cither of the 60-cycle type or of the 120-cvele tvpe, as would result in a
full-wave rectifier. It is obvious then that vou may set the TiniNG syne. con-
trol to its “60” position, and sct the FREQUENCY and RANGE controls to 60-
cvcle sweep frequency. You then tunce the receiver to a non-station posi-
tion, and apply the vertical input prod to various test points in the recciver.
If at onc stage you find onc cvele on the oscilloscope screen, vou know that
60-cvcle hum is entering that stage. If vou find two cvcles on the screen,
vou know that 120-cvcle hum is entering that stage.

Hum in the Power Supply. Lct us make a few specific tests. Turn on
the recciver. First check your power supply for the origin of hum. I'igure
1394 shows a typical a-c power supply. Sct vour oscilloscope to the 60-
cycle sweep and the 60-cycle synchronizing position. Connect the ground
prod of the oscilloscope to point 1 of the power supply and the other prod
of the vertical input to point 3.

[f input condenser C-1 and filter choke L-1 arc in good shape but con-
denser C-2 is open or has lost considerable capacitance, the waveform
trace on the screen will be similar to that of Fig. 13-9b.
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If the input filter were open or had lost considerable capacitance and
the choke and output filter condenser were all right, the waveform on the
screen would be similar to that in Fig. 13-9¢.

If the filter condensers and choke were all good, vou would obtain a
wavcform on the screen similar to that shown on the oscilloscope in Fig.
13-9¢. You may have to turn the vertical gain control all the way up to sce
this waveform. Note that a faint residual hum is still present even in a good
power supply. In cach of these checks, the greater the vertical height of the
waveform trace, the greater the magnitude of the hum voltage.

S

V GNO 60
\ii:

gg

(o)

Fig. 13-9. Checking the power supply for hum

To gain cxperience, you should try these tests on a good receiver and
then open the various filter condensers by disconnccting a lcad. Obscerve
the effect on the oscilloscope screen. There is nothing like sceing the nor-
mal and abnormal traces yourself.

Having clcared the power supply of any hum-producing effects, you
then turn to the signal chain of the recciver proper. We will begin with
the audio-frequency scction of the receiver.

Hum in the A-F Section of a Receiver. To check the a-f section for
hum, you must silence the stages before it. If the recciver is of the a-c
type, remove the last i-f tubc; if it is of the a-c/d-c typc, short out the grid
of that tube. Several procedures may now be followed, but we will study a
simple onc. The preliminary steps may be listed as follows:

I. Turn on the vtENnsITY switch and center the spot.

2. Adjust the rocus control for a clear spot.

3. Turn vertical AMPLIFIER to its oN position and sct the vertical cain
control to midway position.
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4. Set the TimING syNc switch to its INT position.

5. Adjust the horizontal caiN control to give a horizontal line across
the entire screen.

6. Set the RANGE switch to its “40-175” position.

7. Feed about 8 volts (a-c) from a transformer shunted by a 25,000-
ohm/1-watt resistor into the vertical iNpuT.

8. Adjust the timing FREQUENCY control until you get one cycle on the
screen.

9. Lock the screen trace by adjusting the timing sync control.

10. Readjust the vertical caIN control to get a good amplitude for your
trace.

11. Disconnect the vertical input.

Your instrument is now set to give a l-cycle trace if 60-cycle hum shows
up in the test and a 2-cycle trace if 120-cycle hum appears. Let us procced
with the check. Turn on the recciver. Remember that no signal will ap-
pear at the a-f section, since you shorted out the signal at the if stage.
All that appears on the oscilloscope screen is the horizontal line. Now con-
ncct the eNp terminal of the vertical input to either terminal of the switch
on the volume control of the receiver (or B-minus). Connect the shielded
test lcad and prod to the other terminal of the vertical input.

Begin by touching the test prod to various key points in the a-f signal
chain. Touch the arm of the volumec control. Then touch, in succession,
the control grid of the first a-f amplifier, then its plate, and finally the voice
coil of the speaker. If no hum is present, the horizontal line will appecar
constantly. However, the moment you touch a point with a hum voltage, a
single cycle will appear on the screen if it is 60-cycle hum, 2 cycles if it is
120-cycle hum. You have then located the hum-producing stage. A routince
mspection of components will then disclose the cause. Just keep in mind
when making this test that a certain small amount of tolerable hum will
always be present. Look for extremes.

To gain experience in locating hum in the a-f scction of a receiver,
you might try introducing 60-cycle hum by connecting a 1,000-0hm, 2-watt
resistor between cathode and either heater terminal of the a-f tubes. You
will readily lcarn to recognize this hum trace, which simulates cathode-
heater leakage.

Servicing the Receiver with Amplitude Distortion. The cathodc-ray
oscilloscope is an cxtremely uscful service instrument when a recciver with
a distorted output is encountered. It furnishes a quick and cfficient means
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for seeing a distortion effect wherever it exists. The technique, in bricf, is
to view the signal waveform on the oscilloscope screen at the mput and the
output of the stage under test. Any variation in this procedure is made in
the interest of reducing the number of connection changes in order to
save time. The defective stage that introduces the distortion is located
when a waveform is seen at the output of a stage that is considerably dif-
ferent from the waveform scen at the input of the stage. Let us see how
you can approach the procedure from a practical point of view.

Audio Connections. ‘o check the a-f section of the recciver, use an audio
signal generator. Feed a signal of about 400 cps into the input of the audio
section after tuming on the recciver. Connect the ground terminal of the
test oscillator to the receiver chassis or common negative and the hot ter-
minal to the ungrounded end of the volume control. Be sure to reduce
the input from the generator, so that you do not overload the stages, and
set the recciver volume control to below its halfway position.

Getting an Audio Waveform. Tum on the oscilloscope. Adjust the
INTENSITY, FOCUs and CENTERING controls so as to obtain a clear, centered
spot on the screen. Tum the vertical AMPLIFIER switch to its on position.
Turn the TIMING SYNC switch to its INT position. Set the RANGE switch to
the “120-530" position. Connect the ground terminal of the vertical input
to the recciver chassis and the hot vertical input terminal to the un-
grounded end of the volume control. Adjust the FREQUENCY control so as
to obtain about 2 cycles of the generator signal on the screen. Lock the
waveform trace, so that it does not drift, by adjusting the sync control.
Finally, adjust the horizontal and vertical GaIN controls to obtain the de-
sired size of waveform picture. Now observe this picture to see its form. It
might be advisable for you to make a copy of this wavcform by placing
tracing paper over the screen and gently tracing the picture.

Now observe the waveform at the output of the a-f section of the re-
ceiver. Transfer the vertical input leads so that they are across the voice
coil of the loudspeaker. Adjust the vertical GaN control so that the wave-
form picture is the same size as previously. Compare the two pictures.
Any marked variation between the two images on the screen indicates
that distortion is being introduced into the a-f scction.

If distortion is evident, shift the hot lead of the test oscillator to the
plate of the first a-f amplifier tube, and adjust the vertical cain control of
the oscilloscope to obtain a waveform of the same amplitude as before. If
now no distortion is evident, the defect lics between the plate of the first
a-f amplifier and the loudspeaker. If, however, distortion is observed, the
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defect lics between the volume control and the first a-f amplifier tube.

Examples of Distorted Waveforms. Harmonic or amplitude distortion
may producc waveforms of various types. Common forms are those shown
n Iig. 13-10. Iigure 13-10A shows the normal sine waveform of the un-
distorted signal. Ifigures 13-10B and 13-10C show distorted waveforms
where cither the upper or lower peaks are flattened. Such conditions would
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Fig. 13-10. Harmonic distortion waveforms

result in a tube where the bias was too great or too low, or where plate
voltage was too low, or where a tube with weak emission existed. In I ig.
13-10D, the distortion results in all peaks being flattencd, indicating an
overloaded stage. A poor tube or improper bias and plate voltages could
produce such an cffect.

R-F Connections for Oscilloscope. Most often, the cause for distortion
will be found in the audio section of the recciver—usually in the output
stage. If the audio section does not produce the distortion, then you must
hunt the source in the r-f section of the receiver. Perform this check in the
following manner. Usc a signal generator with a 400-cvcle audio modula-
tion. Connect it across the antenna input of a recciver that is known to
give good undistorted output. Conncct the vertical input of vour oscillo-
scope across the voice coil, and adjust the controls as vou have just done
to obtain 2 cvcles of the 400-cycle modulation note. Make a tracing gently
of the waveform on the screen. This is vour input waveform. If it is slightly
distorted. you may attribute this fact to the inability of the signal genera-
tor to give a pure sine waveform,

Now feed a 400-cycle modulated note from vour signal gencrator at a
non-station position at about 1,000 ke into the antenna input of the de-
fective recciver. St the volume control of this recciver at its halfway posi-
tion. Place the vertical input terminals of the oscilloscope across the voice-
coil terminals of that recciver. Tune the receiver to the same r-f frequency
as the signal gencrator, Adjust the vertical cain control of the oscilloscope
until the amplitude of the waveform on the screen is the same as that of
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the waveform vou have just traced. If the image is considerably different,
that is, distorted, feed the signal from the signal gencrator into the signal
grid of the converter. Again adjust the GaN control to get a wavcform of
the same amplitude as before.

If the waveform is not distorted, the defect lics between the antenna and
the signal grid of the converter. If the waveform is distorted, feed a 400-
cvele modulated signal at the intermediate frequency of the receiver into
the signal grid of the i-f amplificr tube. Adjust the vertical ¢ain control of
the oscilloscope to obtain a waveform of proper amplitade. If this wave-
form is not distorted, the defect lics between the converter signal grid and
the i-f amplifier grid. If the waveform is distorted, shift the hot prod of the
signal generator to the diode detector plate and again adjust the vertical
caix control. A waveform that is not distorted indicates a dcfect between
the i-f amplifier signal grid and the detector plate. A distorted wavcform on
the screen indicates a defect between the diode detector plate and the
volume control.

Some Distortion Is Normal. 'Ilic oscilloscope is thus scen to be a serviee
instrunient that can rcadily locate a defective stage that results in receiver
distortion. You have to usc judgment in making interpretations of the
wavcform on the screen. A certain amount of distortion is to be expected
and is normal. The degree of distortion is the important factor for you as
a serviceman. Experience will guide you in this regard. After you have
located the defective stage, vou may proceed with further isolation pro-
cedures.

Servicing the Receiver with Frequency Distortion. The a-f scction of a
receiver should have a frequencey response which is flat at all andio fre-
quencics in order to reproduce faithfully the audio signals which it is rc-
quired to amplify. If diffcrent audio-input frequencics are amplified to dif-
ferent extents, the receiver is said to suffer from frequency distortion.
The oscilloscope is an extremely uscful instrument for making  this
check.

The output from an audio oscillator is fed direct to the vertical plates of
the oscilloscopc—bypassing the vertical amplificr which might throw off
the indications. Starting from the low audio-frequency end, the frequency
of the audio oscillator is slowly advanced to the high audio-frequency end.
During this frequency swing, any deviation in the amplitude of the signal
as shown is noted with the frequency at which the deviation occurs. You
have thus recorded the output characteristics of the audio oscillator.

Then connect the audio oscillator to the input of the audio stage or scc-
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tion to be checked. Connect the output of the stage to the vertical plates
of the oscilloscope. as was donc previously. Again swing the audio oscillator
from low to high frequency. You arc now checking the a-f stage, or sce-
tion, for frequency responsc. Note again any deviations from the deflection
obtained at the start of this check. If the deviations do not occur at the
same frequencies as were obtained previously from the output of the
audio oscillator, frequency distortion is present. If this frequency distor-
tion lics outside the limits specified by the manufacturer for the audio
section, the scction should be investigated for the source of the trouble.

Example of Frequency Distortion. Lct us sce how to apply the check
specifically to a receiver. Turn on the oscilloscope and obtain a clear,
sharply focused spot at the center of the screen. Sct the raxce switch to
its “40-175" position; sct the TiaING sYNc switch to its Nt position. Sct
the vertical AniPLIFIER switch to its orF position. Then connect the ground
terminal of the audio oscillator to the vertical gxp terminal of the oscillo-
scope. Conncet the hot terminal of the oscillator to the hot vertical input
terminal.

Now tum on the audio oscillator and the oscilloscope, and set the audio
oscillator at the low-frequency end of its range. Adjust the FREQUENCY and
sync controls to obtain scveral cycles of the sinc wave, and note the de-
flection produced on the screen. The deflection of the sine wave may be
mecasurcd from peak to peak. Increase the frequency of the output from
the audio oscillator, and note the frequency at which any deviation in the
deflection occurs. Adjust the RANGE, FREQUENCY, and syNc controls as re-
quired during the oscillator frequency sweep.

Turmn oft the audio oscillator and connect its ground terminal to the
chassis or common ncgative of the recciver. Connect the hot terminal of
the oscillator to the grid of the input stage of the audio scction. Then con-
ncct the vertical input terminals of the oscilloscope across the voice coil of
the loudspeaker of the receiver. Tum on the audio oscillator, the receiver,
and the oscilloscope. Sct the oscillator to the low-frequency end of its
range. Adjust the RANGE, FREQUENCY, and syNc controls of the oscilloscope
to obtain the same number of waves on the serecn as in the previous steps.
Adjust the attenuator of the audio oscillator to give the same vertical de-
flcction as that obtained from the oscillator alonc in the previous check.
Swing the oscillator to the upper end of the frequency range, and note any
deviation in deflection as well as the frequencies at which they occur. Dur-
ing this swing, adjust the RANGE, FREQUENCY, and sync controls as rc-
quired.



The Oscilloscope 221

If wide deviations occur at different frequencies from those obtained
from the audio oscillator alone, trouble within the audio scction is indi-
cated. To localize the defective stage, connect the vertical input ¢Np termi-
nal to the chassis or common negative of the receiver. Connect the hot
vertical input terminal to the signal grid of the output stage, and repceat
the check. If the frequency distortion disappears, the trouble is in the out-
put stage. If the trouble still appears, the defeet lies before the output
stage.

Aligning I-F Stages. Pcrhaps the greatest advantage of the oscilloscope
to the serviceman is for receiver alignment, particularly if stages. The nor-
mal procedure for receiver alignment is that of peaking the response, as
indicated on an output meter, by adjusting the trimmer condensers. A
typical set of response curves is shown in Iig. 13-11. The intermediate fre-
quency is at the center of the response curve.

1-F =455KC I-F =455KC
asikc/ | \as9kCc  447KC 463KC /‘\ /T\
INEXPENSIVE SET HIGH-FIDELITY SET INEXPENSIVE SET HIGH-FIDELITY SET
ALIGNED. ALIGNED. OFF ALIGNMENT. OFF ALIGNMENT.
(o) (b) (c) (d)

Fig. 13-11. Examples of i-f response curves os seen on screen of cathode-ray oscilloscope

For an incxpensive recciver of high sensitivity and high sclectivity but
relatively poor fidelity, as shown in Fig. 13-11A, the response curve is a
single peak with sidcbands of about 5 ke on each side of the intermediate
frequency.

For a high-fidelity recciver, as shown in Fig. 13-11B, the response curve
is a double peak with sidebands of about 10 ke on each side of the inter-
mediate frequency. IFor both cascs, the curve is symmetrical on both sides
of the center intermediate frequency.

Therein lics the difficulty of aligning the i-f stages with an output meter.
You may obtain a pcak response on the output meter without having svin-
metrical response curves. Iig. 13-11 C and D shows such unsymmetrical
curves which would give a peak response. Nevertheless these conditions
would indicate misaligned stages.

"The oscilloscope has the great advantage in such alignment because it
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not only shows pcak response but also shows symmetry or lack of sym-
mctry. ‘The procedure is known as visual alignment. Let us see how to
usc the oscilloscope with a sweep-frequency generator in making such a
visual alignment.

Connecting the Sweep-frequency Generator. The technique involved is
simple if proper test cquipment is emploved. You must have an f-m or
sweep-frequency signal generator capable of sweeping through 20 or 30 ke
of frequency around the intermediate frequency (455 ke) of the receiver.
The output from such a gencerator is of the saw-tooth waveform, as shown
in I'ig. 13-12. T'he frequency sweep repeats itself 60 times a sccond. Or
onc sweep occurs in 15, of a sccond.

If this sweep frequency is now fed into the input of an i-f stage, the gain
of the stage would tend to be greatest at the resonant or intermediate fre-
quency and to fall off as the test frequency shifts further from the resonant
frequency. This condition results from the fact that the i-f stage is fixed-
tuned to the intermediate frequency.

I 455 KC 455KC

LoNE cvcLE~
MARKER R SAW-TOOTH FREQUENCY SWEEP
MARKER AF R-F FMR-F
GAIN 60CPS SWEEP GAIN OUTPUT
off O % O O 3 REN HOT

Fig. 13-12. A typical sweep-frequency signal generator and its controls

Let us examine the main controls of a sweep-frequency signal gencrator,
as scen in Ifig. 13-12. In the upper right-hand comer is the r-F control,
which will be set around 455 ke. The swerp control will be set to produce
the 30 ke sweep—15 ke on cither side of 455 ke. Near this latter con-
trol is the R-F caIN control which determines the strength of the gencrator
signal. 'The signal from the gencrator is taken from an output cable con-
nccted to the jack labeled Far r-r ourrur. To the left of the sweer con-
trol is a jack labeled “a-F 60 cps.” The cable attached to this jack delivers
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60-cvcle voltage which will be used to trigger the horizontal sweep of the
oscilloscope at 60 cycles per sccond. Above the jack is a switch that pro-
duces the 60 frequency sweeps of the generator per second when in the ox
position. For the time being, forget the other controls.

Connecting the Oscilloscope. \VWhere can vou measure the gain of the
i-f stage in responsc to the various frequencics of input signal? The detector
load, which is the volume control, turns out to be the best point. Ifor a
diode dctector, when there is no signal to the if stage, the d-c voltage
across the detector load is zero. When the sweep frequency signal from
the gencrator is fed to the signal grid of the i-f stage, there is some dcfinite
d-c voltage across the detector load. If now the gencrator feeds its fre-
quency-varving signal to the if stage, the d-c voltage across the detector
load will vary in accordance with the response of the i-f amplifier to the
various frequencics. If vou conncet the outer terminals of the volume con-
trol to the vertical plates of the oscilloscope and provide a horizontal
sweep to the oscilloscope which is repeated at the same rate as the repeti-
tion ratc of the gencrator (60 times a second), vou will scc the response
curve on the screen. The complete connection of the sweep-frequency sig-
nal gencrator and the oscilloscope to the recciver is shown in Fig. 13-13.

Fig. 13-13. Connection of test instruments for i-f alignment

\Where a diode detector is not uscd, the oscilloscope is connected to the
resistor that serves as the detector load.

Let us now get back to the oscilloscope. The vertical plates are receiving
the varying d-c voltages developed across the detector load, which result
from the frequency sweep from the signal generator which occurs in g
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sccond. If a saw-tooth lincar time sweep is applicd to the horizontal plates
of the oscilloscope, occurring in Y40 sccond, you will get a waveform on the
screen which represents the response curve for the if stage. Figure 13-14
shows this rclationship.

470KC SAW-TOOTH LINEAR TIME SWEEP
APPLIED TO HORIZONTAL
455KC PLATES OF OSCILLOSCOPE
440KC
i +I 0 [ i
/g0 SEC :‘/60 sr:c»l‘I
1
! |
| a55KC RESPONSE CURVE FOR THE I 455KC
: TESTED I-F STAGE, AS ! X
! SEEN ON THE SCREEN 44TKC 463KC
45IKC 458KC ! !
SELECTIVE HIGH FIDELITY
(A) (8)

Fig. 13-14. Response curve with a saw-tooth sweep

Alignment Procedure. Let us now cxamine the exact procedure for aligu-
ing the i-f stages of a superheterodyne receiver. If there are several if stages
in the recciver, begin with the one necarest the detector and work back. Be-
gin by joining the antcuna and ground terminals of the receiver with a
0.001-mfd capacitor. Connect a shorting wirc between the stator and rotor
plates of the oscillator scction of the gang tuning condenser. You can
rcadily locate this scction by tuning to a station. The oscillator scction is
the onc where the signal disappears or vou get a new station when yvou
touch the stator plates with vour finger. Connect the output of the sweep
signal gencrator so that its hot lead goes to the signal grid of the last i-f
stage and its ground lcad gocs to the recciver chassis or common negative.

Now turn on vour oscilloscope and adjust the controls for a sharply
focused and centered spot on the screen. Sct the TiannG sync control to
its Ex1 position. Sct the vertical anipLIFIER control to its oN position. And
finally, conncct the vertical input terminal of the oscilloscope across the
dctector load resistor.

Tum on the signal generator, the recciver, and the oscilloscope. Now
connect the hot lcad of the r-f output from the sweep-frequency signal
generator to the grid of the if tube whosc stage is being aligned. The shicld
lcad of the r-f output from the gencrator goes to the receiver chassis. Then
conncct the hot lead from the “a-r 60 cps™ jack to the ungrounded horizon-
tal input terminal of the oscilloscope. The shicld Icad from this jack gocs



The Oscilloscope 225

to the grounded horizontal input terminal of the oscilloscope. Sct the re
control of the gencrator at 455 ke, and sct the sweep control at 30 ke.
Finally, sct the arop switch to its ox position. Sct the RaNGE switch of the
oscilloscope to its “40-175" position. Then adjust the FREQUENCY and syNc
controls to obtain a stationary i-f response curve on the screen. Adjust the
horizontal and vertical caIN controls to obtain waveforms of suitable sizc.

Peaking, Symmetry, and Bandwidth. Now adjust the i-f trimmers in
the i-f output transformer until you obtain a resonance curve on the scope
screen similar to that shown in Fig. 13-11a. There are three factors that vou
must kecp in mind: maximum amplitude or peak of the curve, symmetry
of the curve, and proper bandwidth of the curve. Let us sce how these
factors arc handled.

Pcaking means that you adjust the trimmer condensers of the i-f trans-
former until the scope curve rises to its greatest height and appears to be
symmetrical.

"To be surc of the symmetry of the curve centering around the intermedi-
ate frequency, you usc the marker controls on the sweep-frequency signal
gencrator. Sct the Marker control at 455 ke and turn on the MARKER GAIN
control. When you do this, a little hash mark will appear on the scope
curve at the 455 ke position. If alignment for peak and svmmetry is correct,
the scope waveform will appear like that in Fig. 13-15a. If the hash mark
is not in its correct position, rcadjust the trimmers until it is, even though
the peak goes down.

MARKER HASH
AT 450 KC

HASH MARK
AT 455KC
MARKER HASH
AT 460KC

(0) (b)
Fig. 13-15. How a marker signal aids in checking i alignment and if bandwidth

Bandwidth is checked also with the marker signal. After symmetry has
been established, set the atarker control at 450 ke and 460 ke. 'I'he hash
marks should appear about half way up the slopes of the curve as in Fig.

13-15b.
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To align the i-f input transformer, repeat the procedure. ITowever, this
time you feed the generator signal to the converter signal grid. If there are
two 1-f stages, be sure to feed vour generator signal to the grid of the tube
ahead of the transformers you are aligning.

With high-fidelity sets, you follow the same procedure but adjust for a
two-peak resonance curve and for greater bandwidth.

Precautions. You must avoid an output from the sweep-frequency signal
gencrator that is too strong, because it may overload the last i-f stage. Such
an input may flatten the peaks of the i-f response curve to an excessive de-
gree. If you obtain such a trace on the oscilloscope screen, reduce the out-
put from the signal generator, and increase the setting of the vertical camn
control of the oscilloscope to get the same size of response curve on the
screen as before. You must also avoid too low a signal output from the
gencrator because this condition will make circuit noises visible and result
in ripples on the response curve.

If the waveform of the trace on the screen appears thickened and blurred
instead of clear and sharp, it may indicate a defective r-f filter in the de-
tector stage which permits r-f voltages to appear across the detector load
resistor.

Checking AVC Circuits in a Radio. The operation of the avc circuits may
also be checked with the oscilloscope. The procedure is as follows:

1. Connect the ground lead of a standard signal generator with good
sine-wave output to receiver ground.

2. Conncct hot lead of the generator to antenna of receiver, and tum
on the receiver.

3. Tune the receiver to 1,000 ke.

4. Sct the gencrator to give a 400-cycle modulation at 1,000 ke, and
adjust for low output.

5. Connect oNp terminal of vertical input of the oscilloscope to ave bus
(grid return of i-f stage is casy point to locate).

6. Conncct the hot terminal of vertical input to ungrounded end of
volume control. Vertical input is then connected across ave load resistor.

7. Sct the RANGE and FREQUENCY controls to about 400 cycles.

8. Set the sync control to about its halfway position.

9. Set the TinmiNeG sync switch to its 1Nt position, and turn on the os-
cilloscope.

10. Adjust controls to get a clear stationary image on the screen of sine
waveform.
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11. Incrcasc output from the signal generator.

12. TImagc on the screen should continue to increase in vertical direction
up to a point.

13. Increase output from the signal gencrator.

14. TImagc on the screen should not increase in size. Be sure not to turn
the gencrator up too high.

15. Distortion of the image indicates a defect in the ave condensers.

Evaluation of the Oscilloscope as a Service Instrument. As a service
instrument, the oscilloscope is an extremely uscful instrument. Its high-
impedance input enables you to connect the instrument into any circuit
of the recciver without loading any of them. Further, it gives you a picture
of what is going on in the receiver and thereby climinates in part the neccs-
sity of interpreting what a particular reading on a mcter signifies. Truly,
onc picture is worth a thousand words.

For the a-m recciver, however, you can service defects with other service
instruments. ITowever, in the alignment of high-fidelity receivers, the os-
cilloscope finds its most important use. In one other way the oscilloscope
is of great valuc to the serviceman. The customer will enjoy seeing the
results of your servicing techniques on the screen. He will understand, as
from no other mcthod of explaining, your skill in service techniques and
in the use of a complex instrument. Your service charge will be accepted
more readily.
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Glossary of Receiver Complaints

Value of a Glossary of Complaints. Up to this chapter, you have been
told how to tackle various rccciver defects. Enough explanation of service
theory has been presented to cnable vou to approach radio-servicing prob-
lems with intclligent understanding. That approach is probably the best
one, becausc it will enablc vou to think through the usual as well as the
unusual tvpe of defects. As a result, vou will find yoursclf reasoning at cvery
step of your procedure, dirccting every one of your checks and tests and
properly interpreting the indications on your test instruments.

The glossary presented in this chapter is a summary of all the under-
standings vou got from preceding chapters. It docs not tell vou how to
use vour scrvice instruments. But it does point up the way in which various
conditions may producc receiver defects. As such, the glossary is valuable
in that it dirccts you in the checks and tests to be made. Wherever pos-
sible, the defects which occur most frequently will be listed at the head
of a tablc of possible causes for cach defective condition. The glossary will
be especially valuable after you have localized a defective stage.

Therc are many ways in which a service glossary may be presented.
Troubles may be presented by their manifestations in various stages or
sections of the receiver. Or, the troubles may be presented in a classified
system according to the manner in which they manifest themsclves in the
total output of the receiver. Another way is to present troubles as they
might result from improper operation of component parts. In this chapter
we shall try to present various systems of classification.

How Components Become Defective. The broadcst approach to a glos-

sary for a servicing book is a description of how the various components of
228
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a receiver may become defective. Such a glossary will give vou a lcad after
you have localized a defective stage. Usc it only in that manner.

Tubes. Tubes become defective in various ways. Elements within the
tube may open from their conncctions. As a result the tube would be-
come inoperative. A similar cffect would result when some of the tube
clements short to cach other within the tube. Somctimes the tube ages
and the electronic emission from the cathode or flament decreases to a
level much below normal. The resulting cffect would be weak tube out-
put, as well as a distorting effcct with respect to the signal. At other timcs,
lcakage may develop between the cathode and the heater of a tube. As
you already lcamced, this condition may result in hum from the receiver.
Again, loosc clements within the tube may vibrate mechanically and sct
up a microphonic howl. Tubes may also be the cause of noise. Poor in-
termal conncctions or momentary contacting of clements or gas within a
high-vacuum tube would causc such a condition. In the casc of an oscilla-
tor tube, circuit conditions could result in critical oscillation, where the
tube would fail to oscillate at the low-frequency end of the broadcast band.

Tuning Condensers. Many defects may result from defeets in tuning
condensers. Conductive dust between the rotor and stator plates could
produce noisc or cven producc a dead receiver. Bent plates would cause
contact between stator and rotor plates at certain points and producc a
dcad receiver at certain points of the tuning range. A similar cffect would
be caused by a loosened nut holding the rotor or stator plates in proper
parallel alignment. Somctimes, the rubber supports for a tuning gang
harden. As a result the gang may vibrate and produce microphonic howls.
Another possible source of trouble is the wiper contacts to the rotor plates.
Corrosion at thosc poits or dirt between the contacts could produce weak
output, noise, or oscillation squcal.

Paper, Mica, and Ceramic Condensers. These condcenscrs arc known as
solid dielectric condensers. The cffect that would result when they became
defective depends on the function that they serve within the receiver and
should be analvzed from that point of view. Sometimes, the lcads of these
condensers separate from the foil plates. The condenser is then said to be
open and acts as though it were not present at all. At other times, a
short develops between the condenser plates. The condenser then fails to
act as a condenser and serves merely as a conductor, passing dircet and
altcrnating currents through it. Or the condenser may become leaky, serv-
ing both as an incffective condenser and as a fairly high-resistance con-
ductor.
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Electrolytic Condensars. Elcctrolytic condenscrs are used in the power
supply and as the cathode bypass condenser for the output tubc of the
receiver. They arc polarized condensers and must always be connected with
the positive terminal to the positive side of a line. They are always used
in circuits passing alternating currents with d-c components.

Sometimes, as a result of too high a voltage, a short develops within an
clectrolytic condenser. The condenser then becomes a good conductor for
both alternating and dircct currents. In the power supply, this defect
shorts out the B supply with possible damage to the rectifier tube and
the power transformer, if present. As the cathode bypass condenser, it
would short out the cathode bias resistor and result in recciver distortion.

A somewhat similar cffect would occur when clectrolytic condenscrs
become excessively leaky, although not quite a short. Of course, a normal
lcakage current of about 0.3 milliamperc per mfd of capacitance in clectro-
Ivtic condensers is not to be considered as a sign of a defect.

At other times, electrolytic condensers may dry up. When this occurs,
they overheat and lose capacitance, thereby failing in their normal functions.
As filter condensers in the power supply, such condensers result in hum,
distortion, and lowered B voltage. As the cathode bypass condenscr, they
produce low gain as well as poor low-frequency response. Very rarcly will
clectrolytic condensers open and act as though they are not present.

Trimmer Condensers. I'rimmer condensers arc usually semivariable con-
densers used with resonant circuits. Onc may be found in the wave trap
if the latter is present. Trimmer condensers may be found with the input
tuning circuits to the r-f stage and the mixer portion of the converter
tube. These condensers are found on two sections of the tuning gang
assembly. Trimmer condensers are also found in the tuning circuit of the
oscillator portion of the converter. And finally, trimmer condensers may
be found in the input and output if transformers.

Trimmer condensers are fairly rugged and rarcly develop defects. Some-
times dirt gets in between the two plates and causes noisc. More often,
however, the sctting of these condenscrs vary for one rcason or another.
The resulting condition is a misalignment of the tunced circuits of which
thev arc a part. As we saw previously, misalignment may make the re-
ceiver insensitive and weak, may causc poor selectivity, may causc distor-
tion or oscillation whistle, and may throw off the tuning-dial calibration
of the receiver.

Volume and Tone Controls. Volume and tone controls arc continuously
variable resistors whose resistive clement is usually of the carbon-composi-
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tion type. Because the contacts in these controls arc of the sliding type,
various defects occur. Sometimes the resistor strips become wom and
cracked. The variation in control resistance is no longer smooth and cven.
Noise or intermittent operation may result. At other times, dirt accumu-
lates between the sliding arm and its contact ring, producing poor con-
tact and noisc. And sometimes the volume control may open because of
a break in the resistor clement or no contact between the sliding arm and
its contact ring. The resulting cffect would depend on the circuit in
which the control is a component. Similar defects may occur to such con-
trols utilizing a wire-wound resistor.

Carbon Resistors. These are the color-coded fixed resistors that are ex-
tensively used in all receivers. They do not develop defects too frequently.
Sometimes they crack and create an open circuit where a resistive path
normally should have been. The effect produced in the receiver depends
on the function served by the resistor. At other times, as a result of over-
heating, the carbon particles in the resistor fuse together, and the over-all
resistance of the resistor decrcases. As a result, the resistor passes more
current than it was designed to do. The condition of overhcating could
result from various conditions, like placcment near a hot component,
or usc of a resistor whose wattage rating is too low, or passage of too
much current becausc of the brecakdown of some associated compo-
nent.

Wire-wound Variable Resistors. These rcsistors are usually used as
voltage dividers and have cither fixed or adjustable taps. They usually pass
large currents and develop considerable heat. Sometimes adjacent turns
make clectrical contact and short out part of the resistor. The resistance
goes down, thc amount of current passed increases as docs the amount of
heat produced. The life of the component is shortened. At other times,
an open develops in the wire resistor, and a portion becomes nonfunctional.
If arcing occurs across a gap in the wire or between adjacent turns, noise
results. And finally, poor contacts may develop between the tap and the
resistance wire. As a result, that contact overhcats and mayv open the
contact completely.

Coils: Air-core and Iron-core. Coils of wirc arc used throughout the
recciver. They may be air-core coils like r-f coils, antenna coils, oscillator
coils, and i-f coils. Or they may be iron-core coils like power transformers,
filter chokes, speaker fields, a-f transformers, and output transformers.

Many of the defects that such coils develop are common to both types.
Shorts may develop between the turns of wire in the coil, therchy reducing
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both the resistance and inductance of the coils. If arcing occurs between
turns, noisc results. This condition may be particularly bad in iron-core
coils where shorts may develop between adjacent layers of wire.

Another fairly common defect is corrosion of the contact between the
coil wire and its lugs, giving a poor noisy contact or a completely open
condition. Corrosion may also creatc a partial or complcte open anywhere
along the wirc coil. This condition is morc common in the air-core coils
with their thin wire. With air-core transformers, the primary winding is
more likely to develop corrosion difficulties.

Iron-core coils devclop other difficultics. Sometimes the wires short to
the iron core, which is usually connected to chassis. Shorting out of
high B voltages may result. And finally, the laminated iron-core plates may
become loose and sct up a mechanical hum in the recciver as a result of
an induced vibration.

Loudspeakers. Loudspcakers may develop many defects. As with iron-
core coils, the speaker ficld may open, short to its iron core, or develop
shorts between tums and layers. The resulting cffect would be determined
by how the field is used in the recciver circuit. The voice coil may open
and produce a decad receiver. If the cemented turns of the voice coil break
apart, they produce buzzes and distortion from the receiver.

Distortion may result from a defective voice coil in other ways. A bent
voice coil form, a loose spider, an off-center pole picce, or dirt between
the voice-coil form and the center pole piece would produce rubbing and
distortion or noise. Also, a torn paper-cone or a warped paper cone or a
cone loose from its basket support would produce recciver distortion or
noisc. Loosc loudspeaker bolts could produce annoying rattles.

Switches. Somctimes switches produce recciver defects. Dirt collects on
the contacts, or the contacts corrode. Improper conncction is made and
noise results. In extreme cases, the contacts open and the switch becomes
completely moperative.

Tube Sockets. Tubc sockets may become a source of trouble, Spring
clips in the sockets grip and make good contact with the tube pins. Some-
times, after numerous removals and replacements of tubes, the clips make
poor contact or cven no contact with the tube pins. Noise or an inopera-
tive tube would be the result. Furthermore, the tube pins are close to-
gether in the socket. Collection of dirt at the socket or charring of the
socket material could produce a high-resistance conductive path between
tube pins where no conncction is desired. All types of recciver defects
could be caused by this defective condition.
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Line Cord and Plug. Dcfccts produced by the line cord and plug are
often considered to lic outside the recciver, but their cffect is readily
heard in the recciver. A plug, looscly set in the power outlet, would pro-
duce considcrable disturbing noisc. A similar defect would occur if a fuse
were looscly sct in its screw receptacle or if the line cord were poorly
connccted to the screw contacts of the plug. If the line cord contained a
linc-cord resistor, a break often could occur in the resistance wire. As a
result, the tube heaters would not light. Sometimes a customer cuts this
type of line cord and resistor and burns out a tube when he plugs into the
power socket, because not enough line voltage is dropped over the short-
cned resistance wire.

Antenna. The antcnna may be a source of defects, especially when an
outdoor antenna is used. A poor connection between the flat-top and
lead-in wire, or between the leadin and window strip, or between window
strip and recciver, or between receiver and ground would produce noise.
A grounding flat-top or lcad-in wirc would also produce noise. A dcfinite
brecak would produce an inoperative receiver. Defective lightning arresters
could producc similar effects. A loose swinging flat-top could produce
fading.

Connections. Most conncctions within the receiver are soldered connec-
tions. They may corrode in time and make poor conncctions or even
result in open connections. Sometimes sparking occurs at the joint with
resulting noisc. Another aspect of connections are those made by shields.
They may make poor mechanical contacts with the receiver chassis with
resulting noise or other defects. ‘

Cabinets. Cabinets are often responsible for noise. Loose or broken
parts or loosc dial windows might vibratc and produce annoying buzzes
and rattles. The remedy, of coursc, is to damp these mechanical vibrations
by tightening down on the loose part.

Tuning Dials. In the case of indircctly driven tuning dials, scveral defec-
tive conditions might result. The driving cord might slip on its pulley and
prevent you from tuning easily to a particular station. Sometimes the
driving cord breaks, and you then are unable to tune the receiver at all.

Vibrators. In vibrator power supplies uscd in auto radios the vibrator
may be a source of trouble. Pitting of the contact points may give ex-
tremely irrcgular operation or prevent any vibrator action. The usual
remedy is vibrator replacement.

Batteries. In battery reccivers or three-way portable receivers, the bat-
teries are a frequent source of trouble. Energy drain from the batteries is
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rapid, and their voltage soon drops below the required level. Weak output
and distortion frequently follow as a conscquence. Another defective con-
dition is corrosion of the battery terminals producing high-resistance con-
tacts. Or corrosion across the battery plug may short the battery.

Receiver-circuit Analysis. Another system for organizing a glossary is
that of analyzing a tvpical receiver—stage by stage, circuit by circuit—to
detcrmine how component failures could produce defective recciver opera-
tion. The hope in such a glossary is that such a systematic analysis could
furnish clucs for other receivers with similar circuits.

Figure 14-1 is the schematic diagram of a typical a-c receiver. It will
serve as the basic receiver for analysis. For speedy and cffective location of
parts to which you may have to refer, markers arc indicated at the top
and right side, as on a road map. For cxample, volume control R-27
would be located by using the markers 4H. NMove down column [T and
left of section 4. Where the two sections intersect, you will find the com-
ponent mentioned. The most frequent defects will now be tabulated.

Tabulation of Defects and Effects. The componcent defects for each sec-
tion of the typical a-c receiver of Fig. 14-1 arc tabulated in Tables 1
through 8. These cannot, of course, include conditions like bad connec-
tions, poor sockets, and similar conditions. ITowever, you must not over-
look their cxistenee in practical servicing.

Table 1. Power-supply Defects

Component | Location Defective Condition Accompanying Effects
P-1 1G 1. Open line cord or plug. 1. Tubes do not light.
. Poor seating of plug in . Noise or intermittent operation.
socket.
S 1G . Open switch. . Tubes do not light.
. Poor switch contact. . Noise or intermittent operation.
1.7 1H . Open transformer primary. . Tubes do not light.
. Shorted h-v secondary. . Overheated transformer; weak out-
put.
C-17 1H . Open condenser. . Modulation hum; noise.
V-6 1 . Low emission. . Weak output.
. Gassy. . Glows with purple light. Dead re-
ceiver or hum,
C5 ¥} . Dried out; low capaci- . Weak output plus hum.
tance. . Weak output plus hum.
. Open. . No B voltage; plates of rectifier red
. Shorted. hot.
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Table 1. Power-supply Defects

(Continved)

Component | Location |

Defective Condition

Accompanying Effacts

L-15 1 . Open. . Receiver dead. No B voltage.
. Short to speaker pot. . Receiver dead. No B voltage. Dam-
age to power supply.
. Open, but arcing. . Noise and weak reception.
4. Shorted turns. . Hum.
C-16 1K . Dried out; low capaci- . Hum,
tance. 2. Hum, squeal, or motorboating.
. Open. . No B voltage; receiver dead. Over-
. Shorted. heated rectifier.
R-15 2K . Open. . No screen voltage. Receiver dead.
. Decrease in resistance. . Screen voltage rises. Passible oscil-
lation or fading.
R-16 2K . Open. . No voltage divider action. Screen
voltage high.
. Decrease in resistance. . Low screen voltages. Possible oscil-
lation and distortion.
C-15/C16 | 11/1K . Leakage between conden- . Hum.
sers in a block.
Table 2. Loudspeaker Defects
Component | Location Defective Condition Accompanying Effects
L15 1 . Open. . Receiver dead. No B voltage.
. Short to speaker pot. . Receiver dead. No. B voltage. Dam-
. Open, but arcing. age to power supply.
. Noise and weak receiver.
vCa 6M . Open. . Receiver dead.
. Rubbing voice coil caused . Rattle, weak receiver, distortion.
by:
a. Warped coil form.
b. Loose spider.
c. Grit around V-C form.
d. Off-center pot.
. Loosened voice coil wires. . Buzzes, distortion.
Paper cone 6M . Torn. . Rattles.
. Loose from basket. . Rattles.
. Warped. . Distortion.
Mounting 6M . Loose. . Rattles.

screws
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Table 3. Output-stage Defects

Component | Location Defective Condition Accompanying Effects
R-12 5J) 1. Open. 1. Distortion. Low plate voltage. Mo-
torboating.
Cc-13 5K 1. Dries out, loses capaci- 1. Weak reception. Poor low-frequency
tance. response.
2. Short or high leakage. 2. Distortion. Low plate voltage.
3. Open. 3. Distortion. Weak output.
R-13 5K 1. Open. 1. Dead receiver. High plate voltage.
C-13 may short.
2. Lowered resistance. 2. Distortion.
c-12 7K 1. Short. 1. Dead receiver. No plate voltage.
Overheated rectifier.
2. Open. 2. Weak output. Distortion. Oscilla-
tion.
T-6 6L 1. Open primary. 1. Dead receiver. No plate voltage.
Red-hot screen.
2. Shorted turns in primary. | 2. Weak output.
V-5 7K 1. Low emission. 1. Weak reception. Distortion. High
plate voltage.
2. Loose elements. 2. Microphonics or noise.
3. Cathode-heater leakage. 3. Hum.
4. Grid emission. 4. Distortion after a few minutes. Posi-
tive grid.
5. Open heater. 5. Dead receiver. Tube doesn’t light.
Table 4. First A-F Stage Defects
Component | Location Defective Condition Accompanying Effects
R-27 4H 1. Open. 1. Dead receiver.
2. Internal dirt. 2. Noise, intermittent operation, fad-
ing.
3. Cracked resistive element. 3. Noise, intermittent operatian, fad-
ing.
c-31 4l 1. Open. 1. Dead receiver.
2. Leakage. 2. Distortion.
R-31 51 1. Open. 1. Distortion. Low plate voltage. Mo-
torboating.
V-4 71 1. Cathode-heater leakage. 1. Hum,
2. Low emission. 2. Weak output. Distortion.
3. Open heater. 3. Dead receiver. Tube doesn’t light.
4. Loose elements. 4. Microphonics or noise.
5. Grid emission. 5. Distortion after a few minutes. Posi-

tive grid.
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Table 4. First A-F Stage Defects (Continued)
Component Location Defective Condition Accompanying Effects
R-32 5] 1. Open. 1. Dead receiver. No plate voltage.
C-32 7] 1. Open. 1. Dead receiver. Voltages normal.
2. Short or leaky. 2. Distortion. Positive V-5 grid.
3. Intermittent open. 3. Intermittent reception, fading.
Table 5. Detector-AVC Stage Defects
Component | Location Defective Condition Accompanying Effects
c-n 6H 1. Improper setting. 1. Misalignment.
or 2. Dirt inside. 2. Noise. Misalignment.
c10 3. Short. 3. Dead receiver.
-1 6H 1. Open. 1. Dead receiver,
2. Corroded coil. 2. Noise. Coil resistance high.
L-10 6H 1. Open. 1. Dead receiver. No plate voltage
for v-3.
2. Corroded coil. 2, Noise. Coil resistance high.
V-4 71 1. Defective. 1. Hum, weak output, distortion, or
dead receiver.
R-28 3H 1. Open. 1. Dead receiver. Possible hum,
Cc-28 3H 1. Open. 1. Weak output. Oscillation. Motor-
boating.
2. leaky. 2. Distortion on strong signals. Low
ave voltage.
Table 6. I-F Amplifier Stage Defects
Component | Location Defective Condition Accompanying Effects
c9 6F 1. Improper setting. 1. Misalignment,
or 2. Dirt inside. 2. Noise. Misalignment.
Cc8
L-9 6F 1. Open. 1. Dead receiver.
2. Corroded coil. 2. Noise. Coil resistance high.
L-8 6F 1. Open. 1. Dead receiver. No plate voltage for
V-2,
2. Corroded coil. 2. Noise. Coil resistance high.
R-23 5G 1. Open. 1. Dead receiver. High cathode-to-
ground voltage.
Cc-23 5G 1. Open. 1. Weak reception.
2. Intermittent open. 2. Intermittent fading.
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Table 6. I-F Amplifier Stage Defects (Continued)
Component | Location Defective Condition | Accompanying Effects
C-24 4G 1. Open. 1. Oscillation.
2. Short. 2. Dead receiver. No screen voltage.
Damage to R-24.
R-24 5G 1. Open. | 1. Dead receiver. No screen voltage.
C-25 4H 1. Short. 1. Dead receiver. No plate voltage.
Damage to R-25.
2. Open. 2. Oscillation. Voltages normal.
R-25 5H 1. Open. I 1. Dead recziver. No plate voltage.
V-3 7G 1. Open heater. 1. Dead receiver. Tube does not light.
2. Low emission. 2. Weak reception. Distortion.
3. Loose elements. 3. Noise. Microphories.
Table 7. Converter Defects
Component | Lceation Defective Condition Accompanying Effects
L-5 6D 1. Open. 1. Dead receiver or weak reception
plus hum and distortion.
2. Corrosion. 2. Noise. Weak reception. Broad tun-
ing.
L4 6D 1. Open. 1. Dead receiver. No plate voltage
for V-1.
2. Corrosion. 2. Noise. Weak reception,
C-5 6D 1. Drive cord slips. 1. Difficult tuning.
or 4E 2. Drive cord broken. 2. Cannot tune.
Cc-6 3. Poor wiper contact. 3. Noise. Intermittent operation.
4. Dirt between plates. 4 Noise.
5. Short between plates. 5. Noise. Dead spots on tuning dial.
5. Hardened rubber supports. | 6. Microphonics.
C-5A 6D 1. Short. 1. Receiver dead.
Cc.29 5D 1. Open. 1. Weak reception. Oscillation. High
noise level.
2. leaky. 2. Distortion on strong signals.
3. Short. 3. Distortion. No avc voltage.
R-29 3D 1. Open. 1. Distortion. Weak reception. Possi-
bly dead receiver.
L7 4E 1. Open. 1. Dead receiver. No voltage on oscil-
lator anode.
2. Corrosion. 2. Noise.
L-6 4E 1. Open. 1. Dead receiver.
2. Corrosion. 2. Noise. Oscillator instability.
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Table 7. Converter Defects (Continued)
Component | Lccation Defect.ve Condition Accompanying Effacts
R-20 3E 1. Open. 1. Dead receiver. No voltage on oscil-
lator anode.
Cc-20 ki3 1. Short. 1. Dead receiver. No oscillator anode
voltage. Damage ta R-20.
2. Open. 2. Dead receiver. Inoperative oscil-
lator. Low oscillator anode voltage.
C-6A 3E 1. Misaligned. 1. Tuning dial does not track. Possible
dead receiver.
2. Dirty. 2. Noise. Possible dead receiver.
Cc.7 3E 1. Misaligned. 1. Tuning dial does not track. Possible
dead receiver.
2. Dirty. 2. Noise.
V-2 7E 1. Cathode-heater leakage. 1. Modulation hum,
2. Open heater. 2. Receiver dead. Tube does not light.
3. Critical oscillation. 3. Receiver dead at low-frequency end
of band.
4. Loose elements. 4. Noise. Intermittent operation.
R-18 5E 1. Open. 1. Receiver dead. High cathode-to-
ground voltage.
Cc-19 5& 1. Open. 1. Dead receiver.
2. Changed resistance. 2. Dead receiver.
c-18 5E 1. Open. 1. Weak reception.
C-22 4F 1. Open, 1. Weak reception. Squeals.
c-21 6F 1. Open. 1. Oscillation squeal.
Table 8. R-F Amplifier Stage Defects
Component | Lccation Defective Condition Accompanying Effacts
L1 58 1. Open. 1. Dead receiver or noisy and weak.
2. Corrosion. 2. Noise.
L2 58 1. Open. 1. Weak, noisy reception. Possible
hum.
2. Corrosion. 2. Noise.
c-2 53 1. Drive cord slips. 1. Difficult tuning.
2. Drive cord broken. 2. Cannot tune.
3. Poor wiper contact. 3. Noise. Intermittent operation.
4. Dirt between plates, 4. Noise.
5. Short between plates. 5. Noise. Dead spots on tuning dial.

. Hardened rubber supports.

Voltage normal.

. Microphonics.
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Table 8. R-F Amplifier Stage Defects (Continved)

Component | Lccation Defective Condition Accompanying Eff2cts
C-2A 68 1. Short. 1. Receiver dead.
2. Dirty. 2. Noise.
C-14 6C 1. Short. 1. Dead receiver. No screen voltage.
Damage to R-14.
2. Open. 2. Tunable oscillation squeal.
C-4 4D 1. Short. 1. Dead receiver. No plate voltage.
Damage to R-4,
2. Open. 2. Weak reception. Possible oscilla-
tion.
Cc-30 58 1. Short. 1. Distortion. No avc voltage.
2. Open. 2. Only strong stations come in. High
noise level.
R-4 4D 1. Open. 1. Receiver dead. No plate voltage.
R-1 5C 1. Open. 1. Dead receiver. High cathode-to-
ground voltage.
R-14 5C 1. Open. 1. Dead receiver. Na szreen voltage.
C 5C 1. Open. 1. Weak reception.
L-3 6A 1. Open. 1. Station interference.
Cc-3 5A 1. Wrong setting. 1. Misalignment. Station interference.
V- 7C 1. Low emission. 1. Weak reception. Distortion.
2. Laose elements. 2. Noise. Microphonics.
3. Open heater. 3. Dead receiver. Tube does nat light.
4. Cathode-heater leakage. 4. Hum,

Of course, a glossary of component dcfects based on a typical circuit
cannot be cqually uscful for all receivers. It cannot possibly cover ali the
variations of recciver circuits and types. But it can develop a skill in circuit
analvsis which may be extremely useful for any receiver. The least uscful-
ness of the glossary just presented is found in the a-c/d-c power supply,
the auto-radio power supply, and the three-way portable receiver. A brief
glossary will now be presented covering those variations.

A-C/D-C Power Supply. Figure I14-2 shows the schematic diagram of a
tvpical a-c/d-c power supply. Common component defects for this are
listed in Table 9. For the balance of the receiver, component defects are
very similar to those presented for the a-c recciver above.
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Fig. 14-2. Schematic diagram of a typical a-c/d-c receiver power supply

Auto-radio Power Supply. Figurc 14-3 shows a tvpical auto-radio power
supply, and Table 10 gives the component defects. For the rest of the
receiver, defects are similar to other receivers, except for the possibility of
a grounded antenna or improper shiclding.

I<

—_——

~C!

"7

|
III—T
|

CON |

0
Q Fi s
BATTERY T

—oB+

—~C3

Fig. 14-3. A typical auto-radio power supply
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Table 9. A-C/D-C Power-supply

—oB -

Component Defective Condition Accompanying Effects
P-1 . Plug poorly seated in outlet. . Noise. Intermittent operation.
. Plug wires poorly connected . Noise. Intermittent operation.
to screws.
. Plug incorrectly polarized in . Dead receiver. Tubes light.
d-c outlet.
PL . Pilot lamp loose in base. . Noise.
. Pilot lamp keeps burning . Open half of V-5 heater. Shorted receiver
out. B supply.
$-1 . Open switch. . Receiver dead. Tubes do not light.

. Poor switch contact.

. Noise or intermittent operation.
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Table 9. A-C/D-C Power-supply Defects (Continved)

Component Defective Condition Accompanying Effects
c 1. Open. 1. Modulation hum.
2. Short. 2. Blows house fuse.
V-5 1. Weak emission. 1. Weak reception. Distortion.
2. Open cathode lead. 2. Dead receiver. Tubes light. No B voltage.
3. Open heater. 3. Dead receiver. No tubes light.
C-2 1. Open. 1. Hum. Low B voltage. Distortion and weak
rezeption.
2. Short. 2. Dead receiver. Ruined V-5. No B voltage.
3. Leaky. 3. Hum. Distortion. Overheated V-5.
4. Dried out, lowered capacity. | 4. Hum. Distortion.
Cc-3 1. Open. 1. Hum, motorboats, or squeols.
2. Short. 2. No B voltage. Overheated V-5. Hum.
L 1. Open. 1. Dead receiver. No B voltage.
2. Shorted turns. 2. Hum. Noise.
3. Corroded turns. 3. Noise.
4. Short to speaker pot. 4. Dead receiver. Ruined V-5.
vV-1,Vv-2, 1. Cathode-heater leakage. 1. Hum.
V3,V4,V-5 2. Intermittent heater open. 2. Receiver goes on and off intermittently.
3. Open heater. 3. Dead receiver. All tubes out.
4. Internal short. 4. Some tubes do not light, others overheat.
5. Loose elements. 5. Microphonics. Noise.
Table 10. Auto-radio Power-supply Def:cts
Component Defective Condition Acccmpanying Effects
CON-1 1. Disconrected battery lead. 1. Dead receiver. Vibrator not buzzing. No B
voltage.
o 1. Poor ground connections. 1. Excess hash.
Vi1 1. Defective vibrator. 1. Dead receiver. Vibrator not buzzing. No B
voltage.
2. Worn vibrator. 2. Intermittent operation. Fuse F-1 may blow
out. Hash.
F1 1. Blown out fuse. 1. Dead receiver. Vibrator not buzzing. No B
voltage.
2. Poor fuse contact. 2. Noise. Weak reception. Intermittent opera-
tion.
S-1 1. Open switch. 1. Dead receiver. Vibrator not buzzing. No B
voltage.
2. Poor contact. 2. Noise. Overheated switch. Weak reception.
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Table 10. Auta-radia Pawer-supply Defects (Cantinued)

Compcnent | Dafective Condition Accompanying Effacts
CcA 1. Shorted buffer condenser. 1. Dacd receiver. No or low B voltage. Heavy
battery drain.
v 1. Internal short or open 1. Dead receiver. Heavy battery drain.
heater.
2. Low emission. 2. Weak reception,
Cc-2 1. Open. 1. Hom.
2. Short, 2. Dead receiver. Heavy battery drain.
3. Leaky. 3. Weak reception. Hum, Low B voltage.
C-3 1. Open. 1. Hum. Ostillation,
2. Short. 2. Dead receiver.
3. Leaky. 3. Hum. Low B voltage.
C-6 1. Open. 1. High hash level.
2. Short. 2. Dead receiver.

Three-way Portable Radio Power Supply. IFigurc 144 shows a typical
power supply for a three-way portable recciver, and ‘Table 11 gives its
component defects.

ve V3 va4 V5 vé
3525 ILB4 ILN7 ILA6 ILNS ILH4

% Vi 2000
(V)

Fig. 14-4. A typical power supply for a three-way portable

Table 11. Three-way Pcrtable Power-supply Defacts

Component Dafective Condition | Accempanying Effacts
R-2, R-3,R-4 1. Open. | 1. Tube heaters burn out. Dead receiver,
V-2,V.3,V-4, 1. Open heater. 1. Receiver dead,

V.5, V-6
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Table 11. Threz-way Portable Power-supply Defects (Continved)

Component Dafect.ve Conditicn Accempanying Effzcts
B-1, B-2 . Batteries weak. . Weak reczption. Distortion. Oscillation,
. Dead batteries. . Dead receiver on battery operation.
. Poor battery plugs. . Noise. Intermittent operation.
S-2 . Open switch, . Dead receiver,
. Dirty corroded contact. . Noise. Intermittent operation.
S-1 . Poor contacts. . Intermittent operation. Failure to switch
from battery to line operation.
c3 . Open. . Modulation hum on line operation.
. Short. . Dead receiver.
\ A . Open heater. . Dead receiver on line operation. Tubes do
not light.
. Low emission. . Weak reception on line operation. Distor-
tion.
(e8] . Open. . Audio howl.
. Dried out, low capacitance. . Audio howl. Weak reception. Distortion,
. Short. . Dead receiver. Ruined V-1.
R . Open, . Dead receiver on line operation; no B volt-
age.
C-2 . Open or lowered capaci- . Hum, oscillation, or motorboating.
tance.
. Short. . Dead receiver.
. Leaky. . Hum an line aperation.
p-1 . Pilat lamp poarly seated. . Noise.

Defective-receiver-operation Analysis.

Still another system for arrang-

ing a scrvicing glossary is that of listing the main reasons for dcfective re-
cciver operation. These will now be listed below:.

Dead A-C Receiver. For an a-c recciver, no program is heard. The tubes
may or may not light, and lmm may or may not be present. Causcs arc

as follows:

. Defective rectifier tube.
. Shorted filter condensers.
. Open heater in any tube.

. Shorted B supply in the receiver.

Open power-transformer primary or sccondary.
Defective wall outlet.

Open filter choke (speaker ficld).

Filter choke shorted to chassis.

© N OV W
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9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Profitable Radio Troubleshooting

Open connections in the receiver.

Open coupling condensers.

Open voltage divider resistors.

Open voice coil.

Open winding in the output transformer.
Break in the receiver line cord.

Internal short in tubes.

Open line fuse.

Open self-bias resistors.

Defective receiver line switch.

Open audio transformers.

Open plate loads (resistors or transformers).
Shorted line filter condenser.

Open volume control.

Shorted signal paths.

Open air-core coils.

Shorted trimmer condensers.

Shorted tuning condensers.

Great misalignment of i-f transformers.
Critical oscillator stage.

Grounded antenna.

Break in antenna, leadin, or window strip.
Short in lightning arrester.

Defective band switch.

Open plate decoupling resistor.
Disconnected grid caps.

Reversed antenna and ground leads to the receiver.

Dead A-C/D-C Receiver. For an a-c/d-c receiver, the same conditions
as those listed above may cause a dead recciver, with a few exceptions
related to the power supply and a few additional factors. Of course, item
5 above is not applicable. Additional factors are:

N Vi W N

Open line-cord resistor.

. Defective ballast tube.

. Open heater voltage-dropping resistor.

. Open filter resistor in the power supply.

. Shorted sclenium rectificr in the power supply.
. Reversed line plug in a d-c wall outlet.
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Dead Portable Receiver. For the threc-way portable recciver, you have
the same defects as for the a-c/d-c recciver with these additional causes:

1. Dcad A or B batteries.

2. Defective battery plugs.

3. Open or overheated heater equalizing resistors.
4. Open modce-of-operation switches.

Dead Auto Radio. Therc arc many causes for a dcad auto receiver. For
the most part, they are the same as those for an a-c recciver, cxcept for
the power supply. These additional causcs are listed below:

Grounded auto antcnma.

Defective vibrator unit.

. Open battery fuse.

. Open line switch.

. Shorted buffer condenser.

. Open or shorted power transformer.

. Wrong polarity of synchronous vibrator.

~1 O VL W~

Weak Receiver. Weak response from a receiver may be caused by fac-
tors listed below:

Low tube cmission.

Recciver misalignment.

Woeak ficld excitation of loudspeaker.

Open or lcaky input filter condenser (plus hum).

. Open cathode bypass condenscr in a-f scction.

Short in filament winding of a-c receiver.

Open coupling condenscrs (for strong locals only).

. Open grid circuit in output stage (plus hum and distortion).
Poorly seated tubes (plus noise).

. Gassy tubes (plus distortion).

. Leaky coupling condenser (plus distortion) in a-f scction.
. Jammed or rubbing voice coil of loudspeaker.

. Open antenna-coil primary.

. Poor tuning condenser wiper contacts.

. Open ave bypass condenser.

. Shorted secondary of antcnna, r-f, and i-f transformers.

. Shorted turns in output transformer.

. Shorted turns in a power-transformer sccondary winding.

. Corrosion in tuned circuits (plus noise).

© NN
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20. Damp tuned circuits.

21. Open sccondary of antenna, r-f, and if transformers.
22. Leaky screen bypass condensers.

23. Opcen plate bypass condenser in output stage.

24. Dirty tuning or trimmer condenscrs.

25. Open plate bypass condenser in a-f scction.

26. Low linc voltage.

27. Break in antenna.

28. Altered resistance of cathode self-bias resistor.

29. Wecak batteries (plus distortion or oscillation).

30. Worn vibrator in auto-radio power supply.

31. Open or leaky bufter condenser in auto-radio power supply.
32. Dcfective volume control.

Receiver Hum. Humming in a receiver may be caused by these condi-
tions:

. Open power-supply filter condensers.

. Lowcred capacity or leaky output filter condenser.

. Cathodc-heater lcakage in tubes (usually the audio scction).
. Open grid circuit (plus distortion).

. Poor lcad dress.

. Poor grounding of shiclds.

. Defective volume control.

. Open line flter condenser (tunable hum).

. Leakage between condensers in a filter condenscr block.
. Shorted turns in the powersupply filter choke.

. Gassy rectifier tube.

. Weak tubes.

. Open cathode bypass condenser.

. Unbalanced tubes in a push-pull stage.

. Open decoupling filter condenser.

. Ovcerbiased tube.

. Leaky screen bypass condenser.

. Antenna pickup from ncarby power lincs.

. Mcchanical vibration of transformer or choke plates.
20. Poor grounding of a recciver.

21. Reversed loudspeaker hum-bucking coil.

22. Shorted turns of a hum-bucking coil.

. Open half of high-voltage sccondary winding in a full-wave rectificr.
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24.
25.
26.
27.
28.
29.
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Reversed plug in outlet receptacle.

Corroded contacts.

Misalignment.

An oscillating stage.

Shorted sccondary winding turns of power transformer.
Open filament center-tap resistor.

Receivers that Squeal and Motorboat. Common causcs for squeals and
motorboating in a recciver arc:

Ne

O NV W=

Open or low-capacitance output filter condenser.
Poor shiclding.

Open screen bypass condenscr.

Open cathode bypass condenser.

Open plate decoupling condenscr.

Open or shorted grid decoupling condenser.
Open screen voltage-dropping resistor.
Misalignment.

. Poor lead dress.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Poor grounding.

Corroded or poor conncctions.

Open grid circuit.

Low tube bias.

Open secondary of antenna, r-f, or i-f transformer.
Poor grid-cap connection.

Improperly grounded tuning condcensers.

Poor wipcr contact in tuning condcensers.
Gassy tubes.

A microphonic tube (loosc internal elements).
Poor rubber mounts.

High line voltage.

Woeak batteries.

Noisy Receiver. The defects listed below may account for a noisy re-
ceiver:

vl 4w N~

Pickup from power lincs.

Pickup by the antenna and ground.

Poor shicld grounding.

Poor scating of the line plug in the wall outlet.
Corroded soldered connections within the receiver.
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6. Intermittent shorting of leads within the receiver.
7. Worn volume and tone controls,

8. Intermittent shorts within a tube.

9. Corroded windings in r-f, i-f, and a-f coils.
10. Conductive dust on tuning condensers.

11. Intermittent shorting of stators and rotors of tuning condensers.
12. Poor seating of tubes in their sockets.

13. Poor tube grid-cap connections.

14. Conductance around a tube base.

15. Dirty wiper contacts of tuning condensers.
16. Loose hardware or parts in the receiver.

17. Poor internal tube contacts.

18. Intermittently open condenser.

19. Loose fuses in the fuse box.

20. Defective switches.

21. Intermittently grounding antenna or leadin.
22. Break in antenna leadin.

23. Cracked carbon resistors.

24. Intermittently shorted turns of wire-wound resistors.
25. Rubbing loudspeaker voice coil.

26. Dirt between voice coil and center pole picce.
27. Torn loudspeaker cone.

28. Loose loudspeaker spider.

29. Loose voice-coil wires (broken cement).

30. Corroded battery connectors.

31. Weak batteries.

32. Weak gassy tubes.

33. Loose pilot light.

34. Leaky condensers.

35. Dirty lightning arrester.

36. Dirty contacts in auto vibrator.

37. Poor grounding bonds in auto recciver.

38. Missing auto static-collector springs.

39. Open hash filter in an auto radio.

40. Defective buffer condenser in an auto radio.
41. Open line filter condenser.

Receiver That Distorts. The causes for distortion in a receiver are listed
below. The defect is usually found in the a-f section of the receiver.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
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Leaky coupling condcensers.

Open output filter condenser (plus hum).

Weak tubcs.

Misalignment.

Grid emission.

Cathodc-heater leakage (plus hum).

Lowecred capacitance of output filter condenser (plus lum).
Shorted cathode bypass condenser.

Cathode bias resistors whose resistance has changed.
Incorrect tube bias.

Shorted turns in the primary of the output transformer.
Open grid circuit (plus hum and weak output).
An oscillating stage.

Rubbing voice coil.

Leaky avc filter condenser.

Warped loudspeaker conc.

Unbalanced push-pull tubes.

Dcfective tone control.

Woeak ficld excitation for loudspeaker.

Woeak batteries.

Location too closc to a powerful station.

Intermittent Receiver. Conditions within the receiver that mayv causc
intermittent operation arc listed below. Fading of station signals is in-
cluded in this defect. Remember that any form of defective operation
may be intermittent.

1.
2.

00 ~1 O\ Vi bW

Intermittently open fixed condenser (rarcly shorts).
Decfective tubes:

a. Intermittently open hcater.

b. Intermittent intcrnal shorts.

c. Intermittently open clectrodes to their leads.

d. Gassy tubes.

c. Grid emission.

. Intermittent open coils.

. Defective volume controls.

. Intemal cracks in fixed resistors.

. Dirty wiper contacts in tuning condenscrs.
. Intcrmittent shorts in tuning condensers.
. Poorly soldered joints.
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9. Poor antenna-ground joints.

10. Intermittently grounding antenna and leadin.
11. Broken window strips.

12. Poor seating of tubes in their sockets.
13. Poor seating of line plug in wall outlets.
14. Loose shields.

15. Intermittent shorts within the recciver.
16. Leaky filter condensers.

17. Poor tube grid-cap connections.

18. Defective switclics.

19. Iron-core coils shorting to chassis.

20. Fixed resistors that change in value.

21. Extreme linc-voltage variations.

22. Leaky coupling condensers.

23. Weak batterics.

24. Worn-out vibrators in car radios.

25. Ciritical oscillator stage.

26. Intermittent shorts in trimmer condensers.
27. Faulty taps in wire-wound resistors.

28. Poor seating of pilot lights.

29. Poor fusc contact in car radio.

30. Swinging antenna flat-top.

Receiver Exhibiting Station Interference. Some station interference ef-
fects are inherent in a low-cost receiver. Those listed below are interfer-
ence effects in reccivers where service adjustment may improve the condi-
tion.

1. Wave trap out of adjustment.
2. Wrong i alignment.

3. Wrong antenna orientation.
4. Too long antenna.

Receiver with Broad Tuning. A receiver that exhibits broad tuning is
said to have poor sclectivity. The possible causes are listed below:

1. Improper r-f and i-f alignment.

2. Tubes with weak emission.

3. Iligh resistance and corroded contacts in tuned circuits.
4. Dirty wiper contacts in tuning condensers.

5. Poor scating of tubes in sockets.
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11.

12

13.

14
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. High-resistance contacts i grid circuits.
. Corroded tube-grid clips.

Weak battcries.

Low linc voltage.

Disconnccted ground conncction.

Too long an antenna.

Poor shiclding.

Inexpensive receiver.

. Too close to a strong station.

253
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Getting Servicing Experience

Experience in Servicing. You have no doubt heard the old saving that
there is no substitute for experience. And it is quite true! At the present
moment, vou probably feel that vou have been fed a tremendous amount
of service information that is bursting forth, rcady to be tested. All that
vou nced is experience in radio servicing in order to feel surc of vour
procedures. It is like the fellow who rcads how to swim, but is never a
swimmer until he gets into the water.

Experience is not obtained by rcading, watching, or even by aimless
servicing. It is the intelligent application of information to the job you
wish to perform—radio servicing. Normally, this is a process which devel-
ops over the vears. You do not want to cnter the radio-service ficld 5 or
10 vears from now but rather as soon as possible. Therefore, vour ex-
perience getting must be carcfully planned and speeded up. In this chapter,
vou will be given a plan for just such a result.

Do not trv to get servicing cxpericnce by constructing a receiver. Your
customer does not wish vou to build a receiver for him. He wishes yvou
to rcpair a receiver that is not functioning normally. He wants you to
diagnosc the defect, track down the cause, and make the neccssary re-
pairs—all in a fairly reasonablc amount of timc and at a reasonable cost.
Your practice must therefore be in those skills, not in construction, which
is an cntircly different skill.

Somc instructors suggest that vou apprentice voursclf to a ncighborhood
scrvicing shop and observe the trained technician at work. This method
comes closer to what vou want, but is still not the best and quickest
mcans of building up vour experience. 'The reasons are obvious. First, the

254
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technician is not going to have the time to explain to vou all the thinking
that cnters into his procedures. Sccond, the types of defects that are
brought into the shop may limit your experience to only a small number
of difficrent defects. What vou want is as broad an cxperience as possible
in a short period of time.

Finally, your guide may be incfficient in his methods. It is like the
fcllow who never became a good ice skater because he practiced doing
the wrong things for years. You will never become cfficient watching an
inefficient technician, even if you obscrve his methods for years.

Well, then, what must vou do to get a broad, cfficient experience in a
short time? The method that we suggest is the onc used by the more pro-
gressive radio schools. It is based on the theory that to get experience in fix-
ing defective scts, you must practice with reccivers that have cvery type of
defect. Of course, you cannot find reccivers with every defect. Thercfore,
vour only alternative is to secure a perfectly good set and deliberately
introduce defects of all types, observing the resulting cffects.

Experience by Servicing Receivers. This method that vou follow is
that of getting experience by actual receiver servicing. As you introduce
various defects, vou should refer back to the service theory presented in
the previous chapters. In that way the information will take on morc
meaning. You should use your nose, eyes, and sense of touch in the search
for external clues.

In addition, vou should make all sorts of ohmmeter and voltmeter mcas-
urements on the receiver. It is advisable first to make measurements on
the receiver while it is still normal, then repeat the measurcments after
vou have introduced the defect. In this way, you will be able to determine
what resistance and voltage changes vour defect has produced.

You should also practice injecting signals into the normal receiver with
a signal generator and listening for the generator note in the recciver loud-
speaker. If available, vou should also practice using a vacuum-tube volt-
meter and cathode-ray oscilloscopc on the normal receiver and then on
the receiver with the defect that vou have introduced.

And also, vou should try making stage-gain measurements on the normal
receiver. Then try misaligning the receiver, and observe the effect in
the loudspeaker and in the output meter. Finally, try re-aligning the re-
ceiver to get it back into normal operation.

But we arc getting a little ahead of oursclves. The manufactured ex-
perience listed above must be approached slowly and in definite order.
The following description gives the precise way of approaching the
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problem. Remember at all times to refer back to the information in the
previous chapters.

Preparatory Steps. Before manufacturing defects in order to build up
vour experiences, you must first lay the groundwork for proper under-
standing. Obtain a receiver—new or old—that vou know is in good shape.
Do not become overambitious at the start. A midget, broadcast-band,
a-c/d-c radio is probably as good a recciver as any. Try to get one with
an r-f amplifier stage, if possible.

But vou are not vet ready to begin. Trace all leads, locate all com-
ponents, and make a schematic diagram of the receiver; then write to the
manufacturer for a copy of the receiver schematic diagram and other
relevant service data. These are usually free of charge. If you cannot get
the diagram, sec if you can get hold of it in Riders’ Manuals or Sams
Photofacts. Compare vour diagram with the manufacturer’s. Practice this
skill until you are perfect at it.

Then leam to trace through the signal circuit from the antenna through
the loudspeaker, using the schematic diagram. Check the B-supply cir-
cuit from the power supply to the tube electrodes. Check the A-supply
circuit from the power supply through the tube heaters. Trace the special
circuits, like the ave circuit, the tuning-eye circuit, if present, and similar
circuits. Be sure that what vou see conforms to the knowledge you have
about the various stages and circuits.

Do not proceed until what you see makes scnse to you. Examine the
schematic diagram for ohmic values of components, as indicated by the
manufacturer in his diagram. Notice the indicated capacitance for cach
condenser. Determine which tuning condensers are ganged. Sce if there
arc any ganged switches. Finally, notice the test points at which the
manufacturer recommends that you make voltage mcasurcments. See if
vou can tell why those test points were chosen.

Another important point to remember is to look through the complete
circuit on the diagram for variations from the tvpical circuit that you
have in mind. Each manufacturer introduces variations from this tvpical
circuit into his receiver to obtain varving results. You must understand
cach circuit completely in order to understand how circuits may have
defects. Of course, this does not imply that vou must be able to cal-
culate all values mathematically as an engineer would do. But vou should
know what cach part in the receiver is doing.

‘Going from the Diagram to the Receiver. Now, you may tumn to the
recciver itself. It is important for vou to recognize in the receiver those
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stages and parts indicated in the diagram. Locate cach stage indicated on
the schematic diagram. Sce if you can identify the if coils. IFind the r-f
coils and the oscillator coil. Locate the oscillator scction of the ganged
tuning condensers. Look for all special switches and controls in the re-
cciver. Locate the filter section of the power supply. Find the ave bus
and tracc it to the controlled stages. Look for all trimmer condensers.
Locate all other parts.

After you have done this for a while, you will have the fccling that you
know the receiver in relation to its schematic diagram. You will be able
to move from any part in the diagram to the corresponding part in the
receiver without wasting valuable time. Do not underestimate this type
of experience. When you finally establish yourself in the actual business
of servicing reccivers, this skill will constantly be used; and too much
time cannot be devoted to it at this stage of vour training.

Becoming Familiar with the Normal Receiver. You arc still not rcady
to train yourself in the diagnosis of defective receivers. Like the doctor
who must first know the characteristics of a healthy person before he can
diagnose a sick person, yvou must first be familiar with a normal receiver
before vou can go to work on a defective one. You must first make various
tests and mcasurements on the receiver which you know is good.

The first serics of mecasurements is made with your ohmmeter. Be surc
that the recciver power is turned off. Connect the ohmmeter from all
tube screcns and plates to B+4-. Find a convenient B-plus point, so that
you may keep onc probe of the ohmmeter on that point for all these
mcasurements. Conncet the ohmmeter for all tubes from the signal grid
to the receiver chassis or common negative. Neasure across other continu-
ous circuits. In each case, first trv to estimate from the schematic diagram
what the resistance value should be. Be sure to look for parallel circuits
when estimating resistance values. And finally, measure the resistance of
coil windings, of clectrolytic condensers, and resistors. Remember to re-
verse the probes after measuring the resistance of electrolytic condensers;
the highest reading is the true value.

Now vou are rcady for voltage mecasurements. Turn on the receiver
and mecasurc the tube clectrode d-c voltages with respect to the chassis or
common negative. If the service notes furnish voltage values for certain
test points, be sure to verifv them by actual mcasurement. Neasure B
voltage from the appropriate point in the power supply to the chassis or
common negative. If vour voltmeter has a sensitivity of about 20,000 ohms
per volt, or if you have a vacuum-tube voltmeter, measure the ave voltage
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from the avc bus to chassis. In each case, be sure to use your voltmeter
with due regard for polarity and proper range.

Service Procedures on a Normal Receiver. The next step is to perform
several over-all service procedures on the normal receiver. Refer back to
previous chapters of the book if vou have forgotten any of the details.
Turn on the recciver and listen for the normal hum level. Tum the volume
up high and listen for the smooth, noiseless increase of volume. Manipu-
late any other special controls and observe the effects produced. If there
is an external antenna and ground, disconnect cach and observe the effect
on the receiver output.

Then practice making stage-gain measurements on the normal receiver
with the volume turned up full. Connect an output meter across the
primary coil of the output transformer. Remember that you then feed a
modulated r-f signal from a signal generator into the input of the r-f
amplificr, the converter, and the i-f amplifier at a level to obtain standard
output on your output mcter (approximately 16 volts). Then feed a
modulated r-f signal into the output of those stages at a level to obtain
standard output once again on the output meter.

The gain of cach stage is found by dividing the level of voltage of the
signal gencrator at the output of the stage by the level of signal generator
voltage at the input of any one stage. In the a-f section of the recciver, you
will feed an a-f signal into the test points of the receiver and then calculate
the gain of each stage in the same manner. Record the attenuator settings
for your signal generator which give standard output.

The measurements just made will give you practice in the important
task of injecting a signal-generator signal into the various stages of the
receiver to produce a note in its loudspeaker. This skill should be thor-
oughly mastered by vou, so that you may actually use it in practice with
speed and assurance. Recall the different types of receiver defects which
are found by means of the signal generator, and you will realize the im-
portance of being adept in the use of this test instrument.

The next technique to practice on the normal receiver is the circuit-
shock procedure. As vou recall, vou must cause a surge of current in one
of the circuits in the signal chain. The result will be a click, thump, growl,
hum, or squeal from the loudspeaker. Begin with the output stage and
work back to the loudspeaker. The simplest circuit-shock method is that
of momentarily shorting the control grid to the tube cathode. Check the
audio section of the receiver by touching the movable arm (center termi-
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nal) of the volume control. You should hear the typical growl of hum
when the control is at mid-position or farther on.

You have now completed the preparatory work before actually examin-
ing a defective receiver. These are the techniques that are absolutely
necessary for any real service work. Only when you feel sure of the be-
havior of the normal receiver should you begin to concentrate on defects.

Service Analysis. You must still keep away from the actual recciver.
Modern schools have found a very interesting technique to be quite
cffective. Place the schematic diagram before you. Imagine cach con-
denser to be open, leaky, or shorted. Try to figure mentally what the
effecct would be on the recciver operation, on the various tube electrode
voltages, on other rcceiver components. Record your answers so that you
may verify them later on the receiver itself.

Similarly, mentally imagine open resistors, resistors that have changed
in resistance, an open coil, a short in a coil, a defective tube, corroded
connections, various spcaker defects, and other abnormal conditions. In
each case, again record your answer for future verification.

For example, assume that a plate load resistor opens. Ask yourself several
questions. What will be the over-all effect on the receiver? 1low will tube
clectrode voltages be affected? Working back from the loudspeaker, at
what point will a signal from the signal generator fail to be heard in the
loudspeaker? How will resistance mcasurcments be affected? By what
procedure can you quickly localize the defect? These are typical questions.

Do not perform this exercisc carclessly. It is probably the finest way to
review all the information. As a further part of this mental servicing,
figure out the procedure you would use for isolating the defective stage
and the defective component. Visualize the test instruments that would
be necessary and the method by which you would use them. You arc now
ready to practice with the recciver itself.

Defective Resistors. Normally, when a receiver is brought to you for
servicing, a defect will be present. But in this experience-getting exercise,
you will introduce the defect yourself. To profit most, observe the over-all
effect on the receiver output. Check voltages in the stage where you have
introduced the defect for any significant change from the voltages ob-
tained in the normal receiver. Try to locate the defect by your section-,
stage-, and component-isolation techniques. Compare actual results with
those you mentally figured out previously. When you are completely sure
of yourself, restore the receiver to normal, introduce a new defect into
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the receiver, and procecd in a similar manner. Be sure to tum off the re-
ceiver when introducing defects.

You can begin intreducing defects by altering the fixed resistors. In
the normal course of cvents in a receiver, fixed resistors open or change
in resistance value. Your job then is to open and change the value of cach
fixed resistor by replacing with other resistors in vour experimental re-
ceiver and to proceed as explained in the paragraph above. Generally,
fixed resistor defects develop in circuits which carry fairly large currents,
like the plate load, screen-grid load, and cathode resistor. Thercfore, try
plaving first with those resistors. They are opened simply by unsoldering
onc end. When vou wish to simulate a resistor that has become lower in
resistance, unsolder one end and solder a resistor of lower value into its
place. Usually vou will have to reduce to about half the original value or
at lcast double the resistance value before any change can be noticed.

Be sure that both resistors are rated at the same wattage. Another
mcthod of simulating the same cffect is to conncct in parallel a resistor
of the same resistance and wattage as the one in the recciver vou wish to
reduce in value. This will drop the resistance value to half its nonmal value.
Sce what happens to the general operation.

Before you introduce any resistor defect, look at the schematic diagram
and sce if the simulated defect would cause any other component to go
bad. Remember that an open cathode resistor might easily cause the
cathode bypass condenser to brcak down because of the risc of voltage
across it. Be prepared to replace that condenser when restoring the re-
ceiver to its normal condition.

Defective Condensers. The next group of defects to introduce arc con-
cerned with fixed condensers. Paper condensers cither short, open, or be-
come lcaky. Electrolytic condensers become defective in the same way
but, in addition, may losc capacitance. You should simulate these defects
with all the fixed receiver condensers. Here, especially, vou must deternnine
in advance whether the defect you introduce will destroy other associated
components. If the damage is too extensive you can skip that test. For
example, do not short filter condensers in the power supply, or plate and
screen bypass condensers which would short the B supply.

An open condenser might be simulated by unsoldering one lcad of the
condenser. A shorted condenser is simulated by connccting a wire across
the condenser terminals. You can simulate a leaky paper condenser by
connecting a l-watt resistor of from 50,000 to 100,000 ohms across the
terminals of the condenser. Electrolytic condensers in the power supply
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should not be shorted, because of the extensive resulting damage. Thesce
filter condensers may be made to behave like a leaky condenser by con-
necting a 10-watt resistor of about 1,000 ohms across the condenser termi-
nals. To simulatc a condition of lowered capacitance in the clectrolytic
flter condensers, connect an clectrolytic condenser of approximately simi-
lar capacitance and voltage rating in secries with it, or even open one lead
of the condenser. :

In the case of the variable tuning condensers short the rotor and stator
plates of cach section. In addition, introduce some dirt and dust under the
wiper contacts of each section and observe the cffect. If possible, remove
the rubber supports from under.the ganged tuning condensers and re-
place with fiber washers. Sce if the receiver output is affected.

Defective Tubes. The next components with which you experiment are
the tubes. Two common defective conditions are cathode-heater leakage
and low emission. Cathode-heater leakage is simulated by connecting a
resistor of about 1,000 ohms from the cathode to onc of the heater termi-
nals of the tube.

A tube may be made to behave weakly, as though its cmission were
low, by decreasing: the heater voltage. This is accomplished by connecting
a filament rheostat of about 25 ohms in series with the heater of the tube.
By turning up the rhcostat, you decrease the heater voltage, thereby
decreasing the clectron flow from the cathode.

Defective Coils. The most common defect of coils in receivers is a
short or an open. You can casily simulate these conditions. To create an
open, simply unsolder one terminal of the coil. To produce a short, jump
a wire across the terminals of the coil.

The shorting procedure is all right for r-f and i-f transformers or any
transformers carrying comparatively weak signal currents. Do not use this
procedure on power transformers, since the larger currents available will
burn up the transformer.

You will on occasion find an r-f or i-f coil that suffers from a lowered
Q factor. You can also simulate that condition by connccting a resistor of
about 10,000 ohms across the coil. Note the effect on the over-all response
of the recciver.

Defective Loudspeakers. Thc loudspcaker may introduce defects in
the recciver in many ways. Simulate cach of those loudspeaker defects and
listen for the receiver response. Simulate a broken spider by loosening the
spider screws. Open one voice-coil connection. If a hum-bucking coil is
present, try reversing its connections. If the receiver has an clectrodynamic
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loudspeaker, open the ficld coil, and observe results. Then repeat with a
shorting wire across the field coil. Remove the paper cone, if possible, and
work the voice-coil form. Replace the cone and note the effect. Remove
the cone, and break the voice-coil cement so that the turns become loose.
Replace the cone and note the effect this time. Remember that, after
each defect, vou must restore the receiver to normal operation. Some of
these experiments will permanently ruin your loudspeaker. Determine if
the experience is worth the cost of a new one.

Service Defects. Up to this point, vou have been checking a normal
receiver and have been introducing defective components. Actually, you
will be given a rcceiver that is defective in such a manner that it will
produce an over-all effect in the output, such as hum, weak output, oscilla-
tion, or similar effects. You should therefore logically practice on a
receiver that is defective in such a manner that the defects produce an over-
all receiver effect, like those listed above.

The simplest procedure is to begin with the dead recciver. Review all
the possible ways in which your test receiver could go dead. In each case,
introduce the defect in your receiver and observe that you have no output.
Then plan a method for localizing the defective section, the defective stage,
and the defective component. With all the service instruments that are
available to you, carry out the localizing procedure until vou isolate the
defective component. Restore the receiver to normal operation.

If vou have available a fellow learner or someone familiar with radio re-
ceivers, have him introduce a defect without your being told what the de-
fect is. Then use your isolating procedures to discover the defect. This last
exercise actually is the type of work you will encounter in a service shop.
Do not forget to time vourself in these exerciscs. Make every isolation
procedure a race with time against your previous records. Remember that
the ultimate goal is correct servicing in the shortest possible time. Do not
be discouraged if you consume much time at first. In time you will proceed
morc rapidly. Get the right procedure first.

In a similar manner, review all the possible ways in which recciver de-
fects produce weak output. Introduce those defects and plan your isolation
procedures. Then use vour available test instruments to carry out your
plans. In each case restore the receiver to its normal operating condition,

Similarly, introduce hum, motorboating, oscillation squcals, noisc, man-
madc interference, distortion, intermittents and interference, Plan your
isolating procedures and carry them out. In each case, listen to the way the
receiver sounds as each defect is introduced, and try to remember the
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sound. These external clues may often guide vou in approaching the prob-
lem. ~

Alignment Exercises. Although vou will have gonc through alignment
procedures in practicing with service defects, it will be worth your while
to make recciver alignment a separate exercise. The need for re-alignment
will often arise, especially after vou replace some recciver components, and
it must be done properly with speed. Review re-alignment of receivers be-
forc beginning the excrcisc.

Comnect an output meter across the primary winding of the output
transformer. Feed a modulated r-f signal from a signal gencrator into the
receiver antenna at such a level as to produce standard output on the out-
put meter when the recciver is tuned to the same frequency as the genera-
tor. Now vary the various recciver trimmers, and note the effect on the
output meter as well as the effect on the modulation note from the loud-
speaker. Restore cach trimmer to its original position after throwing it off.

As a final alignment exercisc, turn cach alignment screw of cach trimmer
about two full turns in cither direction. This step throws the recciver
completely out of alignment. It is now probably worse than a recciver that
will be when brought to vou for servicing. Use vour signal generator and
output meter, and sce how quickly you can rc-align the recciver so that
it operates normally once again. Get the correct procedure first. Then time
vourself repeatedly for improvement in speed.

Replacement Exercise. A frequent job encountered in radio-service work
is the replacement of defective parts. The replacement of tubes, fixed re-
sistors, and condensers are relatively simple tasks. However, the replace-
ment of other components often is complicated and time-consuming.

Practice the replacement of these parts, and try to reduce the time to a
minimum. Replace the volume control. Remove a tube socket and re-
place it with a new one. Disconnect an r-f coil and an i-f coil and replace
with new oncs. If the receiver has a loop antenna, replace it with a new one
and recheck the receiver alignment. Take out the loudspeaker and insert
a new unit. If the receiver has a multicontact switch, disconnect it and
replace with a new onc. If a unit has several connections to it, be sure to
mark those connections to it carefully, so that vou can quickly make the
proper connections to the replacement unit.

Practice with Many Service Instruments. Most of vour previous excrciscs
have been performed with a multimeter and a signal gencrator. Towever,
if vou have other service instruments, trv to usc them to carry out vour
isolating procedures. Review instructions for the use of the vacuum-tube
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voltmcter, the oscilloscope, and other instruments. See which ones do the
job for you in the shortest possible time. Familiarize vourself with the use
of the ones that make vou most cfficient.

Finally, scc if vou can get hold of a varicty of receiver types—multiband
receivers, auto receivers, battery portable receivers, three-way portable re-
ceivers, and receivers with phonograph attachments. Go through the same
excercises as vou did with vour simple test recciver.

The Air Check. Aftcr the serviceman repairs a receiver, he usually puts it
through the air check. is purposc is to be sure that the recciver is normal
in all respects. You should practice making the air check yoursclf. After
vou have restored the test recciver to its original condition by removing the
defect, check it for perfect operation. Tune for all major stations. Sce that
they come in at their proper positions on the tuning dial. Operate all
switches, and sce that they arc performing their required functions. Turn
the volume control up high, and sce that distortion docs not sct in or that
it opcrates without noise.

Finally, prepare the receiver as though it were being returned to a cus-
tomer. Blow out all dust. Remove small bits of solder that may have fallen
into the chassis. Clean up the outside cabinet. This last step is important
because many customers will judge your ability by the over-all external ap-
pearance of their reccivers.

Where Do You Stand? If you have carried out the previous suggestions in
this chapter, you should know where you stand. Normally, you will fecl
surc of yourself and will be raring to get started. Of course, vour cexperi-
cnee will continue to grow with your work, but vou will have built up
plenty of experience to succeed on the job. If vou still do not feel surc of
voursclf, do not throw in the sponge. Repeat the recommended procedures
in this chapter several times, and you cannot miss. Just remember that cach
of us has his own rate of lcaming, and the fact that vou took longer to
catch on docs not signify that you will be inefficient in a shop.
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Case Histories

Value of Case Histories. An esscntial part of any training course in radio
servicing must take into consideration the fact that skill increases as you
build up actual experience on the job. But real expericnce is something
that will consume long periods of your time. A proper approach to the
problem is the case-study approach. Here, you do two things: First, you
make a record of all your scrvice jobs—listing thc brand and model of the
recciver, the service complaint, your external obscrvation, your controlled
tests and checks, the defective components, and the result of your servicing.

Let us look at a specific case as recorded by an experienced serviceman:

1. ITudson Model 1088 a-c recciver.

2. Set goes dead about once a month. Customer states that cach time he
must replace the type 5Y3G rectifier tube.

3. Customer reported that sct began to misbehave after a burned-out
power transformer had been replaced by another serviceman.

4. Checked filter condensers of power supply with ohmmeter. They were
good.

5. Checked for short in B supply from tube elcctrodes to chassis with
ohmmeter. No shorts.

6. Put in a new 5Y3G tube and turned on the recciver. The set played.

7. Made a routine voltage check. Found the liot A line mcasured 5
volts. Checked rectifier filament and found it measured 6 volts. Apparently
previous serviceman interchanged the transformer windings.

8. Connected 5-volt winding to rectifier lieater and 6.3-volt winding to
other tubes.

9. Called customer 4 months later. Sct still playing.

265
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The sccond thing that you must do is to rcad about actual defects on
specific reccivers and about how they were handled by skilled radio service-
men. Make bricf notes on these reports, and file them in a convenient con-
tainer with vour own service notcs. As vou read and digest these case
studics, they become part of vour own experience very quickly.

The actual case studies listed below have been grouped according to the
defeets encountered. The list is by no means all-inclusive. It is mercly
oricntation. Begin collecting these records from here on. Sometimes the
data will be presented very bricfly, other times in more detail. Record as
much data as vou can.

Dead Receiver. 1. An a-c receiver was dead with the input filter con-
denser shorted. The cause was found to be loose plug contacts in the
plug-in loudspeaker which opened the filter choke (speaker ficld).

2. The recciver was dead. The cause was found to be shorted lcads in
the if transformer. Remove the i-f can and insulate the Icads properly.

3. A three-wav portable recciver failed to play in the power-line mode
of opcration. The cause was found to be an open filter resistor. Replace
the resistor.

4. The receiver was dead, although the tubes lit and all voltages were
normal. The cause was found in the second detector, which had a grid-cap
connection. Someone had run the grid lcad under the tube shield and
along the outside. When the shicld was pressed down, it cut through the
grid-lcad insulation and shorted it to the chassis. Tape up the break in the
insulation, and run the lead up inside the tube shicld.

5. The a-c/d-c receiver was dcad, and the tubes did not light. All the
tubes checked all right in a tube checker. The trouble was found to be in
the i-f tube socket. The center hole of the bakelite socket was chipped and
permitted the tube to be inserted in an incorreet position. Replace the
defective socket with a new onc.

6. The a-c/d-c receiver used 5 tubes whose heaters were in serics with a
wirc-wound 90-ohm, 2-watt linc-voltage dropping resistor. The sct repeat-
edly went decad and a tube hcater burned out. The defect was found to be
the result of the dropping resistor. Scveral tums of this resistor were
shorted, so that insufficient voltage was dropped. Replace the resistor with
a new onc.

Weak Receiver. 1. The recciver was dead at the low-frequency end of
the tuning dial, and weak at the high-frequency end. The cause was found
to be an open oscillator coil.

2. The recciver was very weak, with low voltages and more than normal
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hum. ‘The cause was found to be an input filter condenser which had dried
out and lost capacity.

3. The receiver was weak, although tubes checked all right and voltages
were correct. When if trimimers were loosencd the signal increased in
volume. The cause was found to be wet trimmers.

Hum in the Receiver. 1. The receiver hummed. The cause was found to
be leakage between the filter condenser can and chassis. The insulation
was cleaned and coated with mineral oil to remedy the defect.

2. The receiver had a small hum. The cause was found to be reversal of
the terminals of the hum-bucking coil of the loudspeaker caused by pre-
vious faulty scrvicing. Reverse the leads,

3. The recciver hunumed as though a filter condenser was open. The
causc was found to be shorting of the pilot light leads to the chassis
through worn insulation. Replace the Ieads with new ones.

4. The recciver hummed badly. The defect was removed when the
metal container of the filter condensers was dircetly soldered by means of
a wire lead to the chassis.

5. The receiver defect was tunable hum plus distortion. ‘T'he trouble
was removed by dressing the grid lead of the i-f tube away from a nearby
r-f amplifier tube,

6. 'T'he receiver had a bad hum. Investigation showed that some of the
grid lcads werce shiclded by a metal shield, the latter being connected to
common ncegative and being insulated from the chassis by means of spa-
ghetti tubing. It was found that high-resistance leakage had developed
from the shicld to chassis through the tubing. The defeet was corrected
when new spaghetti tubing was used.

Noisy Receiver. 1. Rccciver noisy. Defective dial lights. Thesc lights
arc turncd on and oft by the band switch. Change lamps, and be sure
contacts arc good.

2. The receiver was found to be noisy when jarred. The cause was
found to be poor grounding of the i-f shields, which are grounded through
an cye bolt on the can. Solder jumper from the shicld can to the chassis.

3. T'he recciver was noisy, particularly when changing the volume man-
ually. The cause was found to be a wormn volume control. Replace with a
new control.

4. 'The recciver emitted a sputtering noise, cven when the volume con-
trol was turned all the way down. The cause was found to be a slight
hcater-to-cathode lcakage in the output tube. Replace with a new tube.

5. 'T'he auto receiver had excess vibrator hash. The cause was found to
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be poor grounding of the gang tuning condenser frame. Solder a jumper
from the frame to the chassis.

6. The rcceiver was noisy when the tonc control was adjusted. The
causc was found to bc a lcakv condenser in the tonc-control circuit. Re-
placc the tonc-control condenser.

7. 'The receiver was found to be noisy at the extreme end of the tuning
dial when turning the tuning condenser counterclockwise. The cause was
found to be the driving pulley on the tuning shaft. It caught onc of the
leads to the tuning cve which passed through a hole in the chassis. By do-
ing so it caused the chassis to cut through the insulation of the lcad,
thereby grounding the lead.

8. The receiver was noisy in operation. The trouble was found to be a
short from B-plus to ground inside the speaker-cable plug. Clean the plug
to avoid the intermittent grounding,

9. The recciver cmitted a noisc whenever it was jarred. No loose con-
ncctions were cvident. The defect was found in the power transformer. A
loosc rivet, not very cvident, was found to be the causc. Tty bonding the
rivet to the chassis.

10. The receiver emitted microphonic noise when a loud signal camc
through. The defect was found to be due to dried and hardened rubber
washers on the loudspcaker mounting. Vibrations were transferred to the
tubes. Replace the washers with new rubber washers.

11. The rcceiver was noisy, and no obvious defect was visible. The cause
was found to be a dcfective pilot lamp, even though the lamp scemed to
make good contact in its socket. A curious fact was that the lamp pro-
duced noisc when tried in several other good receivers.

Intermittent Receiver. 1. The recciver was found to be intermittent. The
causc was a poor ground connection from the volume control to the
chassis. Resolder the conncection.

2. 'The recciver developed an intermittent hum. The cause was found to
be in the filter condenscr, which is of the plug-in type. The prongs of the
socket lose tension, and filter action is intermittent. Squeeze the prongs
together for better contact or solder the conncections.

3. The rcceiver intermittently squecaled and howled. The cause was
found to be a loosc i-f tube shield. Clean the shicld, and bend it so that
it makes firm contact with the chassis.

4. The receiver went dead intermittently. The trouble was found in the
metal-sheathed wires running to the volume control. The metal sheath
was soldered to the chassis. The heat during soldering had burncd the
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rubber insulation of the enclosed wire, permitting the wire to short to the
sheatly intermittently.

5. The receiver playved normally and then suddenly dropped in volume.
The trouble was found to be in the oscillator coil, where a connection
broke contact on heating. The defeet can be made to show more quickly
by operating the receiver in a closed carton. Resolder the Iead sccurcly.

6. The receiver operated normally for about 10 minutes and then de-
creased in volume until only strong local stations could be heard. All tubes
checked all right in a tube checker. Tlowever, the condition was cured
when the i-f tube was replaced in the receiver with a new one.

7. A recciver was intermittently noisy at about 15-minute intervals dur-
ing a day. Investigation disclosed a factory ncarby which had an air com-
pressor with a defective motor. '1'he motor sparked cxcessively under heavy
loads, producing the noisc. The plant manager cooperated by having the
motor repaired.

8. The a-c/d-c receiver was intermittent, going on and off periodically.
T'ubes went out whenever the receiver cut off. The defect was found to be
an intermittently thermal opening of the heater of a 12BA6 tube. Replace
with a new tube.

9. The recciver would intermittently go dead or become weak. The de-
fect was the result of a condition in the antenna coil contained within a
shicld can. Vibration of the chassis caused the coil lugs to short to the
shicld can. The condition was corrected by bending in the lugs away from
the can.

Distortion. 1. Recciver is an a-c/d-c set. It distorts after about 10 minutes
of operation. Defect found to be grid cmission in the output tube.

2. The receiver tone was raspy and distorted. The cause was found to
be a leaky coupling condenser between the first a-f tube and the output
tube. Replace with a new condenser.

3. The receiver had severe audio distortion after 10 minutes of opera-
tion. The cause was found to be a gassy first a-f tube. Replace the tube
with a new onec.

4. The receiver was distorted and had weak output. The output tube
chiecked all right in a tube tester. The defect, however, disappeared when
a new output tube was placed in the receiver.

5. The receiver produced distorted output on strong signals. The output
stage was a push-pull stage. The cause was found to be opening of onc
scction of the primary of the output transformer. Replace with a new out-
put transformer.
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6. The recciver delivered a badly distorted output. The defect disap-
peared when a new volume control was used to replace the one in the re-
cCIver.

7. The recciver defect was distortion and fading. The cause was found
to be a defective clectron-ray tuning indicator tube which had apparently
become gassy. The trouble was completely removed when the tube was
replaced with a new tnning indicator tabe. Apparently, the gassy tube had
upsct the operation of the ave system.

8. The recciver defect was distortion that had been localized in the audio
scction. Removing cither of the push-pull output tubes improved the re-
cciver tone. An olmmeter check revealed the fact that corrosion had pro-
duced high resistance in onc half of the primary winding of the output
transformer. ‘The defeet disappeared when a new output transformer was
uscd to replace the old onc.

Squeals and Motorboating. 1. The recciver displaved oscillation squcal.
The cause was found to be misaligned i-f transformers. Re-align thesc trans-
formers.

2. The recciver displaved motorboating. The cause was found to be an
open output filter condenser. Replace with a new condenser.

3. The recciver produced motorboating at the low-frequency end of the
dial. The condition was remedicd when the Icads running to the grid caps
of several tubes were replaced with shiclded leads. The shields were
groundced to the chassis.

4. The recciver uses 1.4-volt tnbes. The defect was microphonic hum.
The condition was improved by placing rubber spacing washers between
the loudspeaker and the baffie.

5. 'I'hc recciver emitted a whistle after the set was in opcration for a
whilc. The defeet was found in the plate decoupling resistor of the if tubc,
which changed its resistance to a lower value as the receiver warmed up.
Replace the resistor with a new onc of 1 or 2 watts.

6. The recciver whistled over the entire range of the tuning dial. No
station could be reccived. The defect was found in the i-f amplificr stage
involving a 6K7 mctal tube. Its No. 1 pin (the shicld) was ungrounded.
‘The condition was cleared up by soldering a jumper from the No. 1 pin
to the chassis.

7. The recciver faded regularly and whistled at the same time. The de-
fect was found to be duc to the decoupling condenser from the low side
of the antenna-coil sccondary to ground. ‘T'his condenser opened intermit-
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tently. The defect was removed when a new rcplacement condenser was
used.

Broad Tuning. The auto receiver had very poor sclectivity and low vol-
ume on weaker stations. The condition improved on damp days. The cause
was found in the antenna matching unit at the base of the antenna. The
unit showed very high resistance from the antenna to the leadin at the
recciver. The coil in the matching unit had corroded severely because of
weathering. Replace the coil.
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Starting a Television and Radio
Servicing Business

Start Slowly. Did vou cver sce the little fellow who, after several days
of coaching, works up cnough courage to lift his feet off the ground and
swim a stroke or so? Ile feels so proud of himsclf that he assumes he mas-
tered the complete skill of swimming and strikes out with intent to swim
considerably more than his beginning ability warrants.

Complete success comes slowly. If vou are like most of us fellows, your
first impulse will be like that of the little fellow. You have learmed a new
fascinating skill and have the urge to strike out. But take it casy. There
arc more bridges to cross than that of being highly trained in television
and radio scrvicing. A business must be run on sound business principles.
If vou strike out into the ficld too rapidly, you may find yourself very soon
in the gravevard of the many failures—not a technical failure but a business
failure.

The purposc of the remaining chapters of the book is to give you
pointers on the business aspect. It will be assumed that now or later you
will handle television servicing along with radio work; hence, the instruc-
tions given apply to both types of work. Master these business rules fully
as vou mastered the technical aspects. Do not be the fellow about whom
they say, “ITe was a good man but could not make a go of it.”

Setting Up Your Business. At this stage of the game, vou are a fairly good
technician. ITowever, vou will still find that you are fecling vour wav. Some
defective receivers will still stump vou. Your speed at work, although ample
for a start, is still not your most cfficient speed. Furthermore, vour com-
munity rcputation as a serviceman is unestablished. To invest a fairly large
sum in a business will strain your finances to the breaking point. This

272
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launching of your business must be carcfully planned if you want to sur-
vive.

Kcep vour expenses down. The most relentless drain on your funds is the
monthly rental. Each month, if vou arc located at a choice site, vou will
reccive a rent bill which must be paid regardless of what your income has
been during the previous month. The best advice to you is to avoid that
item at the start. How can vou do it? Make your servicing business a part-
time business. Hang on to the job that is at present buttering your bread.
Begin scrvicing on a small scale in the evenings and during your sparc time.
T'ruc it will put a drain on vour cnergics, but your intcrest in beginning will
make it scom like fun. Since you still have your old job, there will be no
worry about the volume of busincss at the start.

Locating Your Shop. \Where arc vou going to work if you have no shop?
Well, if vou have a home of vour own, the basement can easily be fixed
up as a service shop. T'ry to sct up a separatc entrance to the basement so
that people mav come and go without parading through a private home.
Strangers will shy away from entering the private domain of a person, par-
ticularly if he is not an acquaintance of theirs.

The basement is a good location for another rcason. When concentrat-
ing on vour work, you will not want members of your family around. They
will break vour train of analytical thinking, divert vou from your checks
and measurements, and perhaps annoy vou with unfounded suggestions.

If vou do not own a home, vou have another alterative. Perhaps onc
of the large shops, showrooms, or cven a large garage in town will let vou
have a comer for a nominal fce or even gratis if their owners arc friends
of vour family. Community contacts will be uscful in finding such a site.
Perhaps raising the point at a church function will find you a good ncigh-
bor. Or perhaps a lodge brother will feel kindly disposed. A little imagina-
tion applicd to the problem should resolve it fairly casily.

You cannot do efficient television and radio servicing work out of a closct
onto the kitchen table. Working space simply must be found. Tackle that
problem first, and do not begin until you have it solved. Pcople will have
more confidence in the man who shows his scriousness by sctting aside
space for a job. They will feel that you are in business, not working off a
shocstring.

Your Basic Equipment. By now vou know that you need equipment if
vou are going to do an cfficient job. Certainly, cquipment is expensive, but
there is no choice about getting it. Again, vou will nced to keep expense
down. Do not cut comers by purchasing cheap cquipment that will not
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stand up over the vears. Instead, buy the minimum amount of basic equip-
ment; but by all means get good cquipment put out by reputable and
reliable manufacturers.

Do not try to save moncy by designing and building vour own service
cquipment. It doesn’t pay. You nced finished commercial equipment that
vou can rely on vear after year.

As a good start, write to the equipment manufacturers and tell them that
vou arc sctting up a servicing business and want literature on their cquip-
ment. Compare the capabilities of the rival instruments and their cost.
Purchase the onc that gives most for vour money. Contact a parts jobber
for advice if you can.

Since service instruments are costly, begin by buving the two basic onces
first. These are a signal generator and multimeter. If vou can afford it. get
a tube tester in addition.

If you have on hand a fairly complete stock of new tubes, vou can get
along without a tube checker at the start. For service work, tubes may be
tested by replacing the questionable ones with others known to be good
and noting the cffcct. This is actually the best way for television work,
anyway. You can add the tube checker when vou open vour shop and have
a number of people coming in to have tubes checked. Then get the largest
and showicst tube tester that you can afford.

Your Multimeter. Choosc a multimeter that is capable of being used to
make scveral different measurements. It should be so designed as to mcas-
ure several ranges of a-c and d-¢ voltages, scveral ranges of current, and
several ranges of resistance. The ranges of onc uscful multimeter on the
market arc listed below:

DC AC
0/5/50/250/500/2,500 volts 0/10/100/500/1,000 volts
de-ma ohms

0/1/10/100/1,000 ma 0/500/10,000/1 mcg/10 mcgohms

Such an instrument will serve vou well. Some instruments, in addition,
have an output terminal so that vou can usc it as an output meter for stage-
gain measurements and for receiver alignment. The voltmeter should have
a sensitivity of anvthing between 5,000 and 25,000 ohms per volt.

Your Signal Generator. The signal generator should be capable of de-
livering a modulated r-f signal at any frequency that you may encounter in
vour service work. Keep in mind that you will handlc short-wave and multi-
band receivers with frequencics measured in megacycles. A switch should
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be provided for removing the a-f modulation note from the r-f signal at
will. An additional fcaturc in some instruments is a pair of terminals from
which to get an a-f signal, usually at 400 cycles. You will find it a uscful
output in your service work.

Keep a Tin Box. As vou go ahead with your work, your low overhead
should cnable you slowly to build a money reserve. Since you arc still
working at vour old job and earning your keep, you would be wisc to place
the profits from your scrvicing work in an untouchable tin box. When the
funds become sufficiently large, buy other service instruments which will
enable vou to perform your work more quickly and efficiently.

Remember, also, that the accumulation of test cquipment now will
eliminatc that major item of cost when you strike out in a full-time scrvic-
ing business. At the same time, practice with the more intricate scrvice
instruments while vou are still a sparetime technician will give you that
much morc cxperience as a background for your full-time work.

Future Trends. When purchasing scrvice equipment, try to kecp this
thought in mind: In the ficld of television and radio, design changes rel-
atively quickly. Try to determine trends, and avoid buying cxpensive items
that will shortly thereafter become obsolcte. It is not too easy to foresec
all futurc trends, but give the matter some thought nevertheless. Also, be
customer-conscious when buying instruments. Try to get good cquipment
that looks impressive. Your customer will often judge vour ability by the
appcarance of your equipment. It is worthwhile plcasing him as well as
voursclf.

You will also need various shop tools to do yvour job well. Do not im-
provise: Do not usc a knife instead of a screwdriver; do not open screw nuts
with a pair of pliers. Just remember that the good carpenter is the fcllow
with the good carpentry tools. Get good servicing tools! Their cost is rela-
tively small; their utility and efhciency is great.

And finally, you will need a stock of parts with which to replace de-
fective components in the sets which you service. Of course, you cannot
anticipatc every one of your needs, but there are certain basic items which
you can keep on hand with full assurance that you will soon use them.
Having them on hand will save you the time required to purchase the part
from vour supplier.

As you use up these parts, replace them at your convenience when bust-
ness takes vou near vour supplicr. Expericnce and time will show you more
specifically the parts to keep on hand to service your community. Do not
lean over backwards and store up large quantitics of various parts. Re-
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member that parts represent moncy but cannot be used to purchase other
nceds. Do not tic up vour cash.

In the last analvsis, vour basic stock will be determined primarily by
the requirements of vour community, Keep a weekly inventory of parts
that vou actually use on scrvicing jobs. You will find certain items that
move more rapidly than others. Stock up with those parts. Until vou cs-
tablish your nceds, vou can gain valuable aid from the wholesaler who
supplics vour parts. I1c can readily tell vou the parts most frequently sup-
plicd to other servicemen. You will find him quite ready to help, because
lic wants vour trade.

Television and radio tubes present a problem in stocking. The Sylvania
Electric Products Company reports that there arc over 400 types of tubes
in current demand. However, about 75% of vour scrvice requircments will
usc about 66 tvpes of tubes; about 90% will use 123 tvpes.

At the start, vou mav prefer to stock up on the 66 types of tubes. If vou
nced any of the others, vou can make a special trip to the wholesaler. The
company suggests that vou keep on hand about three times the monthly
sales of any onc of those tubes.

An interesting lcaflet, put out by the Radio Corporation of Amecrica, is
centitled Tube Movement Inventory Guide. 1t is based on carcful study of
service-dealer requirements nationally and is designed to develop an accu-
rate inventory guide for vour tube stocks through a study of tube move-
ments. Write for a free copy.

With batteries, vou have another peculiar problem. You must be pre-
parcd to furnish the proper battery for a battery recciver when necessary.,
Once again, consult vour wholesaler on the types most frequently pur-
chasced by other servicemen. A visit to surrounding shops that sell battery
receivers will indicate the types of batterics vou will probably need. The
Radio Corporation of Amecrica furnishes a Battery Comparative Chart
which shows vou the proper RCA batterv for interchangeability. If vou
then deal with an RCA distributor, yvou can get the proper battery for any
sct and keep an inventory similar to that for tubes. Other battery manu-
facturcrs may furnish similar data.

When stocking batteries, be sure to consider their shelf life. Batterics
dcteriorate even though they are not in service and arc resting on vour
shelf. Don't be stuck with half-dead batterics. Stock them fully in the
spring, when customer demand is at its peak. Allow the stock to dwindle
around midsummer. Battery and three-way portable receivers are used on
the battery mode of operation primarily during the spring and summer
scasons—rarcly during the winter.
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And now a final word on the stocking of clectrolytic condensers. Avoid
overstocking! These condensers deteriorate on the shelf in about a vear.
There is no profit in stock thrown away. Be sure that you have on hand
clectrolytic condensers that will turn over fairly rapidly.

Your Source of Supplies. Wlicrc shall you get vour supplics? Obviously
vou arc not going to purchasc dircctly from the manufacturer. Go to your
local classificd telephone book and look up the names and locations of the
ncarest wholesale parts distributors. Sclect onc and pay them a personal
visit. ‘Talk your problems over with them and get their advice. Arrange to
get a trade discount for all the purchases vou make, and perhaps have
them extend credit to you.

You may live in a small community where there is no wholesale parts
distributor. It is then necessary for you to deal with one of the mail-order
supply houses. '1'he names and addresses of these latter companics can be
found in the advertiscment scction of a television and radio magazine.

Working in closc contact with vour wholesale dealer will result in a sav-
ing of time, moncy, and efficiency on your part. ‘T'he distributor can make
it possible for yvou to see and cxamine new test cquipment prior to the
actual purchase. Your distributor will provide vou with trade litcraturc of
all kinds—descriptive material on new cquipment, tube literature, manu-
facturer’s housc organs, and much other uscful information.

Somc distributors have rcalized their debt to the servicemen who patron-
ize them and have published monthly surveys of great usc to their cus-
tomers. Others have from time to time sponsored a town-hall mecting for
servicemen, where cexperts deliver service lectures to the assembled tech-
nicians. Newest developments are constantly brought before alert and pro-
gressive servicemen. Attend such mecetings whencever it is possible for yvou
to do so. Mceting other servicemen will tecach vou plenty of the technical
and business know-how. So, establish vourself with vour wholesale distribu-
tor for vour own advantage.

Trv to work with onc wholesale dealer for the furnishing of most of vour
supplics. In that way vou can build up a coopcrative business relationship.
The wholesaler will keep you informed of new developments, be more
likely to cxtend credit to you, and take back defective parts without too
inuch argument.

Service Bench. I'fficient radio scrvicing depends to a great extent on the
facilitics for working. Your scrvice bench is cither a help to vou or an un-
attractive cluttered-up hindrance. It must be planned with great care. But
this consideration is not the only onc. Remember that vour customers, at
the start, may not know vou well. After meeting you, their cyes will size
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up your surroundings. A sloppy, unattractive workbench will create the
impression that vour work is of the same quality. Of course, that may not
necessarily be so, but do not argue with human nature. Let your work-
bench advertisc vour ability.

If vou wish to get started without delay and do not have the time or
ability to plan a personal service bench, you can avail voursclf of onc of
the standard benches on the market. A good bench was sold at onc time by
Sylvania lilectric Products Company, and may still be available. This was
7 fect long and 32 inches deep, with six drawers and two large storage
cabincts. The top of the bench was covered with heavy, tough linolcum.
Masonitc pancls at the rear served for mounting test instruments. Such a
bench should be adequate for vour start.

As vour volume of business incrcascs, vou will probably want to design
a bench for your own nceds. The description that follows will give you a
few idcas along that linc. Keep your cyes open for the service benches of
other successful servicemen, and you may get other worthwhile idcas, in
addition.

Example of Service Bench. Two vicws of a good tclevision and radio
service bench are shown in Fig. 17-1. Dimensions and construction dctails
given in this description arc, of coursc, subject to revision where your avail-
able space and your individual preference require such revision. llowever,
regardless of other considerations, you should plan to have a minimum
table-top arca for work of about 2 feet by 4 feet. This bench top should
be made of wood or other insulating material. Avoid any mctal trim which
might result in a short circuit.

Behind and above the working area, you can install shelving and pancls
for meters, manuals, tools, supplies, and replacement parts. On onc side
of the working area place vour soldering iron, on a stand, and a small bench
vise. If space permits, a bench grinder is another uscful tool to have avail-
able. Placc the visc and grinder sufficiently far from the work area to avoid
getting mectal filings into thc receiver.

The height of the working area from the floor should be such as to be
comfortable for vou. A height of about 40 inches is a good average. T'est in-
struments should be mounted at vour cye level when you are seated at the
bench.

Below the working arca, there should be suitable knce space. Flanking
this spacc, you can construct drawers for tools. At the back of the knee
space, you can build a shelf for storing such equipment as a storage battery
and charger. The tool drawers should be set back about 4 inches from the
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front of the bench top. Directly beneath this top, in tlie knee space, mount
a strip of wood containing clectrical outlets. This same strip can have a
small drawer in it for frequently used small hand tools and test leads.

A good place for more outlets is directly below the meter shelf. This
outlet strip can also contain connections for vour shop antenna and test
speaker. A shelf above the meter panel can accommodate manuals and
trade litcrature.

Below the test instruments is a convenicent place to mount spools of
hookup wire and solder. These spools can be mounted so as to unwind on
a dowel rod.

Naming Your Business. The first thing vou must do when vou are tech-
nically equipped to begin is to give your shop a name. Your customer must
know vour business by some business name, perhaps if only to recommend
you to some other friend. Do not go fancy and sclect a name that will
either make people laugh at your misnomer of a newly established service-
man or chase away others who do not know vou well and fear a high cost
on their little radios. Do not choose an overimpressive name like “Elec-
tronics Industry” or “Radio Engincering Laboratory.” Sclect a conservative
and descriptive name like “Smith’s Television and Radio Service Shop” or
“Jeffersonville TV-Radio Repair Shop” or “George’s TV and Radio Hos-
pital.” A stranger in your community would immediately size up the na-
ture of your business from its name.

Business Signs. The next step is to hang out a shingle. Simple as this
scems, yvou must still give the matter ample thought. People will see the
sign from two angles. Some will see it while walking down the street.
Others will sce vour sign as they face directly toward vour house or store
window. Meet them at both angles. Have onc sign on yvour establishment
that runs parallel to the street. ITave another sign, suspended by a chain
or from a rod, which is perpendicular to the strect. Catch the eves of peo-
ple from all angles. If vou are operating from a house in which you are a
tenant, be surc to get vour landlord’s permission to hang out the sign.

In addition, be sure that your signs are professional ones. A sloppy home-
made sign will immediately destroy the confidence of vour prospective
customers. Take a walk down some strect in your city and observe how
vou rcact to the various store signs. You might not fecl so strongly in this
matter about a vegetable shop, but note vour reaction toward a shop which
involves work as skilled and complex as radio servicing.

Free and low-cost display material for your service window can be ob-
tained from various companies. The Sylvania Electric Products Company
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furnishes or sclls window decals, a weatherproof service banner, an clectric-
clock sign, and a stand-up clectric sign. A similar clectric sign may also be
purchased from RCA and Philco Corp. Give voursclf as much of that at-
tractive publicity as you can.

Choosing a Business Car. The third stcp is to get vourself a car to pick
up and decliver scts. Investment in a low-cost jecp or a sccondhand car or
small truck will prove ample.

If you arc purchasing a sccondhand car, try to get a two-door sedan, be-
causc the door is wide and permits casicr loading and unloading. 1f the old
car has two scparatc scats in front, so much the better! Remove the scat
alongside the driver’s scat. This makes loading even simpler. 1lave a pro-
fessional sign painter place a large, ncat sign on the vchicle. The sign will
be a good investment in advertising. If you cannot afford the investment in
a car at this time, get some friend to cooperate by permitting you to usc
his car for calls. Neverthelcss, plan to get vour own sooncr or later. It is
indispensable.

Telephone. A fourth important item is a telephone. If you arc operating
out of vour own home, you can readily usc your own lome phonc. But
vou will find it advisable, if you can afford it, to have an auxiliary business
phone installed. It will extend to you the important privilege of having
voursclf listed in the classified section of the phonc book of your city.

If vou are opcrating out of someonc’s business establishment, you should
certainly get a business phonc of your own to avoid tying up your patron’s
phone. Another important detail is to be sure that somcone is always on
tap to take a telephonc message. Do not lose scrvice calls or exasperate an
anxious customer by having him call in vain. At home, a member of the
family can handle it. At a business cstablishment, the regular office girl
may be induced to take mcssages.

Business Stationery. Thc last important prerequisite item is your busi-
ness stationery. You will nced ncat letterhcads and cnvclopes, business
cards, stickers for tubes, job-rccord cards, business-record cards, and similar
items. Your local printer can sct these up for you. But valuable low-cost
materials arc fumnished by several manufacturers. Write to the Sylvania
lilectric Products Company and to the Philco Corporation Service Di-
vision, for such material and prices. You are now equipped and rcady to
go.

Getting Your First Customers. You have invested a fairly large sum of
moncy in cquipment and business materials before you have cven begun
to earn moncy. The temptation to strike out for any and cvery customer
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becomes overwhiclming. Resist it at this time! You're just a fledgling lcam-
ing to flv. There still remains the task of fecling vour way on the actual
job.

While Icarning, vour failure to repair any defect was chalked up to cx-
perience. Out in the business world vou cannot afford overlengthy delays
or failurcs that occur too often. Too many displeased persons at the start
will clip vour ambitions in the bud. The report will go the rounds that you
arc a good scrviceman to avoid.

Try to keep the servicing time down to a professional minimum. Do not,
in the name of friendship, keep repaired sets around vour scrvice laboratory
for davs after they have been repaired. Return the sets to their owners, in
good repair and ncatly cleaned. Do not be too ready to give up on any one
job. Sweat it out if nccessary.

And most important of all, make vour charges comparable to thosc of
an cstablished serviceman. If the time consumed was too long, do not
charge a high fce to pay partially for vour beginner’s lack of cfficicncy.

Avoid being the good-time Charley who docs free servicing for friends
or relatives. First, such a practice will give the impression that you work
for nothing because vour ability is worth nothing. And sccond, vour friends
will get into the habit of expecting free or negligible cost for servicing long
after you have proved yoursclf.

When vou feel that you have achieved a high enough efhiciency, vou are
rcady to broaden out the territorv to be exploited. But be absolutely surc
of voursclf. This is important because it is bound to affect vour manner
and tonc of spcech when mecting the new customer. You must absolutcly
ooze natural confidence in vour capability. Do not expand your coverage
until vou can at lcast match in all ways the abilitv of the average scrvice-
man who is alrcady cstablished.

Business Procedures. In order to keep voursclf financially above watcr,
vou will have to seck out new customers continually. In the next chapter,
business-getting techniques will be described in great detail. Use all of
them, and others if vou can think them up. This build-up campaign is
crucial. If vou put it across, vou can think of a full-time television and
radio repair business. But if it flops, vou might just as well throw in the
sponge before vou invest hard-carned money in a blind-alley business. The
remainder of this section will give you some other important tips on how
to carry on. Master them!

Shop Calls. As a part-time serviceman, vou will have many problems.
Many sets, especially the small portable oncs, will be brought to vour scrv-
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ice shop. You may not be present because vou are out on another service
call or because vou are at vour regular place of cmiplovment. At all times,
have somcone present to reccive the customer and his set. This individual
should courtcously explain that the regular serviceman is out and request
that the receiver be left at the shop. The name and address and phonc
number of the customer should be recorded with the statement that you
will discuss the defeet with him just as soon as you return. ‘Then, when you
arrive at vour beneh, be sure to phonc or call upon that customer just as
soon as vou possibly can. Avoid customer irritation becausc of unduc dclay.

Home Calls. On other occasions, you will be called to the customer’s
home to inspeet the set. At such time, you may repair the sct in the cus-
tomer’s home if the job is simple, or vou may take it to your shop if a
complex defect is indicated. This latter procedure is desirable for many
reasons. First, it keeps the customer from being a service superintendent
pecering over your shoulder. Second, it keeps the customer from sceing any
bungling on your part. And last, if the repair is very simple, it may avoid
the customer’s balking at a price which not only covers the price of the
parts but also your labor, your time, and vour know-how. So if the repair
is fairly cxtensive, do it on vour workbench.

When receiving a call to come to a customer’s home, avoid the situation
if the customer tells vou no one will be home but the key is under the
doormat. You will otherwise be letting vourself in for responsibility for
any household articles lost, misplaced, or stolen by someonc clse. When
such a call comes in, politcly suggest another time for the call.

Efficiency. At all times, carry a small notcbook with you. In it record
cvery item about all service calls. Note how much time you take in travel.
List the amount of time spent in the home making minor checks. Just re-
member that vour customer is going to pay for your time as well as for
other service items.

From time to time, call your shop when out on a job. Pcrhaps there is
a pickup job ncar the place where you now are located. It would be silly
incfficiency to return to your shop only to come back to the place you just
left. But under no circumstances, call from some customer’s home. Al-
though vou may reccive permission to call, most people resent such calls.
It is a small item of expense. Use a public telephone!

How to Handle Customers. Mccting a new customer, whether in his
home or at vour shop, is an art in itsclf. It includes every phasc of personal
relations. You must be prepared to scll yourself as the best man for the
job. You must act dignificd, professional, and as if your ability will keep
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vou in business for the next hundred years. And vet, do not be so aloof
that your customer feels like a fool for not being able to repair the receiver
dcfect himsclf.

Listen attentively as the customer relates the sad tale of woe about his
sct. Jot down a notc about all the facts. When he is through, ask a few
questions of your own. Get him to feel that even if hc does not know how
to repair the defect, he has been very hielpful with his excellent observa-
tion and description of what has happened.

Try to remember your customer’s name. During vour talk with him, he
will fecl much more friendly if vou insert “Mr. Smith” here and there dur-
ing the conversation. Later, if you meet him on the street, greet him by
name, Ile will reciprocate with vours, and your name will become fixed in
his mind when he thinks of a radio serviceman.

How to Answer Questions. During your conversation, the customer may
ask vou many questions—especially as he observes you making various
tests. Many of them may be silly to you, the trained technician. Act as
though they arc intelligent questions worthy of a considered answer. Do
not laugh at them, Your sincere reply in a nontechnical manner will con-
vince him that vou are the best man he could have called in. Answer in
such manner that he will fecl that you arc already on the road to making a
proper diagnosis and repair.

A simple proverb should always be kept in your mind: “Talk is silver,
silence is gold.” Do not be so talkative about your service plans that vou
practically give away the solution of the service problem. First, your wild
guess as to the causc of the defect may not be accurate, and you will have
to call back later and report other defects. Psychologically, that labels voun
as incompcetent. Sccond, the customer may feel that if the defect can be
found so simply, scrvice work should be done cheaply.

Lastly, if you give away the cause of a receiver defeet, an uncthical but
capable customer may call off vour services and do a simple replacement
job himsclf. So, just talk cnough to give the impression that vou can find
out what is wrong. By the way, if vou limit vour talking, vou will find the
customer doing likewise. This is an important consideration if vou are
making repairs in someonc’s home. You do not want another person chat-
tering at vou while vou are performing tests.

Speak No Evil. If your customer asks you—as many do—if he bought a
good sct in the first place, try to suggest that he did. Remember that a
negative answer criticizes the customer’s choice as well as the set. If the
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receiver is a poor one, tell him that his choice for the money was good,
but gently indicate the shortcomings of such a low-priced receiver.

Do not criticize any previous service work that may have been donc on
the set. The temptation is great to enhance yourself by belittling the other
fcllow. Such a practice degrades the whole profession of radio servicing in
the customer’s eves. Ile will feel that all servicemen arc incompetent
thieves—and possibly you also. Say nothing! If a previous scrviceman did
a poor job, redo it and add the cost onto the bill.

Handling Estimates. Inform vour customer that you will check his set
and let him know the cost of repairs before you actually repair it. Never do
a job until your customer gives you the green signal to go ahead. In that
way, you will avoid complaints.

Women. There is onc way especially in which vou can scll vourself as
the rcgular radio serviceman. Cater to the women! For the woman, the
receiver is not only a source of entertainment but a picce of fumiture that
falls within her province. She will expect vou to treat it as you would a
piano or a cabinct. If you cannot sell yourself to her, you will probably lose
the business of the whole family.

When you call at a home, be extremely ncat and immaculate. Women
appreciate that. They go for uniforms, so get vourself a clcan laboratory
coat with your name neatly sewed on. Your tool kit should reflect the order-
lincss of vour mind. Place a clean canvas on the floor and do all work on
it. The lady will not appreciate your dirtying her rug or scratching her
floors.

If you must move any furniture, do so with extreme care. First remove
all movablc items like vases from the top. Compliment her for not trying
to clean the inside of the sct. Suggest that she could have damaged parts
by trying to clean. Recommend that vou be permitted to take out the sct
for a complete and careful cleaning at your shop. She probably will be more
than willing.

When vou take the set or chassis with you, wrap it carefully and neatly
as though you were removing a piece of prized China. Remember, it is a
part of her prized fumiture. If screws and other parts must be lcft behind,
store them in the cabinet ncatly. Restore everything exactly as you found
it and as the housewifc wants it.

At vour workbench, of course, you will repair the set. But in addition,
clean up cvervthing—chassis, dial plate, dirt in cabinct grooves (if you
have the cabinet). Make all knobs secure, and be sure no minor defects,
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like a slipping dial cord, are evident. If you have the cabinet, give it a
high polish with plenty of elbow grease. Otherwise, polish it carefully in
the customer’s home, after reinstalling the chassis.

When rcturning the set, again wrap it carefully and neatly. In some
way, get the lady of the house to look at how clcan the chassis is now. Re-
place the set and ask her where she wants it. Do not become irritated if
she drives vou to tears by asking vou to shift or tumn it here and there an
inch or so. That is part of vour service. Keep smiling! Finally, ask her to
try the sct, and ask if she is pleased with its operation. Almost invariably,
she will say it sounds much better.

Don’t Be Too Friendly. Above all, be rescrved at all times and treat the
woman of the house as a grand lady. Some women, noticing vour name on
your car or laboratory coat, soon become friendly and call you by your
first name. Do not let the gesture cause you to talk to her as though she
was an old friend. That can lead to trouble. Be professional and imper-
sonal. When lcaving, thank her for her kindness in calling you.

How to Handle Complaints. If vour customer is dissatisfied and writes
or calls you to tell you so, get to see him personally and inmmediately. The
longer he stews in his anger, the more it will grow. Listen to his angry out-
pouring in silence. When the storm is spent, do not begin with a rcbuttal.
First apologize for his having been imconvenienced. Then either humbly
admit that an error was made and offer to make amends or give an uncmo-
tional, sincere explanation of what vour side of the question is. If mutual
anger docs not develop, any difficulty can be rcasonably scttled. Your cus-
tomer is angry. It is up to you to remain calm.

From various surveys, it has been found that most customers like to
remember vou as:

. A plcasant, likcable, friendly fellow.

. A neat fellow with a ncat shop.

. A polite fellow.

An cfficient, confident fcllow.

. Onc whose charges are absolutely fair, honest in all ways.
. A straightforward, dependable fellow.

. A fellow interested in his craftmanship.

NV AW =

Shall Work be Guaranteed? The average customer expects vou to stand
bchind your decision that his defective receiver has been properly repaired.
Of course, no onc can compel vou to guarantee vour work. But it is advis-
able that vou do so if you want to win customer confidence, which is so
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necessary for vour business. Do not look for an out for vour lack of com-
plete experience.

The practice varies widely among servicemen. Some guarantee nothing.
Most servicemen guarantee the specific defect which they repaired for a
period of 60 or 90 days. Others guarantee the entire recciver for a similar
period of time. Still others guarantee the entire recciver for a short period,
except for the tubes. They will, of course, guarantee any new tubes they
place in the sct for the usual guarantee time that the tubc manufacturer
places on them.

Which procedure should you follow? Size up your situation. You are a
part-time serviceman who has vet to build up a broad experience. You have
not vet leamed to recognize all components that are failing and likely to
cause trouble in a short time. At this stage, therefore, you had better guar-
antec only your own specific work and any new tubes for the normal tube
guarantce period. It is not the best policy with respect to the customer, but
it is the onc least likely to bankrupt vou at the start.

When vou feel sufficiently skillful at detecting failing components, you
should change vour policy. Explain to vour customer that you will guar-
antec only your work for about 90 days. But, for a slight extra charge, you
will make a complete check of his receiver and indicate incipient defects.
If he then approves your replacing the nccessary components, vou will
then guarantee the entire receiver for 90 days, except for the tubes.

Some customers will suspect that you are trying to build up a large serv-
icc dcal. However, when yvour prediction of breakdown comcs true a short
time later, their confidence in your ability will be increased. They will be
much more likely in the future to take vour advice. Other customers will
permit you to do a complete overhaul job on the rcceiver in order to ob-
tain the complete receiver guarantec. Such a policy pursucd by you may
actually increase your business.

You Must Keep Records. Any business that is carricd on with the expect-
ancy of surviving must be carefully planned. Sound plans can be based only
on records of past experience. You just have to kecp records that are
systematic and not haphazard. Their purposc is to guide your business in
the following manner:

1. They record business increase or decrease.

2. They record payments still due to you.

3. They record pavments you must make.

4. They serve as a record of vour progress for credit purposes.
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. They aid you in filling out your income tax form.
. They aid you in controlling your buying and sclling.
. They aid vou in determining service charges.
. They indicate radio-receiver trends.

9. They will help vou to associate specific receiver defects with specific
receiver conditions.

10. They will enable you to keep a listing of your customers for adver-
tising campaigns.

O ~1 O\ v

Customer Record Card. Let us begin with the simplest records. These
are records of the name and address of customers who call upon you for
service, plus other pertinent data. They may be kept on library cards,

Name I _ I __ Date

Address - S S
Telephone I B —
Manufacturer & Model S B _ _

Complaint . S _— —

Parts Replaced _ . I S
ServiceWork S _ S

Charge $_ I = DatePaoid

Fig. 17-2. A typical service-record form

alphabetically arranged in an appropriate box. A typical card is shown in
Fig. 17-2. Keep a separate record card for each time the set is brought in
for servicing. This system will serve many purposes:

1. Tt will help vou if vou get a repeat call for the same defect.

2. It will give vou a continuous record of what is happening to the re-
ceiver with the passage of time.

3. It will aid vou in servicing similar defects in the receivers of other
customers.

4. It will help vou determine what tubes and parts to bring when called
to the customer’s home.

5. It will indicate a design defect by the manufacturer for any particular
receiver model number.

Job Record Tag. The sccond important type of record is known as the
job record. Most servicemen usc a tag tvpe of record for this purpose. The
tag is perforated so that it may be readily divided into three parts. Each
of the three parts has a similar number printed on it. One small stub sec-
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tion is the customer’s claim check. The main section contains the cus-
tomer’s name, address and phone number; the make, model, and serial
number of the receiver; the complaint; and the promised date of return.
On the back of this section is a chart for indicating the cost of materials
and labor. You will file this section in a suitable box for future reference.
It will guide you in making future charges on the same recciver.
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PHONE: SE-562 TURN PROVIDED THE SET IS NOT RE-
PAIRED DURING PERIOD BY OTHERS.
ALL WORK GUARANTEED

FRONT BACK
Fig. 17-3. A typical job record card

The last section of the job record simply lists the number of the job
record for identification purposcs. As soon as you receive a set, fill out
the job record and attach it to the line cord. A typical job record is shown
in Fig. 17-3. As stated previously, several tube and receiver manufacturers
furnish job-record forms to servicemen at a low cost. Avail yourself of these
forms, because the cost of having a local printer make them up would be
prohibitive.
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Business Record. Still another important type of record is the business
record. It is designed to serve several purposes:

1. It furnishes a day-by-day record of money taken in.
2. Tt furnishes a day-by-day record of money spent.

As a part-time serviceman, your business records will naturally not be
very complex. As your business grows, your records will also become more
complex and more systematic. At this early stage, just get a hard-covered
notcbook. Rule the first two facing pages as shown in Fig. 17-4. Every
item of income is listed on the left page. Every item of expense is listed on
the right page. After each week income and expenses are added up.

2 INCOME EXPENSES 3
wie |08 | source | T [Wtky[owe | pumeose | NI [Weskiy
%3 224 | Mo St 3.50 Sh | Odoertiscwent l.bo
3 225 | rn. Proum 3.60 S | Gl fare .80
—S/,; 220| Ww. L | 450 s | Parts 1590
T |227| mnedbectlend. | 12.00 ly | Chore b0 S.00
/s 1216 | Mo, Yauddoirn | 15. 90 Sl | €leclice 00 435
S/7 1228 | Mws. Wikeow. | 9. 00 o WM 15.00
o 1229 W, Mowd | 1600
77.50 $3.08
i i

—_—

Fig. 17-4. A form for keeping business records

Our illustration shows that, at the end of the given week, your business
has a capital rescrve of $26.45. If you wish a financial statement of your
business at the end of any weck, simply add up the weckly totals of income
and the weckly totals of expenses and subtract the latter from the former
figures. This simple record will show the trend of your business—upward,
downward, or unchanging.

Drawing Your Salary. Several things should be noted in this record.
You act as though you were cmploved by vour business and remove from
the business a weekly salary. Never treat all the profits as vour particular
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booty. Every business has its up and downs. In order for vou to survive,
vou must have a business reserve to mect the periods of slowing up of
customers. IFurthermore, you must be prepared at any time to purchase new
equipment that is nccessary. The reserve fund is the source for payment.
The larger the reserve fund, the better the financial strength of vour busi-
ness. As this fund grows larger, vou profit from it by incrcasing vour salary
withdrawal.

There is an old saving that business and pleasure do not mix. Your
salarv withdrawal, which serves vour pleasurcs, should not be mixed with
vour rescrve fund, which serves your business. Keep separate bank accounts
for cach one.

Set Up a Petty Cash Fund. From time to time, you will have to pay cash
in small sums. These payments should not come out of vour reserve funds,
since that would upset vour record svstem. Instcad, list as onc of your
weekly expense items the words petty cash. Pay yourself out of the weekly
income a small sum of moncy to meet those small bills. Keep that petty
fund money in vour shop where it is always readily available for small pay-
ments. Remember, however, that vou do not enter into the expense col-
umns pavments made from the petty cash fund since you originally listed
all petty cash as an expensc item. To do so would mercly enter the petty
cash twicc in the expense columns. From time to time, renew the petty
cash fund.

As vour business grows, vou might try other established systems. Scveral
manufacturers furnish business record forms at a low cost. The Sylvania
Electric Products Company at onc time sold a fine busincss-rccord form for
$1; scc if it is still available. This is designed primarily for the full-time
service-shop owner. It also contains tax information of valuc. Although
vou may usc it in vour part-time work, vour low volume of work at the
start can be handled just as cfficiently by the simple record that was pre-
viously presented.

Going into Full-time Servicing. Your proving ground is your part-time
service work. At that stage, vour bridges arc still intact. You may go for-
ward, or if you choose, you may continue as is, or retreat. The carrving on
of sound business practices and the kecping of accurate rccords should
furnish vou with the answer to the question of how to procced. Before vou
make that fateful decision, be sure to ask yoursclf some serious questions:

1. Do vou like the tvpe of work you have been doing as a part-time serv-
iceman?
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2. Arc vou sufficiently trained and experienced a technician so that vou
can comparc favorably with established servicemen?

3. Has your volume of business grown to a point where it can support
vou in a full-time business?

4. Is your capital reserve cnough to finance you in cstablishing vourself
during the first few months?

You would be wise to answer these questions cautiously. The danger
lies in the fact that a positive and strong answer to the first question will
make vou say “ves” to the other questions too readily. It is wiser to be a
bit pessimistic about the answers. Give yourself every opportunity to suc-
ceed. Remember that vou lose doubly if vour decision is wrong. You losc
vour business and vour old job. But if vou are certain that now is the time,
strike out mightily with all your mecans to put vour business across. Just
feel reassured by the fact that thousands before you are now successful
shop owners.

Locating Your New Shop. \When vou are absolutely certain that you are
going to make radio servicing vour full-time work, vour first major problem
is the determination of your shop location. Of course, vou may continue
to opcrate from the same shop where vour part-time work is performed.
However, sooncer or later, vou will have to blossom into full bloom if you
want to develop fully. Psychologically, vou will impress your customers
better if vou have yvour own independent shop.

Where shall vour shop be located? The wise answer to this qucstion
may make the difference between success and failure. Give it scrious
thought. 'The first consideration is people. Obviously, the more people
who pass vour shop, the greater the likelihood of capturing their trade.
Try to locate vour shop where large numbers of people do their buying.
Good locations are ncar drugstores, grocery shops, department stores,
banks, hardware shops, theaters, chain stores, and similar businesses.

The best plan is to have pcople pass in front of your shop in going to
thosc other businesses. The next best plan is to be across the strect from
the mass movement of these people. Least desirable is to be located around
the comer from the line of passage. A good idca is to be located ncar a
bus or trolley station, so that pcople may look into vour shop window
while waiting for transportation. Plan to provide service to about a mini-
mum of 1,000 families if vou wish to survive.

Shop Rent. An important item that will enter into your consideration is
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the rent you will have to pay. In order to survive, you should pay an an-
nual rental of about 4 to 5 per cent of vour gross income. If vou plan to
do $5,000 worth of scrvicing business, your annual rental should be about
$200 to $250. Of course, if you plan to scll radios and other items, you
will probably be able to pay a bit more.

Remember that the farther vou are away from hecavy sidewalk traffic,
the more you will have to advertise to make people come to you. Now
that practically cvery family has a car, however, advertising can bring them
to locations herctofore considered worthless for a servicing business.

The Neighborhood. Another consideration is that of the income bracket
of your prospcctive customers. The higher the income bracket of a neigh-
borhood, the better your chances of survival. Wealthier people are more
likcly to demand perfect operation from their sets. They have the money
to pay for perfection and will patronize your scrvices more frequently with
less complaint about price. They also are more likely to buy if vou scll sets
and equipment. Sizc up vour people, therefore, before vou rent the shop.

Competition. A further consideration is that of the number of competi-
tors you will face in a ncighborhood. Obviously, the thinner you spread
the trade of a community, the less cach serviceman is going to eam. Do
not be afraid of one competitor. Pcople like to juggle their trade back and
forth. You will capture some of vour competitor’s trade and profit from
his presence. But avoid a neighborhood saturated with service shops.

If possible, avoid a shop off the street level. People do not like to go
up steps or down steps to get into a shop. You may fecl that little effort
is required to walk that step, but people just do not wish to do it. Cater to
their wishes.

You may wish to specialize in car radios. Then locate vour shop near a
garage, where cars will constantly be entering. Provide sheltered drive-in
space, so that cars may comce right into vour shop for service. In other
words, be near the place where your specialty trade comes, and provide
for its convenience.

A final consideration is purcly a technical one: Try to avoid locations
that will make your shop antenna incfficient in operation. Avoid areas
that fced noise into vour sct. Avoid arcas that will block signals from
your antemma. Be surc that no restrictions are placed on the construction
of an outdoor antenna.

Ne doubt, you will rarcly find the perfect location. Do not cxpect it!
Weigh all the factors carcfully, make the necessary compromises, and
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sclect your shop. Once the die is cast, strike out vigorously to build up
vour trade. If you find that vou have made an error, do not despair. Plan
on changing to a better location when vour lease is up.

Just one final word! Your community may have special regulations for
television and radio servicemen. Inquirce at the offices of your local govern-
ment. Be surc that vou are not violating some local regulations by opening
a shop in a particular area.

Planning Your Shop. Ilaving rented the shop, your next job is to set
it up for business. Your workbench and equipment should be at the rear
of the shop, where people will not be stumbling over, and interfering with,
vour work. A good idea is to have a showcase in front of your workbench
and to place a tube checker on that showcase.

Accident Hazards. Another important factor is to size up all accident
hazards. A law suit can rob vou of the profits of a yvear or more. Just do
not lct that happen. Anticipate all possible hazards and remove them.
Remember that if a customer is hurt as a result of any negligence on your
part, vou must pay the damages. It will be useless for you to claim in
court that vour clerk or helper created the hazard or that the customer
was carcless in failing to avoid a known hazard. You arc still liable.

Replace all floor boards that are loose or rotted or have holes in them.
They can causc serious injury. Keep stock items and tools off shelves where
they may accidentally topple on someone’s head. Keep boxes and other
stored items off the floor, where customers may stumble over them and
fall. Enclose power tools and electric terminals so that no one can acci-
dentally be injured. Espccially, watch out for children, whose natural curi-
osity may cause them to explore your shop. Believe it or not, mother or
daddy is not responsible for their injuries in vour shop. You are! Be sure
vour store is well lighted. Although vou are responsible under any circum-
stances, fewer accidents will occur in a well-lighted shop.

There is one further point. Your responsibility is not confined to the
inside of the shop. It includes all walks, ramps, steps, and other approaches.
You simply must train yourself to size up possible hazards cach day as
you begin vour work. If vou can afford it, contact your local insurance
company and see if they will sell you liability insurance for any accidents
for which you are liable.

Shop Decorations. Another vital consideration is the decoration of your
shop. You simply cannot present a customer with a hole-in-the-wall appear-
ance and expect to hold him. Psychologically, he will expect shoddy work
from such a serviceman. The successful shop attracts the attention of the
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customer, invites him to enter, and impresses him with a sensc of modern
cfficiency once he is insidc.

Ilow do vou accomplish this minor miracle? A prime consideration is
adequatc lighting. There is nothing so depressing and discouraging as dingy
lighting. It gives the impression of imminent business failure. And there
is nothing that gives the impression of success and modern mcthods as a
well-lighted shop. It is worth the extra investment.

The Sylvania Electric Products Company has furnished some interesting
information about good lighting. They reccommend that lighting fixtures
be spaced no further apart than the distance from the floor to the ceiling.
As a general rule, they suggest that onc 40-watt fluorescent lamp (cor-
responding to approximatcly a 100-watt incandescent lamp) is required
for cvery 80 squarc feet of shop space. Or a four-lamp fixture may be used
for cvery 160 squarce feet. Show cascs may be illuminated with long-slim
fluorcscent lamps, which are 34 inch to 1 inch in diameter and have
lengths up to 8 feet. The shop window must also be adequatcly illami-
nated.

The inside of vour store must be clean and ncat. The walls should be
attractively painted and free of smudges, cracks, and hand marks. IFloors
should not be soiled and splintery. Have them scraped and ncatly shel-
lacked. Much better, lay down a simple linolcam or inlay, if vou can
afford it. Avoid the fecling of artificial ornateness. Give the sensce of simple,
modem efficiency.

Window Display. Your front-window display is probably onc of your
most productive forms of advertising. Many pcople will pass vour shop if
it is properly located. ‘The window display must be such as to cause them
to stop and look. Then it must invite them in. Begin with a clean window.
Your customers do not want to peer through a smokc screen. Make it
casy for them to scc.

Your trade name should appcear ncatly and professionally on the window
or on a sign over the shop. Make it bold, so that it will be remembered.
Ilave an clectric sign if vou can, perhaps operating through a blinker
button that makes it go on and off. A clock in the window will make
many a person stop at your shop. Neat window decals furnished by such
manufacturers as Sylvania, GIi, RCA or Philco will attract attention.

An interesting tube display, neatly set up, is a good idea. The chassis
of a sct showing the underside may cause the curions to stop and look.
The potential customer will be impressed by its complexity and be more
pronc to respect vour ability in scrvicing it. Placing the chassis on a
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rotary turntable is cven better. Neat tags conncected by tapes to various
parts can be cffectively used to explain the functions of various parts of
the sct. A loudspeaker display can also be effectively used.

Special Promotions. If vou are sclling reccivers, records, and electrical
items, place a few in your window. Save these displays for later repeated
showings. Some scrvicemen have an extension speaker in the window
opcrating from a sct in the shop. Musical and other programs may thereby
be heard on the outside. Recordings may be similarly advertised. Give the
matter a little thought, and you probably will think up many other ideas.
Do not keep onc window display until the colors of displays fade and dust
and cobwcbs give vour cstablishment the appearance of an antique shop.
Change it regularly.

On the opening day, have a large sign in the window offering a come-on
gift: a free service checkup, souvenirs, a special sales offer. Maintain this
policy until you are successfully launched. Then scttle down to normal
scrvice and sales work.

Signs and Posters. In addition to the customer attraction items, your
window should have sales appeal. Neat and professional posters should
clearly advertise your sales and service policies. Prices of sales items should
be ncatly indicated. If you have an unusual sales or service offer, lct your
public know by mecans of attention-getting, colorful signs. Make cvery
poster and display in your window scrve a useful purpose.

On the outside of vour shop, have large and ncat professional signs
which advertisc yvour business name and vour service. Place them so that
they may be scen from every angle of the street. Signs with large attention-
getting thermometers can often be purchased from tube manufacturers.
Onc may be hung outside your shop to good advantage.

Arousing Curiosity. Opcning day can also be a form of window display.
Do not sct up your shop and fixtures with curious cyes supervising. Coat
the window with whitewash and proceed in privacy. People will wonder
what is going on. When completely ready, burst forth by removing the
whitewash, and give a special offer like small souvenirs or a free service
checkup for a short period of time. This sudden bursting forth is always
a good attention getter.

Points to Check When Preparing for the Opening. Many of the thoughts
mentioned in preceding scctions will enable you to get off to a flying start.
No doubt, as you think about the grand day, more idcas will enter vour
mind. Give the matter carcful thought. Below are listed a few questions
in a checklist to guide you.



0N O\ V1w N

b pd e e pd e
Vi h W~ O D

Starting a Television and Radio Servicing Business

. Is your workbench set up for immediate work?

Do you have the necessary tools and service stock?

. Is your window sct up neatly and attractively?

. Is the shop ncat and professional-looking?

. Is an attractive sign and shingle ncatly hung?

. Are counters and fixtures neatly placcd?

. Have you planned for customer comfort?

. Do you have a cash register or cash drawer? Cash?
. Have you provided space for serviced sets?

. Do you have record forms?

. Is the telephone installed, electricity turned on?
. Have you purchased necessary insurance?

. Have you wrapping paper, string, gummed tape?
. Do you have a duster, broom, mop, pail, etc., to keep the shop clean?
. Have you informed as many persons as you can about the opening?

297
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Business-getting Ideas

The Go-getter. 11ave vou cver stopped to realize that the word business
is rclated to the word busy? Too many fellows in business forget that.
Remember that your customers are not going to keep busy hunting vou
out. Rather you have got to hunt vour customers out, no matter how
cfiicicnt you may be. If you are going to sit and wait, that is how you
will be found when they count ten and out of business. You simply must
match your ingenuity as a scrvice technician with your ingenuity as an
attracter of customers.

In this chapter we will present a few ideas that successful servicemen
and businessmen have found to work well. Keep vour cyes open for morce
of such idcas uscd by other tradesmen. Think up new wrinkles voursclf.
You will be surprised at what comes out when that thinking cap is on.

Window and Interior Display. It payvs to advertisc! That expression has
come to be recognized as truc as “Don’t count vour chickens before they're
hatched.” Large companics spend hundreds and thousands of dollars cach
vear on advertising their products and services. You simply must do like-
wisc in vour own little way.

The least expensive type of customer stopper or advertising is vour own
shop window. If it looks like anvy onc of the 20 or more stores that a
passcrby has just passed, he will go merrily on his wav. You must make it
so diffcrent that it commands attention. But remember, it must not onlv
command attention, but it must also command respect for the one who set
it up and a curiosity to comc in and sce more.

What is your customer appeal? A survey was madc some time ago as

to the manner in which people gain impressions. Naturally, all impressions
298
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are made through the five senses. But on which one ought we to concen-
trate? The survey listed the percentage of impressions gained through
these senses. Here they are:

Seeing ....... ... 87%
Hearing ........... 7%
Smelling ........... 3%%
Touching ........... 1%%
Tasting ............ 1%

Obviously, your best appeal must be made through sceing. It follows
then that if vour shop window has no eyc-appeal, it is not going to stop
many persons. Do not simply put anything in the window. Give the matter
considerable thought. It is worth that at lcast.

Traffic Stoppers. There arc three main ways of making people stop to
sec. The first is through the medium of dramatic lighting. You may focus
a spotlight on an object that is meant to be outstanding. Or, vou may use
a blinker to illuminatc a sign or an object periodically. Blinkers are ob-
tainable in any good clectrical or hardwarc shop.

The sccond method of cycappeal is through the wise use of color.
Think of winter and the color that comes to mind. What colors do you
visualize when vou think of Christmas? Colors to match the season or a
special holiday usually attract attention. Why not take advantage of the
fact?

The third method of catching the cye is by means of motion. For ex-
ample, a radio may be made to rotatc slowly on a raised platform. Or, vou
may usc an animated sign or figure. You probably can think of others.
As a rule, do not usc devices that arc entircly unrclated to the ficld of
television and radio. They will attract attention but will arouse no further
curiosity.

Changing Your Display. Did you ever sce a child with a new toy? lle
plays with it for 2 or 3 days and then yells for a new onc. Well, adults arc
not much different. For them, too, varicty is the spice of lifc. You simply
must concentrate on a regular schedule of new attractions.

Do not allow one attractive display in vour window to shadc into antique
gray with age and dust. The passerby will subconsciously assume that your
methods arc about as archaic as vour display. It is a good idea to concen-
tratc on a new display about once a week. If the volume of your business
presses in on vour time, then it is certainly worth your hiring a professional
dccorator once every month or so. Ile can do a professional and attractive
display for vou.
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Window Lighting. A window with no light looks like a business that
has failed. A window with dim lights looks like a business that will soon
fail. You can afford neither. Get the lights to go to work for you. It has
been estimated that there should be about 150-200 watts of light for each
foot of storc frontage.

You must be wisc in how vou use these lights. Provide cven distribu-
tion throughout. And avoid glarc. Where possible, have the lights re-
cessed in a false ceiling. Even better and cheaper, vou should try to usc
fluorescent lights. ‘They are softer, more diffused, and come in a variety of
colors.

Should you keep lights on all night, or should you shut them off when
vou close the shop at night? Obviously, it is both costly and partly wasteful
to kecp the lights on during the wee hours of night, when no soul is
around. Since the window display is a form of advertising, vou must at
lcast have a potential audicnce. On the other hand, it is silly to stop
advertising simply because you have called it a day. It is suggested that you
keep your window it up until there arc not enough people passing by to
make it worthwhile. You will have to decide that hour voursclf. The
matter can be handled with a timing switch after vou have left.

What to Put in Your Window. The things vou place in your window
must attract attention and invite the customer into the store. It might be
an exhibit of a varicty of radio tubes with a neat sign offcring to test tubes
without charge. Or it might be an inverted chassis of a radio, with ncat
ribbons and labcled cards going to various parts of the set. An accompany-
ing postcr might say that a radio is a complex device; do not let a hammer-
and-screwdriver technician toy with it. Exhibits of that type will, no doubt,
make the passerby pause. Now, the bait to come in!

We said above that you might offer to test tubes without charge. You
must also use other devices. Perhaps, you may offer a free log of sur-
rounding radio stations. Or you might offer a printed log and time schedule
for symphonic music, dance music, entertainment, literary discussions,
ctc. Or you might offer free demonstrations of how some new device, like
a wirc recorder or a line-noise climinator, works. You will think of many
schemes if you consider the idea important enough to think about.

Window-display Signs. In addition, you should include signs which
many dealers and manufacturers will send you on new developments in
radio. Often, you will get to know a new customer for the first time when
lic comes in not for scrvice but for information. If handled politely and
correctly, you may scll him then and there on your services.
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At all times, have a ncat sign in thc window on your business policics.
If tubes arc tested free, say so. If you guarantce your work for any period
of time, lct all who pass by know it. If you are featuring a special tempo-
rary offer, put it on a sign and place it in a conspicuous spot in the window.
Nothing plecascs a potential customer more than knowing what to expect
before he enters your shop. And nothing drives customers away—cspecially
undecided ones—so much as the uncertainty of what to expect after he
crosscs your threshold. So, advertise yourself in your window.

Vary the emphasis on your window display. Always have some reference
to your scrvicing and sales. But when spring comes, make a larger display
of thrce-way portables for outdoor use. During the summer, emphasize
auto-radio work as well as batterics for portables. In the fall, center on a
display calling for recciver checkup to get good football reception. Push
thosc items which you wish to sell.

It is a good idea to kcep your eyes open, when you can, for ideas and
to make notes on them. Whencver you sce a newspaper photo of an
interesting storc window, make a note of it and try to adapt the idca for
voursclf. Do the same for windows you drive past. The other fellow is
giving the same matter somc serious consideration himsclf. And he may
be using highly traincd window decorators. Remember that a good plan
is always worth borrowing.

And one final bit of advice! Keep notes on vour various window dis-
plays. Notice which oncs are on the ball and which ones let them go by.
Nothing succeeds like success. Produce variations of any displays which
seem to bring the customer in. Avoid the flops!

Outside Advertising. Up to this point, your advertising has been rela-
tively frce of cash. You might be tempted to let it go at that. Don't! It is
not enough. Many successful servicemen make it a policy to use about
5 per cent of their expected income for advertising. You simply must do
likewise if you want to rcach out for customers.

There are many ways in which you can spread your name and reputation
beyond the immediate vicinity of your service shop. Each of these will be
considered in turn. Of course, it is not necessary to engage in all of them
at oncc. But have at least one of them going at any one time. Kecp think-
ing of ncw ways all the time. And expand on those which seem to be
working for you.

Direct-mail Advertising. One of the most dircct methods of advertis-
ing is by mailing postal cards or sales lctters to persons in your territory.
In small towns, you may wish to take in the entirc community. In a
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large city, vou will probably concentrate on a number of blocks surround-
ing your shop.

[Tow do vou get a list of persons to whom vou will write? It is important
to reach as many pcople as vou can in the arca in which vou are working.
The first source of names is the list of vour own customers. Do not take
vour customers for granted! They may be pleased with vour scrvice but
must always be gently reminded that vou are ready to serve them further.
Kecp vour name in their minds at all times. Get them to think of you
automatically, when service is needed, by contant tactful reminders.
These customers will in turn tell their friends about vou.

Your local postmaster is another source of names. Nake an appointment
with the postmaster and explain vour problem. Ie may be able to suggest
where vou can get the desired list. For a small charge, he will also furnish
the correct address of anyvone you can no longer locate. It pays to cultivate
the friendship of these who handle yvour mailing.

You can somctimes get names from various lodges, organizations, so-
cicties, and church groups. Write to one of the officers—or better, go to
scc him—and explain why vou want the list. In most cases, the list is
vours for the cost of getting it copicd.

No. 606
Name. S
Address . _ _

Make of receiver I

When purchased

How many times was it repaired?

If you have additional television and radio sets, give information below:

Fig. 18-1. Copy of potential-customer information card

Phonc directorics can also furnish names and addresses. These are readily
available in all communitics. Sclect those who live in the area which yvou
intend to cover, and keep in postal contact. Remember, however, not
cvervone has a phone. So usc other sources as well.

Whatever vour source of namcs, you have to keep plugging awayv at
writing if you want it to pav off. Do not stop because the first results
seem barren. Keep the mail going at regular intervals. Give vour prospects
the idca that vou constantly have them in mind. They might retaliatc by
keeping vou in mind.
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Keep vour lists up to date. Do not waste time and moncy on thosc
who have moved to distant parts. If vou definitely find out that someconce
docs not have a recciver, why offer him service? When vou find that
somconc has moved, change his address on vonr file of namcs.

Wherever possible, make a note of the brand and age of the receiver of
cach person on vour list. Onc scrviceman got this information by running
a contest in which he offered a free service call to the onc with the
winning number on a card. These cards were left in surrounding grocerics,
drugstores, garages, and cigar stores. Certain information had to be fur-
nished. Figure 18-1 is a copy of onc of the cards with the information rc-
quired. The cards were dropped in a box outside the scrvice shop. Such
information may point out your most likcly customers. Concentrate on
them morce frequently.

What to Place on Postal Material. No onc likes a long-winded story—
especially from a stranger. Make your mailed cards or Ictters sav their mes-
sages quickly and clearly. If you arc making a free offcr, sav so in a few
words. Do not give the idea that vou arc a desperate ncar-failare making a
last attempt by offcring cverything. Give the impression that this is a
once-in-a-lifctime opportunity to get something free from a topnotch
technician,

If vou arc simply soliciting service trade, make the cards or letter im-
press the prospect with the fact that you are interested in his sct. It is
fatal to give the impression that your only interest lics in picking up a
quick dollar. Did you cver hear sonicone say, “Ile sounds too glib"? Do
not make vour communications give that effect.

There are many wavs to do this. One wavy is to include with vour major
message a bit of technical advice. You might include some information
about the cffcct on reception of aging tubes. Or, you might call attention
to a particular station that is poorly reccived in the community. Tcll
them cither what can be done or that nothing can be done.

Where a postal card is of the doublesize varicty, you might includc
station logs, program listings, ctc. In this way, vou will induce the person
who reccives it to save it with vour name and phonc number on it. Thus,
vour name will be readily available at all times.

Other Ways of Advertising. 'I'hcre are many other ways of advertising.
Many people seck their services and products by means of the classificd
telephone directory. When they need television or radio scrvice, they look
for a ncighborhood shop in that way. The cost is not great. Purchasc a
small listing. It is not a dramatic appcal. It does not advertise special offers
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and inducements, because it is static. So make it a general statement of
policy like “Work Guaranteed,” “Speedy Service,” “Television and Radio
Servicing,” or “Specialized Radio Servicing.” If you are a member of a
recognized servicemen’s organization, state the fact.

Another way to get your name around is by means of an advertisement
in your local newspaper. This is a more dynamic form of advertising. Be
brief and clear. Again state your policy and organization membership. In
addition, state any special offer or service. It is a good idea to include a
little cartoon cut if you can. This device has more appeal than mere
words. You might also add interest by using larger letters for special em-
phasis, as on a free offer. Change the format of the ads regularly. You'll
probably get many good ideas by looking through the newspapers at how
others do their advertising.

As another means, have your local printer make up several poster
signs—preferably in more than one color. With the cooperation of the
owners, you can get them placed neatly in garages, etc. One serviceman
went even further: For a small percentage commission, he had these
merchants receive any defective sets in their places of business. At regular
intervals he picked them up, serviced them and delivered the sets to their
owners.

Advertising can often be done through good-will functions. If a church
or organization is running a special affair, offer them the frec use of a
radio, a phonograph, or a public address system. Have a neat placard near
the equipment with words to the effect that it was loaned through the
courtesy of your shop—listing your name, address, and radio services.

One serviceman had a clever idea. He wrote a signed article on radio
regularly in his local newspaper. No charge was made. In these articles
he discussed reception problems, new developments in radio, the ad-
vantages of regular radio rehabilitation, etc. It paid off.

Another form of advertising is particularly effective in a smaller com-
munity where there is a more personal contact between the servicemen
and those he serves. This is the direct phone call. Do not waste time in
aimless chatter. \Without high pressure, be businesslike. Prepare in advance
what you wish to say. Write it down on a card and follow it. Efficient con-
versation gives the impression of efficient workmanship.

A final, but effective way to get your name into the minds of people is
by the simple expedient of sticking a label with vour name, address, and
telephone on the back of all sets repaired by you or on new tubes that re-
place old ones.
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Which is the best way to advertise? You must determine that for
vourself. Whenever a new customer comes in, ask him how he heard of
vou. Record that information. Eventually you will know where best to in-
vest vour advertising funds.

Apartment-house Servicing. One serviceman had another good ideca
which might work for you. is shop was located in a large city with many
large apartment houscs. le contacted the landlords of scveral houscs, onc
at a time, and requested permission to contact cvery tenant in the building.
In rcturn, he offered to remove old and obsolete antenna masts and wircs
at no cost, if the tenant desired this.

Every tenant was met in person. The serviceman cxplained that he
was doing a job for the landlord. Then he asked how many scts cach
tenant had. Were there any in need of repair? Since he was contacting the
centire house, he offered a special reduced servicing rate. Where all was
well, the serviceman simply left an attractive card with his namc, address,
and phone number. Tle got many jobs on the scene and ceventually had to
hire an assistant to handle the volume. The idea is worth a try.

Tie-in Servicing. Many scrvicemen use another technique that pavs off.
They make an arrangement with the local garage or auto-scrvice shop
whereby a large sign is displayed stating that auto radios arc rcpaired at
that place of business. A percentage of all fees is then given to those tic-in
businesscs.

Of course, definite arrangements must be made for this type of coopera-
tion. Fither the cooperating party must be trained to remove the car radio
and to hold it for the serviceman, or the serviceman must arrange to be
at the garage or car-service shop at specific hours of the day. If vou try
this idca, you will have to determine which arrangement is most satisfactory
for vou. Auto-radio installation may be handled in a similar manner.

The Serviceman’s Attitude. Last, but far from lcast hmportant in your
attempt to incrcase business, is your own attitude in your rclations with
customers. Unless accomplished successfully, you will choke off the influx
of customers which vour other ideas might have created. What this discus-
sion refers to is a consideration entirely apart from your technical skill and
service charges.

What do customers like in a television and radio serviceman? \What
should vou avoid in vour customer relations? First, customers like a friendly
but businesslike fellow. They like vou to greet them in a friendly mamncr,
often by name if you know it. When they bring in a recciver, they appre-
ciate a simple, nontechnical explanation of what is wrong. Do not talk
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so much that you give the impression that all vou will do is talk the re-
ceiver back to normalcey. Be brief and businesslike.

Don’t Make Jokes. Don’t be a buffoon! There are some fellows who
clown around while working, apparently enjoving the sensation of keeping
the customer, who may be watching, in laughing happy spirits. As a
comedian you may be a great success. But who would trust a comedian for
a serious job?

Answer Questions Briefly but Clearly. Don't ignore questions by a
customer peering over your shoulder while you are at work. Answer as
simply as vou can \\1thout acting too superior. Customer curiosity is
normal. If the customer fires too many questions at vou, vou can discour-
age him by the simple cxpedient of making vour answers very bricf,
while s]o“l\ continuing with your work. Avoid discouraging him by saying
he would not understand.

Be Professional. Another trait to avoid when a customer is around is
that of thinking out loud. You wouldn't think much of a doctor who came
to diagnosc what was wrong with you on the basis of vour svmptoms and
thought out loud. I1cre is what he would probably say: “It might be . . .
or ...o0r...or. That is what the average doctor does mentally,
but \\hcn stated out ]oud it sounds as though he is unsurc and incapable.
You will be judged similarly. Leamn to talk to voursclf in silencc.

Don’t Criticize. Avoid l\nocl\mg a competing serviceman. Too many fel-
lows belittle the other fellow in order to cunhance their own reputations.
But that is a double-cdged sword. The cffect of knocking is to create the
imipression that the ficld of scrvicing is shot through with incompetent,
gouging fakers. By association with the trade, vou will be held under simi-
lar suspicion. Treat the recciver, not the previous serviceman.

Repetition Pays. Customers like an aggressive, friendly serviceman. Keep
after old customers; go after new oncs. Be persistent without being a
nuisance. Give the folks the idea that vour constant reminders are svmp-
toms of intcrest in their having p]casurab]e tclevision and radio entertain-
ment.

Give Prompt Service. Don't keep a customer waiting. When he calls
for service, he obviously is missing his cntertainment. Fvery day's wait
adds to his irritation. Trv to get to his set as fast as vou can. And, for
vour own sake as well, try to get it repaired and returned cqually fast. Some
servicemen, where possible, lcave an old recciver at the customer’s home
if the defective sct is taken to the shop, so that the customer will be able
to enjoy programs in the interim period.
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Tell the Customer Beforehand. Don’t spring surpriscs on vour customer.
Let him know what vour service policy is right at the start. Stick to any
promisc you may have madc to him, Avoid the reputation of being a “gyvp
outfit.”

Smile. And finally, kecp smiling at all times. If the customer argues or
comes in with a chip on his shoulder, be the great conciliator. For if he
leaves vour shop in a rage, vou have lost him for good as well as those
whom he can prejudice against vou. It is a good idca never to let a cus-
tomer lcave vour shop without a smile, even if you must reduce the margin
of vour profit with him.

Scrviceman-customer relations are only a matter of good-will and com-
mon scnsc. Yet they spell the story of success or failure. Be alert at all
times for ways to improve them. They arc as important as technical know-
how.

Remember always that a customer is the most important person ever in
vour shop. whether in person, on the tclephone, or by mail. A customer is
not dependent on you—yvou arc dependent on him. A customer is not
an interruption of your work—he is the purposc of vour work. Thercfore,
vou arc not doing him a favor by fixing his sct; instcad, hc is doing vou a
favor by giving vou the chance to fix it. A customer is a part of your
business, not somconc to arguc with or match wits with. You can
never win an argument with a customer because vou losc him if vou
win,

Adding Sales to Service. 'I'hcre is another way in which vou can ex-
pand vour business. That is through the sale of television and radio scts.
However, onc must never jump unthinkingly into this rclated business. It
contains the germ of a medium that can either swell vour income tremen-
dously or that can smash vour well-cstablished servicing shop. Before you
jump to that arca of activity, you must think the problem through very
carcfully and plan the groundwork in more detail than previously.

Do not attempt too quick an expansion at the start. You had better
begin with a few models and add to your stock as business conditions and
consumer demand direct.

Onc of the primary requirements when yvou start on vour plans for
growth is provision for adequate capital. A survey by the U.S. Department
of Commerce showed that lack of capital was responsible for about one-
third of all business failures. It is truc that in the radio business you can
operatc on less capital than other business, because credit arrangements
are casier and more available. But do not ride on credit alone, because the
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temptation is to expand beyond what you can safely carry. Pay vour bills
as rapidly as you can.

It is advisable that you talk the matter over with vour banker. Many
advantages to you will ensuc. The bank can be helpful in extending credit,
in advising you on business trends, in discounting notes, and in many other
ways. Many a business has weathered a business storm through the aid
of a bank.

Another angle that you must consider is the new responsibility that
you arc now assuming. Consultation with a lawyer might pay off in the
end. 1f you continue as you have been in individual ownership, conditions
may arisc which require that you satisfy your creditors. At such time, they
arc legally able to seize all your property—personal as well as business.
However, if you incorporate your business, you will not be personally liable
for the debts of the corporation over the amount invested. The disadvan-
tage is the cost of incorporation and corporation taxes. Get good lcgal
advice for vour decision.

The next major step is a survey of consumer demand. An easy way is
to note what pcople entering vour store ask for. Another method is to
observe what models your successful competitors are carrying,

Do not stock up too much. If the wholesaler is easily reached and you
can replenish stock quickly, you should carry one or two of each larger sct.
But if your wholesale supplier is at a distance and there is a time delay
in restocking, then you must naturally carry a larger inventory.

When restocking your store, you must always keep in mind the fact
that models change. Manufacturers regularly change the design and ap-
pearance of their products in order to increase sales. People constantly
go for modem design. Don’t be stuck with obsolete stock. Keep constant
contact with the manufacturer as to the dates for change of model, and
act accordingly.

Principles of Salesmanship. Don’t take sales for granted. You simply
must plan and train yourself for the job. Know your products intimately.
Know why the construction is superior. Be sold on its virtues yourself. Ilow-
cver, concentrate on customer use. In the last analysis, the use is the
primary interest to the purchaser.

Know people. Women are especially influenced by fashion and color.
They go along with a latest mode. Men, on the other hand, are more re-
sponsive to an appeal to their technical understanding, They will be flat-
tered by an emphasis on construction and operation. Meet each person
where a favorable response is most likely. Do not use high pressure, but
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emphasizc at all times the advantages in style and scrvice of your product.
Be armed with trade litcrature to make a convincing presentation. And
above all, do not rcly on extemporancous salesmanship; plan your sales
talk in advance.

And the last item of importance is the knowledge of the principles of
salesmanship. Size up the prospective customer. Is it a single man or
woman or a marricd couple? Are they young people or clderly folks? And
then determine your sales appeal.

Don’t be aloof. Put human interest into your sales talk. Tell the per-
sonal advantages of the product. Try to get the prospect to talk by asking
questions. In this way, you will be able to ascertain his feclings on the
subject. Then tic vour talk in with his feclings. Answer his questions
simply and with interest, but keep up your own prepared appeal. Make
the appeal stronger and stronger as vou go along. And know when to
stop. It is silly to keep up vour attempt to sell when the customer is ready
to buy. Overtalking may arouse ncw doubts.

. Be stable and professional in your poise.

. Meet the customer's needs.

. Know how to talk and when to stop. Talk distinctly and slowly.
. Be self-confident and courteous.

Be neat.

Be enthusiastic about your product.

. Listen attentively to the customer.

. Keep smiling through; keep cool.

. Respect the customer’s viewpoint.

. Keep all your promises.
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. Avoid knocking rival products and services.

Fig. 18-2. A few important salesmanship traits

Carry out faithfully every commitment made during the sales talk. ITave
confidence in your ability. No onc is a born salesman. We all lcam if we
attempt to improve oursclves intclligently. In Ivig. 18-2 are listed a few
of the important traits to develop. Concentrate on devcloping them.
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Service Charges and Policy

Operating at a Profit. Wecll, vou're in the servicing business and you
want to stay there. Tlowever, regardless of what the volume of service may
be, vou will have to make a profit out of cach job in order to stick. There
is the silly story of the man who bought clectric fans at $12 apicee but
sold each onc at $11.98. When asked how he could remain in business
he replied that he lost 2 cents on cach fan but sold so many that it made
up for the minor losses. It simply docs not work that wav.

There are many factors that vou must keep in mind which will spell
profit or loss. If you overlook any of them, vour carcer will soon end. All
of them add up to the price you will charge vour customer for scrvices
rendercd. So we can reframe the question: ITow much shall 1 charge for
any servicing job?

Factors Involved in Estimating Servicing Charges. Onc factor that af-
fects your charge is the competitive price. You can assume that some
nearby serviceman is just as competent as vou are. If he is underpricing vou
by a considerable margin, you may have trouble building up vour business.
Doun't worry too much about this, though, because it is very hard for
anyonc to comparc prices for service work when almost cverv job is
different. Also, vour competitors may not know their truc costs and mav
not be charging cnough to stay in business. There is no point in mccting
compctitive prices if you all go broke as a result.

The key to lower prices is increased volume of customers. If vou im-
prove vour servicing technique so as to reduce labor time and if vou carry
on an active go-getter campaign, the incrcased business will sustain you
even at a lower net profit per service job.

310
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Where there is no competition, you can increase the per cent of net
profit. But cven here you must conform to fair business practices. It can
prove fatal to the confidence of your customers if they feel that you arc
charging unfair excessive fees for no other reason than that there is no
one else to whom to turn. It will set up a backlog of bad will that might
ruin vou if a competitor enters the arca of vour coverage.

Parts. The first factor to consider in a scrvice charge is the cost of
replacement parts. No doubt you will stock up on parts that have been
purchased by you at wholesale prices. Obviously, there is no profit in
charging the customer exactly what you paid for the parts. How much
above cost must vou charge? It is customary to bill your customer at list
prices for any parts. You are entitled to such a price, because you have
bought in quantity and stocked parts and are sclling onc unit at a time.

Labor. Another factor that enters into your service charge is labor cost.
If you simply make a small profit on replacement parts and consider that
vour charge, vou might as well get out of the service line and bccome a
parts jobber. No, you must charge for the labor involved in the repair work.

Hourly Rate. If vou werc employing a serviceman to work for you, you
would have to cover his salary by including it in the fee. You could casily
determine the labor charge by dividing his weekly salary—let us say $80—
by the 40 hours that he works cach weck. That gives a labor cost of $2
an hour. If he worked for 114 hours, his labor would be worth $3. You
are sclling vour cmployec’s labor as a commodity and are entitled to a
fair profit on it. Such a fair profit is about 20 per cent, or one-ffth, of the
labor cost and is added on to the customer’s labor charge. In our examplc,
the labor cost is $3, vour profit is 14 of $3, or $.60, and the customer’s labor
charge is $3.60. If you do your own scrvicing with no employee assistance,
the labor charge would then be the same, or $3.60. Simply assume that
you are employed by voursclf.

Final Charge. The $2 hourly rate is used here only as an example. The
actual rate that you usc for voursclf may be higher or lower, depending on
vour locality, cxperiences, ability, and competitive rates. Start a little low,
so vou can give yoursclf a morale-boosting raise now and then, just as if
vou were working for somconc else.

Many servicemen adopt a policy of adding the list price to the labor
charge, and letting that be roughly 60 per cent, or threc-fifths, of the
complete customer bill. To find the complete charge, divide the charge
for parts and labor by 0.6. This is the samc as multiplying parts and labor
charges by %. Take the example of a part that lists for $.80. If it took you
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1% hours to find the defect and repair it, the labor charge would be $3.60.
Thercfore, the parts and labor charge is $4.40 ($3.60 + $.80), which is
60 per cent of the total charge. The latter is found by multiplying $4.40
by 5. This turns out to be $4.40 X %, or $7.33, which vou would round
oft to $7.50.

Overhead. No doubt, you arc wondering what the 40 per cent of the
total charge covers. Too many voung and enthusiastic scrvicemen just
starting out tend to make the service charge cover parts and labor with a
little markup for profit. But thev arc forgctting that there arc costs to
be met which scem unrclated to the job. These invisible items are called
overhead costs. There are expenses like rent, heat, phonc charges, lighting,
car equipment, taxcs, advertising, lost time, vacation, insurance fees, ac-
countant’s fees, and many others, which must be paid for. In addition vou
must show a nct profit at the end for expansion, replacement, and other
incidentals.

Where can vou cover overhead cxpenses and net profit if not in the
service charge? Overlook these items and you will soon be out of busi-
ness. Usually, the 40 per cent is divided into 35 per cent for overhead and
5 per cent for net profit.

The formula just presented is not a rigid one. It is simplv a guiding
principle around which to operate. On small jobs, multiplying the parts-
labor cost by 2 instcad of 34 will be fairer to vou, since it costs just as
much to get a small repair job as a big onc. You will have to study vour
own sctup carefully and keep exact records to work out a successful solu-
tion. Figurc 19-1 shows graphically the main factors that influcnce your
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Fig. 19-1. What goes into service charges

charge. These may be affected slightly by the extent of competition and
by the volume of work vou do. The more jobs vou handle per day, the less
overhead there is to charge against cach onc. Your job is to work out a
successful formula with these factors for your own shop and vour com-
munity.
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Before You Begin Service Work. Never start a job before the customer
knows approximately what the charge will be. Do not become the victim
of a customer who refuses to pay, after services rendered, because he con-
siders vour bill excessive. The prior estimate will help to climinate such
an eventuality.

Of coursc, many scrvicemen feel that the quotation of a price will im-
mediately have the effect of driving away the customer. There is a certain
clement of truth in that. But there arc ways to overcome the complaint
that you are bleeding the customer. First and foremost is the fact that
vou have built up a reputation for cfficiency and honesty. That is your
strongest argument.

Howecver, there are other ways. It is unfortunate, especially with small
table-model radios, that the potential customer cannot scc how a large
bill can be applied to a small picce of equipment. The same bill applicd
to the repair of a car would meet little or no objection.

Your job is to cxplain to the customer in simple and dignified terms
the facts about a successful business. Point out to him how low the re-
pair cost is when compared to the number of years of uninterrupted
pleasure he got from his radio rcceiver. Bricfly explain the basis on
which vou determinc vour cstimate. Tell him that hec may obtain the
scrvices of a competitor who may quote a lower price, but he must do so
by using inferior parts or lower-priced and less skilled labor. Unless your
customer deliberately intends to cheat you, he will recognize and accept
the fairness of vour point of view.

Therc is nothing wrong in losing a job because yvour price is too high for
the customer. You should expect this and not fecl bad about it. Reducing
vour charge lowers your prestige; furthermore, too low a pricc mecans that
vou are working for nothing or even taking a loss. Let the price chiselers
go to your compctitors.

Accuracy of Estimates. The estimatc must never be permitted to become
a strait jacket. It is impossible to hit the actual charge squarcly on the
nosc cvery time. You may find that the time consumed in locating a defect
tumns out longer than you had at first imagined. Or after replacing an ob-
viously defective part, vou may find that other previously undctected con-
ditions show up. Therefore, vou must make sure that both you and the
customer realize that the quoted cstimate is a rough onc. Of coursc, if
the charge runs appreciably higher than the cstimate, vou will want to
call the customer and get his approval before completing the job.

It is a good idea to have a sign posted where the customer can see it
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like the one shown in Fig. 19-2. Be sure to call the attention of the cus-
tomer to this policy. It is also advisable to establish a reputation for fair
practices by extending any savings on the estimated price to the customer.
But be sure that you are not overlooking some item of vour own cost in
this regard.

OUR POLICY

1. Our estimates are based on our first analysis of possible defects and are not necessarily
final.

2. If the service charge exceeds our estimate by more than 109, we shall notify our customer
and ask for authorization to proceed.

Fig. 19-2. A typical policy sign

Handling Those Who Shop Around. There is another condition which
vou must avoid. Some customers have a habit of taking their sct to several
servicemen for cstimates. You spend your valuable time locating defects
in order to make an estimate, only to find that it was all in vain. Some
servicemen mect such occurrences by charging a flat rate of a nominal
sum for cstimating the cost of a repair job. If the customer then Ieaves
the sct for such repair, the estimate charge is dropped. To a certain extent,
such a policy will be determined by competitor policy. You determine
what is right for vour own location.

Tagging the Repair Job. It is a good idea to give vour customer an
indication of vour fairness by attaching a tag to the set, itemizing his
cost. Statc the cost of labor and overhead involved. If then the customer
has a gripe, you can explain and justify the breakdown of itcms, provided
vour charge has been an honest one.

To Guarantee or Not to Guarantee. The question of guarantecing your
service work definitely affects the factor of overhead. The customer ex-
pects his repaired sct to give normal operation for an indefinite period of
time. And he has a right to feel that way. However, vou know that there
arc many parts in a sct which can go bad. To make matters worse, these
parts do not all go bad at the same time. You may replace a defective con-
denser and get a sct working fine, only to have a different condenser go
bad a month or two later. Are vou to be held responsible for this new
defect? Obviously not!

Yct the customer has a right to be assured that the first repair job per-
formed by vou was a satisfactory onc. Ile must also realize that vour
replacement condenser will not last until the end of time, but also has a
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lifc of its own. You cannot be held responsible for its indcfinite good be-
havior. Iercin lics the basis of vour guarantce policy.

The lcast that you can do is guarantce your own scrvice work and
parts to the same cxtent as your competitors. To avoid frequent making
good on vour guarantce and thereby increasing your overhead, usc the best
parts that vou can purchase and do first class workmanship. It'll pay off in
the end.

It is a good ideca to have a guarantce statement on the back of your
itemized bill. A typical statcment used by one successful serviceman reads
as follows:

GUARANTEE

The parts used by us are of the best quality. We guarantee our workmanship and parts against
breakdown for 90 days after installation by us. If within this period of time a part installed by
us becomes defective, we will replace said part with a similar new part at no charge to the customer,
provided that no one else has tampered with any parts within the set or that no one has sub-
jected the receiver to other than normal use.

We do not guarantee this receiver against breakdown of parts other than those replaced by us.
We do not guarantee this receiver against breakdown of parts other than those replaced and
listed on this bill.

As a little booster for yourself, if you fecl that the parts you use are
of the finest quality, you can cven extend this guarantce to a period of
6 months or morc. Do not arguc with vour customer if he comes in to
make you stand bchind your warranty. Show good faith by following
through. You will be establishing a steady customer as well as a walking
advertisement.

Some servicemen have worked out another angle. They give a guarantec
similar to the onc stated above. But they inform the customer that this
repair job was like plugging a leak in a weakened dike. It will hold for a
while, but a new leak or defect can be expected soon. With the customer’s
permission, they will overhaul the entirc set, replacing all bad and weak
parts. Then they follow through with an unconditional guarantee of the
entire receiver for a period of 1 year. This policy is cspecially desirable to
the customer when the receiver is a large, expensive picce of equipment
with a definite furniture valuc.

Cash or Credit. As a scrviceman whose profit margin is small, you will
need cash at all times to take advantage of speccial contingencies and
special purchasing opportunities. To have that available cash, you should
avoid doing scrvice work on a credit basis. Like many others, vou will be
tempted to capture trade from competitors by an overcxtended credit
policy. But better beware. Many a serviceman has gonc on the rocks with
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large outstanding unpaid debts. Your success is mcasured by profit col-
lccted.

Aside from the risk of loss, there are many other accompanying head-
aches. When the customer gets his prized set back without paving, he is
much more likely to gripe about the repair job you did. Some hope
thereby to get vou to reduce vour charge in a compromisc gesture. A
customer readily forgets his previous willingness to pay a fair price to get
the sct fixed.

Further, even if cventually vou are paid by a reluctant customer, you will
waste time in collection procedures. Wasted time, as vou remember, in-
creases vour overhicad costs. It is time devoted to a customer for which
vou will not be paid. And where vou call in the services of a collection
agency, there will be even more tangible costs to you.

So, if possible, trv to confine vourself to a cash business. Be firm in
maintaining it. Place a sign in large letters over vour interviewing counter,
like “ALL SERVICE FFOR CASIL”

Unfortunatcly, such a 100 per cent cash policy is often impossible to
follow. Special marketing arcas, the nature of vour customers, unique
situations like a sct received by a maid when the customer is not home, and
the policies of your competitors may compel you to carry on a certain
amount of credit business. When such is the case, vou simply must have
a definite credit policy.

First, you should know the name and address of the person to whomn
vou arc granting credit. In addition try to determine his credit status.
From neighborhood stores or the local bank, find out how he has met
previous obligations. Does he own property or is he a tenant? Ilas he been
long in the community? Decide how great the risk is and act accordingly.

A sccond important point is that yvou obtain a dated receipt for itemized
work done from the customer seeking credit. But where the claim goes
to court, you must have rcal evidence of scrvices rendered. Such a receipt
will minimize the tendency of unethical persons to deny that you did
any work for them. They will be less likely to withhold eventual payment.

A third important thing to remember is that credit must not be left
indefinitely outstanding. Avoid the situation where the customer promises
to pay vou later, again and again. Where credit is granted, sct a precise
datc or dates for payment. You will then know all the sooner who is
stalling.

Collecting Delinquent Accounts. You'rc bound to run into delinquent
accounts if you are setting up a credit system. Here, especially, you must
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have a definite policy that is prompt, regular, and tactful. Morc is nceded
than a hope and a prayer. The longer you dclay action, the less likely
vou arc to be paid in full.

Do not assume immediately that the delinquent customer is a cheat.
Many of us, who arc extremely honest, develop I'rcudian subconscious
blocks, especially when it comes to paying bills. We intend to pay but
put the painful task off until the last moment.

So go casy at first. Drop a couple of form cards in the mail, reminding
the customer of payments duc. If this brings no response, keep cool. Write
a letter similar to the following:

Dear Mr. Jones,
Did yau receive aur bill of June 6, 19—, far radio service work rendered? The balance due
is $8.60. An addressed envelope is enclased far yaur canvenience in making the payment.
Very sincerely,
John Doe

Wait for about two wecks. If pavment is not made, be friendly but a
bit more firm. Send a sccond Ictter:

Dear Mr. Jones,
Two weeks ago we called your attentian to the unpaid balance of $8.60 for servicing your
radio.
If you need more time or would like to pay it in two instaliments, won't you get in touch
with us at once?
If failure to remit payment has been a matter of oversight, we would appreciate your taking
care of the matter as soon as possible.
Very sincerely,
John Doe

\Wait about a week or two more. If pavment is still not made, you must

tactfully thrcaten vour man. e is still a customer, so do not let fly with
insulting remarks. Send a third letter:

Dear Mr. Jones,
This is our third letter to you regarding aur bill for $8.60. Please settle the claim in the same
good faith as we extended credit to you.
We know that you are anxious to avaid legal steps, just as we are. But we have no alternative
unless we hear from you within one week.
Very sincerely,
John Doe

Do not lose vour hecad if payment is still not forthcoming. Call the
man on the phone. 1Te may losc resistance in voice-to-voice conversation,
whercas a letter could be tossed unopened into the garbage pail. And
finally, pay a personal call upon him. Failure to scttle now is the final
assurance that lic is not minded to do so at all. Firmer action is nceded.
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You may take the customer to the Small Claims Court. ‘There is a
small cost for such action. But if judgment is granted to you by the court,
this cost will bc added to the recciver-repair charge. Court actions waste
a lot of vour own valuable time, however.

Somctimes, vou will turn the matter over to a collection agenev rather
than to the court. Although the agency takes a cut on the collection, they
will sparc vou wasting time in court action.

Keep one thing in mind at all times. Do not be tempted to take legal
action or collection-agency action too soon. Sincere wishes to pay coupled
with cmbarrassing financial circumstances may have created vour delin-
quent customer. Save him further humiliation, if you can. Give him any
face-saving mcthod to pay off his debt honorably. Such consideration mav
endear him as a good customer at later times. Where hardship is evident,
give considcration to marking the bill paid and presenting it to the cus-
tomer as a good-will gesture; vou lost nothing, and may gain a lifctime
friend and booster.

The Storage Problem. A problem remotely rclated to delinquent ac-
counts is that of the customer who brings in a set to be repaired and then
seems to forget about picking it up. You have the headache of storing it,
perhaps in cramped quarters. ‘Then, perhaps long after vou have disposed
of the forgotten treasure, the customer turns up for it and demands pay-
ment.

Do not become the victim of such a mishap. Establish a definite policy
on this scorc at the start. Place a large ncat sign over vour customer-
interviewing counter reading as shown in Fig. 19-3. Of course, it is usually

STORAGE POLICY

We assume no responsibility for anything left beyond 30 days after pickup.
After 30 days, uncalled-for items are subject to storage charges of 25¢ per week.
After 6 months, uncalled-for items will be sold or otherwise disposed of.

Fig. 19-3. A typical storage-policy sign

advisable to sct a date for the customer to pick up his set or to have it
delivered to his home. If on that date he fails to show up or fails to be
at home to reccive it, drop him a card restating the storage policy.

Check That Check. In this modem day and age, many pavments will be
made to vou by check. If the customer is relatively unknown to vou, ask
him to make the check out to Cash rather than to you or vour shop. The
reason for this precaution is that checks made out to cash are usually col-
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lectible with the aid of the law. Checks made out to you or your shop
name that do not clear through the banks must be handled through time-
consuming collection mcthods.

Somctimes, the check is already made out to you or the shop. If it is
rcturned with “insufficient funds” on it, do not rcturn it to the customer.
‘I'his invalid check is vour evidence of pavment duc to yon. Retum the
check to the bank. When funds are deposited by the customer, the bank
will honor the check.

Where the customer gives you a part pavment by check for services, be
surc to get a signed statement from him that payment is in part for the
full amount (stated and dated). Do not write “payment for radio scrvice”
on the check. If anything, write part payment for full stated sum.

SUMMARY STATEMENT

The ficld of radio service is a much-maligned onc. Many customers have
prejudgments that vou arc out to “do” them. Combat that attitude by
being friendly, professional, and honest in vour dealings.

But do not let skeptical customers drive vou into unsound business
policics to attract them. Be firm in your policies. Explain your position to
those who question vou. ‘T'he fair and honest onces will understand and go
along with you. As for the others, it is better to lose them sooner.
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Record K eeping

The Need for Keeping Records. Your business success, like all business,
depends on yvour ability to do those things which will terminate in a
net profit for you. Similarly, vour success will depend on vour avoiding
thosc things which lcad to excessive loss. 1t is as simple in principle as
that. The trick, however, is in conducting vour practical affairs from day
to day so as to achicve that goal.

To do so requircs constant and alert planning. And to plan in an
orderly, mature way requires that you keep records—daily, weekly, monthly,
annually. Of coursc, the keeping of records must not be an end in itsclf.
It would be ridiculous for you to spend hours on records for a small, grow-
ing business. The records should be only so detailed as to help vou plan.
Naturally, the greater the volume of vour business, the more records you
must keep.

Generally, there are about five good reasons for keeping records: First
and foremost is the record of profit and loss in order to guide vour future
activity. A sccond good reason is to control your buying, stocking, and
selling of parts and materials. A third rcason is to have at all times a
record of payments duc you as well as a record of vour own credit debts.
A fourth reason is to have information immediately available for making
vour annual income tax statcment. And finally, vou must have systematic
records for survey when applying for credit extension.

You cannot succced without records, but you can make them as strcam-
lined as possiblc, so that they are useful without being burdensome.

Kinds of Records. You will have to keep records of vour customers,
their scts, and repairs made for them. By doing so, vou will be prepared
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to some extent when called by an old customer. You will have a history
of what has been happening to the sct. You will know what tubes and
parts to bring.

Another record that is essential is the individual service tag and guaran-
tee. This record cnables vou to keep track of whose sct is on the shelf,
among many others, and finally serves as a reminder to the customer of you
as the serviceman who repaired his radio.

A third type of record is the financial record. This may be kept daily,
weekly, monthly, and annually. It is designed to inform you of payments
made to vou, payments owing to vou, pavments made by yvou, and pay-
ments vou still must make. In this way, you can tcll the financial degree
of success with which vou arc operating. Related to these records is your
checking account record which you must examine monthly when your
bank statement arrives.

Another scries of records cssential to wisc planning is the inventory
record, checked monthly. Here, vou keep tabs on parts that you have used
up during the month, the parts that vou still have on hand, and the parts
that vou must rcorder. This must be a live inventory, up to datc. The nat-
ural tendency is to delay in making the record. As a result, time is lost in
waiting for some nceded part, and a customer is annoyed by the dclay.

A fifth record that must be kept is the onc that will enable vou to
make out vour income tax statement at the end of the year. If kept prop-
crly, the latter chore is casily handled. If not, look for a hcadache and a
nightmare.

You may find other records uscful in vour planning. Use them if they
aid in that purposc. But do not keep records for their own sake. Let us
look more closcly at those bricfly described above.

It is a good idca to keep repair records on file in alphabetical order by
last name of customer, for ready reference. They will cnable vou, among
other things, to avoid responsibility for someone clsc’s service work and
to mect the challenge of being blamed for repair work previously done by
vou when a new defect develops.

The second record is the service tag and guarantce. This too, should be
filed, since it gives the breakdown of parts and labor for the scrvice
charge. These tags can also scrve to aid in making vour monthly cntrics
of incomc.

Financial Control Records. Lct us now direct our attention to the
keeping of a financial record. Evervthing that you do will depend upon
how you keep and interpret this information. This record is the pulse of
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vour business. It will dictate what changes in policy arc necessary. It will
point up arcas in your work that nced new emphasis. And vet, the record
itself is fairly casy to keep—particularly at the start. When vour business
has grown very large, you will nced an accountant for a double-cntry
system. But let us begin slowly.

The monthly profit-loss shect, shown in IYig. 20-1, is rccommended as a

Profit-Loss Statement

Period from March 1, —— to March 31, ——,

SALES AND SERVICE INCOME ... ............ ... ... ........ $2,200.24
COST OF GOODS SOLD:
(1) Cost of materials on inventory ... ... .. $3,600.98
(2) Purchases . ...................... . 600.63
4,201.61
(3) Cost of materials left . ... .. .. .. .. . 3,600.44
(4) Costof goodssold ... ....... .. .. .. 60117 ........ 601.17
GROSS PROFIT . ... ... . . ... .. o $1,599.07
EXPENSES:
(D Rent .. ... ... ... .. ........... 125.00
(2) Electricity ........ T 20.10
(3) Heat ........... ... P 11.23
(4) Telephone ........ .. P 31.12
(5) Car expense ..... F 60.00
(6) Advertising .......... ... ... .. .. .. 29.72
(7) Insurance .......... ....... L 36.25
(8) Wages . ......... R A 600.00
(9) Depreciation . ... ..... B 60.00
(10) New equipment, etc. ... .. ...... . . 60.00
(1) Taxes ... ...... ........ ........ 4.80
(12) Lost time, bad debts, etc. . ... ... 16.00
Total . ... ... . $1,054.22 ... ... 1,054.22
NET PROFIT . e $544.85

Fig. 20-1. A typical monthly profit and loss statement for a two-man service business. ltem 8
includes your own regular wages drawn for the work you do as head of the business

tvpical way to watch your financial hcalth as vou go along. The sales and
service income represents the total money intake for the month. The net
profit that you can credit to your business is going to be the sales and
service income minus all yvour expenses incurred during the month.

The first deduction from vour gross income is the cost of materials
and items used. However, during any onc month, you will not only pur-
chase new supplics but will usc up materials carricd on yvour inventory
during previous months. To get the cost of matcrials for the month, add
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the cost of materials purchased previously but still on inventory to the
cost of materials purchased during the current month. Then subtract
from this total the cost of matcrials Ieft on inventorv at the end of the
nonth.

The other expenses to be deducted from the gross income arc rent,
opcrating costs, taxes, ctc. These are listed in Fig. 20-1. Your nct profit is
the difference between the gross income and all costs and expenses.

Somec of the cexpenses are not paid monthly. For examiple, taxes and
msurance arc paid annuallv. However, vou should break them down to
monthly figurcs. This procedure will cnable vou to evaluate vour business
at shorter intervals.

The profit and loss statements show how vour business is going. But
it docs not tcll the storv of the value of your business. To show your
assets, liabilitics, and nct worth of vour shop, an annual balance shcet
should be made up. You may have to show such a statement if vou should
seck a loan for expansion or some other purpose. A typical annual balance
sheet is shown in Fig. 20-2.

Assets ' Liabilities and Net Worth
Current Assets: Current Liabilities:
Cash on hand and in Accounts payable .. ....... $1,200
bank ... .. ... .. $1,800 Notes payable ... ....... .. 500
Accounts receivable . 250 (B) Total current liabilities .—5—1_,760‘
Merchandise and parts NET WORTH (A —B) ..... ... $4,800.42
inventory ... .... 1,740.42
Total current assets .. . ....... $3,790.42
Fixed Assets
Furniture and
fixtures $930
less deprecia-
tion ... . 140 $7%0
Shop equip-
ment . $1,500
Less deprecia-
tion ... .. 300 $1,200
Delivery equip-
ment $1,000
less deprecia-
tion .. 280 $720
Total fixed assets .. ........ $2,710
(A) Total assels R, $6,500.42

Fig. 20-2. Typical annucl balance statement for a business
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The balance sheet may serve another important function: It can indi-
cate the manner in which you have been investing the profits from your
business. In that way, you can tell where a change of business policy is
nceessary. Your business is on a sound basis, without doubt, when your
monthly net profit and your annual net worth is maintained or grows. If
it does not, analyze your monthly profit and loss statement for the source
of decline, and give that your immediate attention.

Inventory Control. The control of inventory is most important in the
success of your busincss. To give cfficient service, you must have ma-
terials on hand at all times. Yet you cannot overstock, because that would
mcan vou werc tying vour asscts into itcms that did not of themsclves
produce profit. Overstocking would also prevent your taking advantage
of periodic price reductions.

To have a wisc control of inventory stocking, you must know how many
items of onc kind you have on hand at any time, how many arc on order,
and how rapidly they arc being used up. The simplest method to achieve
this information is by mcans of an inventory card that is kept live at fre-
quent intervals. In Fig. 20-3 is shown a typical inventory card for this pur-
posc.

Item _ Condensers—0.1 mfd/400v Unit _one Unit cost $.12
Supplier__ Steuben Distributors Minimum__ 8 Maximum 35
On order 3]0 3-1
7 9
Cost 3.2\\ 2.28
Date in Out | Bal. | Date| In Out | Bal.
3/n 27 35
3/12 2 33
3/13 4 29
3/14 7 22
3/15 [ 16
3/17 8 8

Fig. 20-3. A typical material inventory card. After “Unit,” indicate if sold one at a time, by the
foot, quart, pound, etc.

The inventory card shows the maximum and minimum number of
items to keep on hand. The indication of unit cost will indicate when to
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take advantage of a materials price reduction. At all times, you will know
when and how many items have been ordered and the total cost. In our
figurc, it can be scen that 27 condcusers were consumed in 6 days. Per-
haps that would indicate a nced for increasing the maximum and mini-
mum figures.

If vou have an cmployee, it is a good idca to have onc person in
charge of inventory control. To have more than onc person in charge is
to invite crror, forgetting, and other breakdown experiences.

Where sales items such as receivers are concerned, inventory control is
very important. Generally, vou must make a drive to push stock that has
been around for 60 days. Of course, if it is an item that will give yvou a
heavy gross profit, you can wait a bit longer. But remember, no profit is
derived from inventory. Profit results from sales. Push sales hard!

Income Tax Information. As a rcsult of profit from your business, you
will have to pay Federal and state income taxcs. The tax laws have been
changed and amended from vear to vear. Your job is to keep abreast of
the laws. Good advice can save you many dollars. The proper maintenance
of the financial records just described will be of invaluable assistance to
vou.

It is suggested that vou invest in the scrvices of a good accountant in
filing your tax rcturns. There are many legitimate savings that you can
make but about which vou will not know. Let the expert give advice.

There arc many things that vou can do to assist in making a wisc rcturn.
First, find out which forms you must fill out. Somctimes making out an
alternate form will save vou money.

Do not wait until the last minute to make out your return. Failure to
take advantage of somce tax-saving item in one fiscal year is lost forever.
You cannot make the claim in the following year.

Be surc to deduct for depreciation of vour cquipment, your business car,
and your property—if vou own it.

Keep an accurate live record of vour inventory. The government per-
mits vou to figurc the valuc of vour inventory at cost or market value,
whichever is lower. Proper use of the inventory card suggested in Fig. 20-3
will aid you in dcciding which one to choosc.

Keep records of repairs and maintenance as a deductible yearly ex-
pense. The government will allow this, but improvement costs must be
apportioned over a number of vears. Keep separate records of cach
item.

Keep records of petty cash. In themsclves, they arc small and insignifi-
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cant. However, they become sizcable over a vear. Take advantage of these
petty cash cxpenscs.

Do not wait for a bad debt to be paid. Deduct it during the vear in
which it occurs. Otherwise you may lose it as a deductible item.

Try to pay all current bills during the fiscal vear so that vou may deduct
them from the year’s income. It will reduce your tax for that year.

And finally, keep all records—invoices, canceled checks, reccipts, ctc.—
in a systematic way. You may be challenged to prove statements made on
your tax form. Be ready with substantiating data to avoid a headache.

FINALE

We have explored the ficld of radio servicing from both the technical
and business angles. Sufficient information has been given to launch vou
and help you over the pitfalls that have trapped others. You will no doubt
use the information in your own way for vour own local needs. The cmpha-
sis has been on problems generally encountered.

Have faith in what vou arc trying to do. Move slowly and think vour way
through. The prize is worth the cffort. Think in terms of training vour-
self further and expanding into the field of tclevision. Much of the infor-
mation given will be of use in that endeavor. Good luck and happy days!
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Accident prevention, 294
Advertising, 301-305

dircct-mail, 301-303

outside, 301
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Alignment procedure, 68-76

equipment, 69

tools, 69

trf rceciver, 75-76

when nccessary, 69
Antcnma troubles, §8-89, 111-113, 233
Apartment-housc service, 305
Audio signal tracer, 169-170
Auto radio, 8-11

dcad recciver, 52-55

hum, 93

installation, 121-125

noisc in, 121-127

rectifier, 10-11

vibrator, 8-10, 145

Bias voltage, measuring, 159
Busincss, scrvice, 272-297
basic cquipment, 273-275
business car, 281
business nanie, 280
business signs, 280-281
customer relations, 283-285
cfiiciency methods, 283
estimates, 285
expansion, 291-297
getting first customers, 281-282
guarantees, 286-287
handling complaints, 286
home calls, 283
petty cash, 291
records, 287-290

Business, scrvice, salary, 290-291
scrvice bench, 277-280
shop calls, 282-283
shop location, 273
starting, 272-297
stationcry, 281
supply source, 277
tclephone, 281
womcen as customers, 285-286
Business cxpansion, 291-297
accident prevention, 294
check list, 296-297
compctition, 293-294
dccorations, 294-295
rent, 292-293
shop location, 292
signs and posters, 296
special promotions, 296
window display, 295
Busincss-getting ideas, 298-309
adding salcs, 307-309
advertising, 301-305
apartment-housc scrvice, 305
displays, 298-301
scrviceman’s attitunde, 305-307
tic-in scrvicing, 305
window lighting, 300

Casc historics, 265-271
Cathode-heater lcakage, 82-83, 157-158
Charge (see Scrvice charge)
Complaints, 16-17, 286
glossary of, 229-235
types of, 17-18
Component defects, 27-29, 229-235
antenna, 233
battcrics, 233-235
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Component defects, cabinet, 233
coils, 231-232, 261-262
conncctions, 233
clectrolytic condenser, 230
fixed condcnscrs, 229, 260-261
line coid, 233
loudspeaker, 232, 261-262
receiver, 27-29, 229-235
resistors, carbon, 231, 259-260

wirc-wound, 231
switches, 232
tone controls, 230-231
trimmers, 230
tube sockets, 232
tubes, 229, 261
tuning condensers, 229
tuning dials, 233
vibrators, 233
volume controls, 230-231

Critical oscillation, 145-146

Customer relations, 283-286

Cut-plate condensers, 72-73

Decad reccivers, 31-56
auto radio, 52-55
power check, 31-32
search for clues, 32-34, 48—19
section isolation, 34-35, 49
quick phono test, 34
quick tuning indicator test, 34-35
quick volume control test, 35
stage isolation, 35-48
common troubles, 38, 39, 42-46,
245-247, 266
shock procedure, 36-37
signal generator check, 37-48
thrce-way portables, 55-56
Dccoupling filter troubles, 88, 99, 159
Dcfects (see Component defects)
Dclinquent accounts, 316-318
Distortion, 151-171
audio, 161-163
component localization, 170-171
frequency, 154-155
specific causes, 166-168
harmonic, 152-154
specific causes, 155-166, 250-251,
269-270
section localization, 168-169
spcaker dcfects, 163-165
stage localization, 169-170

Experience in servicing, 254-26+
alignment cxercisc, 263
from diagram to recciver, 256-257

Experience in servicing, instrument prac-
tice, 263-264

mtroducing defeets, 259-262
learnmng normal data, 257-259
preparatory steps, 256-259
replaccment cexercise, 263
service analysis, 259
service defects, 262-263

Filter block, 81

Filter choke, 81

Filter condenser check, 80-81
Filters, linc-noise, 137-138
Financial control records, 321-324

Grid emission, 156

Harmonics, 153

Hum, 77-92
auto radio, 93
component localization, 78-86, 88, 91

filter section, 79-81

induced, 84
isolation techniques, 83-84
modulation, 86-89, 92
section localization, 78
sourcc of, 78, 248-249, 267
stage isolation, 91
stage localization, 82, 86
three-way portable, 92-93
types, 77

Hum-bucking coil, 84

Income tax data, 325-326
Interference, 172-184
adjacent-station beat, 177-178
cross-talk, 176-177, 183
dircct i-f station, 174
i-f formation, 176
i-f harmonic, 175
image frequency, 173-174
man-made, 128-138
causes of, 129-137
filtcring, 137-138
locating source, 129-131
oscillator hanmonic, 175-176
oscillator radiation, 182-183
same frequency beat, 183-18+
station, 252
Intermittents, 139-150
causes, 141-146, 251-252, 268-269
component localization, 148
scction localization, 146-149
signal gencrator chicck, 148
Inventory, 324-325
Inverse feedback, 102
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Line filter test board, 137-138
Loudspeaker defects, 116-117, 163-165

Microphonics, 96, 105-106
Motorboating, 94, 102-103

Noise, 109-127
auto radio, 121-127
component localization, 120-121
isolation procedure, 110-111
receiver defects and, 113-117
section localization, 117-118
source, 109-110, 249-250, 267-268
stage localization, 118-120

Oscillation, 94-96
Oscillation squeals, 94-108
causes, 96-102, 249, 270-271
component isolation, 106-108
intermittent, 145-146
section isolation, 103
stage isolation, 103-106
summary procedure, 108
three-way portable, 108
Oscilloscope  (cathode-ray), 202-227
alignment with, 221-226
ave circuits and, 226-227
cathode-ray tube, 203-209
deflector system, 204-205
electron gun, 203-204
screen, 205
sweep voltage, 206-209
controls for, 210-213
distortion, 216-221
evaluation of, 227
hum, 214-216

Peaking, 225
Phase mverter, 162-163
Power-line filters, 110
Power supplics, 5-8, 241-245
a-c, 5-7
a-c/d-c, 7-8
defects, 241-243
variations, 50-51
auto radio, defects, 243-244
three-way portable, defects, 244-245
Push-pull amplifier, 162-165

Radio, auto (see Auto radio)
three-way portable (see Three-way port-
able receivers)
Receivers, a-c/d-c, 48
AM, tvpes, 1-13
auto radio, 8-11

Index

Receivers, circuit analysis, 235-2+41
complaints, glossary, 229-235
superheterodyne, 3-5
three-way portable, 11-13
tuned radio-frequency, 3

Record keeping, 287-290, 320-326
financial control, 321-324
income tax, 325-326
inventory control, 324-325
kinds of, 320-321
need for, 320

Salary, 290-291
Salesmanship, 308-309
Selenium rectifier, 50-51
Service business (see Business)
Service charge, 310-319
cash or credit, 315-316
check payment, 318-319
customer’s estimate, 313-314
delinquent customers, 316-318
estimates, 310-311
final charge, 311-313
guarantee, 314-315
labor, 311
overhead, 312
parts, 311
storage policy, 318
Service procedure, 14-30
asking questions, 16
component isolation, 27
confirming complaints, 16
customer complaint, 15-16
directed tests, 23-25
home repairs, 18
hunting clucs, 16-17
section isolation, 25
shop repairs, 18-19
stage isolation, 26-27
Shop, decorations, 294-295
location, 292
planning, 294
rent, 292-293
repairs in, 18-19
Signal blocking, 118-120
Spark suppression, 135-136
Stage gain, 64-68
Suppressors, spark, 135-136
Sweep-frequency generator, 222

Three-way portable receivers, 11-13
dead, 55-56
hum, 92-93
tube precaution, 56

Tie-in servicing, 305

Tuning, broad, 252-253, 271

329



330 Profitable Radio Troubleshooting

Vacuum-tube voltmeter, 185-201 Vacuum-tube voltmeter, value, 185-186
alignment with, 198-199 voice-coil impedance, measuring, 200-
checking hum, noise, oscillation, 198 201
critical oscillation test, 201
filter check, 199 Wave trap, 173
mecasuring output, 200 broadening action of, 181
measuring O, 199 choice of, 179-181
phase inverter check, 200 for interference effects, 178
signal tracing with, 191-197 installation, 181-182

a-f section, 196-197 using, 179
avc circuit, 196 Weak recciver, 57-76
converter, 194 alignment, 68-76
i-f amplifier, 195 causes, 59-61, 247-248, 266-267
i-f filter, 195 clucs, 58-59
oscillator, 194-195 component localization, 68
power supply, 192 section localization, 61-64
r-f section, 192-194 stage localization, 64-68
stage gain, 198 stage-gain mcasurements, 64-67

uses, 186-187, 190 Window displays, 300-301
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