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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
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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.



General Servicing Procedure 23

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-
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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



44 Profitable Radio Troubleshooting

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

e i<

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
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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
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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



68 Profitable Radio Troubleshooting

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
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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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— L y

+

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
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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!

{.Y 8 -

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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>