


LAL'S

Electronics Service Centtz,

RAPID
RADIO
REPAIR

LAL'S

Electropics Service Cent-e,



.g — Morch, 1962
Fifth Printing — April, 1963
Sixth Printing — June, 1964

All rights reserved under Universal, International, and
Pan-American Copyright Conventions.

Copyright 1966 in India, Pakistan, Burma and Ceylon
by D. B, Taraporevala Sons & Company Private Limited
by arrangement with Gernsback Library Inc. =

Second Indian Reprint 1969

This book has been published with the assistance of the
Joint Indian~American Textbook Programme.

It includes every word and illustration contained in the
latest original higher priced edition of this title and is a
complete and authentic copy thereof.

Sales Territory : AUl countries of Asia and Africa.

This edition can be exported from India only by the publishers,
D. B. Taraporevala Sons & Company Private Limiled.

Price in India: Rs. 4-35

Printed anfi published by Russi J. Taraporevala for D. B. Taraporevala Sons
{\ Co. ana.tc Ltd., 210, Dr. Dadabhai Naoraji Road, Bombay 1 at their
Electragraphic Industries Division, Apte Industrial Estate, Worli, Bombay 18.



pogs -

RECEIVERS 7
Acde rocaivers, Superheterodynes.
Ac receivers. AMFM recefvers. Common power supply.
Duol # tramsformers. Rotary function switch. Automobile
receivers. Low plate volloge tubes. Hybrid automebile re-
cofvers. Battery recelvers. FM receivers, Foraign receivers.
Portable FM receivers. Nickelcodmium battery, Americon
substitutes for foreign tubes. Personal receivers. Alltransis-
tor printed<ircuit chassis. Pocket4ize receivers. Cover-oper-
ated switches. Bonery polority. Battery bypans copacitor.
Porfobles. Filoment filters. Converter circuit. Inteemitt
conditions. leoky batterles. Three-way receiven. Drydisc
rectifiers, Inulated test prods. Botery opercted tubes.
Changeover switch, Transistor eecetvers. Nevtrolizing co-
pacitors. Tranhior fechniques. Emittor voltage. Reftex cir-
cvity. Earphones. Electrolytic copacitors. Transhtor Jeakage,
Signal lmd»g tronsistor secetvers, Transistor recelvers in
Battery elimi Heat dusipotion, Mounting
fransiitors, Pefective muting switch, Oscillator troeking Trf
recaivers, Rf amplifiers. The grid leak detector. The regen-
erotive detector

TECHNIQUES 25

Alignment  Portoble  receiver
abgnment. Tronsistor receiver alignment FM antennos.
Loop onfennas Loopstick ontennas. Audio elreuits. Automatic
frequency control  Automafic volume control Botteries,
Wafer cell, Alkaline-cell battery Bplus circuits Cabinet
repoirs. Copachtors Defective filter capocitor. Leoky capoc.
itors Voriable capocitors Corbon tet Transistor converters
Vocuum4ube converters. Cheater cordi. Detectors. Ducrime
nators. Gated beam ducriminator Rato detector. Dia!
cords. Diodes. Filament circuits (three-way poriable recelv-
on). Fuses, If circuits. If sronsformers. Knobs. Lead drest.
Umirers. Modules Module riers Module csiembly, Mod.
vles In recaivers. Replacing modules. Nolse suppression
cleculta. Pilot lights, Ac power supply. Acdc powsr supply.
Automobile power supply. Threeway portable ror pow-
27 supply. Prirted glreuitn. Pushbutton tuning Reslators, Rf
clrevits. Safety. Selentum rectifiers, Sersltivity, Shielding.
Signal trocing. Shicon ractifers, Swldcdng. Specken, Test

Toels. Tuning Indico.
tors. Yeltager, Valum :ennoll. Wefer rwichar,




SERVICING 135

Arcing. Birdles and chirps, Buzz.
Code. Corrosion. Crotkling, Cross-modulation. Cycling. (?e-
tuning. Distortion. Drift in transistar receivers. lnoperaf!ve
earphones. Fading. Feedback, Growl. Heterodyr)e. Hiss.
How!l. Hum. Hum modulotion. Inoperative ac receivers. l.n-
operative acdc receivers. Inoperative automobife receiv-
ers. Interference. Intermittent ac sets. intermittent ac-de
radios. Intermittent automobile receivers, Intermittent tran-
sistor receivers, Loss of gain. Microphonics. Motorbouting.
Nolse. Noise in FM receivers. Noise in transistor receivers.
Oscillation, Oscillator drift in FM receivers. Oscillator inop-
erative. Pinging, Popping. Radiation. Rattle. Reception er-
ratic at different dial ‘points. Rushing noise. Scratching
noise, Poor selectivity. Loss of FM sensitivity. Low sensitivity,
Poor sensitivity in transistor sets. Several stations not re-
ceived, Shrill reception. Sputtering. High-pitched squeal.
Squealing. Stafions cannot be seporated. Surge volioge.
Tinny sound, Poor tone. Poor fracking. Trimmers ineffective,
Tubes burn out repeatedly. Tubes gossy. Tubes light, no
audlo, Weak receptian, ;

CHARTS 207

Ac power supply check list. Ac-de pow-
er supply check list. Converter {mixer-oscillator) check list—
transistor receivers, Converter (mixer-oscitlator) check list—~
vuevum-tube receivers. Delector-Age check list—transistor
raceivers. Detector-Ave check list~vacuum-ube receivers.
First of stage check list—vacuum-ube receivers, FM detec-
tor and limiter check list. FM ascillator canverter and afc
check list. If check list—fransistor receivers, 1§ check list—
vacuum-tube receivers, Push-pull oufput stage check list—
vacuum tube receivers. Receiver hum check list. Rf stage
check list—vacuum-tube receivers. Single-ended audio out-
put stage check list. Speaker check list. Transistor receiver
check list (intermittent fading, station drift, heterodyning,
motorboating, poor sensitivity—low end of band only,
change in volume as receiver is tuned Jow ouvtput, dis-
19ned audio, short battery life). Tube check fist (hum,
distortion, noise, weak reception, microphonics, cycling—set
pllays and stops, sound distorts os set warms up, modvula-
tion hum, does not tune entire band, short banery life).
Vibrator power supply check list,

INDEX

221



LAL'S

Electropics Service Centre,

Tlm: is money, said an ancient philosopher. This is as true
today as it was many years ago—servicing radio receivers calls
for speed and dexterity.

Unfortunately, since the advent of TV, technicians have tended
to ignore radio. Regrettably this reluctance has been aggravated by
the ever-increasing sale of portable and low-priced radio sets which
many owners will replace rather than repair.

Fortunately, the trend has begun to reverse. This is due in part
to the increased popularity of foreign sets and the tremendous
demand for printed-circust and transistor receivers. The result of
the upswing is that the number of radio receivers in use in the
United States almost equals our population.

Because of the renewed interest of technicians in repairing
radio receivers, there is a need for a more up-to-date approach,
especially when it is considered that the margin of profit may
continue to be slim because of keen competition, owner resistance
and self-service facilies. In short, radios must be repaired quickly
if a profit is to be made.

Every effort has been made to include all symptoms of troubles
and their cures, but this guide does not pretend to be a cure-all.
For the reader’s convenience the book has been divided into four
sections: receivers, techniques, servicing and charts. For ease in
locating a fault a complete index is included.

Grateful acknowledgment 1s made to all those firms who have
allowed us to use their resources to make this work complete:
Admiral Corp.; Aerovox Corp.; Allied Radio Corp.; Delco Radio
Div., General Motors Corp., Erie Resistor Co.; Ggneral Cement
Manufacturing Co., General Electric Co.; Magnetic Shield Div.,,
Perfection Mica Corp.; P. R. Mallory Co: Motorolz Corp. and
Sylvania Electric Products, Inc.

G. WARREN HEATH






RECEIVERS

Ac.de receivers

Acde receivers account for most servicing jobs, sumply becanse
they are the most common type Generally these sets are smalt
and are alt virtually indentical as-far as signal qromts are
concerned.

.

Modern units are superheterodynes, with a strong trend toward
the use of prinied civeuts, The wtermediate frequencs 15 $5%
ke and the tumng range is from 550 to 1620 ke “No powe
transformer is used. The sets operate directh from the Do
line and alf the wube heaters are m senes. Pl e ovoimm:
tesistors are seldom used today. However. en acmes, o < .

run across an old receiver which wses 2 %2l2x —=r ~ o
cord resistor.
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Avtomobile receivers

Automobile receivers are identical (as far as signal circuits
are concerned) with the 2¢ type of superheterodyne. The heaters
of the tubes operate from the 6- or 12-volt storage battery of the
car. The plates and screens are powered by a vibrator circuit
which is identical with a transformer type of power supply
except for the vibrator. Some hybrid sets (sets nsing both tubes
and transistors) have a de-to-de canverter in place of the vibrator
and rectifier,

The development of tubes which operate with very low plate
and screen voltages (slightly less than 12 solts) has made it
possible 1o eliminate the vibrator. Heaters, plates and sereens
get their voltages directly from the automobile battery.

When servicing auto receivers of any type, the hench test must
duplicate actual operating conditions, A variable low-voltage de
power supply is a must. ldeally, it should provide vohages with
an extremely low ripple content so that it can be used for
servicing transistor and low-valtage tube sets.

One of the first steps m servicing an auto receiver is to check
the car ammeter with the set turned on. An open filament or
vibrator circuit is shown by an absence of a yeading (many cars
use an indicating light in place of a meter, making this check
impossible),

Do not overlook checking the dial lamp. A nolight condition
indicates a defective bulb, a short or open circuit in the battery
supply, a shorted spark plate, bypass capacitor or an open fuse.

1f a nosignal condition occurs after rainy weather check the
antenna whip and coaxial lead thoroughly It may be necessary
to replace these components

Bottery receivers, storoge

Occasionaily a battery recenver, operated from a 21olt storage
battery, will be brought in for vepair In most respects this type
of veceiver i simdar to the threeway portable The principal
difference 1s that it uses a vibrator supply and a rechargeable
storage battery.

Check the storage battery first. Note the water level 1n the
battery and make sure that the colored balls (which indicare
its state of charge) are at the proper level. Be surc the fuse is
good. If water has to be added use disulled water When the
charge switch is on. and the set 1s plugged in, an almost
imperceptible hum should be heard. If alter a few days the






tube portable for 16 hours. To recharge, it is necessary to
construct a circuit, a diagram for which is included with the
receiver.

The FM receivers have if transformers with a frequency of
10.7 mc. But on the AM side, the frequency is different from
American-made sets, and ranges from 460 to 468 kc. Both AM
and FM if transformers are usually in the same can. The principal
difference is in the tube complement. Most foreign receivers are
sold with European type tubes which are replaceable by American
equivalents. Refer to the check list of American substitutes
for European tubes. (For your convenience this list, shown on
pages 12 and 13, includes tubes for TV, in addition to radio.)

If the fuse blows or the transformer overheats, check for a
defective rectifier. Some sets have a tapped primary with a
line-voltage switch, to permit the use of the various voltages
common in European countries.

Generally, the resistors and capacitors in forcign-made receivers
are not colorcoded, though usually marked with their values.
Most sets use a ferrite-rod antenna for AM reception and have
a built-in FM dipole.

It is always advisable to obtain a schematic of the receiver to
be serviced and study this diagram before beginning work.

In general, these reccivers are subject to the same defects
found in American sets. The major cause of trouble is in the
tubes. Always check by substitution, if the tube (or its equivalent
type) is available. In most instances, weak reception can be traced
to a defective tube in the audio stage and/or to the detector
tube, Distortion usually is produced by a defective oscitlator or
detector tube, or a defective coupling or bypass apacitor. A
condition of no reception can be blamed on the 1f, if or detector
tubes, and hum commonly is the fault of the rf or if tubes.

Despite the widespread sale of foreign-made radio receivers,
the technician probably will encounter some difficulty in
obtaining replacement components. Few supply houses stock the
foreign-made capacitors or imported tubes, and many do not
have American equivalents. The technician is advised to purchase
an adeq stock of comp and tubes direct from the
manufacturer’s American agent.
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apacitor, agc bypass capacitor, output electrolytic, resistors
connected between the B-plus lead and the secondary of the
if transformers.

In the event of no reception (noise only heard in speaker),
check the oscillator stage, especially the resistor connected
between B-plus and the feedback coil; oscillator coil, first if trans-
former, antenna coupling coil and stator of the oscillator section
of the, tuning capacitor. Frequently the antenna inside the lid
becomes defective. Check the metal straps, the connections and
hinges for a possible break.

Oscillation frequently is heard over the entire tuning yange.
Check for a weak battery, defect in the oscillator stage and
battery or agc bypass capacitors. Weak reception may be caused
by a defective volume-control coupling capacitor, the resistor con-
nected to one end of the volume control and a defect in the
age line.

Do not measure resistance unless necessary, and then only with
2 vtvm with a good reliable R X 10 resistance scale. Never probe
inside the chassis with a screwdriver or resort to so-called screw-
driver testing or sparking

Do not use the R X 1 scale as the transistors may be damaged.
Avoid using a shunt type ohmmeter. If you do not know the
fype of instrument you are using, insert a 1,000-chm resistor in
series with the hot lead and subtract this value from the reading.

A soldering iron with a small tip and a maximum of 50 watts,
small diagonal pliers and needlenose pliers are necessary. The
use of a variable dc power supply in servicing will be helpful.

After replacing the converter transistor, realignment of the
oscillator and antenna loop may be necessary. This does not
usually apply when replacing if transistors—though there are
€xceptions to the rule. Audio output transistors usually are a
matched pair and both should be replaced at the same time.
Portables

 This type of receiver employs a conventional superheterodyne
arcuit, the signal circuits being identical with tHose found in

—

v" Is dificult to disunguith preasely between porable seceivers of vanou 1ypes.

ery small 113, often not much larger than a pack of digatettes, are sometimes called

;n'mnal teceivers. These sets could 2150 come under the heading of transistor receiv-

m: ‘r::bl(yh th‘;y .w“'d‘ l;e duig;mzd as portables, This means that information
7 the lidting of Personal receivers might also be applicable to P

¥or full daa, then, read all the material on this and following ;:gm. o Porables






the elements, such as sand, water or strong sunlight on the cabinet,
and insects getting inside of the speaker grille. .

The battery plug and cable frequently become defective
because of insulation deterioration and breaking of the plug,
generally due to rough handling. Shorts develop, sometimes caus-
ing the tubes to burn out. Low A- and B-battery voltages 3\’1“
cause loss of sensitivity. Low B-voltage will produce motorboating,
squealing, etc. .

Some teceivers have a battery saver, which permits operation
on a lower current. This is a resistor connected in series with
the B-minus or filament leads. Always test batteries under load;
neser measure their voltage when out of the cirenit. Low current
drain can be caused by a weak supply; thus weak batteries or a
defective rectifier will result in low voltage, If the output at the
tectifier is low, check the rectifier and the current-limiting
Tesistor.

Osciliation is commonly caused by a defective filter capacitor
in the filament line, weak batteries, improper lead dress, a
broken socket prong or antenna assembly. Feedback will result
from a defective decoupling filter capacitor connected between
Bplus and Bminus, This capaotor can also damage the B-
batteries if it becomes shorted,

Poar sensitivity with poor tone calls for a check of the screen
resistor (when a pentode is used) of the detector, ave, af amphﬁe;
tube or possibly the plate load resistor,

}"htfl aligning, if the receiver has a loop antenna trimmer,
.zdpm it for strongest signal at 1400 ke.

[oMan:n ponab]e recejvers generally use ceramic potted circuits

r audio conpling. Replace the entire umt if a defective
component is found,

In this type of receiver, low-
bence it is difficult 10 determi
when checking continuity,
Prevent the filaments from

voltage tubes are generally vsed;
ne when they are lit. Therefore,
use a high scale on the ohmmeter 10
burning out
Thvee-wuy receivers
we s r: ‘;?:thr-\e\ayﬁ porwables have a rectifier tube, and others
portabies e ;’l ers, bestdes employing batteries. Three-way
10 euch athecs pact and components are positioned very close
Do mot st :::e take extra care when making measurements.
terminal borery h{ prods to touch any point other than the
welbinsuiated s checked, otherwise a short may be created, Use
ated test prods <o that only a slicht portion af fhe $ir






in small-sized radio receivers has been oward coxf\?ltlc_::;u':‘f
transistors, This has been accom'pamed Ly subminiatuti an(i
Tiny components, s\}lc}{)] as aundio transformers, Tesistors
itors are now avatlable. . .

G?Ia':a:sﬁtixr and vacuum-tube receivers are basically alike in
that both are superheterodynes having a converter, if, dc&cc\m:
and audio stages. Transistor sets have ave, more commonly
referred to as age. Most transistors, including. those used as
comenters, are triodes. In some receivers, one or more a_mp\x’ﬁer
stages may be neutralized. Neutralization is used to improve
amplifier stability and to eliminate the possibility of oscillation.

Transistor receivers require a few servicing techniques of their
own. Do not service a transistor set on a metal plate or on a
metal-cavered workbench. The main causes of failure are defective
batteries, components and transistors~in that order.

In the if stages, high emitter voltage usually indicates a
defective bypass capacitar ar transistor. Less than normal voltage
means that the collector citcut may be apen. When the emitter
voltage is zero, check for an open emitter return. In the converter
stage a defective coupling capacitor will lower the forward bias
and cause less than normal emitter voltage accompanied by weak
veception. To check the osoillator section of the converter, short
(hc.cscill‘.\\or section of the variable tning capacitor A drop
emittes voltage of 0.1 volt indicates that the osallator is worling
properly.

A common fault is an open bypass capacitor, producing weak
output, To check quickly, connect a test capacitor {of capacitor
Cetdm) 10 the chassis, Touch the other end of the test unit 10
tﬂ;‘\?;gcrr::sned? :hnd of the suspected capacitor Th.e output level
sound piteh wil) ergqxpﬁltorhls open. In the audio section the

When workin gn : )’ 'cl 3"?‘-‘ l_ﬂstead ?f the output Jesel
them while the gccei S Sih plugin transistors, never reinsert
pemanent Camage ‘:T‘;sl:umed 0 as surge currents can cause
of biny “\mnetgt . o): ) be certain to observe correct polarity

{when the barte, cg Ty is caused by transposing a batery
wing 2 o Ig nectors are not po]ampd) or by acadentally
Mmflappcargno an n:}?-n transistor or vice versa, Bath types
ne recerver,

Some receiy

ers use reflex circui
vohum X cireuits, In






When testing electrolytics, bear in mind, that the working
voltage may be much less (as low as 2 volts) than in conventional
sets. Also remember that the internal bauery voltage in a vtvm
may be higher than the rated voltage of the capacitor. Fatlure
of the electrolytics may produce oscillation and/or a loss of gain
in the receiver.

It is not good policy to interchange transistors from stage to
stage. A tused transistor may be detected by its excessive current
drain and the existence of equal voltages on all elements. The
replacement of the converter transistor may require realignment
of the oscillator and antenna oop. Replacement of the if tran-
sistors does not usually affect the overall alignment. When align-
ing the 1f stage, neither your hand por any ebject on the service
bench should touch the antenna loop—detuning may result.

If transistors have good or high gain but at the same time
have a large amount of leakage, replace.

A quick check of an inoperative receiver is to touch with a
metal probe, the components comprising the signal path, while
listening for a click. Begin with the volume control. No click
indicates trouble somewhere between that component and the
speaker. Next check at the crystal diode in the audio detector
stage. No click indicates trouble between it and the volume con-
trol. Then check at the antenna trimmer. No click indicates
trouble hetween it and the detector stage. It is also desirable to
check the age voltage. .

Another method of checking an inoperative receiver is to
signal trace the set. An inexpensive moise generator can be
constructed for this purpose. Apply the signal between the base
and ground of the driver transistor to determine if the audio
stages are functioning. From this point apply the signal to each
stage until the defective stage is located. i

The noise generator includes a variable control to determine
the relative gain of the various stages. The loop antenna pn.)duC?S
a radiated signal. If this signal is developed but the receiver is
noperative, it is probable that the oscillator is defecuvc:

Finally, remember that transistors have long life, are
mtchanim]ly rugged; hence usually are not the cause of trouble
~unless mistreated. Keep transistors away from heat and strong
magnetic fields. . .

Transistors operate at low dc voltages, hence the resistors ;g
associated circnits seldom burn out. Most troubles can be trac

10 2 poar or disconnected battery, broken connections



if or af transformers or volume control, or damaged subminiature
clectrolytic capacitors.

Transistor receivers, automobile _

With the advent of 12-volt negative-ground clectrical systems,
power transistors are replacing vacuum tubes in the output stage
of automohile receivers, In addition, the most recent maodels now
dispense with a vibrator and associated power supply circuitry
and obtain the Bsupply directly {rom the storage battery.

When servicing these receivers, be certain that correct polarity
is obscrved when making connections to your bench power
supply, otherwise damage to components may vesult., It is
desirable to use a storage battery (not a battery charger) in place
of a battery climinator. :

Never probe with a screwdriver inside the chassis. The driver
and iransistor stages are cspecially critical and damage will
probably result. Should the base clectrode be shorted to ground,
excessive current will flow through the transistor, melting its
junction. This will probably blow the fuse.

When mounting transistors, adhere to the prescribed method
recommended by the manufacturer, bearing in mind that
adequate heat dissipation is a must, Some sets have the transistor
mounted on a separate heat sink, insulated from the chassis,
with the collector connection common to the heat sink. Be sure
the transistor is sccurely mounted to the heat sink before
operating. Make sure replacements contact the flat surface of the
heat sink firmly, Do not operate without the speaker or adequate
load.

C:}UT:ON: In many instances transistors arc designed for a
P“X‘U'_Slllar chassis. If they are used in some other recciver, be
certain that they are compatible with the operating characteristics
of the set. For. example, if the operating emitter current is rated
;i*c‘i??xrr;m’o g\\g‘:ll:ould not be exceeded when a replacement s

sary; rwise the transistors may be damaged,
mlﬁ‘;ﬂé“:}:ﬁ:&:lvien %cttl can h'.cquc'm\y‘ be traccc} to a dcfcct.ivc
accompanicd Dy 1 ml)c iaudm. circuit. Intermittent  operation
antenna u'imer‘ (Er I)I(;s“'{l;)lnmfc o el oy 2 dcfcct.wc
to the oscillator c,oil i';I fr? g ;‘m msu}ano‘n on the S!}m“ wn‘C{s
the compensating ca acitor in pe Poor oscillator tracking, check

A tecent devels n?em or in the os‘cmator' circuit. ’
of 2 Volumatic cifcui: e autgmobde receivers is incorporation
level when the it designed to hold the signal at a constant

car is driven through an underpass or over 2



steel bridge. In operation, the dc grid bias varies with the strength
of the incoming signal. On strong signals the bias increases and
the audio gain drops; on weak signals the reverse is true. Another
development is the Eliminoise circuit which eliminates power-line
noises encountered frequently on the highways. It consists of an -
R-C network in the antenna circuit, acting as a high-pass filter.

Trf receivers

Trf or tuned-radio-frequency AM receivers have been almost
entirely supplanted by the superheterodyne receiver, AM and
FM. In these sets of early vintage the chief drawback is that
selectivity and separation of signals do not remain constant over
the tuning range. Selectivity decreases as the receiver is tuned
from the low-frequency to the high-frequency end of the dial.
Amplification is affected in the same way.

The trf consists of one or more rf stages, a detector, one or
more af stages and a power supply. For best reception Tesistance
of the antenna ground system should be low and the impedances
of the antenna and input should match.

Rf amplifiers have tunable tanks in the grid circuits, thus
permitting only one signal within the tuning range to be selected
for amplification, The merit of a trf receiver is its ability to select
one frequency and reject all others—called selectivity, and its
ability to amplify small signal voltages — called sensitivity.
Efficiency is in direct proportion to the number of rf stages

Various methads of detection are used, all of which have
inherent weaknesses. The diode detector requires several ampli-
fication stages ahead of the detector It can handle strong signals
and has good linearity, but it loads the tuned input circuit,
reducing the sensitivity and selectivity.

The grid leak detector requires fewer amplification stages.
It is more sensitive, but linearity and selectivity are poor, z.nd
strong signals tend to cause overloading. T he regenerative
detector is very sensitive with excellent selectivity, but linearity
is poor and strong signals cause overloading The plate detector
can handle strong signals and has moderate sensitivity but the
output will have some distortion.

The af stage amplifies the audio signal, usxga")’ fed from the
volume control to the grid of the first audio amplifier tube.






TECHNIQUES

Alignment

A radio receiver must be aligned properly to operate efficiently.
Misalignment can be brought about by rough handling, or, after
a receiver has been in service for a period of time, aging of com-
ponents. In FM sets tube replacements can affect alignment. And
do not overlook the tendency of some owners to turn the slugs
of the if transformers.

In all instances adjustments should be made only with an ade-
quate assortment of insulated alignment tools. Frequently, B-plus
voltage is applied to adjustment screws. This can cause 2 shock
or a short circuit if an all metal tool 1s used.

Radio experimenters and radio service technicians would be
lost without their screwdrivers, but there are tunes when screw-
drivers should never be used. Technicians sometimes run across
radios having badly out-of-ine 1f transformers, and when an align-
ment job is underway it is sometumes found that one or more
of the slugs have such gouged-out slots that 1t is difficult, or im-
possible, to turn the slugs. What has happened is that someone
not familiar with if transformers has used a small steel-bladed
screwdriver instead of the correct fiber or plastic alignment tool,
and the il fitting steel screwdriver blade has gradually gouged out
the apertures in the tops of the powdered-imn slugs so that an
alignment taol will no longer ft. It doesn't take long for an ill-
ﬁl}:ing steel screwdriver to ruin the slot in an if stug, especially
When the slug doesn’t turn easily!

Referring to the photo, Fig. A-l, the slug at the left had to be



removed and replaced with a new one because the correct align-
ment tool would not budge it. Close to the slug is the steel screw-
driver that did the damage. The slug at the right is brand-new,
and the proper alignment tool is near it.

The if transformers should be aligned to the exact frequency
specified by the manufacturer or else reduced sensitivity and dis-
tortion will result. However, alignment may not always be neces-
sary and should be undertaken only as a last resort.

If you have determined that all tubes and components are good
and dc voltages are normal, then misalignment is indicated if re-
ception is weak and tracking is poor. Realignment is also needed if
squeals or oscillation are noted (particularly at the low-frequency

Fig. A-l. The polyiron slug shown at the

left in the photo indicates the damage

that can be done by a screwdriver. Use a
plastic or fiber alignment tool.

epd of the dial), if stations at the extreme ends of the dial are
either not received or only with low volume, or hiss and distortion
are noted when the receiver is tuned to a station at one end of
the dial. Whistles on all stations and weak reception usually calls
for realignment of the rf and if stages; incorrect dial readings in-
dicate that the oscillator is misaligned, while interference from
undesired signals means that the overall alignment is poor.

Most superheterodynes are standardized at 455 kc for AM and
10.7 me for FM sets, but some auto radios have an if of 262.5 k.
In receivers of early vintage, the if transformers may have align-
ment fr'equencics anywhere from 175 to 465 ke. It always helps
to obtain a schematic and adhere strictly to the manufacturer's

..m.structxons. You an guess at the if—but in the long run you
will not save any time. '

To ensure proper alignment, use a signal generator as a signal
source and a vtvm as an output indicator. Set the generator for a
modulated signal—low input—to avoid the necessity for disabling
the ave line, '

While, as a general rule,
a signal generator and a viv
being aligned the if adjust
jority of these sets do not

alignment should only be made with
m, when so-called midget receivers are
ments can be made aurally. The ma-
have padders or trimmers to adjust;



hence the split-plate oscillator section of the tuning capacit
be utilized. Bend the outside plate section nmrer%o ogaaw:; f’::;:
the other plates.

In emergencies you can use an ordinary voltmeter as an output
meter for AM set alignment. Connect it from ground to the
screen grid of an if or rf amplifier tube—if the screen grid is fed
from a dropping resistor. See Fig. A-2. When the signal strength
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Fig A-2 Dunng alignment the output indicator can

be connected across the speaker voice coil, the volume

control, o7, as shown here, between screen grid and
ground

increases, the avc voltage goes up, reducing the screen current and
the drop across the resistor. This increases the screen voltage read
by the meter.

Loop antennas are difficult to align because the trimmer cannot
be reached when the set is in the cabinet. If the chassis is temoved
and reinstalled after alignment on the bench, the inductance of
the loop may be changed. It may be desirable to replace the loop
antenna by a ferrite-rod unit.

Alignment (portable receivers)

Possibly the most common customer complaints on these sets
are low sensitivity or loss of volume This can be due to many
things: weak tubes, low batteries, misalignment or attempting to
use the yadio at Jocations far out of its normal range. The bitter
truth s that these sets should be used only within sange of several



strong stations! The technician must be able to determine from
experience whether the volume and pickup of a portable are
normal for his own area.

Alignment is extremely critical. With low-gain antennas and
low battery drain, alignment must be very precise if performance
is to be satisfactory. Consult service data for correct alignment fre-
guencies and procedures and follow them to the letter. This prob-
lem is much worse in older sets. Later models using iron-cored

Fig. A-3. The stator of the f section of

the tuning capacitor is e convenient

point at which to make avc measure-
ments.

LASTIF

—===f

AVC BUS

high-gain_ if transformers and ferrite loop antennas are much bet-
ter at this and natural drifting of alignment has almost disap-
peared. Nowadays, “screwdriver drift” resulting from the cus-

tomer’s efforts at aligning the set himself is the major cause of
actual misalignment.

Tracking of the loop antenna is very important, especially on
the older sets. The performance of some of these may be improved
amazingly by replacing the old loop“with a new ferrite antenna,
properly adjusted. This is not a complicated procedure. The new
antenna is firmly mounted, preferably on the chassis itself. On
most sets,.tt}e frame of the tuning capacitor is a handy place. Be
sure that it is firmly mounted as it must withstand a lot of jarring
and jolting in the course of normal operation.
avgelt' up a signal generator and vtvm. Connect the vivm to the

Ine and couple the signal generator loosely to the antenna.



This assumes that all other preliminary servicing and alignment
adjustments have been finished. Tune in a station near the upper
end of the band, 1300-1400 kc, and adjust the trimmer on the an-
tenna-tuning (largest) section of the tuning capacitor. Inciden-
ually, on many sets a handy place to read the avc voltage is on the
frame of the tuning capacitor. Otherwise, use the antenna return
connection, as shown in Fig. A-3. Now, tune to the lower end of
the band, around 600 ke, and adjust the core of the ferrite antenna
for maximum reading.

There are several types of ferrite loops. 'The older type has
a loose core, adjusted by sliding it back and forth with an insu-
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Fig A4, Use loose coupling when
a!xpu;pg transistor receivers, Excessive Loo LI
signal generator voltage wnll cause X Y

transistor overloading and broad tuming 12 TOY APART) =

lated to0l. Later models have a screw adjustment on the core.
Retumn to the high end and adjust the trimmer, then back to the
low end for another core adjustment. This process will have to be
repeated until no further improvement 1s noted. The loop is now
tracking, and maximum results will be obtained. With loose-cored
loops, the core must be fastened securely n place with a dab of
cement and allowed to dry before returning it to the owner. (The
mbbcr-mm;tal cement used in service shops is very good for this
Pul’pos.c as it will hold the core tightly yet permit future adjust-
ment if necessary.)

A'l&‘ivﬂmem_ (transistor receivers)

Q":O‘f: ;;mh the minimum amount of signal generator output.
mdfﬂ; elgencrator loo§cly to the antenna input by a ten- or
ial, Use :1.5 Olop as slfown in Fig. A4, Lof)p dimensions aren’t crit-
2 diameger :{Z[;d wue‘and make lhc. coxl.an air-wound type with
Toad the tran: out 2 mchcs: Excessive sxg‘n'al strength will over-
reciver e in:stor input, will cause demnmg: and by bringing

0 action, will make alignment difficult.



Antennas (FM) ) . o

A special type of antenna is required for FM receivers. Th}s is
usnally a dipole, a quarter-wavelength long, positioned at right
angles to the direction of reception. Use a low-loss lead-in, twisted
and positioned clear of metal objects, preferably at right-angles to
them. FM reception is more critical than AM. Good clear signal
pickup should be expected up to 35 miles with a built-in antenna
and over cven greater distances with an external antenna, unless
obstructed by tall buildings, etc. In some instances it may be help-
ful to connect the regular TV antenna, using a two-set coupler
unit. Reception may be materially affected by wet weather, even
to non-reception of some stations. In extreme cases it may be ad-
visable to install coaxial cable as lead-in, though the cost will be
higher,

An FM antenna assembly must be adequate for proper recep-
tion, with all connections secure and lead-in properly matched
and connected to the receiver, Weak signal pickup produces dis-
tortion. Crackling noises may be heard if the leads and connec-
tions are broken. Corrosion will also produce noise.

Corrosion is a common fault as are wire breaks. Check the in-
sulators and lightning arrester for dirt. For fading, examine the
installation for an antenna that is loose and swaying as well as
for intermittent breaks, usually in the window strip. '

For 4 noisy condition, disconnect the antenna and ground from
the receiver. Short the antenna and ground posts. If the noise con-
tinues, then it is coming through the power lines or is caused by
a defect in the set. To check the antenna as a source, pull the lead-
in with the recciver tuned to a station. Any increase in the noise
Icvcl‘in_dicatcs a break in the wire, A consistent, regular noise usu-
ally is indicative of a noisy area. Try increasing the length of the
antenna to overcome this condition. Also try a shielded lead-in,
weatherproofed, with the shield connected to a good ground. To
reduce noise pickup from power lines, be sure that receiver has
onc or two linefiltering capacitors. These filters range from .022
t0 .047 yf, 600 volts. Try reversing the line plug. Moving the st
to another room may be the solution. :

Antennas (loop)

blLoop antennas, used principally in small table models and port-
al ¢ superheterodyne receivers, are highly directional. Changing
the position of the set will increase signal pickup and/or volume.

'g‘hchlimi‘ted pickup of this type of antenna is largely compensated
Y the high sensitivity of present-day receivers,
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‘When aligning a receiver, be sure the_ loog trimmer capatitor~
frequently found on the loop frame—is adjusted for n_x:f:umurg
signal strength, Also, be sure the loop s in the same position an
spacing that will prevail when assembled in the mlamex.

This type of antenna is subject chiely to mechanical troubles—~
fraged and broken leads, plug-in connectors with poot contacts and
a partially unwound loop, Corrosion is seldom encountered.

In ac-de receivers check the isolating capacitor in the antenna
or ground lead.

1f a set is noisy and frequently cuts off completely, loak for 2
defective antenna trimmer capacitor on the loop. In areas known
1o be noisy, it may be necessary to remove the loop antenna and
substitute an adequate external type,

To improve reception~that is, sensitivity and signaltonoiss
Tatio~in receivers with a flat air<core loop antenna, try substitut-
ing a ferrite.rod antenna which operates more efficiently. Mount
1t away from metallic surfaces and <omponents.

Antennas (loopsticks)
There is a trend to ferriteore loopsticks 1o Teplace aircere
antennas This type of antenna is very sensitive and selecares.

Fig. A5, Fernie-core | gt 2 e
shapes and siu?(f::gt:v! ff\:";é; e

Ferriterod antenms g —
i TE WO ith i
{ferrite) cores. Those dt‘sigx‘]e:im fc‘lr“u.. L:--L“ = --»__?‘ -
have a 600-0hm 12y, The antenpa 3 — 7 —
shapcsfadjustable subminiany "".._:"'Ni;rr =
sfown in Fig. A5, These m.-f:,, .
Of the receiver, 5o obtain she & o=
i1g capacitor in the seq, Kt
Lead dress i im
a replacemeny fora
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e e e
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keep it at Jeast 1 inch from metal surfaces. Tt must not wobble or
shake, and leads should be rigid, Be sure that the loopstick is not
shiclded by any metal, especially along its length. :

With this type of antenna, the rf trimmer is more critical and
it should be adjusted atabout 1500 ke, (Adjustable ferrite-rod an-
tennas also act as ¥f trimmers.)

Audio circuits
Most AM radio receivers have several aucdio amplifiers, Usually
the first audio-frequency stage amplifies the detector ontput and
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Fig. A<l Defects in audio circuils produce nolse, distartion, fading, inter.
mittents~plus other troubles,

is followed by a second af stage, referved to as the audio output,
which drives the speaker, The output stage is also called a power
amplifiey and, when two tuabes are used, is the push-pull stage
found in higher-priced sets,

Audio cireuits are subject to a multiplicity of troubles, They

may make the receiver inoperative, or canse fading, poor tone
quality, weak veception, noise and distortion,
_Tomake a quick cheek of 'the second af stage, touch a plugged-
i soldering ivon to the grid of the output tube, See Fig. A6, A
srowl in the speaker indicates that the stage is functioning, 1f no
growl is' heard, then check the output tube (V2) and transformer
primary, the plate hypass capacitor (C4) and the cathode biasing
resistor (R5),

Similarly, the first af stage can be checked quickly by touching
a plugged-in soldering ivon to the ungrounded or hot end of the
volume control (R3). If no growl is heard, then check the first

al tube (V l).‘ coupling capacitor (C2), the volume control and
plate load resistor (R8) in that circuit.
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A more thorough check of the audio cifcuits may be made by
connecting an audio generator ov the audio output of an 1f g:;‘n-
erator to the primary of the output wranstormer. Rotate the
attenuator for maximum signal, 1 2 400cycie tone 18 feard, then
the speaker and output transiormer are working. .

However, if no tone is heard, connect the generatar successively
1o the grid of the output tube, both sides of the coupling eapacitor
between stages, the plate of the first af stage, bath sides of the
coupling capacitor between the volume control and the first af

s
P
3
PUSH-PULL 5
BRIVE S
b: AU
—ty
S0-8L0 FUSE
-2.5v v 36V
GRID BIAS

Fig. A-T. 4 slo-blo fuse can be used to protect
power-output stagrs.

stage, and finally the volume control (rotating it over its entire
range) and then the plate of the diode detector. The point 22
which no tone is heard in the speaker is the trouble area.

_Many vecent hi{i power amplifiers use fixed bias. Should e
bias supply [ail, the expensive output tubes will be damzzed 2
sloblo fuse (see Fig. A-T) placed in series with the :E',?Im
lead to the output tubes will save those imparted low-distoraon
types. For 50- or 60-watt amplifiers a 14-amp unit is sazisfarmom
For lower-power amplifiers try 14 amp. ’
Auvtomatic frequency cantrol

Awomatic frequency control or afc 15 incorpora
v u ted o i
veceivers ta stabilize the local oscillator. 3t sim "'2.:«22’ i
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using a negative-temperature-coefficient capacitor in the oscillator
circuit. Insome higher-priced receivers afc is used. Sets that do not
have afc may have critical tuning.

As a rule, an afc circuit will be found only in receivers with a
detector of the limiter—discriminator type. Hence, the circuit con-
sists of a discriminator and oscillator control tube and, in some
instances, a limiter tube. Actually, automatic frequency control
is a feedback system, comparable to avc. See Fig. A-8.

DISCRIMINATOR

AFC BUS

0sC

P

AFC
CONTROL
VOLTAGE

=C B+

of

Fig. A-8. The automatic frequency control circuit is a feed-
back system.

_ '.The operation of the afc circuit is not always uniform; hence
It 15 usually adjusted to operate for the maximum of mistuning
when the receiver is tuned to the center of the range. Its chief

flrawba?k 1s a tendency toward intermittent operation, resulting
In erratic functioning.

.Con_lmon troubles in the afc circuit are defective tubes and/or
misadjustment of the circuit itself. If correct operation occurs on
only a part of the tuning range, check alignment. If the afc is
tnoperative when there is appreciable mistuning, defective tubes
or misalignment are probably the causes. If the circuit functions
pr;perly only on one side of resonance, check the discriminator
;:lle ; an-d/or Lral?sformer for Proper-adjustment. If afc is wholly

eCtl_ve,_check for a defective oscillator control, discriminator
tube, misalignment or a defective afc switch. ,
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Automatic volume control

In AM receivers automatic volume control is a method of
changing the signal strength automatically to a somewhat uniform
level. This is necessary to compensate for the wide fluctuations of
speaker volume that result when the set is tuned from a weak

ceT-avc
I¥ Aurt .
HglelT
= It 'H.
< I peem
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AVC FITER RESISTOR
22 MEG

Fig. A9. Avc helps control the gam of the 1f and converter crrcutts, The rf amplifier
stage (in sets that are so equipped) is usually connected to the ave bus To check ave,
disconnect at point X and connect a battery as shoun
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station requiring the volume turned up, to a strong station which
will blast the speaker. Fading also causes fluctuations of volume.

The variation in signal strength at the antenna tends to cause
overloading of the rf, if and detector stages. This is reflected as
distortion. The avc circuit overcomes these conditions by regu-
lating the gain of the rf and if stages.

The avc circuit is located between the detector and the first af
stages and proper functioning is largely dependent on the correct
operation of the rf and if stages. To check the operation of the ave
circuit, disconnect the ave line at the left side of the avc filter
resistor. Then connect the negative end of a 3-volt battery to the
line and the positive end to the chassis. If the condition is over-
come, the trouble is definitely in the avc circuit. See Fig. A-9.

A number of troubles can originate in the ave circuit. They
may possibly not affect other operating voltages. If the plate,
screen, cathode and heater voltages are correct, then look for
trouble in theave,

A breakdown of the resistor in the avc bus will make the set
inoperative and probably will produce hum. A defective avc filter
capacitor could cause 2 weak signal and produce motorboating or

L]



oscillation. Also, the if trimmer would be ineffective and the gain
of the if stage very low; overloading and distortion on strong
stations are also possible.

Other components that will cause trouble are the ave filter
capacitors to the converter and the rf stages, which will produce
weak reception and adversely affect the action of the trimmers in
those stages. Or, the set might overload and the sound become
distorted. Check by disconnecting the external antenna—if used.
An improvement in sound indicates defective capacitors.

The ave filter capacitor to the rf stage will, if defective, pos-
sibly cause the tuning circuit to become inoperative and the noise
level to increase. Do not overlook the possibility of a break in
the connection between the ave and loop antenna, if one is used.
This trouble is frequently revealed by a loud hum when you
press your hand against the loop.

When servicing some receivers, the accidéntal application of a
positive voltage to the avc circuit can temporarily disable the set.
To overcome this turn off the receiver for a few moments.

Avtomatic volume control (delayed)

While ave maintains constant volume, it also reduces the gain
of a rcceiver on all signals. Therefore when it is desirable to
keep the sensitivity of the set high on extremely weak signals,
delayed avc is used. This does not function until a predetermined
signal voltage has been developed. '

In this circuit the diodes of the tube are used as a detector and
avc rectifier, respectively, The plate of the latter is maintained
at a slight negative potential, with respect to the cathode, usually
obtained from a tap on a voltage divider. See Fig. A-10.

_Troubles in this arrangement are the same as in a straight ave
circuit, ‘

Automatic volume control (quict)

,'i\.noxsc suppression or squelch circuit will be found in some
fccc)ntrs using avc. It is employed to overcome noise generated
in Eu set when it is tuned to an off-station position on the dial.
rnbor 1;1‘opcr operation the circuit must be correctly adjusted.
th 1e xo} tme control usually is positioned for moderate volume,
t e c(;‘u 1ode switch In the circuit is opened and the receiver is
;’x;(;t (htco th of{-stauox{ point of noise. The switch is then closed
; noise-suppression control is adj i ise |

a1 adjusted until th ise is
climinated. ) the motse !

l[ . M : [
reception 1s not clear, repeat the adjustment procedure until



the condition is overcome. When making this adjustment, be
certain that the suppressor tube is not defective; otherwise iz will
be impossible to obtain clear reception.
Batteries

Batteries are manufactured in many sizes and electrical char-
acteristics to provide voltages in radio receivers. The conventional
storage and dry-cell types are known to all technicians.

A new type is the socalled wafer cell, which includes the
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Fig. A-10 A small bias placed on the ave diode

plate acts as a delay voltage, {m’enllng apph-

cation of ave until the signal has reached some
predetermined value

alkaline-cell battery and which has 2 longer life than conventional
types. New developments have followed the advent of transistor
sets which require small-size units The mercury battery not only
has longer life but excellent voltage regulation, will withstand
temperature extremes and relatively rough treatment However,
it is more expensive, The mercury battery produces four to seven
times more current than a conventional battery of the same size
and output does not drop off as fast.

A battery should always be tested under load Replace a battery
that tests less than two-thirds of its rated voltage Battertes out of
the receiver may, of course, be tested by simulating load condi-
tions. For A-batteries load the output with a resistor of 200 ohms;
for B-batteries use a resistor between 2,000 and 5,000 ohms. Use
resistors rated at 2 watts or more.



When a receiver has self-charging batteries do not pull the line
plug to turn the set off with the switch in the charge position. In
all instances, turn the switch off to prevent the battery from dis-
charging. 4

In sets using ordinary flashlight batteries, you can expect some
500 hours of performance compared to 2,500 hours with mercuric
oxide batteries. Replace when the audio output is muffled or
distorted with a decrease in total output. Weak batteries can
develop leaks due to internal corrosive action. If, on examination,
the batteries are corroded and/or leaking, replace them before
they damage other components.

Batteries for portable {tube) receivers

The portable is basically a straight battery-powered receiver.
The ac power supply is actually tacked on and controlled by the
power selector switch. Due to the high cost of battery packs, battery
life is very important. The small packs used are expensive, when
compared with the large ones used in home battery radios. The
cost of manufacture accounts for most of this, as the materials
are inexpensive—it costs as much to make a 200-hour portable
pack as it does to make a 1,000-hour farm pack. If the set is used
as a home radio, as in a hunting cabin, larger batteries may be
provided by connecting them to the radio through an extension
battery cable, .

Always check battery drain when servicing. Fortunately, this is
easy. The audio output tube consumes practically all the current
dr:awn by the set—over 909, of it. Therefore, we need check only -
th1§ one stage-—the remaining ones seldom have this trouble. The
easiest way is to check the grid bias on the audio output tube. The
grid resistor returns to the filament circuit and is usually around 1
megohm. Voltage readings are taken with a vtvm at the grid and
the bottom end of the resistor, referred back to B-minus. There
should. be practically no voltage drop at all across the resistor. If
there Is, the operating point of the audio tube is upset and the
set WIll'consume far more than its normal current. This bias
voltage is easily determined from tube manuals if it is not given
in the service information. Look up the tube type used. For
Instance, a 3Q5-GT requires —4.5 volts. Unless the grid voltage
reads very close to this figure, it should be checked. (See Fig. B-1.)
Cag:é;gf;(;sot Sfénf;?s(iz Zc:;rce oflfrouble is leakage in the coupling
through can umset ot bx.o amplifier plate. Positive voltage leaking
t© cn 1up € bias. A drop of only 1 or 2 volts is enough

use serious trouble. Disconnect the grid end of this capacitor
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and measure the grid voltage. If it returns to normal, but drop
(goes toward positive) when the free end of the capacitor i
touched to the grid, replace the capacitor. Always use 600-vol
types for replacements in this spot. Gassy output tubes can caus
a similar symptom, If the grid voltage remains off normal wit

_the capacitor disconnected, replace the tube and remeasure the
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grid voltage. Now and then a grid resistor will be open or up in
value. It should be within at least 159, of the rated ohmage.

Severe audio distortion usually accompanies any of these trou-
bles, making the sound very mushy. However, if the set has a
pentode first audio amplifier tube such as the 1U5 and the screen
resistor, usually a 3.3-megohm unit, 1s open, the symptoms may be
similar. The plate load resistor (average 10 megohm) also causes
similar distortion 1f 1t goes up in value to the point where 1t
reduces the plate voltage too much. Both of these resistors should
be viewed with suspicion if they are of the matchsuck type, as
quite a bit of trouble has been found with them

Batteries for transistor receivers
Generally these receivers use a 6-12-volt battery, the value most



commonly used being 9 volts. Single, series and/or series-parallel
batteries may be used. ' .

The battery drain of the B-supply of a transistor radio, under
normal operating conditions, is from 5 to 25 ma compared to
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Fig. B-2. To check transistor receiver current
drain insert a milliammeter in series with
the battery line at point X or Y. Another
method is to connect the meter leads directly
across the terminals of the off-on switch.
When doing this keep the switch open.

from 8 to 14 ma for vacuum-tube sets. Battery economy in tran-
sistor receivers stems from the fact that unlike tube receivers they
require no A supply and have a low-voltage B-supply.

"The old type zinc battery is subject to deterioration, swelling
and bursting, all of which will cause damage to transistors. Storage
life is limited compared to mercury batteries.

A short-lived battery in a transistor receiver is usually brought
about by a defective switch or shorted electrolytic filter capacitor
in the power supply, or a defective audio transistor drawing exces-
sive current.

"The current drain of a transistor recciver varies with the setting
of the volume control. In a typical receiver, the current with
volume at minimum might be 8 ma, with volume at maximum
24 ma. A quick way to check current drain is to shunt a milliam-
meter right across the terminals of the switch. Keep the switch
in the off position. Tune in a station, set the volume control to
minimum and maximum and note the current readings. Check
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with facturer's recc ded values. If current drain is
high with the volume control at minimum, look for leaky compo-
nents, such as electrolytics. If current drain is low with volume
control at maximum, check battery voltage under load. See Fig.
B-2.

Most battery clips in transistor receivers are polarized. If not,
be careful when replacing the battery. A transposed battery can
ruin transistors. In transistor receivers the battery is the com-
ponent most likely to need replacement.

B-plus circuits

Next to vacuum tubes, B-plus circuits are the most likely cause
of trouble. Due to the higher voltages present, a breakdown is
more likely to occur; test these circuits carefully after considering
the possibility of faulty tubes.

First, check the rectifier tube. Do not replace a defective tube
until the B-plus to ground resistance has been measured. A very
low reading indicates trouble in the circuit.

To ascertain whether the power supply is providing proper
voliages to the tubes, check the dc voltages at the plate and screen
of each tube., If a radical variation in voltage presails—as com-
pared to schematic values—all components in the Jine are suspect,
particularly resistors and capacitors. Do not replace a burned
resistor until you have determined that the capacitor connected
between the screen (or plate) and ground is good.

Other components that should receive careful attention are
bypass capacitors, filter electrolytics, powersupply filter resistors,
and the secondary of the power transformer.

Cabinet repairs

Many portables are housed n plastic cabinets. A number of
these are built of plastic too thin to withstand the shocks of normal
usage and the result is cracks and breakage These may be repaired
without trouble if the proper techniques are used. Most plastics
used in cabinets are acrylic or acetate types, with a few being the
thermoplastic type (softening with heat, resetting upon cooling)
while most are of the thermosetting type The proper cement
must be used for each type. To determine the type of plastic
used, apply 2 small drop of cement to the tnside of the cabinet.
If the cement roughs the plastic when wiped away, 1t has “cut”
the material and is the right kind. If the cement can be wiped off
without any effect, it is not the proper type.

Most of the trouble seems to center about breaks and crachks



in the bottom of the cabinet, possibly due to the weight of the
battery pack. To make a strong repair, coat the edges of the crack
with cement, working from the inside Press the edges together
and quickly wipe off the surplus cement squeezed ont’on the omt-
side, to make the job look as neat as possible. Apply more cememt
to the inside, spreading it to about a 2-inch width, Now, tear off
a stip of stout cloth (about the same general type as i good hand-
kerchief, some closely woven material) about 2 inches wide and a
bit longer than the crack. Place this over the crack, pressing it
firmly in place until the cement has worked up through the mesh
of the material. Apply more cement if needed, working it well
over both edges and the ends, Allow to dry at least two days and
the cabinet will be stronger than new.

If small picces have been broken off entirely, cement the crack
together, apply the cloth and then replace the Joose picces, coating
them well with cement. Several large flat rubber bands snapped
around the cabinet in cach direction will hold it together until
the cement has set. Do not use short bands or the excessive tension
may distort the cabinet, High pressure is not necessary with this
type of cement, only enough to hold the cabinet together.

Some thermoplastic materials may be welded back together by
applying a soldering iron tip to the inside of the cabinet. Phileo
used several cabinets of this type some years ago. Run a broad
tip up and down the inside of the cabinet along the crack until
the plastic has softened. Then press the edges together and smooth
down. Cement may also be used on this type. Small extrusions,
suc}.) as the round studs used to hold the loop in place on the
cabinet back, may be replaced this way.

Bmkm} catches and hinges are a common problem. These are
;x)l::; 1;)1:1:1;)1;(1;( ‘;;n(l;"ssnt (h‘(. tjaxxjngc is x‘m_)‘hcavy. Flawspring catches

(ronilable i o o l‘v )nc.s made {rom flag br.:xss shim stqcrk

L at auto-supply stores) of the proper thickness. A few
picces of spring wire are useful. They may be bent into various
shapes for hinge and catch replacement and cemented in place,
Capacitors

IH . )

liv}:\ ::lh ‘,h‘: fc":cq)“o” of vacuum tubes, capacitors hecome defee
ve more often than any other component. The chicf problems
are short cireuits, open capacitors and leakage—the latter observed

most olien in ¢lect rolytics, i
dc};‘;‘:‘i::lz';‘:;‘s?'ll)if:fll‘?rs often break down bhecause of inherent
able brand ‘ I ( l.“f‘ Ahf""‘}'s replace with well-known, dcpcnd-
ands. Excessively high or low temperatures and voltage



overload can cause a breakdown. Position away from heat-gen-
erating dropping resistors and rectifier tubes. Always observe
polarity remembering that the metal can of some electrolytics
(depending on receiver circuitry) is insulated from the chassis
by a fiber mounting board. When dried out or operated with
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Fig. C1 A leaky plate capacitor can ruin
@ set of tubes,

wrong voltages, electrolytics can lose capacitance, although they
seldom, if ever, will become open.

Defective input filter electrolytics produce a loud hum with the
volume control set at minimum. A defective output-filter capacitor
will cause whistles and squeals, feedback between stages, motor-
boating and a sound similar to motor interference

Electrolytics in transistor receivers are designed for use with

these small sets. Use Tum foil subminiatures as replaci s,
Here, as in the larger umits, you must watch working voltage
requi . Some tum electrolytics require a2 maxunum of

3 working volts d¢. Tantalum unils are characterized by vers small
leakage. Maximum leakage for typical units is .07 microamperes
per microfarad per volt compared to 0.1 microamperes per micro-
farad per volt for aluminum foil subminiatures and 0.5 mills-
amperes per microfarad per solt for standard-size unns used in
ac-dc sets.

Occasionally a receiver will be serviced in which a defective
filter capacitor has been shunted by a good one. When this bad



practicc is observed, always remove t}lc old capaator‘. If Fh}c Ieads
remain connccted, the capacitor will act as a resistor- shunte
across the good unit, draining current, and possibly 'causlmg
instability. Even if the leads have been cut, an old, defective ¢ .cc}:-
trolytic can swell or become covered with corroded material which
can affect nearby components. . o

Always -be sure to discharge filter capacitors by shorting to
chassis to avoid shock. . _

If the receiver uses noninductive clectrolytics, replace only with
a unit of the same type. ‘ _ '

All capacitors can develop crackling, frying .and sputtering
noises, which indicate a breakdown. Paper capacitors frequently
have a steady buzz. Occasionally mica and ceramic units are also
affected. Capacitors can be noisy, especially coupling and decou-
pling, output tube plate bypass, clectrolytic cathode bypass and,
in the power supply, the line filter capacitors. Capacitors can also
become noisy from age and overheating. .

The most common capacitors are paper or wax-impregnated
units. These should not be used as replacements in rf and if
bypassing. Instead, use mica capacitors, especially in f:ritical appli-
cations. Ceramic capacitors also have superior stability. Insulated
or non-insulated ceramic tubulars can be used to replace old-style
mica and ordinary paper tubulars. Wherever possible, when space
is limited, use insulated ceramic disc capacitors because of their
small size.

Defective capacitors can kill tubes—and not just one, but a
whole set. Consider the case shown in Fig. C-1 in which a partially
shorted .001-uf capacitor acted as a tone compensator in the plate
circuit of the audio output tube, a 3V4. The leak permitted B plus
to flow through this capacitor to the A-plus side of the series tube
filament string and thence to A minus, mostly by the way of the
tube filaments, overheating these tubes. Such filament type tubes
are very sensitive to overvoltage and only a small amount of excess
voltage will do them in very quickly. Not enough of a short was
present in the capacitor to kill the sound, but enough leakage
was prescent to kill the tubes!

Capacitors, leaky

A quick test for dc leakage in capacitors,
capacitors, can be made with an ordinary nco
nect the cold end of the capacitor and con

t?xc cold end to ground or B minus, With the
light will glow

including coupling
n test lamp. Discon-
nect the tester from
B-plus power on the
or flash intermittently on leaky capacitors. Sce



Fig. C-2. This test will detect leakages of several megohms. Though
not as sensitive a test, on voltages lower than the ionizing voltage
of the lamp a dc voltmeter can be used. Be careful to set it on a
scale high enough to avoid pinning the needle on the initial charg-
ing “kick.”
The usual method for locating a bad filter capacitor (in case of
hum) is to place a test filter capacitor across each unit in the set,
GLOW OR
INTERMITTENT®
FLASH \(,/

LEAKY
CAPACITOR

B+(0N) =

Fig C-2 Use a neon-type woltage tester to check
for leaky coupling capacitors

one at a time. When the hum is eliminated, the bad capacitor has
been found.

Instead of placing a test capacitor directly across each suspected
unit, use a testing aid that includes a 40-pf capacitor and 4,700- or
5,100-ohm resistor with a cutout switch as in Fig C-3. The unit is
placed across the suspected capacitor with the switch open. The

v
Fig C-3 A resistor, placed in senes with >——[—/—~V~:——j
the test capacitor, will protect the rectifier LX) he

tube and prevent temporary healing of - 40T 430V
intermittents

resistor limits the charging current into the test capacitor and
eliminates costly burnouts of pilot light and recuifier tube in
ac-dc receivers. After a second or two, when the capacitor is
almost fully charged, the switch is closed. Another advaniage of
using this testing aid is that the suspected unit is usually not dis-
turbed by the test. This avoids the annoying experience of tem-
porarily healing an intermittent capacitor which then is difficult
1o locate until it becomes defective agam.

Capacitors, variable .
Variable capacitors are used primarily for tuning radio receivers,,”



and most sets employ them as trimmers. They are subject to in.ter«
mittent operation, open or shorts, mechanical and electrical
defects. The principal defect is contact between the rotor and
stator plates, caused by normal wear and tear; short circuits are
‘the result of dust between the plates, usually producing Intermit-
tent operation. .

Vibration results from either tight or loose bearings when the
shaft is rotated. The plates of the rotor may become loose, causing
erratic tuning and poor reception.

A very common trouble occurs in the spring brass wipers or
contact springs of the variable capacitor. Frequently wipers
become dirty, causing noisy reception, and sometimes lack of
reception at certain points in the tuning range. Clean contacts
with carbon tet and adjust spring tension.

Sometimes the aluminum plates of the capacitor peel or become
flaky. This can cause fading or noise. The peeling can be burned
off by connecting an ordinary 25-watt Mazda bulb in series with
the hot side of the line, to the capacitor plate, the other side of the
line to the chassis (first disconnect all wires attached to the
tuning capacitor). In small receivers with cramped space, be
sure that the rotor plates of the tuning capacitor do not touch
cach other or other components when operated. This happens
occasionally when a metal tube in close proximity to the tuning
capacitor is replaced by a larger glass tube.

foh the trend toward miniaturization in radios, smaller tuning
capacitors are being used. When a scratching noise is associated
with tuning, the cause is usually shorting plates. Using the line
voltage across the capacitor to burn out parts of the plates or to
indicate the exact location of the offending parts can be dangerous

and requires unusual caution. Therefore, you may find the
following method more desirable:

_ 1. Unsolder the antenna and oscillator leads from the Tespec-
tve sections of the capacitor.

2. Clip one lead of an ohmmeter to the stator and the other lead
to the rotor of a section. Turn the capacitor the full arc until
the meter shows which section is shorting. Often one or more
portions of a section may be shorting. See Fig. C-4.

3. When a short is fo
section, observe at w
Then, turn the roto
plates of the rotor.
can easily be detect

) und in either the antenna or oscillator
hich part of the arc each section is shorting.
I to minimum capacitance to expose the full
With a magnifying glass the irregular spacing
ed. A thin blade such as a razor blade can be

- »



used with little pressure to correct any irregular position of a
rotor plate. Each time a plate is corrected, tum the rotar the
complete arc and obsenve the ohmmeter for possible shors.

4. A few drops of anti-noise lubricant on the ball bearings and

conv
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Fig. CA Check scraping capacitor

plates by disconnecting leads at

points marked X and shunting the
capacitor with an ohmmeter

on all moving contact portions of the rotor shaft will then insure
smooth, noise-free motion of the variable capacitor.

Carbon tet

Some service technicians swear by carbon tet, sometimes forget-
ting that the fumes can pack a lethal punch. You can use 2 10-inch
electric fan to dissipate the fumes of carbon tetrachloride, contact
cleaner and other dangerous chemicals. The fan is kept close to
the chassis being serviced so it dissipates the fumes before you
can detect the odor. '

Converters (transistor)

A single transistor, as shown in Fig. C4, can perform the dual
functions of mixer and local oscillator and is then known (just
as in the case of a vacuum tube) as a converter. Unlike vacuum
tube circuits, however, transistor local oscillator voltage cannot
be measured by checking the dc drop across a resistor. An f vtvm
must be used to determine the amount of local oscillator voltage
developed. (In either vacuum tube or transistor receivers, failure
to develop local oscillator voltage means no sound out of the
speaker.) If an rf vtvm is not available, set the dial of the receiver
to a strong station and turn up the volume control Loosely conple
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your signal generator to the oscillator coil. (For details on the
coupling coil between generator and oscillator see the section on
Alignment.) Set your signal generator (unmodulated rf) to the
local oscillator frequency. This will be equal to the rf plus the if.
Example: if the receiver dial is set to 800 kc and the if of the
receiver is 455 ke, the generator should be at 1255 ke. Rock the
generator dial back and forth slightly. If the station signal comes
through when the signal generator is on, but not when it is off,
the local oscillator circuit isn’t working.

Converters (tube)

Actually, the converter circuit (Fig. C-b) consists of two stages:
mixer and oscillator. Some receivers have separate tubes but
most combine both stages in one.

12BES
CONVERTER e o o
5 CE g’l >
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Fig. C-5. The converter is two circuils in onc—mixer and
local oscillator.

To defcrminc if the oscillator is functioning, connect a vivm
lt)o the grid of the oscillator tube. The negative bias should range
ctween —5 to —15, If the measured voltage is considerably less

thap that‘ indicated in the manufacturer’s service notes, the
~oscillator s not working.

Another check of the oscillator section is to connect a signal
generator (unmodulated output) between rotor and stator of the
oscx.l!ator tuning section. Position the tuning dial to a strong local
station, about 1500 ke. Set the signal generator dial to the local
oscillator frequency (sum of 1f and if frequencies) . If rotation of

th 2 i i ; ; i
¢ generator dial brings in a station, then the oscillator 15
defective.
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Cords, cheater

In older radio receivers the line cord is brought directly into the
set, the ac line being wired to components or to a terminal board.
In modern receivers the cord ends in a rubber-encased female
connector. This connector is riveted to the insulating board at the
back of the set. When the board is yemoved the set is automatically
disconnected from the power line. You can use your television
cheater cord if you need to operate the set.

Cords, similar to cheater cords, are used for many electrical
appliances, such as electric shavers. These have limited current
carrying capabilities. Do not uvse such cords on receivers, and
certainly not on television sets. Your tv cheater card, because it isa
heavy-duty item, can be used for any radio set you have in the shop.

Line cords present their own problems. Rubber, a common
insulating material over the connectors and wires, is a vegetable

Fig C6 Simple methad for protecting
cheater cords

product and as such will decay. You can recognize age by in-
ntumerable fine cracks, generally appearing first an the rubber
surrounding the wire. If the wire ends in a.molded.connccmr,
don’t try to make a repair. The set owner will sometimes $1y to
wrap friction tape around the wire in an attempt o prolong x]h:
lile of 3 practically dead item. It's hardly worthwinle, since the
decayed line is a serious fire hazard.

In older types that do not use molded p 2 t
<onnector. ']Z}I:ere should be no wire hairs or loose insulation. "The
metal ends of the plugs are usually meted mnto place ‘}{ ld\;s:s
rivets hecome loose, replace the plug. 1f the plug is go«ad,dsu:f o
ot make good contact with the outlet, bend the metal ‘cr? o e
Plug slightly outward. When replacing male plugs always use the -

lugs, cxamine the male



type that permits a finger grip for pulling the plug from the out-
let. Never remove a power line cord by yanking on the cord.
Always grip the plug. Also, avoid cheap flat-type plastic plugs.
These break easily and cannot be gripped for removal from the
outlet.

Many radio-TV-electrical-appliance technicians are familiar
with the age-old electrical problem. How do you keep a power
cord from wearing out near its connector? Flexing of the cord
during normal use eventually results in complete breakdown of
the wires and insulation. Although there probably is no completely
foolproof way to keep this from happening, try wrapping the cord
with solder near the connector, as shown in Fig. C-6. The solder
provides additional support for the wires and insulation, and won’t
eventually wear out as will a wrapping of waxed lacing twine or
tape.



Detectors
In ac-dc superheterodyne receivers the detector is usually the
diode section of a multipurpose tube, supplying signal rectifica-
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Fig D-l. The detector ss the receiver midpont, Troubles here can vesult n
complete loss of signal, weak or distorted signal, or hum

tion, avc and first audio. Troubles in the detector can result in
no signal, weak signal, distortion or hum. Sce Fig. D-1.

. You can make a quick check of the detector by click testing
it~quick removal and replacement of the last if amplifier tube
when the set has parallel filaments. This technique can also be
used with series strings, provided the tubes have been given an
opportunity to get hot and the test is done very rapidly. It is



doubtful, in the casc of series filiments, whether this is good for
the tubes. An easy method is to employ a generator set to the
intermediate frequency (modulation on) and connected through a
01 uf capacitor to the plate of the last if tube. The signal can be
taken off the diode load (volume control) by a vtvm, a scope or
a test speaker. Or, if the audio stages are working, the receiver
speaker can act as an indicator.

Detectors (discriminator)
Two types of detectors are used in FM receivers~the discrimi-
nator and the ratio detector. The discriminator (Fig. D-2) requirces

1978
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Fig. D2, The discriminator is an FAf detector, usually
preceded by onc or more limiters.

Ohe or more limiters, while (theoretically) the ratio detector does

;mt'. Bctscr-gmdc FM receivers use discriminators, although some
1ave ratio detectors plus a limiter stage,

Detectors (gated beam discriminators)
A few FM receivers use

L a gated beam discriminator, shown
i Fig. D-3. If the plate cap

. acitor opens, the symptom will be a
1 i . , AL ymp
;é%:;rh\:,ss llc‘d' Ch?d‘ by shunting it. A similar condition may
bypass C?}:q:.ldmp (;l" the capacitance of the screen and cathode
o opactors. Check by shuni i i :
same size, Y ng with units of roughly the

Parasitic oscillation of the 6BNG type circuit may be quenched
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by a resistor in the control grid lead or plate lead or both, Value
in the plate lead ranges from 820 to 1,500 ohms; in the grid lead
from 47 to 220 ohms. One stubborn case needed a 100-0hm
resistor in series with the screen lead as well. Some manufacturers
shunt the secondary of the last if transformer with a resistor
of about 47,000 ohms for a similar purpose. Check them in case
of high hiss Ievel not accounted for by other causes. In some
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Fig. D-3 The gated beam ducriminator uses a tube that was
especrally designed for this circuit

cases these values will have to be increased or resistors inserted
in series with other electrodes.

As usual, a defective tube is the most common cause of weak
or no sound. Next in order are Jow electrode voltages which
can be readily detected with vtvm measurements.

Misalig of the quadrature coil will result in weak sound,
or no sound in extreme cases Suspect a dcfect—{hortcd turns,
changed shunt capacitor, etc.—if the quadrature coil is far from
proper alignment.

A wrong peak on the quadrature coil results in low sound
level. Recheck alignment. If the higher-frequency peak cannot
be reached, the capacitor or coil is defective. When rcpla'cmg.
check for the presence of two peaks and select the higher
frequency.

Detectors {ratio)

Trouble in the FM detector stage can produce poor sound
sensitivity, noise, distorted sound, and hiss. T!lc circuit can be
balanced or unbalanced, and does not require the use of 2
limiter tube. See Fig D4. .

To ascertain if trouble is before or after the FM ratio detector,
measure the voltage at the top of parallel R-C combmat:'ovn
connected to plate and cathode of the ratio detector. No negative



voltage indicates that the FM signal is not reaching the detector
circuit; hence the trouble is somewhere between the video and
ratio detectors.

The sound if stages in this circuit can be checked by scratching
the grids of the tubes, sparking the plates to chassis, or by rocking
the tubes in and out of the sockets. A noise in the speaker indicates
these stages are passing the signal.

Check for open resistors and coils; or shorted, leaky, and open
capacitors, especially the parallel resistor-capacitor combination
in the unbalanced circuit of the ratio detector; and the parallel

RATIO DETECTOR
TRANSFORMER

f

i
AN

Fig. D4, The ratio detector can be responsi-
ble for missing sound, noise, distortion and
hissing.

series resistor-capacitor combination in the balanced circuit.
When a strong hiss is present check the de-emphasis network.

Dial cords

A dial mechanism which daes not work properly can be caused
by a worn shaft. Or, more likely, the dial cord has slipped off
the pulleys or drum, or has stretched or broken due to constant
wear and tear. In some instances the spring may have weakened.
Springs have a point of no return, Stretched beyond their design
limits, they just do not go back.
angi‘sfs!?ﬂ:‘:ﬂtﬂ;mblc use, dial cables have a tendency to stretch
o g e mmx’)g shafts. There are several ways to remedy
Spping dial cables, You can apply nonslip compound to the
Caﬂc wh‘crc 1t goes around the shaft or, if possible, move the
3“: e) ¢ sbplrmg to a place on the drum where it puts more pull on

Gble or shorten the cable or replace the old cable with a
new one,

If the cable is in good condition,

. but simply slips on the
tuning shaft, you can tighten it e D

asily. Simply remove the bottom
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end of the cable spring from the lug of the drum, give the cable
a few twists at the place shown in Fig. D-5, and hook the spring
back on the drum lug again. The twists sharten the cable so the
spring puts more tension on it. Experiment with the number
of twists needed.

A thick paste made by mixing powdered rosin and carbon tet
is handy to have around when restringing dial cords. Where the

Fig. D5 A few twists of the dial cord unll
stop slippage provded the spring is sl
in good condition

dial cord is likely to slip off the drum or pulley before the jobs
is completed, use a small gob of the paste to hold it in place.
When the job is completed, use carbon tet to rcmpve lhc.pasxc.
The rosin left on the cord will minimize the slippage in the
future and make for a more positive hold.

Diodes

Germanium diodes may be found in both AM and F]\}I
receivers. The most common applications are as AM detector-ave
tectifier, FM discriminator and ratio detector.

To test the crystal, disconnect one end and measure t:c
forward resistance. Transpose the test leads and measute the
Teverse resistance. The ratio of reverse to [orw;rd resistance
should be 25 to 1, or more. That is, the feverse resistance should
be at least 25 times as much as the forward resistance.



in testing Crysial diodgés ReCp i G tlat 1415841100 Litasulcs
ments indicated by an ohmmeter are not conclusive evidence
that the component is good. The check will help you locate a
crystal that is either defective or a border-line case. The only
sure check for a crystal that passes a resistance test is by
substitution.

Electrolytics (see Capacitors)

Filament circuits (three-way portable receivers)

The low power available in portables and the limited antenna
system make it imperative that each set be in 1009, perfect
condition if it is to work at alll

Servicing techniques used with these sets are slightly different
from those used with home or auto radios. Several additional

points must be checked to see that the finished job meets the
necessary standards.

Performance standards which must be met are: selectivity,
sensitivity and power output, just as in any radio. In addition,
the s‘pecial power supply used in these sets must meet certain
requirements. Chief among these is its voltage tolerance—the
power supgly must furnish correct operating voltages for the
set over a given range of supply voltage. In normal sets, this range
1s from 105-120 volts. In actual service work, the set must be

made to operate over a range of 100-120 volts, without going
either too high or too low in power output.

By "too high or too low”, we do not mean the B-voltage, but
the much more critical filament voltage. The circuit used in
almost all of these sets derives filament voltage for the battery
type tubes from the high-voltage supply through a dropping
Tesistor, as shown in Fig. F-1. Thus, the filament string serves as
a blec_adex: across the B-voltage. Although there are many variations
;);ptgns circuit, they can be traced back to this one fundamental

Ng?e the shunt resistor shown across the audio tube's heater
;ae;s)i.st ;nc.e t!xe ?n'rem drawn by the string is only 50 ma, the shunt

T 1s included to compensate for the plate current drawn

o f‘&ezi"fii i nllowane: This current, which may go as high
a — » 1t allowed t
filament, will cause o flow through the last half of the

this half of th 4 momentary overload and in time blow
209, overo] td‘e Iheater. At a total current of 50 ma, 10 ma is a
acro 0ad: In some of the older circuits shunts were used
0ss tubes farther along in the string
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Regardless of the presence of shunts, the actual heater voltage
measured across a tube is the final criterion to use in judging
power supply performance. The voltage tolerance of these little
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Fig F-l. The filament voltage in a

three-way porlable comes from the

power supply through a droppiag

- resistor.

tubes is not nearly so large as that of their ac-powered counter-
parts. A 50L6, for instance, will work well from 40 to 60 volrs
or more, By contrast, the 1A7 or 1R5 used as an oscillator mixer
in a portable has 2 normal operating range cutoff of 1.1 to a
maximum of 1.4 volts! Below 1.1 volts, the tube’s go is so low
that the oscillator refuses to function. Above 14, the delicate
filament’s life is shortened very rapidly! Therefore, this voltage
is one which the technician must check very closely each time a
set is serviced, to avoid short tube life or very poor performance.
An zccurate low-range voltmeter is a must. (A quick chech on the
low range of a voltmeter is the open-ircuit voltage of 2 brand-
new D flashlight battery—1.56-1.58 volts.) The power supply
must niot overload the tubes at the upper limit, 120 vohs, nor
underrate them at the lower limit of 105 volts on the input.
Fuses

Fuses will most often be found in ac operated receivers, and
generally blow due to an overload caused by a short in the B.
supply system, in the heater winding of the transformer, x.hc
eapacitor across the primary of the transformer or a defective
transformer.,

In automobile receivers, the most common defects that would
make the fuse blow are the power supply filter mpadlorf. bypass
@pacitors in the screen grid dircuits, a tube (especially the
rectifier and output tubes), buffer and hash-suppression capaditors.

Some facturers recommend that a dropping vesisior of
from 5 1o 15 ohms be used in series with their rectifiers. '_rhu is
a fuseresistor, installed to absorb peak surges present in the
line voliage and to eliminate fire hazard.




The fuse-resistor will blow under two conditions: 1.) Exces-.
sively high line voltage fluctuations; 2.) Aging of components .
in the receiver, mcreasmg the load.

The fuseresistor is an expendable component. When  this
protective device continually burns out, it may be desirable to
install a line voltage regulator to handle the load.
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Germanium (see Dicdes; also Tronsistors)
Heaters (see Filament circuits)
IF cireuits

If the intermediate frequency of 2 recelier i WRCANWA W
@nnot be determined from a schematic privy & WANWERE,
2pproximation can be obtained by connecting & S g
(modulation on) to the mixer grid, shorting the CuiT Wag iy
of the tuning capacitor and then Totating the KERNIARN wWiwW
until a response is heard. This will prohabiu B odee w4y
correct if.

Improperfy dressed or routed leadt can aftant v
misalignment of the if amplifier will came newk Wi At aw
if stage is dead, check for a shorted il Winey vapain Yy
transformer jtself may be defective, TH e vl an wab wl
the if trimmer is ineflective regardlest ol Adiintim it W Wiy
or coil may be defective or the trimmes sien thiv il g
may be stripped.

To check if stages—after you have detwvaiad that du awmb
stages are functioning—connect & Alal peneraba bovn gt oy
the first if amplifier. Rotate (e VOIS vl b iie wasbim
position. Tune the generaton {u\mlu\nnnn (LU TR O YT
mediate frequency—usually 486 b A hnnd 115 06 g fu oo
In the speaker indicates that the 18 v warbbg W th iy
1s 1o tone or only & weak shgnal In heabd, vammn i i
to the grid of the second I pmplihies A nan v a)




condition usually means that the trouble is in the second if
amplifier or second detector circuits (Fig. I-1).

Fig. I-1. Typical if amplifier
stage. A signal generator, set lo
the intermediate frequency, can
be used as a troubleshooting
signal source. (Photo courtesy

12BA6 Admiral Radio)
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T T2
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DU ! I I N 4
0 CONY  Mpm———p ———d e
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AAA 4
' S VOLUME |
< SYOLUME | | aupio
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GROUND

If the tone is heard, connect the generator to the grid of the
converter tube. If no tone or a weak signal is heard, then the
trouble probably is in the converter stage.

Frequently, during hot humid weather, small ac-dc receivers
become inoperative or noisy, ‘crackling and frying noises being
!mard. In most instances this is due to a defective primary wind-
Ing, usually in the first if transformer. To check, replace the
mixer tube with a dummy tube (all pins cut off except the
heater pins). If the noise stops, the first if transformer is defective.
IF transformers, - defective

Most radio technicians know that a small positive voltage on

the grid of an audio amplifier can spoil set performance. Yet,



often, a small positive voltage on the grid of an if amplifier
is ignored. . .

A positive voltage, even a very small one, on the grid of an if
wbe, causes dc ta flow through the if transformer secondary,
reducing circuit Q, sensitivity and selectivity, killing ave action,
and many times causing static and sputtering.

How does a positive voltage get on if grids? One way is from
gassy or otherwise defective tubes: another is from a defect in
the ave circuit. But most of all, though least suspected, through
the if transformer itself—midgets in particular. The plastic
insulation at the base of these transformers develops 2 high-
sesistance leakage path which allows the positive primary voltage
to apply a positive voltage on the grid of the following if tube.

When checking a weak, unselective, noisy ot intermittent radio,
test for positive voltage on the grids of the if's. Use your lowest
meter voltage Tange since even 14 volt positive indicates trouble.
Try teplacing the if tubes first, then check the ave circuit if
trouble persists.

It everything is normal there, disconnect the leads going to
the transformer’s secondary terminals—leaving the primary intact.
Then, check for dc voltage at the secondary terminals. If the
transformer is defective, don't be at all surprised if you read 40,
60 or even 120 volts—though usually it's less Don't use a soldering
iron to yemove the leads from the if secondary for a test because
the heat will often produce a temporary correction which will
only complicate and delay the repair. Clip them off.

When installing a new if transformer, be sure that no dc
voltage of any polarity can be found on its secondary terminals
when the primary is hooked up but before any connections are
made.m the secondary. With the secondary hooked up, 2 normal
negative Yollagc of about 1.5-2 exists between stations.

[y-?" primary and secondary c‘?ils of the if transformer 1n a tube-
infu':c[c;wcr are generally 1dentical These coils are tuned by mica
minia(smt:li:nprgslsxon-ly'pe trimmers. thn. the transformer is a
by adjustme elcofx s ha'\'e bul!l-m fixed capacitors Tuning is done
ok c&‘ix o sur;“:: n};it)\(\ld;red iron cores. In some subminiature if’s,
Tica trimmmen uI ed by a ferrite shell and the umt 1s tuned by
shell, This ¢ N t‘n some cases the 'transformer 15 tuned by the
ofthe sil\‘er-:nai:: (:;rpr:r also has built-n fixed capacitors, usually
B;; l:iccaus{l:stato r_ep!ace. if transformers with exact equivalents,

pace limitations, a large-size 1f cannot be used 1n-a



small receiver, but a miniature type can be used in both small and
large sets. The miniature if transformers come equipped with
a snap ring mounting clip and an adapter plate,

Do not try to install if transformers designed for use in a tran.
sistor set in a tube receiver. These units have a high primary
impedance and a low sccondary impedance. The primary im-
pedance ranges from as little as 10,000 ohms to as much as
100,000 ohms. The secondary impedance is usually either 600
ohms or 1,000 ohms. The transformers have a tapped primary
to match the impedance of the transistor collector. Transformer
replacement in a transistor receiver requires somewhat more care
than in a vacuum tube set. Make sure the transformer will fit
physically and that it is designed for the particular transistor with
which it is to be used.

Joints, cold-soldered (see Soldering)



Knobs

Most knobs for old-style receivers are set-screw types. The usual
troubles here are loss of the screw or worn threads in the knob.
Set screws range in size from 6-32 to 10-32. If the knob is damaged
beyond repair it may be necessary to replace all knobs since it will
probably be difficult to match the old ones.

More modern knobs are push-on types. Some have spring brass
inserts to supply a gripping action between the knob and the shaft,
while others depend on friction or a force fit. A very useful tool
to remove all types of hard-togrip, push-on knobs, is 2 knob-puller.
Resembling 2 pair of ice-cube tongs, the tool blades are placed
behingd the knob while the technician closes the handles and pulls
forward. This is a better and safer technique than using a screw-
driver between the back of the knob and the cabinet. If the cabinet
is wood it will become scratched and gouged. If the cabinet is
plastic, it may split.

Lead dress

When replacing 1f and if transformers, keep all leads as short
and direct as possible. A good general rule to follow is never
to probe promiscuously inside the chassis of a receiver, especially
an FM set. Do not disturb the wiring: replacement wiring should
follow manufacturer’s physical layout exactly.

_ Keep filament wiring close to the chassis, unless otherwise
indicated, and away from rf circuits and amplifiers. Dress audio
leads away from elecurolytic capacitors and dress all ac leads
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away from the first audio stage. This is a must to maintain a low
hum level.

Dress pilot-light leads away from the voh.lme control and keep
the ave bypass capacitor clear of the second if transformer. Mount
the ave resistor away from the socket of the if tube and the diode
Joad resistor from the socket of the second detector—af-ave tube.

CONNECTING A RESISTOR
OR CAPACITQR

CONNECTIONS TO IF
TRANSFORMERS

CONNECTING TWO COMPONENTS
TOGETHER

Fig. L:1. Poor lead dress can produce hum, oscillation or erratic operation. The
drawings show a few of the correct techniques to follow when wiring or making
parts replacements.

Observe proper lead dress when replacing components or
connections. Fig. L-1 shows a few techniques to follow when
making changes.

Limiters

In FM reccivers the limiter circuit removes amplitude modula-
tion. Inclusion of this circuit depends upon the type of FM
detector utilized. Those sets with a Foster-Secley discriminator
require a limiter stage.

When a receiver becomes noisy, check the limiter stage. Test
the grid leak circuit as well as the screen and plate voltages. If
the voltages do not compare favorably with the manufacturer’s
service notes, check all components in those circuits.

Tl}c grid leak resistor of the limiter tube can be used to check
the if stages. Connect a vtvm across the resistor and measure
the voltage; it should vary with the applied signal.

Modules

In 1950 modular design was developed by the National Bureau
of Standards, Washington, D. C. Since then several manufacturers
of components have refined it to a high degree. A number of
receivers utilizing modules in one or more stages and Jor packaged
assemblies are being marketed. Thus, the technician should

ilonfldcr the increasing trend toward automation in electronic
esign.



scally the module is an assembly of components that per-
[or]:na:‘aaspyeciﬁc function. Modules may or may not mcluQc zul;cs.
Fach module generally consists ofa n.umber of _thm ceramic wa ;rs
bearing various circuits associated with a particular stage. Modu-
es containing up to 20 components may be assembled. 'I:hc 'w’afﬂ?
are separated between centers by 3/16 inch. Several individual
modules are combined to form a major subassembly. Assemblies

¥ig M-1, The module ts an assembly of components, as shown in the photo at the
Vit A keyed wafer 15 illustrated at the right. (Couttesy Aerovox Corp)

consist largely of tubes, and simple parts such as resistors and
capacitors, coils, etc, stacked like building blocks.

These building blocks are generally 7/8 inch square, stacked
shyscraper-fashion 10 an overall height of 11/16 mches, with three
peripheral notches on each side. They are held n position by 12
tiser wires. Some applications may require only a single wafer
for the tube socket or a module composed of up to 10 wafers and
na tube socket for a filtex network.

Thus a module js a unified package that can be connected to
other similar units or combined compatibly with conventional
components such as resistors, capacitors, cols, transformers, and
5o on. This eliminates most of the wiring and permits a physical
la}:uut on 2 flat base plate on which the wirng is etched or
printed.

Genenally the risers are No 20 gauge wire espectally solder-
plated to facilitate handling during soldering operations. Tube
sockets are seven-or nine-pin units with contact insers of bery:

lium copper extending be; i

yond the onter diameter of the sock
body to make contact with the riser wires, i s oro.
i ires. A keying notch is pro-



Some circuits may have only a few components that can be
placed in a module. In such instances up to two circuits could be
combined in one unit. A single wafer can accommodate four
resistors or two capacitors on each side. One wafer must be reser-
ved for a tube socket but the underside of the wafer may have a
resistor, capacitor or coil mounted on it. The capacitors are
ceramic tubulars having capacitance values from 10 yuf to .01
uf. Resistors are the cold-molded composition type.

Generally the vacuum tube is mounted on the top wafer—al-
ways numbered from the top down—and the second wafer is
usually reserved for the resistors, probably grid and plate drop-
ping units. The lower wafers contain the filament resistors and
bypass capacitors and circuits carrying hot dc voltages.

A module not composed entirely of wafer-mounted capacitors,
resistors, inductors, etc. is a module equivalent. For example, a
conventional capacitor can be used and one or more wafers may
be removed from the stack to make room. Thus, a module can
be formed consisting of only a top and bottom wafer with riser
wires, inside of which four tubular capacitors may be connected.

A module assembly is a package that can be easily assembled,
serviced and replaced in a short time. Actually, the technician
need only isolate the trouble area and replace the assembly in-
stead of following conventional techniques to locate a defective
capacitor and/or resistor.

A variation in design are the PAC's or Preassem bled Compon-
ents which consist of a uniform building block 14 inch in dia-
meter and 34 inch long. Any component which can be made with
these standard dimensions can be used in the assembly This
type of unit can be connected in series, parallel or series- parallel
Thus far, only capacitors and resistors have been included in
the packaged assembly (Fig. M-2).

PAC’s are designed primarily for use in conjunction with
printed—wiring chassis. The components for one or several stages
are inserted in one plugging-in operation. Component mount-
ing is facilitated by specially designed clips resembling miniature
fuse clips.

The chief advantages claimed for the use of modules are tha
by combining a large number of individual components ir;
single unit, simplified design and lower initial equipment cg
are possible, and thus subsequent lower servicing costs are m
possible. Vertical construction permits fitting the unit into 2 -3




atively small area, cutting down chassis space and reducing the
number of chassis holes.

PRINTED WIRING BOARD wiTH
COPPER EMBOSSED CIRCUMT

ON THE REVERSE SiDE
SOLDER JOINTS

CERAMIC CAPACITORS IN 7
A WIDE RANGE OF VALUES

RESISTORS IN A WIDE RANGE ), \/
OF VALUES
WAX INPREGNATED THERWO-

OFFSET WEDGE TYPE TERMINALS G
WITH HEAVY COATING Of SOLDER  SETTING PHENOLIC MorsTLRE

Fig M2 Pacs, or preassiembled components, conust of a
packaged assembly of capecitors and resttors tCourteny Ene
Reustor Corp)
Servicing advantages in using PAC's for modular electronic
assembly are:
I. Schematics are printed on each indsvidual module, making
pinpointing trouble easier.
2. Most connections are available at termmals (tubesocket.
B-plus and ground connections) so conientional test proce-
dures can be used.



3. Terminals can be cut, isolating a component, SO an external
component can be substituted.

4. Localizing the trouble area is easier.

Modules in receivers

Radio receivers utilizing partial modular design are .chieﬂy
AM superheterodyne ac and ac-dc with a printed circuit, and

TUNIHG CAPACITOR

TEMPERATURE
CONTROLLED
SOLDERING
POT

. o aane o 1o
R o A cand D
e, LT )

ey
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Fig. M-3. A module can be removed in one opera-
tion by using a soldering pol. (Courtesy
Motorola, Inc)

three-way portables. In general, the circuit is conventional. The
tuning range is from 535 to 1620 k¢, and standard if transformers
of 455 ke are used.

Both types use rf and audio modules. Portables also incorporate
a printed circuit. In servicing, the same procedures should be
followed as for conventional printed circuits.
_ The overall size of the etched board is much smaller than for
individually mounted components. This should speed repairs,
especially intermittents. If tube replacement does not cure the
trouble, then make a quick check of the power supply feed. At
present, it is desirable to replace the entire module if a defect
develops in the unit, rather than attempting to repair it. The
module is removed by using a soldering pot as in Fig. M-3.

thj.n replacing 2 module and no temperature-controlled
soldering pot is handy, insert the small sharp tip of a 35-watt
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applied to all risers at the same time, pull the defective module
away from the etched circuit board.

In some sets, the maker has reduced the possibility of inter-
changing or orienting modules incorrectly by using a module with
several unused riser wires clipped below one of the decks. This
combination of clipped riser wires has no corresponding holes
in the etchéd board; hence an exact replacement module can be
inserted without difficulty. When the new module has been placed
in the board in the proper position, redip in the soldering pot.

However, should it become necessary as a temporary measure
to repair a module, be sure the defective component can be isolated
without disconnecting too many other parts. When making repairs,
all modular components removed from the circuit and connected
above the point where a riser is cut must be replaced by conven-
tional components soldered directly to the dip-soldered side of
the etched circuit board.

Do not use diagonal cutters when cutting a riser wire between
decks as permanent damage can result from cracking of the deck
wafers. Use a very-fine-toothed saw blade or a small hand-powered
tool with a 1/32 abrasive disk.

If the tube socket is mounted on the module, be careful of
terminals which are connected to the riser wires by silver
conductors. Excessive heat will cause damage. There is no lead-
dress problem in working with modular receivers.

Top and bottom views of a three-way portable using modules
are shown in Fig. M-4. .

~rs



Noise suppression cireuits -

In addition to quiet avc 1o control background noise, some
receivers have incorporated a squelch stage designed to overcome
impulse noise such as ignition sparking.

The set is made inoperatise during the brief duration of any
noise pulse appreciably exceeding the signal amplitude or the
operation of the receiver is limited to the maximum amplitude
of any desired signal.

The first method is similar 1o quiet avc; the Jatzer type is termed
2 limiter. In some sets the noise limiter is connected between the
diode detector and the audio amplifier and is controlled by a
variable adjustment in the cathode of the tube R .

When a noise-suppression circwt does not funcm_m as mrer_zdtd.
check for a defective component, especially a capacitor or resistor-

Oh (see Test equipment)
Pilot lights

Pilot lights are used in ac as well as acdc sets. ln~ the former
they are connected in parallel with the tube heaters: in the latter
the usual connection is in series with heaters. When x}:c receiver
Is first turned on the light will burn brightly for an instant and
then dim gradually as the tubes get warm. Seritsstning tubes duw
more current when the tubes are cold since ther resistance is
lowest, increasing as the tubes get hot. Pilot light flicker is ‘-
when the volume is tuned up or when tuning from station ¢
station.




In ac-dc sets the pilot light is connected in parallel with one
half of the rectifier filament.-An open pilot light will not stop the
set from playing, but will force excessive current through one half
of the tube filament, reducing its useful life. If you get a complaint
of frequent pilot light burnout, try replacing the rectifier tube.
Excessive hum can be caused by a defective pilot light socket.

In auto radios the pilot light is connected across the A line,
generally between chassis and on-off switch or A line filter. An
open pilot light in this instance has no effect on receiver operation.
Transistor receivers do not use pilot lights but in hybrid auto
receivers using both tubes and transistors, the pilot light is
connected just as in an all-tube set. In some hybrid sets two pilot
lights are used in series. If one opens, neither bulb will light.

To identify pilot lights, use the manufacturer’s type number.
Knowing the bead color isn't enough. For example, a white-bead
bulb (bayonet base in all cases) could be rated at 2.1, 2.5, 3.2, and
6 volts. And some of these bulbs have identical shapes.

Power supply, ac

~Most AM radio receivers operating on ac only have a-conven-
tional power supply consisting of a power transformer, rectifier
tube (or selenium rectifier), choke (or resistor) and electrolytic
filters. A common source of trouble is a defective component in -
the power supply. While rectifier tubes in these sets usually are
long—lived, constant usage over a protracted period will cause the
rectifier to lose emission, resulting in low output voltage. Rectifier
tubes also become gassy, making the set inoperative or resulting
In a growl. Gassy rectifiers show a whitish deposit on the inside
of the glass, near the base, often glow blue when the set is turned
on. A loose glass rectifier bulb is no positive sign of trouble. A
thin strip of Duco cement between glass and base "will keep both
tight. A gassy tube can result in glowing plates, but this troubie
can also be caused by a shorted filter. (See Fig. P-1.)

Input filter capacitor breakdown can damage the rectifier tube,
overheat the power transformer, and will not necessarily blow the
fuse. A highly leaky or shorted output filter capacitor will overheat
the ﬁlter' chokc'z or resistor. The component that is the worst
offender is the input filter capacitor. This capacitor is subject to
surge voltage. Breakdown is indicated by low B-plus voltage and
a distinct hum in the speaker. The output filter capacitor also

becomes defective fairl i indi
y readily, usuall
motorboating or squeals, ! ! mdmateé o e

-



A blown fuse is due to an overload usually caused by 2 shorted
input filter capacitor, a defective line filter connected across the
primary of the transformer or the power transformer jtself, Lack
of ac ot dc voltages is caused by a defective line plug, line cord,
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Fig P-l. Fullweae :upfly commonly used in
console receivens and table models of the more
o won expensive type.

switch or some trouble in the primary of the power transformer.
Absence of heater voltage is the result of a broken lead between
the transformer and the tube socket. Low voltages can be caused
by a defective transformer heater winding or filter capacitor.

The rectifier tube socket, if excessively dirty, will arc and should
then be replaced. When power transformers overheat it is due to

25 WATT ELECTRIC

ver
08 ) RECTFIL
nzE
myas o
=T
TO ALL OTHER FLS

Fig. P-2. A light bulb can be
wed to check for a short an the
power transformer.

an overload or short circuit. If you note leakage of potting
mpound and/or a buming odor around the (rans[on}ltr you
may have a shorted turn. A resistance check is not conclusive since
2 shorted turn will have very little effect on the overall resistance
of the winding, A simple check is to insert a 25-watt bulb in series
with the line, as illustrated in Fig. P-2. Remove the rectifier tube.
I the bulb glows faintly the transformer 1s good; 2 brightly
Blowing lamp indicates a short circuit mn the transformer.

Power supply, ae-de
The ac-dc power supply is probably functioning properly if the
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tubes light or heat, hum is normal and tt}ere is no motorboating
or squeals. Since the heater circuit is in series, a defect _wxll prevent
any tube from lighting. When the tubes do not light, take a
resistance reading acrass the prongs of the line plug with the
switch on. A normal reading indicates trouble in the power outlet,
Next check from the common negative side of the switch to the
prongs of the line plug with the switch on. If neither prong shows

B+ Y0 A\émo
OQUTPUT SCREEN
COMMON GROUND B OTHER TUBES
I5W4 =
ON-OFF RECT | 1047 %‘DTI%
AUTO SW .
‘ 5 OUTPUT
r{'-g' PLATE
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IHTERLOcKs i J0.6VAC 20VAC 32VAC 76VAC iR
Hrvac ¢ ! 3 4‘4 3;4 3;3 4 43Ma 1oV ,.'2‘,(/2*
| ’\ 12AV6  12BA6 I(2BEE  50C5 3
<" J ciock 15Wa

Fig. P-3. Typical ac-dc power supply. Troubles are most often due to the
rectifier or Il?;ter capacitors,

continuity, the defect is in the line cord or switch. Then check
from the prong connected to the heater circuit to the rectifier
heater and then to the rectifier plate to determine whether the
line cord or the lead to the plate is good.

‘The most common troubles are defective rectifier tubes (or
selenium rectifiers) and breakdown of the filter capacitors, usually
indicated by no plate or screen voltages or a hum condition.
See Fig. P-3,

To find an open tube, set your voltmeter on the 150 volt ac range
and connect across each filament, in turn. When the meter reads
the line voltage (about 117 volts) you have found the open. Verify

by making a resistance check across the filament of the defective
tube.

Power supply, automobile

Automobile receivers differ chiefly from conventional sets in
that the power supply provides the two required types of voltage
from (1) a storage (6-12-volt) battery through a filter to operate
the tube heaters and (2) a vibrator to provide plate and screen
voltages. Newer auto radios are of the hybrid type, using 12-volt
tubes (plate and screen voltages 11.5 volts or less) and one or
more power transistors in the audio output. These receivers
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operate directly from the car battery, no vibrator or deto-dc
converter being required. . .
The troubles possible in the A-supply are few, consisting ch)cﬁy
of a burned-out fuse caused by surge voltage, defective capacitors
TD PUSH-PULL CUTPUT

RS. ToAL
/ HASH FUTE \ spaRx OTRER

n» s SUPPRESSOR s16ES
ary ] ,..,,:Zi G :
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Fig. P4. Auto radio power supply unng a gas rectifier and a nonsynchronous
vibrator.

or switch, On rare occasions hash chokes may cause trouble, On
the other hand, troubles in the B-supply vibrator circuit are more
common, See Fig. P-4.

The principal purpose of the vibrator circuit is to change the
battesy voltage 10 ac, step it np to the required voltage and then

~
SPONGE RUBBER

Fig P-5 fnside view of a nibrator Arcing
and patting of the contacts are common
troudles.
rectify and filter the voltage,

Two types of vibrato !
s rs are wech
nonsynchronous, which chang " gl

es the primary current from direet



to alternating, and the synchronous which, when used, eliminates
the need for a rectifier tube. The latter type is more complicated,
hence subject to added troubles. Most auto radios today use a
nonsynchronous vibrator and a gas-tube rectifier.

The vibrator (Fig. P-5) is the most critical component of the
auto-radio power supply and frequently becomes defective because
of an overload, a short in the B-supply, defective rectifier, buffer
capacitor or power transformer. When replacing a defective
vibrator, put in a new buffer capacitor as well, since these two
components work together. For example, excessive sparking at
the vibrator contacts indicates trouble in the buffer circuit, When
replacing the vibrator, check the capacitance of the buffer to make
sure it is the recommended value. Always use a high-quality unit
having a rated operating voltage of not less than 1,600. The best
type to use is an oilfilled or oil-impregnated wnit.

In some sets a .0009-uf mica capacitor is used between the
cathode of the rectifier tube and each of the plates. These
capacitors suppress rectifier hash and should be checked if the
set has excessive noise. If you get contact arcing in the vibrator,
but a check of the buffer capacitor shows it to be in good condition,
test both hash-suppressor capacitors.

Vibrator contacts deteriorate, often becoming corroded, sticky
or oxidized when exposed to excessive humidity and temperature.
This can affect proper functioning of the reed which may not
start vibrating when power is applied. Sometimes a vibrator will
start only after you strike the receiver. When this happens, replace
the vibrator. To check, listen for the characteristic buzz of the
vibrator reed. Press your hand against the radio to feel the
vibration of the unit. Any variation in the pitch probalzlY
indicates a defective vibrator (provided the battery and its
connections are good) or possibly a defective bypass capacitor in
the A-supply. A condition of no buzz indicates a defective v:xbrator
or trouble in the line between the car ammeter and the vibrator.
In transistor sets the vibrator buzz will be missing; when power
is applied, listen for a thump in the speaker. : )

Repeated vibrator failure is cause for suspecting d}e SC;COHdarY .
of the power transformer. A quick method of checking 15 to usé
a vom. Take an octal plug and connect 2 wires, each 24 inches
long; one to pin 3 and the other to pin 5. Be sure the radie 113 |
turned off. Remove the OZ4 rectifier tube and insert the octa
plug. Measure the resistance between each lead and ground. In



2 ypial receiver it should be approximacely 220 ohms. See
Fig. P6.

A very common trouble in auto receivers is no Bvoltage. Firse,
cheék to determine if the vibrator is working. If there is no volage

Fig. P&, Setup for checking the secondary of the nbvator power
translorruer,

at the output filter capacitor, then the trouble is in the power
supply. Check the rectifier tube, the filter, buffer and bypass
capacitors; the filter choke and transformer.

For low B-woltage, check the battery, tubes (especially the
rectifier tube), fuse contacts for corresion, filter and buffer
capacitors, vibrator, cathode resistors and bypass capacitor in
some stage.

If 2 replacement fuse blows and the cawse cannot be traced
to a defective tube, the vibrator, buffer and filter capacitors or
to the filter resistor in the B-plus supply, check the spark plates.
Instances have occurred where the insulation between the plates
has burned, causing a short.

Power supply, three-woy portable receiver

The gower supply circuit is conventional (Fig. P-7). A single
pisection filter is generally used, with 2 500-£00-ohm resistor
ey IV (§+ T2 PLLES 8 SOMET)
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¥ig. P-7. Typreal 1, nsed & threewey portable (See Fig
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R2 replacing the flier choke. Filter aapacitor values run from
30 to 50 uf for the input capacitor C1 and about the same at the
outpur (C2), although some set makers use a very large unit for



to alternating, and the synchronous which, when used, eliminates
the need for a rectifier tube. The latter type is more complicated,
hence subject to added troubles. Most auto radios today use a
nonsynchronous vibrator and a gas-tube rectifier.

The vibrator (Fig. P-5) is the most critical component of the
auto-radio power supply and frequently becomes defective because
of an overload, a short in the B-supply, defective rectifier, bufer
capacitor or power transformer. When replacing a defective
vibrator, put in a new buffer capacitor as well, since these two
components work together. For example, excessive sparking at
the vibrator contacts indicates trouble in the buffer circuit. When
replacing the vibrator, check the capacitance of the buffer to make
sure it is the recommended value. Always use a high-quality unit
having a rated operating voltage of not less than 1,600. The best
type to use is an oilfilled or oil-impregnated wunit.

In some sets a .0009-uf mica capacitor is used between the
cathode of the rectifier tube and each of the plates. These
capacitors suppress rectifier hash and should be checked if the
set has excessive noise. If you get contact arcing in the vibrator,
but a check of the buffer capacitor shows it to be in good condition,
test both hash-suppressor capacitors.

Vibrator contacts deteriorate, often becoming corroded, sticky
or oxidized when exposed to excessive humidity and temperature.
This can affect proper functioning of the reed which may not
start vibrating when power is applied. Sometimes a vibrator will
start only after you strike the receiver. When this happens, replace
the vibrator. To check, listen for the characteristic buzz of the
vibrator reed. Press your hand against the radio to feel the
vibration of the unit. Any variation in the pitch probably
indicates a defective vibrator (provided the battery and its
connections are good) or possibly a defective bypass capacitor in
the A-supply. A condition of no buzz indicates a defective vibrator
or trouble in the line between thé car ammeter and the vibrator.
In transistor sets the vibrator buzz will be missing; when power
is applied, listen for a thump in the speaker.

Repeated vibrator failure is cause for suspecting the secondary
of the power transformer. A quick method of checking is to use
a vom. Take an octal plug and connect 2 wires, each 24 inches
long; one to pin 3 and the other to pin 5. Be sure the radio is
turned off. Remove the OZ4 rectifier tube and insert the octal
Plug. Measure the resistance between each lead and ground. In

T4



a typical receiver it should be approximately 220 ohms. Sec
Fig. P-6.

A very common trouble in auto receivers is no B-voltage, First,
cheék to determine if the vibrator is working. If there is no voliage

] )%%

Fig. P-6. Setup for checking the secondary of the vibrator power
transformer.

at the output filter capacitor, then the trouble is in the power
supply. Check the rectifier tube, the filter, buffer and bypass
capacitors; the filter choke and transformer.

For low B-voltage, check the battery, tubes (especially the
rectifier tube), fuse contacts for corrosion, filter and buffer
capacitors, vibrator, cathode resistors and bypass capacitor in
some stage.

If a replacement fuse blows and the cause cannot be traced
to a defective tube, the vibrator, buffer and filter capacitors or
to the filter resistor in the B-plus supply, check the spark plates.
Instances have occurred where the insulation between the plates
has burned, causing a short.

Power supply, three-way portable receiver
The power supply circuit is conventional (Fig. P-7). A si.nglc
pisection filter is generally used, with a 500-800-ohm resistor

0¥ 90-55V (84 TO PLATES 8 SCREENS)
SELRECT gy R2 23
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Fig. P-7, Tyﬁiml power supply used 11 a three-way portable. (See Fig

1 for further details of the filament section.)

R2 replacing the filter choke. Filter capacitor values yun fron
30 to 50 yf for the input capacitor C1 and about the same at the
output (C2), although some set makers use a very farge unit for
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the output (up to 80 uf) to lower the hum level. Included in the
assembly is the filament filter capacitor (G3). This is a large
unit, 75-100 pf at 8-10 volts, Gl and G2, of course, have a
working voltage of 150. ‘

Lowered capacitance in  the input filter impairs the
performance of the power supply by decreasing the reservoir of
capacitance needed to hold output de voltage up. This is casily
checked by bridging a good unit across the suspected one. Severe
hum with normal voltage may indicate low capacitance in cither
C2 or C8. Bridge these also.

The quickest check is an operating one. An autotransformer,
to vary the applicd voltage, is an indispensable tool. I the power
supply is drawing current (indicated by a slight dip in the
autotransformer’s meter reading when the set is turned on),
but no sound is heard, try increasing the line voltage by 5 or 10
volts. If the sct plays with a high linc voltage, but not at normal
voltage, it means that the power supply or the oscillator tube
is below par. When testing, do not keep the line voltage above
normal long or the tubes may go.

The casiest way to isolate the weak part is to replace the
oscillator tube. If this restores performance at normal line voltage
and the set continues to play with the line lowered to 105 volts,
the power supply is OK. If the new tube fails to eliminate the
difficulty, the power supply is probably weak. (This is assuming
that the other tubes have been checked to see that none of them
arc dead or shorted.)

To check the power supply measure the output voltage of the
selenium rectifier. Normal voltage with a 117-volt input should
be about 130 de. If this is less than the applied line voltage, the
power supply is weak. Typical voltage readings of a weak rectifier
will be about 100 volts dec with a 117-volt line. This lowers the
filament voltage too much and the set stops working because of
oscillator failure. Voltages can be measured across individual
tube sockets, but it is much safer to take this reading at the
rectifier, due to the extremely crowded chassis of the averagd
portable. Probing about in those close quarters may result in
blowing one or more tubes!

Low voltage can be due to any of several common troubles.
In order of their frequency of occurrence: a weak sclenium
vectifier, low capacitance in the input filter capacitor, (Cl) or
A defective surge resistor (R1). This surge resistor protects the
filter capacitors from the high' initial surge of current when the
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set is turned on. If it appears charred or discolored, check the
voltage drop across it. The total current drawn from the rectifier
will run around 70 ma, average. Therefore, the drop across the
surge resistor, which has an average size of 30-40 ohms, should
be small. If a large drop, more than a volt or two, is measured,
replace it. Be sure to duplicate the original value—all resistors
used in this type of power supply are critical. .

A weak rectifier can be checked by substitution. Disconnect
the Joad end of the rectifier, which vsually has only one end of
the surge resistor connected to it, and bridge in a new unit.
Place the new rectifier on the bench and connect it into the
circuit with 2 pair of short test Jeads, with insulated clips on each
end. 1t the voltage output returns to normal, replace the rectifier.
A special problem is often found here. For economy reasons, the
original unit is usually a 65~75-ma type. Replace with a 100-ma
unit for a greater safety factor and longer life. (Most technicians
prefer a greater safety factor than drawing 70 ma from a 75.ma
rectifier, anyhow!)

In many chassis a standard-size 100-ma unit will not fit, Solve
this problem by using the encapsulated type of selenium rectifier
which resembles a large tubular capacitor, or by substtuting one
of the new silicon units. No bigger than a fuse these can be
mounted almost anywhere. They come with a special fuse type
clip for mounting. If there isn't enough room, special caps with
leads may be slipped over the ends of the rectifier and the whole
thing insulated with cambric spaghetti.

Check output voltages carefully when replacing selenium
sectifiers with silicon types—the lower rectifier drop and addFd
cutrent<arrying capacity can cause filter input voltage to risc
above normal, resulting in an overload at normal input vuh.ag:s.
¥f this condition occurs, increase the size of the surge resistor.
Voltage at the filter input should be approximately 130, with 2
117volt ac line. i

Some sets have an output tube for battery operation and
another tube for line operation. Other Teceivers have a v:bm'(or
power supply for B-voltages with a storage hattery or to provide
both A- and B-voltages. The most common system i3 to use 3
voltage divider and line dropping resistor 1o provide the tubes
with the nceded potentials.



the output (up to 80 yf) to lower the hum level. Included in the
assembly is the filament filter capacitor (C3). This is a large
unit, 75-100 pf at 8-10 volts. C1 and C2, of course, have a
working voltage of 150. .

Lowered capacitance in the input filter impairs the
performance of the power supply by decreasing the reservoir of
capacitance needed to hold output dc voltage up. This is easily
checked by bridging a good unit across the suspected one. Severe
hum with normal voltage may indicate low capacitance in either
C2 or C3. Bridge these also.

The quickest check is an operating one. An autotransformer,
to vary the applied voltage, is an indispensable tool. If the power
supply is drawing current (indicated by a slight dip in the
autotransformer’s meter reading when the set is turned on),
but no sound is heard, try increasing the line voltage by 5 or.10
volts. If the set plays with a high line voltage, but not at normal
voltage, it means that the power supply or the oscillator tube
is below par. When testing, do not keep the line voltage above
normal long or the tubes may go.

The easiest way to isolate the weak part is to replace the
oscillator tube. If this restores performance at normal line voltage
and the set continues to play with the line lowered to 105 volts,
the power supply is OK. If the new tube fails to eliminate the
difficulty, the power supply is probably weak. (This is assuming
that the other tubes have been checked to see that none of them
are dead or shorted.)

To check the power supply measure the output voltage of the
selenium rectifier. Normal voltage with a 117-volt input should
be about 130 dc. If this is less than the applied line voltage, the
power supply is weak. Typical voltage readings of a weak rectifier
will be about 100 volts dc with a 117-volt line. This lowers the
ﬁlafnem voltage too much and the set stops working because of
oscillator failure. Voltages can be measured across individual
tubg sockets, but it is much safer to take this reading at the
rectifier, due to the extremely crowded chassis of the averagé
portable. Probing about in those close quarters may result in
blowing one or more tubes!

Low voltage can be due to any of several common troubles.
In order of their frequency of occurrence: a weak selenium
recnﬁer,' low capacitance in the input filter capacitor, (C1) or
a defecnve.surge resistor (R1). This surge resistor protects the
hilter capacitors from the high initial surge of current when the



set is turned on. If it appears charred or discolored, check the
voltage drop across it. The total current drawn from the rectifier
will yun around 70 ma, average. Therefore, the drop across the
surge resistor, which has an average size of 30-40 ohms, should
be small. If a large drop, more than a volt or two, is measured,
replace it. Be sure to duplicate the original value—all resistors
used in this type of power supply are critical. .

A weak rectifier can be checked by substitution. Disconnect
the load end of the rectifier, which usually has only one end of
the surge resistor connected to it, and bridge in a new unit,
Place the new rectifier on the bench and connect it into the
circuit with a pair of short test leads, with insulated clips on cach
end. If the voltage output returns to normal, replace the rectifier.
A special problem is often found here. For economy reasons, the
original unit is usually a 65-75.ma type. Replace with a 100-ma
unit for a greater safety factor and longer life. (Most technicians
prefer a greater safety factor than drawing 70 ma from a 75-ma
rectifier, anyhow!)

In many chassis a standard-size 100 ma unit will not fit, Solve
this problem by using the encapsulated type of selenium rectifier
which resembles a large tubular capacitor, or by substituting one
of the new silicon units. No bigger than a fuse these can be
mounted almost anywhere. They come with a special fuse type
clip for mounting. If there 1sn't enough room, special caps with
feads may be slipped over the ends of the rectifier and the whole
thing insulated with cambric spaghett1

Check omtput voltages carefully when replacing selenium
rectifiers with silicon types—the lower rectifier drop and addFd
current-carrying capacity can cause filter inpm voltage to rise
above normal, resulting 1n an overload at normal mput voltages.
If this condition occurs, increase the size of the surge rcsiftor.
Voltage at the filter input should be approximately 130, with a
117-volt ac line. )

Some scts have an output tube for battery operation and
another tube for line operation. Other receivers have a wbn.mr
power supply for B-voltages with a storage battery or to provide
both A. and B-voltages. The miost common system is o use a
voltage divider and line dropping resistor to provide the tubes
with the needed potentials.



Printed circuits

Basically, a printed circuit is a method for condensing the size
of electronic assemblies, for mechanization of electronic wiring
and reducing wiring essentially to two dimensions.

In the application of printed circuits to radio receivers, com-
plete circuits have been printed, as well as certain stages such as
the audio and radio amplifiers, detectors and oscillators. Com-
ponents are usually placed very close to each other; hence a layout
must be made in which the components do not affect each other
adversely while the circuit is in operation. Usually the length of
leads is kept to a minimum and crossovers are avoided.

In general, printed circuits are best adapted to conductors,.
resistors, capacitors, inductors, shields and antennas. Large trans-
formers and other bulky components are mostly avoided, although
the printed wiring can be arranged with eyelets or sockets to which
they can be attached.

Radio receivers utilizing a printed-circuit board are of conven-
tional superheterodyne design, having either vacuum tubes or
transistors or both. Common troubles and defects ‘are identical
with those mentioned under sections devoted to standard- super-
heterodyne receivers. The principal problem involved is in serv-
icing the printed-circuit board.

Servicing printed-circuit boards is relatively simple after the
technician has gained some experience. Take voltage and resistance
readings directly at the tube-socket pins or at major components
on either the top or the bottom sides of the board. Always do so
at any soldered point on the foil and not on the the foil. The best
procedure is to equip the hot lead of the test instrument with the
chuck type of probe in which a steel phono needle can be affixed.

Avoid disconnecting or clipping components as much as pos-
sible. It is better to pinpoint the defective component and then
make a replacement. Excessive heat damages both foil and panel.

Be careful that solder does not spread as this can cause leakages
and shorts.

A 35-watt soldering iron with a chisel tip—do not use a soldering
gun—or preferably a 114-inch-diameter soldering pot should be
used for best results. Always employ 60/40 type solder. (Be sure
to read the section on soldering beginning on page 110.) The tools
and materials required are needlenose pliers, diagonal cutters,
pocket knife, a small wire pick and brush, low temperature rosin-
core solder, a soldering aid, and some solvent, such as denatured
alcohol. A few of these items are shown in Fig. P-8.



Repcir of dumaged boards
A' common trouble is a broken lead, usually caused by excessive
flexing of the board. Flexing the printed circuit board is some-

Fig. P-8. 4 few of the special tools that are helpful in working with
printed circuits (See alio the section on Tools)

times necessary to reveal the hairline cracks that can cause inter-

mittent operation. See Fig P-9. A broken lead also frequently

occurs because the set has been dropped To locate a break, con-

¥ig. P-9. Intermittent operation can be caused by & hairline crack

sn the board. Flex the board gently to revesl the trouble area.

Nect a vivm across the extreme ends of the lead, using a phono-
needle chuck type of probe. Flex the board. If the meter fluciuates,
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move one probe nearer to the other along the lead. Repeat the
flexing. Continue this procedure until the break is discovered.
To repair, first make sure that the chassis is firmly supported in
a jig, then scrape away the coating for 14 inch on each side of the
break. Quickly solder a l-inch length of tinned wire across the
break, holding the wire in place with a soldering aid.

Replacement of damaged board

When an entire board must be replaced, obtain an exact dupli-
cate from the manufacturer or distributor. The use of a soldering
pot is an absolute necessity for this operation. Be very careful
when removing all components and transferring them to the
replacement board.

Replacement of resistors and capacitors

Cut the leads close to the body of the unit (Fig. P-10). Straighten

the old leads and solder the leads of the replacement unit to
T e e e e e gy

USING DIAGONAL WIRE CUTTERS
AS SHOWN, CUT LEADS AS
CLOSELY AS POSSIBLE TO
DEFECTIVE COMPONENT

Fig. P-10. When removing parts, cut as closely to
the body of the component as possible, {Courtesy
Admiral Corp.)

~

t!lem. Sometimes, however, a component will be mounted so
tightly against the board that just cutting the leads closely will
not be of much help. In such cases cut the resistor in half, and then
using a pair of diagonal cutters, crush and remove the remainder
of the component. This technique will supply the maximum
length of lead around which you can loop the leads of the replace-
ment component (Fig. P-11).

If it is necessary to remove a defective component completely,
cut the leads close to the chassis, Heat the joint at the bottom of



QUT REMANDER OF
COMPONENT AwaY
FROM LEAD

LOOP LEADS OF REPLACEMENT CONPONENT ARQUND
REMAINING LEADS OF OLD COMPONENT AND SOLOER

Fig P-M. I} the leads of the defective mmfonml are ey thort, smash the body of

$he part wath diagonal eulters or gas phers This will groe you the masimwm

amount of lead length to which you can solder the new component (Courtevy
Admiral Corp )

the chassis and pull the original leads through the holes. Clean
the holes, insert the replacement component, and solder.



Roplacoment of coils and transformers .
Heat the individual lugs, brushing off molten solder with a

small brush (Fig. P-12). Then bend each lug to the center of the

hole while the solder is melted and lift the component from the

board.

WIRE BRUSH

LUGS BEING CLEARED

CLEANED

Fig. P-12. All solder must be removed from the terminals of’
the if transformer before it can be lifted from the printed- -
circuit board. (Courtesy Admiral Corp.)

When replacing if transformers, note the position of the lug
bearing the color dot. Use this as a guide when inserting a replace-
ment component. Do not apply too much heat as solder may flow
into the transformer, causing a short.

Roplacemont of the volume control

Cut the leads about 14 inch above the chassis. Heat the
mounting-bracket lugs, brushing away the solder. Lift the assembly
from the board. Remove the clipped leads by pulling from the
component side of the board while applying heat to the soldered

point on the bottom of the board. Clean the holes, insert the
replacement control and solder all connections.

Replucement of the printed-circuit plate
Heat cach lug on the wiring side of board while pulling from
the component side. Facilitate removal by first cutting the defec-

tive plate into small picces with diagonal cutters. After removing
the lugs, clean the holes, insert a new plate and solder.

“OA



LUGS ALREADY CUT
NOTE POSITION OF DIAGONAL WIRE CUTTERS

Fig, P-13. Method for remoning a socket from a grinted-arcust
board. Be careful not to pull eway the printed-circutt waring
(Courtesy Admina) Corp)

Raplacement of tubs sockets

Break the balelite section of the socket with diagonal cutters. Do
ot exert pressure on loose pin contacts or the copper foil may
be pulled away from the panel (Fig. P-13). Apply heat to each lug
on the printed side of the board while pulling the lug through
the hole from the component side. Apply heat to the center =



either the oscillator or rf trimmer may be defective or out of
adjustment.

In more modern auto receivers, the pushbutton changes the
position of a slug in a coil, instead of inserting trimmer capacitors.
Fine wires connect the coil into the circuit, so make sure they -
haven’t been broken by vibration and that they haven’t been
caught in any part of the mechanism.



Quiet ave {see Auvtomatic volume control, quiet)
Resistors

The most commonly used-resistor 1s the general-purpose carbon-
filament type. It consists of a thin rod or slug of carbon encased in
acomposition or ceramic case for insulation and protection against
humidity and mechanical damage, These are generally available
in EIA preferred values ranging from 2.7 ohms to 22 megohms in
%, 1-and 2-watt sizes with tolerances of 10 and 5%, They are used
where there is no need for exceptional stability or special low-
noise characteristics.

Carbon-film, deposited-carbon and boron-carbon types are usual+
ly made by depositing a thin film of carbon or carbon compound
on a ceramic body and then covering the whole with an insulator
that seals the unit against moisture. These types are available in
values ranging from around 10 ohms to 100 megohms with toler-
ances of 5, 2 and 1%, and wattages ranging.from 14 to 2. The full
Tange of resistances may not be available from one mﬂn_"hﬂ"'"
or in all wattages. These are used tn Jow-noise preamphﬁrm'and
in applications where high stability and precision are vequired.
They are also suited for use in hi-i amplifiers and similar circuits
Wwhere high-quality and matched components are recommended.
They are widely used in attenuators, bridges, test instruments and
2 meter mulipliers and shunts, Generally, deposited-carbon resis



either the oscillator or rf trimmer may be defective or out of
adjustment.

In more modern auto receivers, the pushbutton changes the
position of a slug in a coil, instead of inserting trimmer capacitors.
Fine wires connect the coil into the circuit, so make sure they
haven't been broken by vibration and that they haven’t been
caught in any part of the mechanism.



Quiet ave (see Automatic volume control, quiet)
Resistors
“The most commonly usedTesistor is the general-purpose carbon-
flamemt type. It consists of a thin rod or slug of carbon :mzsed. in
a composition or ceramic case for insulation and protection against
humidity and mechanical damage. These are generally available
in EIA preferred values ranging from 2.7 ohms to 22 megohms in
14, 1-and 2-watt sizes with tolerances of 10 and 5%. They are used
where there is no need for exceptional stability or special low-
noise characteristics,

Carbonflm, deposited-catbon and boron-carban types are usal-
1y made by depositing a thin film of carbon or carbon compound
on a ceramic body and then covering the whole with an insulator
that seals the unit against moisture. These types are available in
values ranging from around 10 ohms to 100 megohms with toler-
ances of 5, 2 and 1%, and wattages ranging. from 14 to 2. The full
range of resistances may not be available from one manufacturer
zi:; l: a}! mfuagzs‘h Thcsc. are use'd.-in lownoise preamplifiers and
i s s g iy o e e
where highquality and match hifi amplifiers and similar cirepits
by gh-quality and matched componens are recommended

ey are widely used in attenuators, brid oo~
as meter mulipliers and sh MRS Lot tmsezents and
P shunts. Generallp, depasitedcrrbon yesis



tors are mueh less expensive than wireawound types of the sane
tolerance, wattape and resistanee,

Small wirewound vesistons fike the TRG BW types e available
in o mueh smatler ramge of vidues than arve carbon-filunent types,
Generally, the values vange from 024 1o 820 olims ar 14 wat,
047 to 5,100 ohms at 1T watt and 1 1o 8,200 oluns at 2 watts, Toler
ances: b and 1097, This type is almost mandatory for values helow
about 10 ohms and is used—within its vange ol values—when the
civeuit requires vesistors with preater stability and lower noise
than carbon-filament types, Applications ave the same as deposited.
carhon types with the same ratings. However, they should not be
wsed il civenits,

Noninduetive wirewonnd yesistors below 5§ warts ave usually
precision types with tolevances avound 197, "I'hey ave available in
alues hetween 0,1 and 500,000 ohms and are often used as meter
shunts aned multiplicys,

Noninduetive power resistors of b watts and higher, such as the
Sprague NI types, ave often used as plate, sereen and cathode
vesistors i cirenits where the inductinee of o standard wire.
wound resistor cannot be tolerated,

Carbon-filmment or composition vesistors are the most common
type used in vadio receivers, "These can break down from a num.
her of cavses, the most frequent trouble heing an open cireuit
(infinite vesistanee), "This is usually caused by eracking or break.
ing of the vesistor or the conmecting wires, due to excessive vibra-
ton and strain, or an overheated condition, Short civenits (zero
resistanee) seldom oceny,

Other common tronbles e an intermittent condition which
naty case o buzzing noise in the receiver; arcing: a change in
vialuehigher or Jowereresulting from deterioration and aping,
as well as overheating due 1o an overload, '

Resistors can beconie noisy, usually vesulting in a frying sound
out of the speaker, Grid vesistors in the i stape ave eritieal and
plate Toad vesistors frequently are snspect. Do not use molded
wivewound vesistors as substitutes in high-frequeney cireuits un-
less as exact replacements,

Dress resistors away from other heat-producing components.
Keep heatproducing, high-wattage vesistors away from other com:
l“"'\(‘l\lﬁ' especially electvolyties, Allow ample air space and dyess
resistor (il possible) close to o against the chassis,

When checking a chassis, veplace all charred, excessively dirty



or obviously overheated resistors. In the latter instance, replace
with a component of higher wattage if space permits.

A development in tesistor design, used with printed circuits,
may be encountered in some receivers. These are printed circuit
flexible resistors, The principal feature of this type of resistor is
that very little space is required. The terminals are semitubular
which go into a solder bath and imbed quickly.

RF cirevits

While an rf stage (Fig. R-1) is not included in a great many

superheterodyne receivers, it will be found in higher-priced sets

12BL6
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Fig R-1. Rf amplifier stages are most commonly
Jound in aute radios and higher-priced ac receivers,

(and in auto receivers), where greater selectivity and sensitivity
are desired.

Common troubles include the possibility of 2 defective antenna
transformer and tuning capacitor, decoupling filter capacitor and
wa\'tt.rap circuit. In areas near the seashore, a usual complaint is
°°d.° interference, which may cover the entire tuning range. The
feries-yesonant wavetrap in the antenna circuit may be misad-
Justed or defective. Replace if necessary.

Safety

Pro?ably the world's most dangerous prece of electronic equip-
ment is a small hot-chassis type ac-dc radio removed from its case.
I£ the attachment plug is inserted in the wall receptacle in one
direction, there is a difference of 117 volts between the chassis and
any grounded object. If the plug is turned around, the chassis is
at ground voliage and quite harmless (Fig S-1). But if the chassis
is hot, any person who touches it and any grounded object at the
Sc-';mc ume is across the power line. The part of the body in the

rcuit and the amount of moisture on the skin determine that



person’s chances of survival, 10 the path is.thmugh vital organs t‘hc
result ds likely to be fatal. Very dry skin may act as a partial
insulator, but damp skin lowers vesistance dangerously.

When servicing, connect the receiver to the power yeceptacle
withont touching the chassis. Check for \'ol‘mgc hetween the
chassis and ground  {such as a water pipe) using a neon tester,
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way and the aesde set becomes a
lethal instrument,

Bight hulb or vom set 1o read ac volis, 1f voltage is present, reverse
the fine plag and retest,

In transformerless vadios one side of the civeunit is dirvectly con-
neeted to one side of the line, In much of such equipment, the
metal chassis on which the componcents are mounted is part of
that civenit—in some others a single lead or bus—usually forming
the negativesde lead of the civcuit as well—is connected directly
to the chassis through a small capacitor shunted by a large vesist-
nce, 1o merease operational stability,

In o transformer set, the crrent from the electrie line passes
through the tansformer's primary winding, which is carcfully
tusalated from all other parts of the set, and through that winding
only (see Figs §.9), The transformer insulation cffectively isolates
the sccondary voltages from the line so the chassis ground is
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This would presumably make the set safe, but is an awkward and
expensive way. The suggestion presumes that the sets are in-
herently unsafe, which is not the case. The cost of a large isola-
tion transformer is high (815-520).

Two things can make a hitherto normal receiver dangerous.
One is internal breakdown, such as the shorting of a capacitor
between a hot chassis and cabinet. The other is external damage
or improper servicing. A cabinet can be dropped so that items
that should be separated come into contact or the same result may
be produced by carcless servicing.

More serious is the possibility of mechanical contacts. Where
the chassis is held to the cabinet with screws inserted through
tapped nylon inserts, a long screw may make contact with hot
metal.

Search tuner, automobile

A recent innovation found in more expensive receivers is search
tuning. This incorporates a tuning device in such a way that sta-
tions are changed by depressing a foot pedal or a bar on the front
of the radio.

The system uses an electric motor to move the tuning mechan-
ism. It functions in one direction only—from the low-frequency
end of the dial toward the high-frequency end. At that point, the
solennid-operated mechanism returns the tuning carriage to the
low-frequency end in much the same way as the carriage of an
electric typewriter is moved.

While the tuner is searching, signal strength is sclected by the
sctting of a sensitivity control. In maximum position all stations
that can ordinarily be heard will be selected; in the minimum
position the tuner stops only on strong stations,

Five sclector buttons are also provided (Fig. S-4). Depression
of any button will cause the mechanism to stop on a preselected
station. The receiver remains inoperative until the tuner reaches

the sclected frequency. Search tiners are as subject to troubles -
as conventional equipment: ’

Pointer stationary at high-frequency end of the dial

I-Il.gh-{rcqucncy tuncr return switch-operating cam requires
adjustment

Solenoid return switch defective



Solenoid not operating. There must be at Jeast 11 volts across
the solenoid
Tuner binding
Pointer stotionary at the tow-frequenty end o{ the dial i
Low-frequency tuner returny switch-operating cam requires ad-
justment
Switch defective
Tuner binding
Pointer stationary ot mid-point or at dial ends
Impropesly souted wiring
Gear-train inoperative
Gear guide bar defective
Pointer linkage faulty
Solenoid inoperative

1.

Dia} pointer stops y when sfoti fector bar is released
Trigger tube (V4-V5) at fault
Relay contact and ground need adjustment
Relay not workmg properly
Resistor (R14) in trigger circuit connected between refay con-
tact No, 2 and cathode of detector secuon wrong value
Cathode of detector section {V4) shorted
Capacitor (C3) between plate of detector section and ground
defective
Capacitor (Cl) connected between plate of if amplifier and
diode of inv-ave tube defectine
Rcs?smr (R12) connecred between the grid and cathode of relay
section wrong \alue

Plate of detector section (V4) and gnd of relay section (V5)
shorted
Short between plate and gnd of detector section (V4)

Rcsislgr (R15) connected between cathodes of trigger tube is
defective

Tur_\;r does not sweep through the complete frequency ronge
uner seturning before end of high band is reached requires an
ad]nsuncrfl of high-frequency eccentric cam which closes wner
return switch
Tuner retracing before end of Jow band 15 reached reuires an

adjustment of the low-frequency cecentric cam which closes the
tuner return switch
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7 sweep actien slow, jerky or erratic
: ";c:imn Smg& against escutcheon backplate

Gar-train power spring weak
Mechanical bind
Gear train defective

Tuner sweeps normally o certain point, then _s!aps .
If tuner can be started again by depressing Sf:lccsor bar, it is
stopping on oxillation or feedback in radio circuit. Otherwise,
check for mechanical bind

Tuner retumns 1o mid-point, then sticks
Solenoid plunger defective

Pointer moves back and forth rapidly between high end and mid-point
Manual worm unmeshed from manual drive gear planetary
arm assembly; replace gear train

Tuner cction slow
Planetary-arm assembly faulty; replace gear train

Reloy does not energize when selector ber or pushbutton is depressed
Station-eiector switch at fault
Relay needs adjustment
Resistor (R13) between plate of relay section and terminal No.
2 of station selector switch defective
Radio B-plus circuit not functioning properly

Tuner starts when radio is tumed on, without previous operation of
stetion-selector switch

Stationselector switch at fault
Resistor (R13) berween plate of relay section and terminal
No. 2 of station selector switch defective

Tuner starts after radio worms up, without previous operation of
station-selector switch

Trigger tube (V4-VS5) faulty
Cathode of relay section (V5) shorted

Tuner will not stop on stations when selector bar is used
Trigger tube (V4-V5) needs replacement
Capacitor (C2) between diode of detector-af tube and gnd of
detector section off value
Resistors (R14, R15) between terminal No 2 of relay arm and
cathode of relay tube faulty
Rasistor (R17) between B-plus side of relay and cathode of
relay section needs replacement

Sensitivity control (R18) associated resistors (R9, RI0 and
R19) need replacement



Second if transformer defective
Capacitor (C2) between the plate of the detector section and
R2 defective :
Receiver sensitivity off; check rf, if tubes and alignment
Grid of detector section (V4) shorted
Tab rail board needs attention
Switch-contact button faulty
Slide assembly not functioning properly
Tuner stops on stations when selector bar is used, but not when a
button is pressed
Grid return from rf and if cathode string at fault
Connection between cathode string and tab rail board incorrect
Connection between pointer contact and selector tab incorrect
Selector tabs faulty
Tab rail board at fault

Tuner stops on stations with selector-bar tuning but radio is dead
ar weak

Detector and audio stages not functioning properly
Capacitor (C3) between plate of detector section and ground
off value

Oscillation in rf and if circuits

Relay contact No. 1 at fault

Radio sensitivity off

Tur}er stops on sirong stations only, even with sensitivity control
adjusted to maximum

Radio sensitivity off

Capacitor (C2) between diode of detector-af tube and grid of
detector section off value

Resistors (R2, R3) in series between the diodé of inv-ave tube
and ground neced replacement

Resistors (R14, R15) between relay arm contact No. 2 and
cathode of detector section off value

Risistor (R4) between cathode of inv-avc tube and ground off
value

Rgsistor (R5) between cathode of inv-ave tube and B-plus off
value

Avc tube needs replacement

Second if transformer faulty

Plate load resistor (not shown in Fig. 5-4) of triode section of
avc tube (V3) off value

Capacitor (C2) between plate of detector section and resistor
R2 at fault



Selenium rectifiers

The selenium rectifier is found mostly in acde table radio
receivers and three-way portables,

Half-wave selenium rectifiers, usually rated at 100 ma with a
series protective Tesistor, are in common use. Generally the for-
ward resistance will increase gradually during the first two months
of operation. This probably will cause a drop in output voltage,
though not necessarily an alarming one. A drop in output voltage
af 15%, is reason for replacement of the component. However, like
the tubes they replace, selenium rectifiers gradually grow weak.
Excessive voltage, current and temperature can damage a selenium
rectifier. Portable or ac-dc radios with weal rectifiers often cut
off when an appliance such as a refrig or an oil burner goes
on.

Selenium rectifiers can be cheched by ohmmeters and selenium
rectifier testers, but there is no check as positive as direct substitu-
tion. The rectifier need not be removed or unsoldered to check it.
All that is needed is to parallel an equalssize (or larger) unit across
its terminals, observing polarity, of course. If it is inconvenient
to get across both terminals, the first and last heat dissipating plates
will do equally well. A pair of test leads with color-coded alligator
clips on one end and corresponding color-coded test prods on the
other makes a handy and useful test unit. A good selenium recti-
fier is inserted in the clips. If the original unit is good, little or no
improvement will be noticed. In sets with two selenium rectifiers
replace both units if improvement is noted as each 1s bridged.
When checking portable radios, reduce the line voltage with a
Variac or similar control until the set cuts off When a defective
rectifier is shunted with the test unit, the set will come to life,
then go off again when the test unit is removed

With selenium rectifiers that are shorted or have developed a
high reverse current, the nose will be the best test The sickening
odor of spoiled egrs common to this tspe of failure 15 easily
detected.

Selenium rectifiers are subject to numerous troubles. Sm=*
bluish white sparks accompanied by crackling are indicative ¢f 2
possibly deformed rectifier. This is caused by the apphatic=
higher than rated voltage to the wnit and is not neces===-
damaging.

Many receivers have a 75-ma selezem recufier, inseSoer =
take care of all normal demands. Iz soch instances, sehe= -
unit rated at 100 ma. o




TF the complaint is instability of operation either when the set
is first turned on or after a period of time, the selenium rectifier
should be replaced. ‘

Blowout patches, small, round and black, frequently are pro-
duced by sparking. This condition can cause excessive heating
and ultimate failure of the unit. If the condition is observed all
around the contact washer at the center of the plate, or plates, re-
place the rectifier. Sparking will stop when excessive voltage is
lowered, provided the surge is only momentary. For continued
sparking, replace the selenium rectifier.

Excessive discoloration caused by melting of the alloy, as the
result of increased forward current for extended periods, or in
combination with blowout patches, indicates the unit should be
replaced.

Use care in soldering. A heated iron should not contact plates or
be applied to terminals for lengthy periods. Units should be
mounted vertically and adequately ventilated.

If there is no dc voltage and the rectifier is suspect, check the
ac voltage between the negative terminal and B-minus; and for
dc voltage between the positive (K) terminal and B-minus.
Check for a defective series resistor and filter capacitor. If the dc
output is low accompanied by weak andio output and/or hum in
the speaker, check the rectifier.

When replacing a selenium rectifier, be sure to observe polarity.
Replace in original position and be sure that the surge limiting
resistor is good. '

Protecting selenium rectifiers

_ The common conception of the waveform of ac line voltage
is the clean, smoothly recurrent sine curve given in the textbooks.
In many instances, however—especially in industrial areas—this is
not entirely the case. Voltage spikes, or transients as they are
called, may be impressed on the line from a variety of sources in-
clpdmg anything from heavy industrial machines to lightning.
Lxgh.mmg causes transients, not necessarily as a result of actually
smkl.ng the line but most often because of the voltage induced on
the line when a lightning discharge occurs.

s }:hllfe hf;xe:vohage transients are not often easy to detect, 2
: ;: el ) sx; icient amplitude can puncture a selenium rectifier or
cicctroiytic capacitor. Damage is most likely to result when a

trg::zfox;merlfess type power supply is used. Merely interposing a
power transformer between the power line and the rectifier will



not necessarily guarantee freedom from this type of trouble,
however.

In general, it is simple and inexpensive to protect a transtor-
merless power supply against possible damage from line transients.
The short duration and the rapid rise-and-fall time of these volt-
age spikes give them much the same characteristics as a single
alternation of 2 high-frequency signal. A 600- to 1,000-volt paper
capacitor of .02 to .05 uf isa very effective shunt at high frequencies
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Fig. 5-5. The selrnium rectifier can be
protected agsinst transients by & senes
renstor end shunt capacitor.
while it has little bypassing ability at 60 cycles. A satisfactory
hod of shunting line transi is shown in the schematic
diagram in Fig $-5. A aapacitor C of the aforementioned capaci-
tance has been connected across the input to the power supply, and
the surge-control resistor R, is inserted in the line at the input side
of the rectifier. The resistor is in series with the selenium rectifier
so jt will protect it against current surges equally well on either
side, but connecting it on the input side between C and the power
line enables eapacitor C to do a slightly better job of ¢liminating
transients. This R-C combination will also help protect the recti-
Rer from tf energy radiated to the power hine by amateur trans-
mitters, diclectric heating equipment, diathermy machines, etc.
In stubborn cases, an rf choke connected in series with resistor R
will be most helpful. The choke should be rated to camy the
normal current requirements of the power supply.

Sensitivity in ac-de radios

Many of the small ac-dc radios brought to repatr shops hase
poor sensitivity at the low-frequency end of the dial (550-800 ke)
But because these radios usually have only an oscillator tnmmer,
and rarely a padder, the service technician generally 1s helpless
to improte their low-end response. The following suggestions will
improve the majority of such radios.




On radios with the conventional flat-loop type antenna, try
this: Tune to a station around 1400 kc and peak the antenna
trimmer (it is usually mounted along with the oscillator trimmer

CORE » » . ..
Fig. §-6. If the ferrite core is cemcn_tcd into position,
a few drops of solvent will loosen it enough to per-

= mit core adjustment,

APPLY SOLVENT HERE

on the side of the tuning gang). Then tune to a weak station near
600 kc and adjust the oscillator trimmer in and out for peak
reception while rocking the tuning gang back and forth to hold
in the station.

Recheck the antenna trimmer again at 1400 kc and then for
best results repeat the procedure at least once.

The dial pointer may now indicate slightly off the received
station bat due to the vague dial markings on most of today’s
radios, this is not always important. If it is necessary to set the
dial pointer accurately on any particular radio, move the pointer
and do not adjust the oscillator trimmer again or the low-end
response will suffer. In some extreme cases, a compromise be-

tween accurate dial settings and low-end sensitivity may become
a necessity.

Radios using ferrite-loop antennas can be peaked at both low
and high ends without affecting dial accuracy in any way: First,
only a small percentage of these types of antennas provide for
adjusting the core for peak low-end response. On these few adjust
the antenna frimmer at about 1400 kc and the core at about 600
ke. Repeat the procedure at least once. '

Of those that are not adjustable two types are available. One is
short, about 3 inches, and its coil is wound on a paper coil form
with the powdered-iron core cemented inside the form. To align
this type, first free the core (Fig. $-6) by applying G-C Service
Solvent or a similar solvent to the cemented areas. Set the dial on
a weak station around 600 kc and move the core in or out of the
cail form to the point of peak receptipn. Adjust the antenna
trimmer at the 1400-kc end, repeat the procedure at least once
and then cement the core in place.

_ The other type of rod antenna is about 6 inches long and 0.5
inch across. Its coil is cemented or waxed directly on the core in
loosely separated turns except at one.end where the coil bunches.

Loosen the bunched section of the coil (Fig. $-7) with service
solvent, if necessary, and with the set tuned to a station near 600
kc gently slide that part of the coil back and forth for peak re-



ception. Trim on the high end as usual and repeat the procedure
for best results.

Be sure—before starting to work on the receiver—that it is al-
ready working at its highest sensitivity. Test all the tubes and
make sure that the set is properly aligned.

There is one more problem concerning receiver sensitivity,
Occasionally poor sensitivity in a particular receiver is caused by

CORE

Fig. 8.7. Another lyfe of coul
entenna, The windings are
bunched at one end.
BUNCHED £ND OF COR AXTENNA

the necessity of mistuning the if transformers to prevent oscillat-
ing or squealing. In a case like this try reversing the leads attached
to the terminals of cither the primary or secondary of either, or
both, of the if transformers, Then realign. The resulting im-
provement in low-end response should be most gratifying.
Shielding

On occasion you may find that shielding is necessary to over-
come certain types of annoying interference. Test cables, even

Fig S8 To provide extra shiclding around & rable,
spiral wrap with magnetic fol  (Courtery Magnetic
tucld Div.. Perfection Mica Co )
though covered with metal braid, are sometimes helped with addi-
tional shiclding, as shown in Fig §8. Spiral wrapping the cable
with magnetic foil can be used to present hum pickup Two or
more layers are recommended.



In cases of severe interference, shielding the interior of the
cabinet of the receiver is helpful. Extra shielding can be provided
for glass tubes by wrapping with magnetic foil, as shown in Fig.
5.9. For maximum effect use two wraps, making certain that the
tube and its foil can still be slipped inside its aluminum can. The
can must make positive contact with the chassis.

Fig. §:9. To supply extra shieldin it wi ie
¢ Iding around a tube, wrap it with magnetic
{\ZICI (lup'per phato) and then insert both into the lube}sh:’c!:{ as shoéxzm in
¢ lower photo. (Courtesy Magnetic Shield Div., Perfection Mica Co.)

It is preferable to use a lightweight foil which can be cut to the
Tequlrcd slllape with scissors, bends easily and remains indefinitely
in the desired shape. In many instances a single layer of foil is
sansffxcfor_y; in others, several layers must be used. As an example,
to minimize 60-cycle hum pickup, 2 layers will give 4 times the
attenuation of one; 3 layers will supply 16 times the attenuation.



In general, low level interference intensity will be observed
when appliances are operating 3 to 6 feet away, such as 2 vacuum
cleaner, sewing machine motor, movie projector, mixer, drier,
washer, fluorescent lights, etc. Medium or high level intensity will
exist in operations closer than 3 feet, In the radio-TV shop a

pians
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soldering gun is classed as high intensity when operated in an

area closer than 15 inches. . . .
Miniature components, such as audio transformers, can easily

be shielded with lightweight foil. Cut a strip, as shown in Fig.
105



S$-10, so that one half of the strip is equal to the \.vid'th of the com-
ponent to be wrapped. The other half of the strip 1s°cut equal to
the length. The foil is then bent over to form a 90° angle. Th.e
component is placed at the corner that is formed. The magnetic
foil can then be wrapped around the width and length of the

T - R 1

Fig. $-11. The upper thoto shows the final steps in shielding the

transformer. The foil (lower photo) can be held in place with
Seoteh tape. (Courtesy Magnetic Shield Div., Perfection Mica Co)

transformer in alternate layers. After the transformer is com-
pletely wrapped, the shield can be grounded to the chassis. Scotch
tape will keep the shield in place. (Sec Fig. §-11.)
Signal tracing—transistor recejvers

Signal tracing in these sets follows a procedure quite similar to
that for vacuum-tube receivers. However, better results will be
obtained by using a battery-operated test instrument. Use a long



thin probe, well-insulated except the tip, to prevent shorting any
part of the receiver.

Use an 1f signal generator for rf and if test signals, and an audio

generator for af. As injection points in transistor circuits have a
0005 it MICA SHMIELOED TEST PROSE

AM RF SIGNAL GENERATOR glgc‘?m:n

SHIELOED LEAD

CROCODILE CLIF.

AUDIO SIGNAL GENERATOR TEST PROBE

o tpl BLOCKING
CAPATITOR

CROCODILE CLIP

VOLTAGE ATTENUATOR

{SET FOR MINIMUM USABLE SIGNAL)

MINIATURE LOQPSTICK ANTERNA

AN RF GENERATOR

'OUTPUT ATTENUATOR (SET FOR MINIMUM)

Fig $-12 Methods for connecting signal generators 1o a transulor recetver
For if and af stages, use & blocking capacitor between the test probe and the
generator (Hlustrations a and b) For coupling into the antenna, use a spare

loapstick (¢) (Photos courtesy Alhed Radio)

lower impedance than those in vacuum tube circuits, it may be
necessary to set the attenuator of the generator at a higher level.
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At other points, minimum signal amplitude 1s preferable to pre-
vent overloading.

The output of the generator should have a blocking capacitor;
for if signals use a .005 uf mica and for af a .1 pf capacitor.

Follow conventional signal tracing procedures. To couple the
signal into the antenna of the receiver, connect a miniature tran-
sistor type loopstick to the rf signal generator. Place the test
loopstick close to receiver antenna. The generator should be set
for minimum signal amplitude. See Fig. §-12.

Silicon rectifiers

The silicon rectifier (Fig. S-18) is a comparatively recent de-
velopment in the field of power conversion. Briefly, the silicon
rectifier contains a nearly perfect single crystal of pure metal
silicon doped with an impurity. ’

The principal claims made for the silicon rectifier are that it
can be used advantageously as a replacement in a power supply

Fig. 818, Silicon rectifiers with seleni-
um units in the background to give a
comparison of size.

circuit because of the small size of the rectifier, its operating range
under wide extremes of temperature, and its ability to supply
small or large amounts of voltage and current.

.?‘o replace an old or defective metallic rectifier, connect the
silicon unit to the leads removed from the old rectifier (Fig. §-14).
Be sure to observe the same polarity. You can use a terminal strip
for the rectifier or any unused soldering lugs on a tube socket.
To ‘sgbstltutc the silicon rectifier for a vacuum tube, connect the
positive lead of the silicon unit to the cathode and the negative
lead to the plate terminals. You do not have to remove the tube
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Pertable Radio Recelvers

a0
2608 1, 108 2K INSET
INSET grer A
25K
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Teoul 2 *xaout
ON-OFF Wser
L
nvac o3ut +)
iyse | Lospt Ta00,0 9V

- &
1) Remove selonium rectifier. 2) Mount holder, tAdaptors can be ussd if pigtall mount-
ng Is required). 3) Connect 10 ohm resistor from plus end of holder to plus of input
‘opacltor. 4} Connect surge limiting resistor In set to minus and of holder, Do not re-
nove limiting resistor in set. A minimum of 22 ohms Is required in addition fo the
10 ohms supplied. 5) Plug In silicon rectifier,
:suﬁum filament voltage must not exceed 9 volts and B plus voltoge must not exceed

volts.

Cansole Radio Receivers

220 st FETZ  a0n [Bew 8470 Ao
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04 * so;d+ 40,«0+
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nyac
= D3,
60~ e N
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1) Remove selenium rectifiers. 2) Mount holders (or If preferred use pigtail adaptoers).
)} Connect 10 ohm reslstor from plus end of rectifier #1 to plus of input capacitor,
h) Connect minus end of rectifier #1 1o B minus. 5) Connect minus end of cectifier
#2 to plus end of input capacitor, 6) Connect 10 ohm resistor from plus end of
echfier #2 to plus teemina of first filter capacitor. 7) Plug in silicon rectifiers.

Ac-De Receivers

2ANSET  RECT popi08 1000 B+ 70 AUDIO
e ~ BATOALL
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O IN SET 50L6 I2SK7 I2SAT i2sQ7
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) Remave selenium roctifier. 2) Mount holder (Adapfors can be used if plgtail mount-
ng is required). 3) Connect 10 chm resistor from plus end of holder to plus end of
nput eapacitor. 4) Connect surgs limiting resistor in set to minus end of holder. Do
10t remove [imiting resistor in sef. A minimum of 22 ohms is required in addition to
he 10 ohms. 5) Plug in silicon rectifier.

Caution: In replacing a 35I5 vocuum tube it 13 necessary to odd the resistor “R*
opproximately 200 ohms) and a #47 pilot lamp in series with the filament string
a replace the 3525 filament drop and provide o light. Otherwiss the above proced-
e {8 followed.

Fig. 5-14. Methods for replacing selenium rectifiers with sthcon units in
portable radio receivers (o), console radio sets (b) and ac-dc sets (c).



unless the tube has internal plate to cathode leakage. In this case,
or if the filament is burned out, you will need to substitute a
dropping resistor in place of the tube filament. For 25-volt fila-
ments use an 85 ohm, for 35-volt filaments a 240 ohm, and for 50
volt filaments a 340 ohm resistor. In each case the resistor should
have a rating of 10 watts, or more. An old rectifier tube can be
used instead of the resistor, even if emission is below normal,
provided the filament is intact and there are no internal shorts.

Tests indicate that the output voltage of the silicon rectifier is
higher than that of a selenium. This is particularly advantageous
in rural areas where the line voltage is low. The silicon rectifier is
less likely to break down. Silicon-rectifier-powered receivers do
not suffer a drop in B-plus voltage over an extended time. The
rectifier has a high ratioc of reverse-to-forward resistance and
generates little heat in operation.

It may be necessary to use individual rectifiers in parallel to
get sufficient output, and insertion of a small 10-ohm series resistor
with each half-wave section is recommended. However, no spe-
cial precaution is necessary when silicon rectifiers are operated in
series, provided the sum of the peak inverse ratings is not ex-
ceeded.

In construction, silicon rectifiers have heavy end ferrules that
fit standard fuse clips. The positive end ferrule is grooved to
provide polarity identification and permit correct mounting.

Manufacturers recommend that certain precautions be ob-
served in handling, testing and installing silicon rectifiers: do
not use an ohmmeter, do not loosen the assembly, mount units
away from other heat-radiating components; despite the fact that
silicon rectifiers stand more heat than selenium units, excessive
heat will damage them.

In practice, the best procedure to follow is to replace a suspected
unit by a known-good component.

Soldering

A soldered connection should appear bright and smooth, never
dull and rough. The latter indicates a poor connection, known
as a cold solder joint, and is usually caused by insufficient heat or
moving the joint while cooling. The result can be an intermittent

electrical connection, no electrical connection at all or one with
high resistance.

Use a good brand of rosin-core solder. Acid-core solder is taboo.
A 60-40 solder (60%, tin, 409, lead) is preferred and, though it



may cost a little more, it is definitely a worth-.while investment.
This sol.der melts at a lower temperature, adheres better and gen-
erally gives greater assurance of a good electrical connection than
50-50 or :}0-60 solders. "Tin-lead eutectic contains 629, tin. The
commercial 60%, grade is so near the eutectic as to be practically
equal to it. This solder not only melts most easily, but sets quick-
Iy and strongly on slight cooling.

The soldering iron should be clean and well-tinned—its tip
covered with brightlooking solder. When dirty, the tip should

Fig S 15 Heat will change the value of a

resistor To mimmize this action  put

lang-nose or gas pliers between the bods
of the resistor and the soldering tron

be cleaned with a fine file and retinned Keep the tip of the solder-
ing iron clean and free of scale by occasionally holding it against
a revolving wire brush. The suff wire bristles of the brush remave
all traces of scale and solder. Then the iron can be readily tinned.
When oxidation has caused the copper tip of a soldering iron
to seize fast, work a little household ammonia around the tip.
After it soaks for a minute, the tip can be readily remosed without
damaging .he iron .
Filing a small notch 1n the tip of the soldering iron makes it
easier to use. For instance, when soldering wires, the tip hooks
ater the wire and the tron can be held steadier And since part
of the tip surrounds the wire, the larger surface area imparts more
heat 1o the work. .
If your hand is a little unsteady, you will find the notched tip
handy ior all sorts of delicate soldering jobs.
The lug or other point to which a part, such as a resistor or
Capacitor, is being soldered should be hol‘enOUgh [ mchl;he
solder. For example, heat the Iug with your iron and apply solder

n
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to the lug. The solder will not melt until the lug is hot, thus in-
suring a good connection.

Avoid excess solder. If too much flows onto a connection, re-
move the excess with the tip of the iron or a screwdriver. How-
ever, use enough solder to fill completely the space within a lug.

Too little heat is a frequent source of difficulty. In soldering one
or two leads to a lug, a 25-50-watt iron is usually sufficient. But
if the lug is connected to the chassis, which quickly drains the
heat from the iron, 100 to 150 watts is desirable. Therefore, it
may be necessary to switch from a low-wattage to a high-wattage

BUS BAROR OTHER HEAVY WIRE

ALLIGATOR CLIP

Fig. 5-16. A heat sink made from a;x alli-
gator clip and a piece of heavy wire is a
tiseful third hand.

iron. A high-wattage iron is also necessary when soldering a large
number of parts to one lug. In these situations you can get away
with an iron of about 50 watts if you let it heat for a while and
then solder very quickly, before the heat drops. Remember to let
it heat again before going to the next connection or you risk a
cold solder joint.

Too much heat can-also cause problems. When using an iron
that produces much more heat than called for, work quickly. A
high-wattage iron applied too long to the lug of an if transformer
can burn out the transformer wire where it joins the lug. When
soldering a shielded cable, excessive heat can melt the insulation
around the inner wire, causing a short between the inner and
outer conductors. Excessive heat can cause resistors to become
noisy and change in value. To be safe, a heat sink should be used
when working with components which may be damaged by heat.
One method of doing this is to clasp the component’s lead with
longnose pliers at.a point between the soldering iron and the
body of the resistor (Fig. 5-15). However, this will sometimes call
for three hands, Instead of pliers, you can use an alligator clip to
which a picce of heavy wire has been soldered, as in Fig. S-16.



1 the jaws with solder, then Rle 10 2 smooth surtace. RS EE
v of coutse, is sclfclamping. .

(?nZe the soldered connection has been fnad:, i«; ml:é c:ixs;\:?
antil it has cooled and hardened. Otherwise 2 cold sotder Joint
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Fig $-17. Farious types of soldering pots for wae with prinfed
arcuits: the upper illustretion thows urits whirh are wied
with @ soldering iron; the lower figure illustrates a banc
saldering pot end sts adapters
dull gray in appearance, will result. 1f this happens, the solder
should be remelted and allowed ta harden again.

Transistors can also be ruined by overheating its leads when
soldering it into a circuit. To eliminate this difficulty and speed
sD}deﬁng. hammer the solder fiat before bringing it into contact
with the joint to be soldered. This permits the solder to melt more
rt?dily. thus reducing the tire the iron needs be held 1 conta-
Wll?l the joint. This bint works equally well with bacs saolid 2.4
rotincace voll solder. Also nse the beat 3inks shown 1 Frn $15
and $-16. .

A soldering pot is sromgly recommended whem senang s
lar and printed<ircuit receivers. In mese inscamess. yresal core
::;uom must be unsaldered tmulrarenly, 228 e orls srarms

%3y 1o do so with e o the brged & - A
pot (Fig. §17). Pt Gemage to he beazd £ 0% 3 ldenn

Abways use 60/40 solder and mainmi 3 ¢

AT eI



at approximately 400°F. Before using solder after melting, skim
off impuritics floating on the top, If proper temperature of the
solder is not maintained, solder bridging may result,

Caution: Unless a soldering pot is handled very carefully, the
technician may receive a painful burn. The pot should always
be securely fastened to the service bench and covered,

When a component has been replaced by this method, inspect
the board for possible shorts. Remove any shorts caused by
soldering, clean the arca with a cloth and solvent (denatured
alcohol) and, when dry, use a plastic spray on the arca repaired.
(Do not allow spray to coat any other part of the board.)

If you do not care to use a soldering pot you can make adequate
repairs with a soldering iron (never use a soldering gun), provided
you are careful cnough . . . and skillful enough.

Spoakers

The most common troubles affecting the speaker are no
signals or an inoperative sct, weak signals, distortion, hum and
rattle,

Distortion can be produced by a defective output transformer
or an impedance mismatch between the speaker and the trans-
former, Hum sometimes oceurs when an original speaker has been
replaced whereas a rattle is frequently due to a torn cone or one
that is Joose, an improperly centered voice coil, loose winding on
the voice coil or a coil that has loosened from the cone, a defective
spider or loose centering screws,

To check a voice coil quickly for operation, not quality, rock
the sccond af tube in its socket. A click should be heard in the
speaker. Another methad of checking a speaker voice coil is to
disconmect one voice coil lead and conneet a vtvm across both
Jeads. Move a test prod along the disconnected lead, If a scratch-
ing noise is heard in the speaker, then a defective output trans-
former is indicated. Lack of any noisc indicates a defective voice
coil

When the voice-coil lead on a‘speaker breaks close to the cone
at a point that cannot be reached from the rear with a soldering
tron, cut a V- (not a triangle) in the cone over the spot where the
lead s to be soldered,

_ Bend the point of the V outward and insert. the soldering iron
into the opening to make the repair. Bend the V-flap back, match
the edges and apply cone cement to form a solid scam over the



cut. If you are caseful, the repair can be made without noticeably
changing the speaker’s response.

One of the most common causes for replacement is a voice coil
that rubs the pole piece and causes distortion, This s usually due
to the cone shrinking or stretching unevenly and exerting more
pull on one side of the voice coil. To make a temparary repair that
will enable the customer to use his set until a replacement is
obtained. Use a razor blade to cur completely around the cone
just above the voice coil terminals and then slightly flex the voice
coil to return it to its correct centered position, Now, all that is
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Fig S-18. One or rmore fuses can be wrd fa protect &
speaker rystem agunit demaping overlozds.
necessary is to close the incision with genuine (nonsthrinking)
speaker cement,

In those receivers with dual speakers, phasing is important or
2 fous of low frequencies will resule. To check, momentarily con-
nect 2 1.5-volt fashlight battery in paralie} with secondzry of the
output transformer. Note whether all spzaker cones move in tame
direction, If not, reverse the connections of one speaker.

One method of protecting a speaker system against damazing
overloads is to follow a University Loudspeakers recommends
tion and insert a parallelconnected fuse 2nd resistor in s=iss with
ane of the speaker leads as shown in Fig S18. The resistor’s raile
age should equal that of the speaker or speaker gyuem 252
resistance should equal the speaker’s impedance. .

The fuse thould be rated 2t around 750 ma o prozec: 2 Lowawt
16-0hm speaker. When pezk currents are excetsive, the fue Lo
and inserts the resistor in series with m:}xy:in; The ;’::-"3 o

rates with the speakers receiving caly B21f the omp pres.
op;t?th: tweeter v.ZZg: rating is rouch brwer s L‘n:: o e
wooker, provect it with 2 separaze fuweerisor emiimtan ;ﬁ:
fuse should be 2 slow blow rype selected 1o open € 2285 05 e




the maximum current based on the tweeter’s impedance and watt-
age rating Use Ohm’s law for making the calculations.

Speakers in autos
When installing rear-seat speakers in automobiles, place a 14- .
inch spacer over each bolt between the speaker and the deck be-
hind the seat. This provides a relief vent and reduces the possi-
bility of the cone being ruptured when the trunk lid is closed.

Splicing stranded wire
When splicing two stranded wires, some technicians simply wrap
the severed ends around each other before taping. A slight tug on
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Fig. §-19. Tying the ends of stranded wire before soldering results
in a vibration proof joint.

such a splice pulls it apart, often causing blown fuses and service
callbacks.

A better method is first to tie the bared ends with a tight square
knot (sce Fig. S-19) and then wrap the ends around each other
before taping. This splice will resist all efforts to pull it apart—
even to the breaking point of the wire.



Test equipment

No longer is it necessary to use a hit-and-miss method in servic-
ing receivers. A variety of test equipment is now available and
it is strongly recommended that an investment be made in any
test instrument which, in your judgment, will speed servicing.
The following Dist of helpful mstruments can be expanded, de-
pending upon individual requirements and the amount of money
available for investment, A good rule to follow is that any test in-
strument that will make servicing easier and faster 1s a good
investment.

Audio generator Signal generator

Battery eliminator Signal tracer

Battery tester Sweep and marker generator
Cipacitor substitution box Transistor and crystal diode tester
Miscellaneous probes Tube tester

Osciiloscope Vacuum-tube voltmeter
Resistance substitution box Volt-chm-milhammeter {20,000
Rf signal generator ohms per volt)

Protecting the vivm )
On outside service calls vacuum-tube voltmeters are subjected
10 jarring and rough handling that often damages the bearings or
other parts of the meter movement. Meter movements :hatdarc
lightty damped are especually susceptible to damage by sud e:
jarring or bumping. You can make a simple modtfication to ;:;
vent this. Wire a spst toggle switch directly across the meter



minals without disturbing the original circuit. With the switch
closed, the moving coil of the meter is shorted and sudden jars or
bumps will barely move the needle.

To make this modification, first disconnect the meter move-
ment and remove it from the tester. This prevents possible dam-
age fram vibration. Drill a hole for the toggle switch as close as
practicable to the meter mounting position. Avoid damaging the
tester components with the drill. Mount the toggle switch and
replace the meter in the panel; then wire the switch directly across
the meter terminals and the simple revision to your test instru-
ment is complete.

If the power switch is mounted near the meter and there is
sufficient space on the panel, mount the meter shorting switch
next to it. As an alternate, replace the on-off switch with one
having an extra set of spst contacts so that turning oft the power
shorts the meter movement and vice versa. This will eliminate
the necessity of turning the meter shorting switch on and off for
transporting and testing. :

This simple modification is applicable to practically any meter
and should cut down the cost of equipment upkeep.

Use the watimeter to find intermittents

When a defective receiver is first placed on the bench, it is a
good idea to check its power consumption with a wattmeter and
compare it with the manufacturer’s input wattage rating. It is a
great help to leave the wattmeter in the circuit while tapping and
probing around to find intermittent or faulty connections. Poor
grounds and temperamental parts often make good contact
momentarily and cause a change in the power drain. The meter
immediately indicates that you have hit a “tender spot.”

If you don't have a wattmeter, a 1-ampere 115-volt ac meter with
a Izampere fuse in series is sensitive enough for checking most
radios. A 3- or 5-ampere meter with an adequate fuse is recom-
mended for high-powered amplifiers. ‘
Tools

Since the advent of printed circuitry, modules and transistor
radio _recexvczrs, with their small, compact sizes, the need for new
tools is glaringly apparent if the technician is to service these
receivers expertly and with speed.

In addition to a low-wattage iron and a soldering pot (see section
on soldering), the tools required to service printed-circuit boards
properly are: (1) a small wire brush: (2) thin-bladed knife; (3)

- -



small wire pick; (4) silicon resin lacquer, such as Krylon spray,
(5) solvent for silicon resin, such as Xylene or denatured alcohol,
and (6) a chassis holding jig.

All of these tools can be used to advantage, especially the jig
which will prevent excessive flexing of printed circuit boards and
the possibility of breaking some of their plated leads.

To some extent the technician must select tools used in other
industries, many of which are specially designed for working in
cramped space. In this category are surgical, dental and jewelers’
tools such as an inspection mirror (preferably with plastic handle),
a jeweler's drill and vise, needlenose pliers, jeweler's loupe, minia-
ture screwdrivers and pliers.

Finally adequate lighting is necessary. Invest in a good fluores-
cent lamp which will radiate an even light.

Transformers

In power, af transformers and chokes, the most common de-
fects are breahdown of insulation between turns or between the
unit and frame, causing a short circuit; loose laminations or wind-
ings on the core, causing noise or overheating; an intermittent
condition resulting from a broken wire or lead wires touching
the frame, and current overload.

Rfand if transformers are coils, usually shielded by a can, They
are similar except that the windings of the if coils are larger. In
tf units in tube receivers the secondary winding is tuned; in if
types both primary and secondary windings are tuned. This isn't
a positive rule since there are some exceptions In transistor auto
radios the primary of the rf transformer is turned.

Common troubles in these transformers are short circuits caused
by defective windings, lead wires, trimmers; open circuits rcgu)r-
ing fram poor soldering, broken and/or corroded wires, especially
in warm humid weather and near the seashore due to salt in the
atmosphere or in areas where chemical fumes are presalent; over-
load; poor selectivity and weak operation caused by poor solder
joints, leakage between primary and secondary from dust or other
matter, loose turns af windings and insulation breakdown. In
slug-tuned coils the screw can break away from the slug Sometimes
the tuning slug (or core), if turned out two far, will short the can-
necting terminals on the coil form In transformers using ""“” ‘g'
sulated compression trimmers, the mica can crack, break or fall off.

y ini i kdown
In AM receivers using miniature if transformers, breakdos
ton. I ¢ sitivity, Ructuating

is fairly common. In this category are loss of sen:



volume (do not confuse with fading and no audio output though
the tubes may light. ,

In midget receivers, poor sensitivity, noise and intermittents
can be caused by if transformers which allow a positive voltage
on the if amplifier grid. Some sets have permeability type if and
discriminator transformers. The advantage in using this type is
its extreme stability under various humidity and temperature
conditions. The upper coil is the secondary and the lower the .
primary.

Sometimes heat from tubes in a cramped cabinet will melt the
wax of the if coils, which drops on the if trimmers. When cool,
this wax causes detuning. Replace the if transformer with a newer
type of unit.

Transistors

Transistors are used mostly with printed-circuits boards and the
receivers, because of small size and compactness, require miniature
audio transformers, resistors, capacitors—mica and disc ceramic,
tubular and electrolytic—and rheostats, potentiometers and other
components.

The size and weight of the transistors are minute, current drain
is extremely low, a warmup period is not required, microphonism
is nonexistent, and the normal life of ‘the transistor far surpasses
the vacuum tube's.

Transistors are made chiefly of germanium, though silicon is
now being used. They have no filaments; require low operating
voltages, hence consume little power. This results in longer battery
life and low power consumption. Transistors do not require pre-
heating.

The most common type of transistor now in use is the junction
triode, available in n-pn or pn-p form. The chief difference is
the direction of current flow and/or required polarity. Gain is
obtained by current instead of voltage amplification, the gain
fact.or being termed alpha. The divection of the arrow in the
emitter ci.rcuit indicates whether the unit is p-n-p or n-p-n. If the
arrow points toward the body of the transistor, it is p-n-p; if it
points in the opposite direction. it is n-p-n. Both types are found
In some receivers.

To remember correct voltage, bear in mind that the middle
letter of the type gives the key: p in n-p-n means positive, and n

N pN-p means negative voltage applied to the base and to the
collector.



Transistors can be checked as shown in Fig. T-1. Power transis.
tors should not be checked for leakage while hot. Always wait until
the transistor has cooled to room temperature, When measuring
the resistance of power transistors, the chmmeter section of your
sivm must be set on the R x 1 scale. A low reading near zero ohms
indicates a very leaky or completely shorted transistor,

Use in a circuit is usually decided by the polarity of the voliages
tequired. Transistors can be connected in three ways, depending
on whether the common terminal (input and output) is the
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Fig T-1 A transistor can be checked
with the ahmmeter section of a viom
The front to back ratios and polarittes
are for a typreal p n-p untt
emitter, base or callector. In relation to vacuum tubes these are
the same as the grounded cathode, grounded grid and cathode
follower,

Transistors do not have separate input and output circuits, In
tube circuits the input signal 1s usually applied between grid and
cathode; with transistors the signal can be applied between any
two elements. The most commonly used is the common-emitter
arrangement.

Trangistars have exceptionally long life when handled properly.
They are mechanically more rugged than vacunm tubes but elec-
trically more delicate. Less than 19, of the transistors in rad.nos
require replacement under norma) use, However, while servicing
transistor radios the transistors can be destroyed or damage'd by
applying excessive or prolonged heat to their leads. Transistors
are temperature sensitive. They can also be damaged by connect-
ing an incorrece battery potential to the circuit, shorting eleme‘ms
by connecting meters and scopes 1 the cireuit and by shorting
elements with solder splashes.

If there is no indication of receiver failure due to battery
strength, battery polarity, opens or shorts in the circuits, use your



vtvm to evaluate the transistors. Using the ohmmeter section of
a vtvm, the diodes in a good transistor (b'ase to emitter and base
to collector) will show a front-to-back ratio of 100 to 1 or more,
Do not use a vtvim that uses more than 3 volts for measuring
resistance or you may damage the transistor. .

Voltage and turrent checks ‘

Voltage measurements in the tmr}sistor Teceiver should. be made
with respect to the transistor’s emitter. For pn-p transistors thF
base should be negative with respect to the emitter by approxi-
mately 0.2 volt. The collector will be negative by an amount
determined by circuit design. For n-p-n transistors, the bas_e‘wxll
be positive with respect to the emitter by about 0.2 volt while the
collector will be positive by an amount determined by circuit
design.
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Fig. T-2. Circuit diagram of a typical

transistor converter stage. The emitter

current increases slowly as the tuning

capacitor is rotated from the low- to

the high-frequency end of the broad-
cast band.

Current values in a transistor circuit can be determined by
measuring the voltage drop across the emitter resistor and calcu-
lating the current, using Ohm's law.

The initial current should be measured with the volume control
tully advanced, the tuning gang at minimum capacitance and no
signal applied.

The current value in each stage will vary even with transistors
of the same type, so only average values can be stated.

Fig. T-2 is a typical transistor converter stage. Voltage E]
dn_rided by the emitter resistance will be the emitter current in
this stage. This current will average 0.5 ma (0.4 to 0.6 ma). In a



normally operating converter stage, emitter current will show a
10%, increase at the high end of the band over the value at the
low end. This change should be linear and smooth. Any ermatic
change indicates oscillator malfunctioning. E2 should read 0.2
volt positive with respect to the emitter. Normally, in a pnp
transistor the base is negative with respect to the emitter but the
positive Teading indicates the oscillator portion of the stage is
tunctioning.

Fig. T-3 shows the it and detector stages of a typical transistor
receiver, E3 divided by the emiiter resistance will be the emitter
current in the first if amplifier and should average 0.5 ma at zero
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Fig T-3. Intermediate-frequency and detector stages of a typical

transistor recetver. Some sels use 4 crystal diode as the detector

but others have a transistor in thus crewt. The detector a5 also

port of the age network

signal input. When a signal is applied to the recever, this current
should decrease in proportion to the signal applied until cutoff
occurs, If the current m this stage increases with signal level, the
detector diode 15 mnstalled backward E4 will be 0.20 volt with
the base negative with respect to the emitter.

E5 divided by the emitter resistance will be the emitter current
in the second 1f amplifier and should average 1.0 ma (0 7.‘.3 ro_l.25
ma), This current should remain constant with changes in signal
level. E6 will be 0.20 volt with the base negative with respect to
the emitter.

Fig. T-4 is the audio driver stage of a typical transistor receiver.
Emitter cutrent, found by dividing E7 by the emitter resistance,
should average 2.0 ma. E8 should be approximately 0.20 volt with
the base negative in respect to the emitter. .

Fig. T-5 js a class-B audio output stage with separate emitter
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vivm to evaluate the transistors. Using the ohmmeter section of
a vtvmn, the diodes in a good transistor (base to emitter and base
to collector) will show a front-to-back ratio of 100 to 1 or more,
Do not use a vtvm that uses more than 3 volts for measuring
resistance or you may damage the transistor.

Voltage and current checks

Voltage measurements in the transistor receiver should be made
with respect to the transistor’s emitter. For p-n-p transistors the
base should be negative with respect to the emitter by approxi-
mately 0.2 volt. The collector will be negative by an amount
determined by circuit design. For n-p-n transistors, the base will
be positive with respect to the emitter by about 0.2 volt while the
collector will be positive by an amount determined by circuit

design.
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Fig. T-2. Circuit diagram of a typical

transistor converter stage. The emitter

current increases slowly as the tuning

capacitor is rotated from the low- to

the high-frequency end of the broad-
cast band.

Current values in a transistor circuit can be determined by
measuring the voltage drop across the emitter resistor and calcu-
lating the current, using Ohm’s law.

The initial current should be measured with the volume control
fully advanced, the tuning gang at minimum capacitance and no
signal applied.

The current value in each stage will vary even with transistors
of the same type, so only average values can be stated.

Fig. T-2 is a typical transistor converter stage. Voltage El
divided by the emitter resistance will be the emitter current in
this stage. This current will average 0.5 ma (0.4 t0 0.6 ma). In a



ting converter stage, emitter current will show a
l;lg;n aiEZr:a}::r:t ll%e high end of the band over th}: v“a\lue ::mt:\l:
Iawacnd. This change should be lmgar _and smooth. 1dnz e
change indicates oscillator ma]funcu?mng. E2 s};cim . ea n:
salt positive with respect to the emitter, Normally, i ; ]lylh]:
transistor the base is negative with respect to She emu;‘er ut the
positive reading indicates the oscillator portion of the stage is
functioning. ) )

Fig. T-3 shows the if and detector stages of a-typlml transistor
receiver. E3 divided by the emitter resistance will be the emitter
current in the first if amplifier and should average 0.5 ma at zero
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Fig T-3 Intermediate-frequency and detector stages of a typrcal

transistor tecerver, Some sets uie a evystal diode as the detector

but others have a tranststor an this crcust The detector 1s also
part of the age network

signal input. When a signal is applied to the recewver, this current
should decrease in proportion to the signal applied until cutoff
occuts. If the current in this stage 1ncreases with signal level, the
detector diode is installed backward. E4 will be 0 20 volt with
the base negative with respect to the emitter.

. E5 divided by the emitter resistance will be the emitter current
in the second if amplifier and should average 1.0 ma (0.75 to 1.25
ma). This current should remain constant with changes in signal

tevel, E6 will be 0.20 volt with the b i

e e ! ¢ base negative with respect to

Er:i‘:g{:ju is th:: a{'udio déiver stage of a typical transistor receiver.
rent, found by dividing E7 b i i

oty sernge paone Esysh ing y the emitter resistance,

e ould be approximately 0.20 volt with
‘}"; base Regative in respect to the emitier, !
18 T5 is 2 class.B audio OUtput stage with Separate prmieras




resistors. (In some receivers a single emitter resistor may be used.)
E9 divided by the emitter resistance will be the emitter current
in this stage. This value will be low at zero signal input and should
increase with signal level. These values vary, depending upon the
battery voltage used. E10 should read approximately 0.2 volt with
the base negative with respect to the emitter.

Most manufacturers specify the power level of undistorted and
maximum output of their receivers. Undistorted power output is
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Fig. T-4. Audio driver stage in a_transistor re-
cetver. A miniature interstage audio transformer
is used.

that level at which clipping on upper and lower peaks begins to
occur. Maximum power output is square-wave power.

To make these measurements, disconnect the speaker and
measure the dc resistance of the voice coil. This value will be
R, as shown on the diagram. Connect the voice coil leads of the
output transformer across a resistor with the value of R,.

Connect an oscilloscope and a vtvm across R,. These points are
shown as A and B. Connect the output of an audio oscillator
through a small electrolytic (2-10 pf) to the “hot” end of the
volume control. Apply a 400- cycle signal and read the ac voltage
at the point of clipping and at maximum output. The power
output can be found by Ohm’s law.

§1gnal substitution in the transistor receiver is much the same
as in the vacuum-tube set. The output of a standard AM signal
generator 1s connécted through a 100,000-0hm resistor to the base
of the Iasg if transistor. A modulated if signal is applied with
only sufficient amplitude to produce an output power less than
the chppfng level, At this time the output if transformer can be
aligned, if necessary. When this signal is applied in the same
n351nner to the base of the preceding if transistor, a definite gain
;:éualli)e Ogs?g\'ed. At this point the interstage if transformer can

gned 1t necessary. The signal is then applied, in the same



manner, to the base of the converter transistor, Again, a definite
gain will be abserved. At this time the input if transformer can be
aligned, if necessary. Finally, signals should be radiated into the
antenna through a loop and the receiver aligned as recommended
by the manufactarer for optimum performance. It anywhere along
the line, going back a stage does not give increased gain, the stage
must be bad.

Servicing Sronsister radics

The troubles experienced in the field with the all-transistor
radio fall into three basic areas which cover 99.9% of the com.
plaints. Mast cammon af all are difficulties associated with the
battery in some way. These may take several forms—from a dead
baitery to one installed improperly (usually inserted backward).

Intermittent contacts are common, particularly when cells are
left in the radio until they leak, corroding the contacts, The unusu.
ally long battery life in transistor radios contributes to these dil-
feulties. Qwners tend to lose track of the length of time batterjes
have been in service, 3o they ave left in the radio after they should
have been replaced. As a general rule, when the voltage across

¥ig. T5. Purh-pull output stage of
a fmmz'.‘r’for remPt:r.
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the battery supply, with the set on, drops below 75% of the rated
voltage, replace the batteries. X

The electrolytic capacitors used in transistor tad'xos arc the sec-
ond cause for service. Miniature packages and circuits require low-
voltage high-capacitance dry electrolytics. Decreasing in capaci:
tance with age, these units are a common cause ?f mqlurboaun'g,
oscittation, no output, reduced optput and distortion. Audio
coupling capacitors (usually 2 to 5 pf) in older receivers have been
known o drop 1o fess than 0.5 yf, seriously impairing the receivers



output. Constant research and improvement of these components

‘have lessened this complaint in later receivers. Low-voltage high-
‘capacitance electrolytics can be damaged by reversing the supply

of voltage polarity or applying some potential above their voltage
rating. ]

Breaks in printed-circuit-board conductors, poor electrical con-
nections and cold solder joints are the third major cause of service
in the transistor receiver. Voltage and continuity measurements
made while gently flexing the chassis or printed-circuit board will
usually pinpoint the trouble.

v

Fig. T-6. Use long-nose pliers as a heat gink when soldering com-
ponents o transistor leads.

Use an exact replacement part if any component must bt
changed. This is especially true with coils and transformers. These
match certain transistor parameters to the circuit used. No uni-
versal replacements for these parts are available.

While the performance of a transistor will deteriorate to some
extent with time, it seldom ends abruptly as it would with an
open filament in 2 vacuum tube. Normal life expectancy is con-
sidered to be ended when performance drops 309, from the initial
value. Some of the chief causes of failure are too much heat applied
to the transistor leads and improper voltages. When soldering, use
long-nose pliers as a heat sink (Fig. T-6). Transistors can be
n'lour‘ned in any position, though location can be critical in certain
crcuits. Never plug transistors into a socket while voltage is
applied.

Substitution is the only reliable check. A transistor may seem
good on a transistor checker and still cause poor operation.



Always remove transistors before making a resistance check.
Even with the power switch off, the impedances of the transistor ...
are not mﬁmte, as are the tube’s. If transistors are permitted ic
remain in the set when maling resistance checks the chmmeter
current can damage them. In addition you will obtain incorrect
readings.

Transistors are made in a number of shapes and sizes. Most of
them have unequally spaced leads; those with equally spaced
leads can be identified by a red dot adjacent to the collector. Fig
T-7 shows how jou can recognize transistor leads by means of
the red dot while Fig. T-8 illustrates the pin-spacing method.

REQ DOT
or*
# Fig T-] Tranustor leads can be identified mn
some cases By o red dot placed on the unu for
this purpose,
APPROX ACTUAL SIZE

Always be sure the transistor is properly inserted in its socket.
Do not remove or install any component, including batteries, in
transistor equipment unless the power 15 off.

A transistor may be damaged by leakage current from a defec-
tive soldering iron, ohmmeter current and induced current from
a soldering gun. Never use test mstruments with transformerless
power supplies. Use battery power unless the manufacturer’s serv-
1ce notes indicate otherwise Never ground the base of a transistor.
A junction transistor is more likely te become shorted than open:
hence be careful to avoid accidenial shorting.

When servicing any transistor receiver, follow these procedures:

I. In a push-pull audio output stage, transistors are a matched
pair. Should one become defective, always replace both with a
new matched pair.

2. Transistors fail considerably less frequently than vacuum
tubes. Always check all other components in a suspected cireuit
before replacing a transistor.

3. Use voltage measurements, signal tracing and signal 1injection
Resistance cheching is not rec wded, 1f it is absolutely neces-
sary, always unsolder one terminal of the suspected component

4. Transistors, because they work at such low levels, can be
easily overloaded by what may be a small signal for a tube Fur-
thermore, the entire alignment procedure should be repeated two
or three times for best results The tnput and output circuits of
the transistor are not isolated from each other, as they are in tubge




sets. Tuning one transistor stage affects the tuning of the others
‘and repetition is the only way of insuring perfect alignment.

5. Have the power switch off when removing or installing bat-
teries or transistors. That way you will never subject the transistors
to damaging transients.

Al

Fig. T-8. In many instances, transistor leads are 1-===.z=’3 [4
not coded with color dots. If this is the case, the 28
leads can be identified by their relative spacing. pmnaaaad B4

6. Replacement batteries of the mercury oxide type will give
about five times the playing life of conventional flashlight bat-
teries. Although the initial cost is higher, the long-term cost per
playing hour is much less.

Trimmers .

Defective trimmers are frequently found in radio receivers and
cause such common troubles as weak signals, stations failing to
track properly and signal intensity increasing but failing to peak.
These conditions are usually encountered during alignment. A
defective trimmer should be replaced. The thread on the trimmer
screw or the bushing may be stripped.

Frequently the antenna or rf trimmers increase, but cannot
peak, the intensity of the signal. To overcome this condition,
reduce or increase the capacitance of the oscillator trimmer and
realign.

If signals are weak and adjustment of trimmers does not affect
the intensity of the signal, check for a defective coil.

When adjusting trimmers, it frequently happens that as soon
as the alignment tool is removed, output drops slightly from the
peak adjustment. In such cases the adjustment screw should be
tightened fractionally more.

Peak adjustment should not be made at a wide open position, as
thg upper plate may vibrate, causing a microphonic condition or
noise. In such instances it may be necessary to remove the screw
and bend the upper plate back to overcome this condition.
Tubes

The principal trouble encountered in radio receivers is failure
of one or more tubes from internal causes or as the result of failure
of some other component. Common defects are a burned-out
filament or heater, low emission and/or transconductance, short
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circuits, random or popping noises, microphonics, gas and leakage.

A burned-out filament or heater is very common, caused chiefly
by surge current, vibration and sudden jarring. Check the filament
filter capacitors for oscillator failure.

Short circuits between tube elements usually’are the cause of
intermittent reception. Noise and microphonics are frequently
encountered. Noise will be aggravated by low emission and trans-
conductance; microphonics are affected by vibration and character-
ized by erratic audio output.

To locate an intermittent tube filament, shunt a quarter-watt
125-volt neon bulb across the filament pins of one tube after the
other until the trouble spot is found. Any opening of the filament
will cause the bulb to light.

If all tubes blow repeatedly, check the capacitor which acts as
the tone compensator in the plate circuit of the audio output tube.
If the rectifier overheats, check for a short in the B-plus line.
85Z5-GT and 35W4 tubes are likely to be noisy.

In sets using subminiature tubes, remove them by pulling
straight up—never wiggle them in their sockets. Seven-pin sub-
miniatures should be inserted in sockets so that the paint dot on
the tube corresponds to the paint dot on the chassis. Units with
fewer than seven pins are inserted so that the first pin of the tube
(next to the dot) enters the first hole (next to dot) on the socket.

Frequently, annoying oscillation occurs in-a receiver, caused by
the wrong type of tube having been substituted, usually by the
owner. Some receivers are designed to use metal, and, others, glass
tubes. Check. In certain instances it may be necessary to replace
a glass tube with a metal equivalent to eliminate this condition.
Using old tubes

As long as the mixer section is good, old converter tubes, with
the oscillator’s grid pin removed, make a handy substitute for
the mixer~oscillator tube in a set bemng aligned. This is an easy
way to put the oscillator out of action.

A set of tubes with just heater pins left intact (kept in tube
cartons for easy identification) make it easy to put any stage tem-
porarily out of action in a series set on the bench (for example,
replace the audio output tube while hunting for trouble in the
oscillator).

Tubes which are already more or less shot because of low e=
sion can be plugged into a stage which is being checked for ex="
sive current drain—better to ruin an old tube than a pev €&



Tuning indicators . .

Visual tuning indicators, used to permit €xact LUNINg, arc most
often found in FM receivers. A popular type, the 6E5, has certain
drawbacks—indication of weak signals is not satisfactory ':md strong
signals cause the eye to close entirely. Very strong signals will
produce overlapping, reducing the uscfulness of the eye. IE the
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Fig. T-9, A typical tun.

in;:—cyc indicator eircuft.

The 6E5 can be replaced

with a 6U5 tube without

altering the circuit,

receiver you are servicing has this tube and it does not perform
well, try substituting a 6Ub tube. The pin connections are the
same, and in most instances no circuit changes will be required.
As shown in Fig. T-9, a resistor is placed between the plates of
the tube. Ranging in value from onc-half to one megohm, it is
usually included as part of the socket assembly.

If the shadow in the indicator is improperly positioned, rotate
the tube and its socket in the mounting clamp. If the tube does
not supply the usual green glow, see if the tube is lit. You can
do this by looking right at the "eye” of the tube while the set
is turned on. If the tube is not lit, make sure that the socket
assernbly is connected. Generally, failure to glow is caused by a
defective tube. If the glow is weak, the tube requires replacement.
If the deflection angle remains the same, regardless of the stations
to which the receiver is tuned, R1 is defective.

Voltages (ac-dc receivers)

Lf)W plate and screen voltages are usually caused by a weak
rectifier tube, a defective filter capacitor, or a short or ground



in some other stage. If no plate or screen voltages are noted, check
the first filter capacitor in the pawer supply and the rectifier tube.
A defective capacitor imposes a heavy load on the rectifier and
may damage it. Before replacing a rectifier, be certain the filter
capacitors are good.

Low voltages can also be caused by second filter capacitor
breakdown.

Voltages (AM receivers)

If all voltages are low, check the power supply circuit. If there
is no ac or dc voltage present, check for a defective line cord,
line switch or powertransformer primary. Low heater voltage
can be caused by some replacement tubes drawing abnormal
heater current, whereas no heater voltage is usually due to a
break in the lead from the heater winding on the transformer
to the tube sockets.

Low plate and screen voltages generally result from a defective
rectifier, filter capacitor, defective decoupling unit or an indirect
ground in the receiver.

If there is no bias voltage, check for a defective capacitor
connected across the cathode resistor. (This may be accompanied
by hum.)

Velume controls

Common troubles are open circuits caused by overload or strain,
breaking of terminal connections, and a defective variable arm
contact; a change in resistance value caused by overload, and a
noisy condition resulting from a loose or worn variable arm
contact or dirt. A short circuit is seldom met.

Clean carbon pots with carbon tetrachloride or an anti-noise
solution, and attenuators or switches with a commercial cleaner-
lubricant.

If there is no control of volume regardless of position, check
the capacitors in the avc circuit.

In some receivers, midget volume controls may be found in
current-carrying circuits. These components are subject to fre-
quent breakdown due to overheating. In such cases replace, if
possible, by a control having a heavier rating.

The brass shafts of controls are often cut with a hacksaw, a
technique that may damage the control. A more preferable tool
is a jeweler's saw.



The photo in Fig. V-1 shows a jeweler's saw being used to cut
a control shaft to length. The fine teeth of this saw make sharp,
even cuts without binding and jamming to the extent experienced
with a2 common hacksaw.

The control can be cut after it has been mounted without

Fig. V-1. 4 jeweler's saw is easier to use
than a hacksaw when cutting control
shafts to length.
excessive vibration that might loosen the mounting nut. The
subsequent hazard of moving the loose control and damaging
wiring is also eliminated.

In sawing, hold one hand on the shaft as shown. This prevents
any tendency toward binding.

When cutting shafts, whether using a hacksaw or jeweler’s saw,

remove burrs with a file. Chamfer the edge slightly so that the
knob will slide on smoothly.

Wafer switches

Surplus metal or insulating material can be easily cut away
from a wafer switch to make a repair. or to adapt it for some other
use—such as a non-shorting switch for a shorting switch—by re-
moving part of the metal from each of the contact blade sections.
A part of the insulating stops may be removed to permit complete
revolution if desired. Where the blade shorts another terminal

due to wear, a repair can be made by removing some of the
excess metal.

The photo in Fig. W-1 shows a rotor element that has too much
metal on one section’s contact rotor. The entire rotor assembly

is held in 2 mechanic’s clamp, a very handy device for holding such

sr.nall‘parts. The saw blade may be held in one’s hand or in a
pin vise,

If hand-held, a small piece of tape, friction, electrician’s or



adhesive, may be used 1o hold the blade more securely. The small
size of the blade and its teeth make the jeweler's saw blade a very

Fig. W-l, 4 mechanic’s clamp makes o
handy vite when working on delicate
suitch elements such ar a rotor.

useful tool for such work. It may be twisted 2 jittle to make it
follow a curve. When using, pull the blade to you—do not push
it away from you as you would do with a hacksaw blade!
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SERVICING

Areing

Symptoms: Burns or spots on rectifier plates. Sometimes fine,
wavy lines will also appear on the plates. Recuifier gets warm
(this is a preliminary symptom to popping of the selenium
rectifier).

Service: Excessive current drawn over a long peried of time, or
repeated excessive surge current can produce plate-to-plate arcing
in selenium rectifiers. This may be a silent symptom, hardly
noticed by the user of the radio, but 1t eventually leads to a
complete breakdown of the unit,

Modern manufacturing techniques have been formulated to
avoid this type of breakdown, but it is encountered more ofren
than the technician realizes. Burned or discolored spots on the
plates of the rectifier makes it immediately suspect. Too, when-
ever filter capacitors or a- surge resistor are changed, the unit
should be bench tested for several hours. Many times the pinpoint
etching effect of arcing cannot be detected visually, but will result
in overheating of the rectifier—one of the first symptoms of
complete breakdown.

Birdies and chirps (image-frequency interference)
Symptoms: Birdlike chirps and noises, usually heard on one partic-
ular station at the low-frequency end of the dial; normal
reception for all other frequencies.

Service: Birdies and chirps are usually noted in small AM receivers
with no rf amplifier. -



This condition is caused by a strong local station operating on
the desired frequency plus twice the intermediate frequency. It
may also be observed in sets near police and amateur stations
with frequencies from 1700 to 2400 kc. Shortwave receivers are
often plagued by image-frequency interference.

To remedy, check the alignment of the mixer grid circuit and
tracking with the oscillator frequency. Birdies can sometimes be
overcome by reducing the signal input to the set. Try putting the
receiver in a different location or turning it slightly.

Another remedy is to insert a wavetrap tuned to the frequency
of the interfering station (add twice the receiver if frequency to
the frequency of the station having interference).

Buzz
Symptoms: A persistent buzz, sometimes intermittent.
Service: Corroded wires and connections will produce buzzing.
Defective tubes will also cause this condition, as will capacitors,
resistors, the output transformer, the rf and if transformers.

Occasionally a loud buzz may be traced to the 50L6-GT. This
can usually be overcome by positioning a magnet on top of the
tube. Be sure that all tubes are checked, especially in ac-dc
receivers,

When a buzz is heard occasionally at high volume level, check
the speaker. Another frequent cause of buzz is a defect in the
speaker assembly. Loose turns in the voice coil caused by broken
cement or one or more loose screws in the assembly or mounting,
are common oftenders. An intermittent buzzing in ac-dc sets can
be caused by a defective pilot lamp.

‘The small size of midget receivers and table models contributes
to mechanical resonance with some af signals; hence loose joints
or material inside the cabinet may produce a buzz.

Code (dots and dashes)
Symptoms: Good audio reception marred by constantly occurring
dots and dashes, usually noted in low-priced radio receivers.
Service: This condition can usually be cured by inserting a 330 pyf
bypass capacitor between the triode grid of the detector-first-audio
tube and ground. See Fig. C-1.

.In areas \‘vhere receivers are in close proximity to code trans-
mitters, t.hc Interference may be very objectionable. Try realigning
the receiver ,fo another intermediate frequency. Generally, a
frequency shift of 20 ke lower will overcome the interference.



Corrosion
Symptoms: Buzzing and crackling noise. i
Service: While corrosion, usually visible on inspection, can be
found in almost any section of the chassis (especially if it has
been subjected to a wetting or leakage from a defective battery),
this condition is most frequently observed in the rf and if
transformers. They are particularly affected by humid weather.

¥ig C1. Code can often be eliminated by
connecting a small capacitor in the grid
circuit of the firtt audio stoge.

Occasionally the primary of the output transformer becomes
corroded. Do not overlook tube sockets and switches. Joints
connected with acid-core solder generally corrode.

Crackling
Symptoms: A persistent crackling noise; sometimes intermittent.
Service: This noise is usually caused by a broken antenna lead
and/or connection. It is also frequently produced by a defective
capacitor,

If the crackling is intermittent, the rf coil may be defective.
In hot weather, crackling, sputtering and frying noises are
generally produced by a defective if transformer (first if) primary
winding. To check, substitute a dummy tube (only heater pins
intact) for the mixer. If the noise stops, the first if transformer is
probably defective. Then connect a 10,000-chm 1-watt resistor
from the plate of the transformer to ground. See Fig. C-2. If the
noise resumes, the trouble is definitely in the transformer. Replace
it.

Cross-modulation
Symptoms: Beat note, with pitch changing as a station is tuned in.
Service: This type of interference caused by the signal beating
with the interfering signal, is more likely to be encountered in
arcas where strong signals originate and some device in the



vicinity acts as a detector—a jpoor contact or corroded joint in the
antenna, guy wires, metal gutters, metal plaster lath, BX cables
touching, metal fences and air ducts. :

It occurs when two or more signals mix in the same way as

CON/ERTER
{SEE TEXT)
Iaie
; [ Fig. C-2. Method of determining whether the rf coil or
10K first if transformer is responsible for crackling.
TempoRLRY S IW
LOAD ! 84

the received signal and oscillator signal mix in the mixer tube
and reradiate on sum and difference frequencies of the two strong
signals, together with modulation of one or both signals.

In some cases it is impractical to try and eliminate this inter-
ference; in other instances install a wavetrap. Try realigning
the receiver.

Cycling
Symptoms: Receiver operates intermittently, usually at a fixed rate.
Service: This condition is a form of oscillation caused by heating
of parts inside a tube envelope. When they are hot, contact is
made; when cold, contact is broken. '
Generally this trouble will be found in the higher-voltage
filament tubes in ac-dc receivers. Replace.
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Dotuning—FM receivers
Symptoms: One or mote circuits detuned.
Service: When confronted by detuning in-FM receivers do not be
too hasty in concluding that realignment is necessary.

This condition is caused many times by promiscuous probing
inside the chassis or poor rearrangement of wires and components.
Under no circumstances ought any FM circuits be disturbed
physically or electrically as these receivers are extremely critical.

Another frequent cause of detuning (in older sets) is a defective
compensating capacitor (especially in the oscillator circuit) used
to compensate for changes in the characteristics of the tuning
capacitor and coils, Always check these capacitors before
attempting a realignment job.

FM receivers must always be tuned precisely, otherwise there
will be distortion. For this reason you will usually find 2 tuning
indicator an important part of the receiver. Modern FM sets with
afc are not as subject to drifting off frequency as older sets that
relied mostly on temperature-compensating capacitors. A certain
amount of warmup time is needed in older FM receivers.

Further, in FM sets, the slightest detuning will cause distortion,
and usually is the fault of the owner, who does not know how to
tune correctly.

Distortion
Symptoms- Muffled and distorted sound.
Service: Always check the output quality on both music and speech,



at low and high volumes, and on strong and weak stations. Distor-
tion is often due to overloading of some stage. ’

In country and fringe areas, determine whether the receiver
is located too far from the transmitter for distortion-free reception,
Selective fading, especially at night and in winter months is-
common in AM receivers. Caused by interference between the
ground wave and the sky wave of the broadcast station, it can

roduce distortion severe enough to make intelligible reception
impossible. This condition normally affects frequencies over 1000
ke to a greater degree.

Improper avc operation will also cause distortion; hence all
capacitors and resistors in the avc network are suspect, especially
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CHECK STARRED COMPONENTS B+

Fig. D-1. The causes of distortion are numerous. Al-
mast any component in the audio stages of a receiver
can be at fault.

», when distortion on strong signals is paired with normal reception
. on weak signals. Distortion from this source may possibly be
accompanied by howling. ’

This tiouble is aggravated in humid weather, which affects
the trimmer capacitors, coils and sockets, especially in the f
stage. In sets having a selenium rectifier, check that component.

While distortion can be the result of misalignment after the
receiver has been in use for some time, other reasons are more
likely to account for this condition.

After checking the tubes by substitution, suspect the coupling
capacitors, as well as the cathode, grid and plate resistors in the
audio amplifier circuits; also the coupling capacitor between the
volume control and the grid of the first audio amplifier (Fig. D-1).

Distortion can also be caused by a mismatch when a speaker
or output transformer are replaced. A common trouble is incorrect
bias on the output tube, caused by a defective cathode resistor
or plate bypass capacitor.

Other sources of distortion are a defective coupling or bypass



capacitor in the detector stage, as well as the plate, screen and
cathode resistors; or a defective cathode resistor of the if tube.
Check the ground and the speaker plug for loose connections. In
some receivers distortion has been noted when leakage occurred
between the windings of the first if transformer due 10 excessive
heat from the rectifier tube located next to it

Audio instability accompanied by squealing and whistling is
a common trouble, usually resulting from an open filter capacitor.
In battery-powered receivers, check the decoupling capacitor
connected between B-plus and B-minus. In receivers with 2
resistor in the decoupling network, check that component.

If the received signal is undistorted on weak af signals but
distorts with increased volume, look for a loss of bias caused by
a defective cathode capacitor. Do not overlook the speaker as
a source of distortion. Dust and dirt and an out-ofalignment
cone assembly can contribute to this condition. It may be
accompanied by rattling. Tom speaker cones also produce
distortion—usually as a fuzzy tone. Finally, check the interior of
the cabinet, particularly of small radio receivers, as loose parts
and foreign matter can very readily result in rattling and distor-
tion effects. :

Distortion—ac-de receivers
Symptoms: Muffled and distorted sound at normal and above-
normal levels.
Service: When checking distortion, it is always best to do so with
the control at normal volume because, in many sets, a slight
distortion may be noted at high volume.

Common troubles are a defective voice coil and/or spider in
the speaker, coupling capacitors in the audio stage, output tubes,
if amplifier tubes, and avc bypass capacitors, or perhaps an open
filter capacitor. In half-wave rectifier ac-dc sets the 60cycle hum
frequency at the filter is usually not passed by the limited
frequency range speaker. However, the hum voltage can modulate
the audio signal, producing distortion.

Check all tubes by substitution. Look for gassy tubes. If all
stations are received, but distorted, the trouble is probably
confined to the audio stage or power supply.

Sometimes the output transformer is at fault—an incorrect
replacement may be producing hum. The volume control may
be noisy. If so, replace.

Finally, check the alignment of the receiver.



at low and high volumes, and on strong and weak stations. Distor-
tion is often due to overloading of some stage.

In country and fringe areas, determine whether the receiver
is located too far from the transmitter for distortion-free reception.
Selective fading, especially at night and in winter months is .
common in AM receivers. Caused by interference between the
ground wave and the sky wave of the broadcast station, it can
produce distortion severe enough to make intelligible reception
impossible. This condition normally affects frequencies over 1000
ke to a greater degree.

Improper avc operation will also cause distortion; hence all
capacitors and resistors in the avc network are suspect, especially
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Fig. D-1. The causes of distortion are numerous. Al-
most any camponent in the audio stages of a receiver
can be at fault.

when distortion on strong signals is paired with normal reception
on weak signals. Distortion from this source may possibly be
accompanied by howling. :

This trouble is aggravated in humid weather, which affects
the trimmer capacitors, coils and sockets, especially in the rf
stage. In sets having a selenium rectifier, check that component.

While distortion can be the result of misalignment after the
receiver has been in use for some time, other reasons are more
likely to account for this condition.

Aft;r checking the tubes by substitution, suspect the coupling
capacitors, as well as the cathode, grid and plate resistors in the
audio amplifier circuits; also the coupling capacitor between the
volume control and the grid of the first audio amplifier (Fig. D-1).

Distortion can also be caused by a mismatch when a speaker
or output transformer are replaced. A common trouble is incorrect
bias on the output tube, caused by a defective cathode resistor
or plate bypass capacitor.

Other sources of distortion are a defective coupling or bypass
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capacitor in the detector stage, as well as the plate, screen and
cathode resistors; or a defective cathode resistor of the if tube.
Check the ground and the speaker plug for loose connections. In
some receivers distortion has been noted when leakage occurred
between the windings of the first if transformer due to excessive
heat from the rectifier tube located next to it.

Audio instability accompanied by squealing and whistling is
a common trouble, usually resulting from an open filter capacitor.
In battery-powered réceivers, check the decoupling capacitor
connected between B-plus and B-minus. In receivers with a
resistor in the decoupling network, check that component.

If the received signal is undistorted on weak af signals but
distorts with increased volume, look for a loss of bias caused by
a defective cathode capacitor. Do not overlook the speaker as
a source of distortion Dust and dirt and an out-of-alignment
cone assembly can contribute to this condition. It may be
accompanied by rattling Torn speaker cones also produce
distortion—usually as a fuzzy tone. Finally, check the interior of
the cabinet, particularly of small radio receivers, as loose parts
and foreign matter can very readily result in rattling and distor-
tion effects.

Distortion—ac-de receivers
Symptoms: Muffled and distorted sound at normal and above-
normal levels,
Service: When checking distortion, it is always best to do so with
the control at normal volume because, in many sets, a slight
distortion may be noted at high volume.

Common troubles are a defective voice coil and/or spider in
the speaker, coupling capacitors in the audio stage, output tubes,
if amplifier tubes, and avc bypass capacitors, or perhaps an open
filter capacitor. In half-wave rectifier ac-dc sets the 60-cycle hum
frequency at the filter is usually not passed by the limited
frequency range speaker. However, the hum voltage can modulate
the audio signal, producing distortion.

Check all tubes by substitution Look for gassy tubes If all
stations are received, but distorted, the trouble is probably
confined to the audio stage or power supply.

Sometimes the output transformer is at fault~an incorrect
replacement may be producing hum. The volume control may
be noisy. If so, replace.

Finally, check the alignment of the receiver.



Distortion—automobile receivers

Symptoms: Muffled and distorted sound.

Service: In automobile receivers, distortion can be caused by (1)
improper bias in an amplifier stage; (2) excessive signal input,
frequently caused by a defect in the ave circuit; (3) an unbalanced
push-pull circuit; (4) a defective speaker, usually the voice coil
rubbing the pole picce (characterized by an extremely raspy
sound); (5) oscillation in some stage as indicated by an abnormally
negative grid, and (6) a defective tube in some stage.

In most instances distortion will be traced to the audio stages,
Check the primary and secondary circuit of the output trans-
former, the speaker and the input transformer. In the first audio
stage, the most common defects are found in the coupling
capacitor and feedback circuit,

Distortion, accompanicd by low volume, is usually caused by
a defective input filter capacitor. Distortion only at low levels
indicates that the speaker voice coil needs alignment; at high
levels only, a gassy output tube or a defective coupling capacitor.
When checking the speaker, avoid tightening the mounting
nuts too much,

Occasionally distortion will be produced in the rf and if
stages, usually by a positive avc voltage or oscillation. In the
detector stage, check for a defective volume control or coupling
capacitor. Causes of distortion in the if stage are oscillation, a
positive potential on the grid and poor prong connections on
the tube socket. -

Distortion can also ariginate in the converter stage. Check
the first if transformer and the oscillator plate circuit. In the rf
stage, suspect components are the antenna and input circuits to
the rf amplifier, and all components in it,

_In general, coupling capacitors are common offenders, Occa-
sionally, improper dress of wires in the rf and if stages will cause
feedback and produce distortion. In addition, any switch in the

path of the andio signal may be the offender. The trouble will be
due to dirty contacts,

Distortion—FM receivers
Symptoms: Muffled and distorted sound.
Service: In dingnosing distortion in FM receivers, remember that
normal reception of FM signals is from 50 to 75 miles. Distortion
may be observed if the transmitting station is too distant or if

ground conditions adversely affect the signal, causing it to losc
strength.
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FM signals can also be distorted by excessive reflections; that
is, when a signal reaches the receiver by a direct path as well as
several other paths, such as reflections from buildings, mountains,
other antennas and similar obstructions. Such multiple signals
are out of phase.

If external conditions are not the cause, lock for a misadjusted
limiter, discriminator or ratio detector, and a component defect
in those stages. The transformer network coupling the FM
detector to the previous stage may be out of adjustment.

If the distortion cannot be localized to those stages, then check
the rf, mixer and oscillator stages, beginning with the tubes.
Tubes with low cathode emission can cause distortion.

Distortion—gradually worsens

Symptoms: Muffled and distorted sound, commencing gradually
after receiver has been operating a while, then becoming
progressively worse.

Service: The trouble usually can be traced to a loss of negative
bias on the audio tubes. If substitution by good tubes does not
clear the trouble, then check for a defective component in the
circuit, especially coupling capacitors.

During manufacture, cathode material is sometimes deposited
on the control grid. When this happens, the grid behaves like
a cathode, and a current flows through the grid return resistor
in such a way as to make the grid positive. Since, for electron
flow, the control grid must become hot, the receiver may play
well when first turned on, with distortion appearing gradually
and becoming worse. If permitted to continue the grid will burn
out. This condition most generally happens to audio output tubes.
A similar trouble can be caused by a leaky coupling capacitor,
but in such an instance the distortion appears as soon as the set
is turned on.

Sometimes a receiver will pass a bench test satisfactorily, but
distortion will gradually appear after the set has been put back
in its cabinet, The trouble is caused by insufficient ventilation
If the receiver has a cabinet made of wood, drill a number of

. ventilation holes across the bottom. This may not be too much
help since heat rises, but it will sometimes produce 2 cure. If
the cabinet is plastic, be careful, since this is usually thin-wall
material that splits or cracks easily. If the back of the set has a
cover, remove it If the receiver has an old-style loop antenna



. ¥
across the back (but no back cover) replace the antenna wity

a loopstick. Ly

Distortion—on strong stations only gl
Symptoms: Muffled sound, affecting reception of strong stations only
Service: This condition is caused, in most instances, by defectiv
bypass capacitors and isolating resistors in the avc circuit, oi
possibly the avc rectifier, and the if transformer to which thy
avc is connected. /
Distortion—three-way receivers )
Symptoms: Muffled and distorted sound. {
Service: Distortion in three-way portable receivers is usually caused
by a defective rectifier or output tube and/or filter capacitor in
the power supply. ;
In addition to the distortion-producing troubles usually found
in ac-operated receivers, the tube filaments, especially in the
output stage, frequently lose emission. Further, capacitors and
resistors in the series filament line have a habit of becoming
defective.

A weak battery will cause distortion.

Distortion—transistor receivers
Symptoms: Muffled and distorted sound.
Service: First check for a weak battery and/or a defective speaker
Other possible causes are a defective resistor in the forward bia
circuit of the output transistor, and mismatched transistors.

In receivers that have transistor bias controlled by agc, distor
tion on a weak station usually is due to a defective detector
Distortion on a strong station can be caused by a strong age
voltage. In receivers that have an overload diode, check tha
component.

Be careful when replacing the diode detector (if it also supplies
agc) or a separate agc rectifier. Transposed diodes will produce
age ha?'mg wrong polarity. If the diode is defective it may cause
distortion on strong signals, since the agc voltage will not be
strong enough to reduce the gain of controlled stages. In auto
transistor receivers a delay diode is sometimes inserted between
the agc rectifier and the tf amplifier. The diode prevents the
application of agc until the signal reaches a certain level. A
defective delay diode will put agc on the rf amplifier for weak

signals, reducing the gain of the receiver just when it is most
needed.
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Drift—transistor receivers
Symotoms: Stations drift off frequency.
' Service: In transistor radio receivers drift usually is caused by a
" weak battery.
Earphones, inoperative
Symptoms: Speaker operates; earphones are dead.
Senvice. The primary cause of earphone malfunction is an open
lead. Since the leads used with earphones are very fine, it usually
does not pay to attempt to make a repair. Often the phone cord
is molded to the earpiece. If the break is near the plug, it can be
repaired by shortening the lead and resoldering it to the phone
plug.

Qpen leads are easy to find when the earphone is of the
magnetic type. Magnetic phones are checked by placing an
ohmmeter across the phone terminals and listening. Tapping the
phone lead with the ohmmeter test prod will produce a click.
However, when a crystal type is used, shunt the leads with a 4.7
to I0K resistor, before click testing If this is not done, the
applied voltage may jam the diaphragm of the earphone.

Inoperative earphones may be due to trouble in the earpiece,
lh‘c connecting wires, the plug or the jack. Troubles associated
with jacks are almost always due to dirt or mechanical breakdown.
Often the contacts will be bent out of position. A speedy and
¢conomical Tepair to is to bend the contacts, gently, so they make
Birm contact with the plug. However, this often turns out to be
3 temporary measure. The metal is thin and loses its temper
m\.ly. 1 the jack contacts are badly bent, it is best to replace the
entire .um't. Make sure the replacement used is an exact one or
especially true in miniature receivers) you may run into physical

?bstacles. Never substitute a normally closed jack for one that
1s normally open.

. Fading—accompanied by distortion

rmptoms; Reception fades and sound is distorted with more than
one station heard at the same point on the dial.

Service: The capacitor connected to the oscillator coil is usually
the cause of this condition.

. Fading—-AM Sets
Rﬂ.:epuon fades, probably accompanied by severe
which frequently makes the signal unintelligible for

S[’"th:.
distortion



a long time; signal intensity does not fade. Observed most often
on frequencies over 1000 ke.

Service: This condition is sometimes mistaken for trouble in the
radio receiver. Actually selective fading, common in areas distant
from the transmitting station, can be caused by propagation effects.
It is particularly noticeable at night and in the winter months.
It results from interference between the ground and the sky
waves of the station.

To check, always make observations at different times of the
day and night. Fading in signal strength received from a trans-
mitter several hundred miles away can be normal under certain
conditions. Another type of fading, such as that experienced in
an automobile when the signal fades near a steel structure or
under a bridge is caused by dead spots.

8+
223
y Fig. F-1. Voltage dividers are sometimes used to produce
— canstant screen potentials. If the value of either resistor
"r-’ fluctuates, fading will occur.
‘P
}:WV—*‘\NV—)B#-

An excellent check is to operate another receiver (of the same

or equivalent type and known to be perfect) alongside the
suspected set to determine if fading occurs in it also. If not, then
a tube may be weak or an intermittent loose connection could
be causing a trouble similar to fading.
_Fading is sometimes confused with intermittent reception,
since the symptoms are often similar. If two receivers on the
bench decrease ‘and increase in volume at the same time, the
trouble is probably fading. Check the line voltage to make sure
that it is normal. Line voltage can fluctuate in certain areas,
especially in heavily-industrialized sections.

To check further as to whether the trouble is due to fading or
an intermittent, use a Variac or similar variable line auto-
t.rar-\s{ormgr, boosting or lowering the line voltage. If the receiver
Is intermittent, this procedure will aggravate the condition,
perhaps causing a breakdown. Operate the receiver at line
overload or underload conditions for only short periods of time.

Some better grade AM receivers use a voltage divider to supply
screens with voltage. A constant potential is important since the
gain of the tube is influenced by the voltage on the screen. A



typical arrangement is shown in Fig. F-1., If either or both of the
resistors fluctuate in value, the voltage on the screen will vary,
changing the gain of the tube. The effect will be an apparent
fading of the signal, particularly if the affected tube is not avc
controlled. Also make sure that the screen bypass capacitor is in
good condition. The screen bypass puts the screen at signal
ground potential. If the bypass opens, the screen resistors acts
as a load. The result is a varying voltage at the screen. Check by
connecting a vtvin between screen and cathode. The voltage
should be steady. In some cases, an open bypass will cause the
tube to oscillate.

Fading~FM Sets
Symptoms: Reception fades on distant stations.
Service: Signals from an AM station several hundred miles distant
from a receiver can be picked up with some fading. But, in the
case of FM signals, the conditions are different. ‘These signals are
not affected by sky-wave interference; hence selective fading is
not a factor.

Normal good reception of FM stations is from 50 to 75 miles,
but at greater distances fading may occur because of weak signals.
Distortion may also be observed. This condition occurs most often
in the spring and fall.

Fading—flutter
Symptoms: Reception fades momentarily when airplane passes
overhead.
Service: This occurs only in FM receivers and is normal.

Fading--no B-plus voltage
Symptoms: Reception fades; no B-plus voltage. .
Service: Fading, with no B-plus voltage when the sound ends, is
usually caused by a defective electrolytic in the power supply
circuit. Electrolytics can be self healing (temporarily). When the
receiver is turned on increased leakage causes 2 voltage drop.
Fading—transistor receivers .
Symptoms: Reception fades after receiver operates for a short period.
Service; This condition is usually caused by a weak battery.
Feedback
Symptoms: Birdies and or squeals heard in the speaker.
Service: This is another form of oscillation, and frequently occurs
in the if stage of the receiver. Tubes may be gassy. Check by
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substitution, Then check the decoupling and screen bypass
capacitors in the if stages.

Feedback can also be produced by poor dress of the plate leads,
which should be kept away from grid circuits,

Where metal tubes are used, make sure that the shield pin is
grounded. Make sure that tube shields, if any, are in place and
make good contact with the chassis. Feedback can also be caused
by poor lead dress after servicing, or by using unnccessary Iengths
of wire in making conncctions. When repaiving, try to f{ollow
original placement of conductors. In some sets using negative
feedback from the voice coil of the speaker, one side of the voice
coil will be grounded. Grounding the wrong side of the voice
coil, (or not grounding it) when making a speaker replacement
will cause squealing,



Growl
Symptoms: Growl heard in the speaker.
Service: This condition is usually caused by a defective grid return
resistor in the output stage. Also check the rectifier tube for a
gassy condition,

Heterodyne on all r r s
Symptoms: Heterodyne beat note heard on all stations.
Service: This condition can be caused by a defective if transistor, a
weak battery, or misalignment as well as a defective filter capacitor
(including agc filter) or if neutralizing capacitor. In the latter case,
replace by 2 zero-temperature-coefficient unit. Check to make sure
that the antenna coil core 1sn't cracked or broken.

Hiss—AM receivers
Symptoms: A loud hissing noise heard in the audio output.
Service: Hissing due to random noise is normal, especially when
the signal is weak or absent. However, this condition can be
caused by a poor antenna. This applies primarily to older receivers
operating on an external antenna, especially those that are used
in fringe areas. .

In addition, hissing can be produced by superregeneration, due

to a defective grid resistor in the oscillator circuit.

Hiss—FM receivers
Symptoms: A hissing noise, usually heard when receiver is tuned to
an off station. 7




Service: In FM receivers random noise is normal and is always
present between stations. When a station is tu-ncd in, a strong:
signal will cause the hiss to disappear, A weak signal permits ti
hiss to be heard. _ .

In higher-priced receivers, this condition is overcome by incor-
porating special suppressor circuits. ' )

This condition is usually present in FM scts with ratio detectors
and is caused by insufficient AM rejection,

It can be corrected by inserting a variable resistor—100 to 150

It

100-5000

Fig. ¥1-1. Conneet a small potentiome-
ter ns shown o reduce hiss in an FM
receiver which uses o ratio detector,

ohms—in parallel with the resistor (usually 200 to 400 ohms) in
series with the sccondary winding on the ratio-detcctor trans
former. The control should be mounted with short leads and
adjusted for minimum hiss and maximum AM rcjection (Fig.

H-I). Note, however, that this may reduce the sensitivity of the
receiver.,

Howl

Symptoms: Flowling noise heard in the speaker,
Service: Howling is a form of oscillation. Tt can be caused by a
defective output filter or bypass capacitor, In high-gain af ampli-
fiers improper lead dress or shiclding or a defect in the coupling
circuits will result in audiofrequency fecdback howling.

Defective vesistors produce a howl. It also occurs when there is
no de ground return in a grid circuit or if a shicld is missing from
A gl:\ss.mhc,.Othcr causes are excessive plate and screen voltages.
Excessive gain in a stage is likely to result in howling. In such
cases reduce the gain in the offending stage and increase the gain
in the following one,

Additional causes of this condition are a defective input trans
former, defective internal grounding in the amplifiers or poorly
soldered shield and cireuit grounds. Do not fail to check all tubes



by substitution, as a microphonic tube will cause howling, espe-
cially in the audio stages. To check, touch each tube; the howl
will cease when the faulty tube is touched.

Occasionally, howling will be produced by a defect in the tun.
ing capacitor’s stator and rotor plates, the oscillator coil and its
leads, and the coupling capacitor in the grid of the oscillator
circuit. Ty tapping these components with a fiber rod, noting
the effect.

In acdc receivers, a defective selenium rectifier in the power
supply can be the offender and, in three-way portables, check for
weak or dead batteries or a defective filter capacitor in the A.
supply.

If a howl is heard after a defective output transformer has been
replaced, reverse the plate connections of the transformer primary.

If full volume produces excessive distortion, with normal sound
at average volume, the output transformer may be defective. This
can be checked by measuring the voltage at the plates of the push-
pull output tubes. There will be equal voltages at normal volume
levels, slightly different at high volume levels.

In FM sets, howling is frequently caused by the speaker vibrat-
ing the oscillator tuning slug or the oscillator section of the
tuning capacitor. This can be overcome by inserting a fiber spacer
in the oscillator slug shaft, mounting the tuning capacitor on
rubber pads and/or seating the speaker on rubber grommets, or
putting felt between the speaker frame and the cabinet.

Hum

Symptoms: Hum heard in speaker, above normal level. .
Service: Most radio receivers have a slight hum, known as residual
hum. Set the dial between stations, put your ear close to the
speaker and note whether the hum is normal. If you can hear the
hum more than about a foot or two away from the sp?aker it is
probably above normal level. When making this test it may be
necessary to remove the first if amplifier tube to overcome Ehe
noise from the rf amplifier (if the set uses one). Run this test with
the volume control set in its usual working position.

While the ripple frequency in most ac-dc sets is 60 cps, the hum
You hear is 2 harmonic, generally 120 cps. Hum can be .raus.ed by
stray magnetic fields, tube heaters and inadequate filtering in the
power supply. Proper shielding, good ground connections, correct
lead dress and short leads reduce hum considerably.

Common practice uses the chassis as one return leg for the B
heaters of all tubes, These can intermingle with signal currents ‘



to produce unwanted effects. Heaters should be connected directly
to their own ground rather than to another socket lug because
the common impedance may become a trouble spot that will be.
difficult to localize. L

Hum is usually more pronounced when the receiver is in its
cabinet than when it is out on the bench. This is caused by cabinet
resonance. Removing cathode bypass capacitors will cut down on
hum (and gain). Increasing the size of the input filter capacitor
in the power supply will reduce hum, but can also shorten the
life of the rectifier tube.

Hum—ac-dc receivers

Symptoms: High hum level.

Service: Hum level in ac-dc receivers is normally higher than in
ac-operated sets. Always check the polarity of the line plug—revers-
ing it may reduce hum. To locate hum in sets having series tubes
do not remove the tubes. Short the grid of the second af tube to
ground. If hum remains trouble is in the output stage plate cir-
cuit or the power supply. Then, short to ground the grid of the
af amplifier. Continuing hum isolates the trouble between the
plate of the af amplifier and the grid of the output tube. Proceed
this way, from stage to stage, toward the front end, until the cir-
cuit producing the hum is located. Then check components.

A glass tube, minus the shield, can cause hum. Replace the
tube if hum level increases when your hand is held near or around
it. Try a metal tube. Hum may be caused by proximity of the out-
put and power transformers. It can occur when a socket has been
replaced—the tubular shield (center connection) at the bottom
of the tube may be insecurely soldered to the ground connector
on the printed-circuit wiring.

In the majority of late-model ac-dc radio receivers, the common
negative return circuit is isolated from the chassis by a capacitor.
When there is leakage between the pilot lamp assembly and the
chassis, 60-cycle hum is sometimes introduced in the grid circuits,
gwing the effect of a defective filter capacitor. If bridging the filter
capacitors fails to eliminate excessive line hum, inspect the pilot-
lamp asscmb!y_for dust accumulation or defective insulation that
may be providing a leakage path to the chassis. Dress pilot leads
away from the first audio tube.

Try connecting a capacitor of the same value as the input filter
fggz*‘:gcc(iitisﬁz;taﬁon;:‘:c')n Siluse of 'hum) in parafllel with it.
ons being used a5 ﬁIZers ve ree—secuon. clegtrolyncs, two sec-

in the B-plus circuit and the third as

- o



a2 cathode bypess In the entper smge. A shemr in ks cempenm:

will produce ham. In sets that bave the Baminos line fwolated from

the chassis, hom will resalt from 2 Hneand.chassds skort. Check
e g

3
S
S

Fig. H2 Hem cen & crused by g oo
man impedace between @ flter capasites
end ere bypass csgecitor,
the line filter capacitor and the rectifier tube. Finally, look for
cold solder joints and pay particular attention to socket terminals

Fig. H-3. Spot soldenng corvects the type of hum caused
# By E tommon F peddance as in Fig H.2

when used as tie points for components in the audio circuit.
In receivers having a transformer-powered selenium B-plus sup- £
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ply, try reversing the high-voltage sccondary leads of the trans.
former.

When hum is tunable, it may be caused by a defect in the re-
ceiver or be due to something external, To check, install another
set, If the hum is heard, then the cause is external.

If the receiver is at fault, check the tubes in the converter and if
stages by substitution, A common cause of tunable hum is a de-
fective line filter capacitor.

There may be 60-cycle num in the ave line, In some receivers,
the tuning capacitor is connected to it and isolated from the
chassis by rubber grommets. The ave line can short if ‘the grom-
mets break. The chassis is connected to the ac line through an
isolation capacitor and resistor.

Hum in ave circuits can be caused by a poorly soldered con-
nection when the power filter and ave filter use a common solder-
ing terminal or ground lug as shown in Fig. H-2. The hum is
caused by a common impedance between the two capacitors, Spot
soldering, as shown in Fig. H-3 removes this hum trouble.

Hum—~AM-FM receivers
Symptoms: Abnormally high hum level affects reception.,
Service: The most common trouble is a defective power supply
filter capacitor or a shorted filter choke.

Check all tubes by substitution. Another frequent source of
trouble is the grid civenit of various stages. Always examine the
chassis for errors in work previously done, such as poor lead dress,
c:ﬁpcci:\ny near the detector and first af tube, lcads too long, par-
ticularly plate and volume control leads. Dress leads close to the
chassis and away from filament wiring, Be sure to check any bypass
and/or filter capacitor blocks for a defective section.

Hum—amplifier circuits

Symptoms: High hum level,

Service: Hum originating in amplifier circuits is most commonly
produced by defective tubes. First check by substitution all tubes
in the rf, if and audio stages. (Check for heater-to-cathode leak-
age.) Try turning down the volume control—if this does not affect
the hu.m level, then trouble is in circuits following the control.
I)cfcc-m'c decoupling resistors and capacitors or defective bypass
capacitors in the cathode and screen circuits may be the cause.
The tube-base prongs might be dirty or corroded, grid leads may
be too close to flament leads or too long. Hum can also be pro-
duced by circuit grounds made to wrong points on the chassis,



missing or ungrounded metallic tube shields, leakage between by-
pass capacitors in single-can multiple-capacitor assemblies or open
grid circuits,

The input tube may be located too close to the power trans-
former. Try installing a tube shield or if possible, 1eposition the
power transformer. Additional causes of hum are unmatched push-
pull tubes, reversed audio transformer leads, lack of common
grounding between associated chassis (if more than one chassis
is used), acoustic coupling between the speaker and the input tub
(install a heavy rubber band around the tube to dampen 1"
vibration or nstall a floating socket)

A hum condition may also be caused by leakage paths across
tube sockets (including dial- and pilotlight sochets), terminal
strips, poor solder connections and grounds. A volume control is
frequently the offender when its arm fails to make contact with a
section of the element.

Hum-—electrostatic

Symptoms: Hum heard in audio ouput, usually in small receivers,
sound not distorted. Background hum more noticeable when
volume is reduced.
Service: Especially in small receivers, this condition may be due to
close proximity of wires and components

Check by reducing volume. Move metal end of screwdriver
around audio circuits. When near hum area, interwiring capaci-
tance will change and be noticeable at the speaker. Change posi-
tion of offending part. Install wirewound shield—seven 1o ten turns
of wire closely wound around offending part, twisting ends to-
gether and connecting to ground. Do not move capacitors or re-
sistors too far from chassis. Keep wiring leads short. Dress filament
leads away from critical parts. .

If this does not reduce hum condition, then check the grid
resistors of both audio stages, coupling capacitors between stages
and the plate load resistor of the first andio stage.

Hum—FM receivers
Symptoms: 60-cycle hum originating in the oscillator, noted only
when a station is tuned in. .
Service: While hum in an FM receiver can originate f.rom improper
de supply fltering, poor circuit design and insufficient shielding,
do not overlook the oscillator. To check the osallator as a source, |
disconnect the heater supply voltage from the tube heater pins.-




Connect a battery of correct voltage so the tube will light. If the
hum ceases, then the oscillator is the cause of the hum.

Try tube substitution or connecting one side of the heater to
the cathode which is connected to ground through the coil, and
insert an rf choke (20 turns of No. 12 wire on a }4-inch form) in
series with the other heater lead to ground. Realignment may be
necessary.

Hum—mechanical
Symptoms: Hum caused by loose laminations of the power trans-.
former.

Fig. H-4. Hum madulation can be produced by improper
placement of leads. In this case, the addi!iona:} Ien{glhpof
ground lead was found to be at faull,

Service: To check, drive a block of wood against the transformer
and note if hum stops. This condition can usually be overcome by
tightening the screws holding the laminations. Or try putting small
wood wedges under the transformer.

Hum—modulation
Symptoms.: Humming noise heard only when the receiver is tuned
to a station and is operating normally. Varies in volume and tone
as station is tuned in and out. On off station, hum level is normal.
?ervice: Either the rf or if signal is being modulated. A quick check
I1s to substitute another set. If the hum is heard on both receivers.



it is external. Try substituting the rf, converter and if tubes. Also
check the cathode bypass capacitors.

A strong power-line hum may be heard when the receiver is
tened to a station carrier, disappearing between channels. The
stronger the signal, the louder the hum.

Tunable hum is frequently produced by a defective line filter
capacitor. Check by disconnecting the ground from the receiver
with the set operating. Connect in parallel a capacitor of the same
value as that connected to the line and note if this reduces the
hum level. If not, try connecting a capacitor from the other side
of the line to the chassis. If there is no line capacitor, in ac receiv-
ers insert after the switch a 01-uf capacitor across the line; in ac-dc
receivers make the insertion between the rectifier plate and B-
minus.

Tunable hum can be produced by improper positioning of com-
ponents—especially electrolytic capacitors located directly under
a tube socket or an audio coupling capacitor mounted touching
a filter capacitor.

Multiple-section filter capacitors are suspect, hum being fre-
quently caused by common couplihg between one or more sec-
tions. Always check all common grounding straps or braid. Check
the dress of the grid lead of the second if tube and do not over-
look the possibility of a defective antenna coil.

In cases of modulation hum, rotate the tuning capacitor and
note if hum level changes as dial is tumned. 1f, for example, hum
increases as the higher-frequency stations are tuned in, the if stages
are not involved and the trouble is in the converter. In Fig. H4
hum modulation was caused by running a capacitor ground

Fig. H-5, Some of the simpler causes
of hum can be traced to the power
supply.
lead to a socker pin instead of directly to the ground terminal.
The additional I-inch section of wire (marked common Z in the
Photo) produced the hum,
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Hum—power supply

Symptoms: Loud humming noise, with or without signal reception.
Service: There are numerous causes of hum originating in the
power supply of a radio receiver. These range from si_mple to com-
plex troubles (Fig. H-5). The most common are a line-cord plug
reversed in the wall outlet, defective electrolytic filter and line
filter capacitor, defective rectifier, a defective filter choke or power
transformer, or choke and transformer positioned too close to the
audio transformer (they should be at opposite ends of the chassis).

Circulating hum currefits are induced around a portion of the
chassis when the lead from the center tap of the power trans-
former goes through one hole in the chassis and the other leads
from the same winding go through another hole. Other causes of
hum associated with the power transformer are mechanicat vibra-
tion which causes microphonics in a tube, or a common core
lamination formed by the chassis between the power and audio
transformers. In the latter event, the power transformer should
be mounted on brass bushings, and it may be necessary to install
an iron shield.

Hum results if the filament winding of the power transformer
is ungrounded at the center tap or the end of the winding; if a
common lead, instead of separate leads, is used to carry filament
return and B-minus between separate power supply and amplifier
chassis—which may also be too close to each other; if filament
leads are not twisted, and if the input winding is too close to hum-
sensitive clements.

In sets having multisection electrolytic capacitors in the power
supply and first audio stage, hum may result from common cou-
pling between the sections.

Inoperative—ac receivers
Symptoms: Receiver is dead. Tubes do not light or may have less-
than-normal brightness.

Service: The first place to check is the power outlet at the wall
socket. If some other appliance (such as a lamp) works, then you
can be sure that the trouble is in the receiver,

"With the set disconnected from the power outlet, turn the
sthd} on. Connect a vtvm across the prongs of the power plug.
A resistance reading of a few ohms indicates that the plug, line
cord, fuse (if any), switch and primary of the power transformer
are functioning properly.

Check all tubes, beginning with the rectifier and output tubes.
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Be sure that all tubes are in the proper sockets. Connect the re-
ceiver to the power outlet and turn the switch on, after first
removing the rectifier tube from the socket. Check the ac filament
voltage at all sockets, except the rectifier. Lack of voltage at any
socket indicates the need of checking the filament leads of the
power transformer. An ac voltage at that point means that there
is a defect somewhere along the line to the socket.

On the other hand, if a check reveals very low filament voltage,
then look for a short circuit which is causing the receiver to draw
excessive current. Obvious indications are blown fuses, red-hot
rectifier plates or a burned smell in the chassis, Check the rectifier
tube for a gassy or shorted condition. If that tub¢ is good, then
check the filter capacitors.

If the rectifier is bumed out, the cause is usnally a short in
the B-plus, probably a defective filter capacitor or choke. Before
replacing the tube check the B-plus line for a short.

Inoperative ac-de receivers—tubes do not light
Symptoms: Receiver is dead Tubes do not light.
Service: First check the line-voltage receptacle and the fuse, if any.
Then check the resistance across the line-plug terminals with the
switch on. Continuity usually indicates that the power outlet is
defective. Be sure the line plug makes good contact.

If there is a lack of continuity, check the switch, all tubes and
the line cord. Do not forget the pilotlamp heater connection of
the rectifier tube.

As these receivers have series filaments, one defective tube will
render the set inoperative. As a general rule, rectifiers and out-
put tubes will fail before the other tubes. An increasing number
of receivers have a selenium rectifier instead of a rectifier tube.
In such cases the pilot lamp may be omitted or connected in
parallel with a series resistor. Some receivers have a 117-volt pilot
lamp connected across the power line.

Inoperative automobile receivers

Symptoms: No sound output.

Service: Check the A-current drain, If it is abnormal or zero, check
the fuse (if the fuse is good, check the A-lead and on-off switch)
which usually blows because of a defective vibrator, rectifier filter
bypass or buffer capacitor or a faulty power transformer. If 2 -
placement fuse blows, then check the entire circuit, mnsfuzrg
all tube filaments.

If the A-current drain is low, check the vibrator for trzz 2+
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place if no buzz is heard. If a characteristic buzz is heard, then
check the rectifier tube, secondary of the power transformer, out.
put tubes, output transformer and the cathode circuit of the
output stage.

If A-current drain is high, remove the rectifier tube and re-
check the drain. If it remains high, check the power transformer,
buffer circuit and the vibrator.

If none of the tubes light, the trouble usually is lack of voltage
at the A-lead. If the tubes do light, the offender may be a defec-
tive antenna system or speaker. (In sets with a transistor in the
output stage, do not operate with the speaker disconnected.)

A quick check to isolate the defective stage can be made by alter-
nately shorting the grid of each tube to"the hot filament prong.
No click or a weak click at the grid of the output tube indicates
that the output transformer, speaker and/or power supply may be
defective, or the trouble is confined to the output stage. In rota-
tion, short the grids of the first audio amplifier, if amplifier, con-
verter and rf tubes—and finally the antenna connection. Wherever
a click is not heard, then a trouble spot has been located and that
stage must be carefully checked for a defective component.

Inoperative receiver—tubes light

Symptoms: No reception. No af signal or noise heard from speaker.
Service: Look for an overheated component, indicated by odor,
melted wax or charred exterior. Then check the tubes and pilot
lamp, preferably by substitution. In ac receivers, filament voltage
usually indicates that the transformer is operating properly. B-plus
may be missing at some plates; hence trouble could be a defective
dropping resistor or bypass capacitor. Also check the screen
dropping resistors, voltage-divider resistors and bypass capacitors.

Pay special attention to the rectifier tube—a purplish glow indi-
cates a gassy condition. Replace. Touch the grids of tubes with a
soldering iron—if a growl is heard in the speaker, that part of
the circuit is functioning. A lack of noise indicates trouble is
between the two points. .

To check the audio amplifier, turn volume control up. Touch
a finger to the center terminal of the control. If a loud hum is
heard in the speaker, then the audio stages are functioning.

Push-pull audio output can be checked by removing one tube;
note the volume level and clarity produced by the single tube.
Replace and remove the other tube. Check the operation of the
single tube. Volume and clarity should be nearly equal in each



instance. Any extreme variation indicates a defect in either circuit.

Always check the oscillator grid voltage, which should be 'from
5 to 10 volts negative. A quick check is to ground the grid of
the converter tube momentarily with a screwdriver. If 2 sc'ratchy
noise is heard from the speaker, the trouble probably is in the
oscillator circuit.

Inoperative three-way radios—tubes do not light

Symptoms: Receiver is dead. Tubes do not light.
Service: In this type of receiver, it is necessary to check first whether
the inoperative condition is on ac or battery operation, or both.

1f the set fails to work on the battery, then tubes are most likely
at fault. If the tubes are good, then check the battery plug leads
and the changeover and on—off switches.

In receivers with a selenium rectifier, this unit may be defec-
tive or weak. When replacement is necessary, be sure the filter
capacitors and current-limiting resistor are not defective.

Inoperative three-way radios—tubes light
Symptoms: No reception, though tubes light.
Service: The compact size of these teceivers presents a problem,
since you must be careful not to burmn out tubes when checking
voltages. It is better to make the necessary checks with the set
connected for ac operation. (Disconnect batteries.)

Socket connections may be difficult to reach; always use a small
probe well taped up to the tips. Do not probe recklessly inside
the chassis. Check the speaker, all tubes (including the prongs, for
good contact) and the output transformer. Resistors and capacitors
have a high percentage of failure in this type of receiver.

‘When making resistance measurements with a vtvm, never use
the lowest rangc as this may burn out the tube filaments.

Inoperative—transistor receivers
Symptoms: No reception.
Service: First check the battery with the receiver turned on. Re-
place battery if voltage is 309, below normal. If battery is good
measure voltages at the base, collector and emitter of all tran-
sistors, Incorrect voltage indicates a circuit defect.

Converter and if amplifier stages can be checked by signal
tracing. In the detector stage, disconnect one side of the diode.
Measure resistance. Forward resistance should be about 40 chms
and reverse resistance about 600,000 ohms. Excessive output volt.
age usually indicates that an if amplifier is oscillating.

In the audio stages, inject an audio signal at the base of the



output transistor. If there is no signal, check for a defective out- -
put transformer, speaker or jack.

Check bias voltages at base, emitter and collector of all transis
tors. Any variation from manufacturer’s listed voltages indicates
a defect in the bias network. Likewise the driver stage can be
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Fig. I-1. Method of checking a transistor receiver to see if the locat
oscillator is operating.

checked by injecting an audio signal at the base of the transistor.

An inoperative receiver can be due to shorted bypass capacitors,
shorted mixer or converter base coupling capacitor, defective
mixer, oscillator or converter transistor, open oscillator coil wind-
ing, change in value of base-bias resistors or an open antenna coil
primary. Receiver will be dead if local oscillator isn’t working.
To check, connect a vtvm across mixer emitter resistor (watch -
polarity). See Fig. I-1. Tune receiver from low to high end of
broadcast band. Emitter voltage should increase as tuning capaci-
tor is unmeshed.

Interference

Symptoms: Whistling, noise, crackling sounds.
Service: Interference can be caused by many devices, conditions and
circumstances. In many instances the cause is difficult to locate or
conditions surrounding the reception may be such that the inter-
f?rence cannot be overcome. On the other hand, the cause is some-
times very simple and frequently is overlooked by the technician.

There are two types of interference: (1) external and (2) in the
receiver. Most interference is external. In all instances investigate
carefully, reaching a decision as to the cause and the corrective
steps to be taken only after considering all the factors involved.

-For example, external interference usually comes from the oper-
ation of electrical appliances and devices. In rural areas, line noise
1s common, particularly affecting AM receivers. The interference
gets xhrough because of misalignment, poor adjustment or inade-
quate design of the set. Other forms of interference come from
broadcast stations other than those desired.

A tunable whistle on one or more frequencies indicates oscilla-



tion of the if amplifier or misalignment; reception from one station
regardless of position of dial tuning, indicates the if amplifier is
not aligned to the intermediate frequency or the oscillator circuit
is defective; code signals and reception of shortwave stations are
due to poor adjustment or design.

Every device that uses electricity is a potential source of inter-
ference; hence a complete listing would not be feasible. A study
by the Federal C ications Commission shows that the gen-
eral types of interference are:

Electric Motors: Including electrical appliances using a motor, such
as an electric razor, refrigerator, vacuum cleaner, water pump, fan,
sewing machine, drier, mixers, electric toys and cookers.

Switches and contacts: Relays, sign flashers, blinkers, starters for
fluorescent lamps, traffic lights.

Thermostats: Electric blankets and heating pads, ovens, heaters and
aquarium warmers.

Uights: Fluorescent, neon signs and incandescent lights.

Medical equipment: Diathermy and X-ray, ultra-violet sun and
germicidal lamps, sterilizers.

Tgnition systems: Automobule, gas and oil, furnace, streetcars, gene-
rators.

Power lines: Insulators, circuit breakers, transformers, ground
wires.

Wiring: Defective house wiring, loose connections, fuses, door bells.
Electric fence: Defective unit, poor connections, insulators, lack of
insulators, weeds or grass brushing against conductor.

Radio control devices: Garage door, model plane and boat controls.

The methods of eliminating interference are:

Amateur interference: In some areas this type of broadcast inter-
ference will be noted, taking the form of coding (dots and dashes)
which disrupts radio reception. In most instances very-low-priced
receivers are affected. Try inserting a 330-pf capacitor between the
triode grid and ground of the detector first audio tube.

Antenna pick-up: If the interference is caused by pick-up on the
antenna lead-in, install a shielded lead wire, connecting the shigld
to the radio chassis. If the receiver uses a loop antenna or a loop-
stick, orient the receiver for minimum noise pickup.

Avdio cireuit rectification: Sometimes interference is picked up by
the audio circuits of the receiver by rectification in a grid circuit
and will be observed regardless of the frequency to which the set
is tuned. Ac-dc receivers are most often affected—there is distor-
tion and/or a decrease in volume. To climinate, try inserting an




R-C filter in the grid circuit close to the socket. The filter consists
of a 100,000-ohm resistor in series witha 500-upf capacitor across
the socket from the grid to the cathode. If the interference is
severe, the capacitor may be .001 pf; replace the grid resistor by
another of half its value (Fig. I-2).

Broadcast interference: Frequently a strong local station will drown
out reception over a considerable portion of the broadcast band.
Try connecting, close to antenna post, a good double-tuned trap
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Fig. 1-2. To eliminate audio grid circuit rectification
insert an R-C filter.

(SEE TEXT) =

adjusted for the frequency range of the interfering station. If the
interfering station causes strong rectification, replace the grid
resistor (if a higher value than 2.5 megohms) of the first af stage
by a resistor of 2.4 megohms in parallel with a mica capacitor of
100 to 250 ppf. Other remedies are a good line filter and insertion
of bypass capacitors of .01 to .02 yuf, 600 volts, at either side of the
power line.
Interference in FM receivers: Interference from ignition systems, etc.,
can probably be eliminated by installing a filter close to the input
transformer of the receiver. An absorption filter or trap in the
antenna line may help when the interference occurs at the image
frequency of the set (determined by multiplying the if by 2 and
zddlpg to or subtracting from the oscillator frequency of the
receiver) .
Line noises: These include corona or brush discharge, arcing (indi-
cated by buzzing) or a roaring noise. They may be steady or inter-
mittent, with no uniform period. They mostly affect AM receivers
—seldom FM sets. The condition can be aggravated by the ele-
ments, such as wind, rain, snow, ice, etc.
;’ihlsﬂes: Frequently AM reception will be marred by interference
ror:n a TV set. Usually, the signal from the TV receiver comes by
rad:a.uon or parasitic voltages through the power lines. Check by
rotating the horizontal hold control of the TV set—if that is the
cause, the pitch of the whistle will change.
X ,When this condition exists, check whether the TV set has a
Ypass capacitor at the ac input. If not, insert a .01 -pf unit on each



side of the line. It may also be advisable to insert similar bypass
capacitors in the ac line of the receiver. This interference can also
be reduced by increasing the efficiency of the receiver. Peak up
tuner tracking and if alignment, and replace old tubes. Try to
keep the radio and TV receivers in separate rooms.

The interference usually is strongest at the low-frequency end
of the dial. To check, remove the antenna from the TV set. If the
interference disappears or decreases, connect a good high-pass
filter to the TV antenna terminals. If the interference does not
decrease, it is extremely probable that it is being picked up
through the power lines.

A common source is the high-voltage compartment of a TV
receiver. It may come from the pix tube, especially metalshell
types, and may be reduced by connecting a 500-upf 20,000-volt
capacitor between the tube rim contact and the TV chassis. Line
the inside of the cabinet with aluminum foil grounded to the
chassis,

This condition can also be caused by incorrect adjustment of

the horizontal linearity control or interference from the filament
supply leads of the horizontal output and damper tubes. To over-
come, try inserting rf chokes. This ir-terference can also come from
the horizontal oscillator-discharge tube of the TV set. Try shield-
ing that tube, the output tube and the horizontal output trans-
former.
Squeals: May be a radiated voltage from the antenna and power
supply of a TV receiver, up to 100 feet distant. It is usually heard
in multiples of 15,750 cycles on the tuning dial. This type of
interference is more noticeable when AM signals are weak and
affects mostly radios with a built-in antenna.

Other causes of interference are (1) oldstyle tungsten light
bulbs (quite common) (2) an oil furnace and (3) belt-driven
air-conditioners. To overcome try (1) replacing bulb with a more
modern type, (2) install a choke type filter on the ignitor and
clean the relay points, and (3) apply a coat of graphite to the
belt and be sure that all metal parts are well grounded.

Interference from fluorescent lights is characterized by a pro-
longed buzz. To check, turn off and on all lights until the offend-
ing one is located.

To overcome, try relocating the fluorescent lamp. Revc'rsc the_
line<ord plug of the receiver and/or the Jamp. Check shiclds’ _.



glass tubes for proper installation; also check the line filter capaci-
tors. Try connecting the recciver to some other power outlet,

It may be that the fluorescent lamp is defective, Check the
starter and be sure that the assembly is properly grounded. Tighten
all loose components. Finally, try mounting a filter in the fixture
or shicld the lamp.

Interference—automobile receivers

Symptoms: Whistles, twecets, rasping noise.
Service: A common complaint in automobile receivers is interfer-
ence with clear reception. The fault lies principally in the auto.
moehile electrical system and generally can be controlled.

Be sure that all tubes are good and that the antenna system is
free of breaks in the lead-in and, if shielded, makes a good ground
to the car frame. Check for corroded or dirty connections. If

Fig. 1-3. duto radic capacitors for nois ]

l e supprression: a) for Ford generalors;
élf)’/;)r usc at generators, oil and gw’gaugc:, ete.; ¢} [or)usc at amrgnclm and
of ;s 4 ;ns‘;rumngm d) for vibratar hash;: ¢) another type for Fard genera-

i ]) dome-light interference suppressor; g} for general vibrator hash.

interference ceases when the antenna is disconnected, then the
antenna is the cause of the trouble. '

If noise is heard when the car engine is not running, the receiver
probably 1s.d.efectivc. When trying to ecliminate noise, always
check the original installation, including all capacitors, suppressors

31:111 static srrcstcrs. Check the grounding of the receiver, control
. speaker and lead-in shield, To test the latter, remove the

amgnnalgcad‘ fr?m the socket. Turn up volume and idle the
engine. It noisc is heard, there is a chassis pickup. Insert a bypass



capacitor across the switch. Reinsert the antenna lead-in in the
socket.

Good grounding or bonding is very important. Check recejver
to instrument panel ground. In some instances all connections
passing through the firewall will have to be bonded. If so, use

flexible braid.
CONNECT CAPACITOR LEAD TO ARMATURE YERMINAL
MOUNT CAPACITOR

UNDER GROUND STREW CAUTIDN-DO NOT CONNECT
LEAD TO FIELD TERMINAL

VOLTAGE REGULATOR CAPACITOR INSTALLED

CAPACITOR SCREW 8132 X 8718

N8 LOCKWASHER
IGNITICN COIL CAPACITOR INSTALLED

Fig 14, Connect bypass capacitors across the generator armalure, the coil and
the voltage regulator to corvect 1gnition moise
Remove the battery connection from the ammeter and reconnect
directly to the battery. Try connecting a suppressor between the
center terminal of the distributor and the high-tension lead of
the ignition coil. Check all capacitors and chokes in the receivers
battery supply lead. In cars with an instrument voltage regulator,

1



a noisy connection may be overcome by connecting a 0.5-uf 200:
volt ammeter suppressor capacitor acrdss the terminals. See Fig,
I-3.
Ignition noise: A common cause of interference is the car ignition
system identifiable as a ticking noise. Make a routine check of the
ignition coil, plugs and distributor, the generator and starting
motor. Have the receiver operating, but turn off the ignition
switch. While the car is moving, listen for interference. If noise
stops, trouble may be due to ignition. Disconnect the antenna and
short the terminal to ground. A reduction in noise level indicates
that the antenna probably is faulty. ‘

To overcome ignition interference, check the bypass capacitor
(usually a metal-case 0.5-pf unit) connected across the ignition
coil on the battery side. Connect a 0.5-uf bypass capacitor at the
ignition switch as well as the voltage generator’s armature termi-
nal and at the voltage regulator at the battery terminal (Fig. 1-4).
Be sure to check the distributor points, sparkplug gaps, cable
insulation, and dress of the A-lead from the battery. '
Static: This occurs usually in dry weather, especially when driving
on asphalt and concrete roads. To check, press down clutch or
shift automatic transmission lever to neutral position. Wheel
static is indicated by a constant roaring noise. Apply brakes. If
noise lessens, the trouble is confined to the front wheels. A lessen-
ing of noise when power is applied indicates trouble is the rear
wheels.

To overcome tire or wheel static and static from the whip
“. antenna, use graphite powder and install a static collector, and a

ietal or plastic ball on top of the antenna. Excessive static is

juently produced by an accumulation of water in the tube of

the antenna due to clogged drain holes.
Whine: A high-pitched whine may be caused by a defective rf, con-
verter or if amplifier tube. However, if the whine increases with
the engine speed, the trouble is caused by the generator—probably
a defet_:tive generator capacitor, or the generator itself may require
attention, such as cleaning the commutator or checking the con-
nections coming from it. :
Hash: Hash is a trouble peculiar to receivers that have a vibrator
power supply. In automobile receivers, hash may be caused by a
flcfectlve rf amplifier tube and/or socket, and the vibrator, the
Input filter capacitor, hash capacitors, chokes and loose grounds
in the power supply. When there is hash but no signals are heard,
there is probably antenna trouble or defective connections or a
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defect in the rf stage. Excessive hash points to a defective vibrator
or filter capacitor. A lack of signals and noise indicates some defect
between the converter stage and the spealer. -

Hum: 1f hum is heard, check the output electrolytic capacitor in
the power supply. The hum may be produced by the filaments of
a tube, If it occurs only on a station, check the if tubes and sockets.
1f this is not the cause, then look for the causes ordinarily found
in conventional radio receivers.

Mechanical noise: Check the vibrator (it may be positioned too
close to some other component in the power supply) or look for
a loose component in the receiver.

Metorboating: Motorboating is almost always caused by a defective
screen bypass in the rf, converter or if stages. Also check decoupling
circults,

Ostillation: In sets with an inverse feedback stage, check for an
open in the feedback network. The output transformer may have
reversed primary leads.

A word about oscillation—a stage that is oscillating will usually
have a high negative voltage at the grid of the tube with respect
to ground. When the avc circuit connects two or more if stages,
oscillation in one stage may cause a high negative voltage at the
grid of the other To check, remove each tube in rotation and note
if the high negative voltage disappears
Popping: Sparkplug noise is very common-—a popping noise increas-
ing with engine speed. Try inserting a 10,000-0hm resistor between
the ignition coil and the distributor mn series with the output lead
of the ignition coil.

Rasping noise: A rasping nose can be produced by a loose output
transformer. To correct, solder a bonding braid from the trans-
former frame to the chassis.

Whistles and tweets: Oscillation characterized by whistles and
tweets may be caused by a defective tube but 1s generally produced
by a defective ave bypass, electrolytic filter or SC!‘CCI.‘I bypass mpac.I-
tor in the output stage. Also check the tweet filter in the seconfi if
transformer. In receivers having search tuning, chech the eapacitor
connected between the plate of the detector section of the trigger
tube and ground, the if tube or socket shield, and the dress of the
relay lead which may be too close to the if tube socket
Windshield-wiper noise: Noise from the windshit]d-wnpe.r moto
can usually be eliminated by rerouting the antenna lead-in.



Intermittent—ac sels

Symptoms: Receiver cuts off and on. \

Service: Intermittents are of many kinds, though the most often
noted are an inoperative condition; fading of volume including
decrease in tonal guality, increased noise and hum. Most troubles
fall into two categories: the set suddenly goes dead-and then re-
sumes operation in the same way, or there will be a gradual fading
out and in of reception.

In some instances these symptoms are caused by an intermit-
tent break or defect in the antenna assembly, including the ground.
The loop or loopstick may have to be replaced. In many small
and old-model receivers a wire loop (Fig. I-5) is used to couple
the tf and oscillator, or antenna and converter grid coils. The in-

COUPLING
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sulation sometimes absorbs moisture and makes these wire loops
a hard-to-locate source of low gain or intermittent trouble,

Operate the receiver on the bench until an intermittent de-
velops, or jar the receiver, or operate it inside an unventilated
packing box to cause overheating. Another method is to connect
a variable-voltage unit (such as a Variac) and operate the set at
high line voltage. Touching test probes to components frequently
restores normal operation. -

Carefully inspect all parts, especially bypass and coupling capaci-
tors. .Do not overlook the volume control and/or gang tuning
capacitor. When checking for an intermittent, always position the
volume control at maximum. Using a nonmetallic probe, tap and
wiggle all connections and components. A loose connection will
produce a noise when the trouble area is reached.

. (;I;;lbc.s are i:rcque.xln offenders. Other causes of intermittents are
a detective voice coil, socket connecti " :
trimmers, ©f antenna and oscillatolx? nc’ooi;::-of S“Illmh, m:ler d:iO‘l\)e’
poor soldered connections or corrosi o e ;
ston—and resistors, especially

;)n th.c oscillator circuit. Occasionally the audio transformer will
reak down or its windings open.

Fig. I-5. Low §ain and intermittent conditions are often
caused by insulation breakdown, On old-model sels check
the antenna coupling loop.
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m cause is a defective tube and/or socket con-
1bes in their sockets or tap them with the re-
. pupling and bypass capacitors are always sus-
1 cathode, screen, plate and ave bypass capaci-
east this condition can be caused by defective
- { Defective input and output filter capacitors
n the power supply sometimes cause a drop in volume, and do
not overlook the volume control,
Poor tone
A ariation in tonal quality is usually caused by defective capaci-
tors in the tone control circuit, cathode bypass capacitors in the
audio stages, capacitors in the negative feedback circuits and con-
nected to the cathodes and, finally, be sure to check the coupling
('ZPZCI[DYS‘
Hum
Intermivtent hum is a common trouble. Tubes should be
checked first. If the hum is heard regardless of whether the receiver
is tuned to a station, then the defective tube probably is in the
audio stages, If it is heard only when tuned to a station, the fault
usually is a tube m the rf, converter and if stages.
Check for defective capacitors m the power supply, including
any connected to the primary of the transformer.

Intermittent—ac.dc radios

Symptoms: Receiver cuts off and on
Service: Locating an intermittent in an ac-dc receiver follows the
same procedure as for transformer sets The most common trouble
is 2 defective tube, followed by defectse coupling and- bypass
capacitors, the various controls and loose connecttons

Tubes with high-voltage filaments, such as the 50L6-GT, 35Z5-
GT, 35W4 and 50C5, usually fail more often than lower-voltage
filament tubes Be sure to check the line cord and switch. Often
a tube in a sertes-heater string will develop an intermittent heater
so sensiive that any slight mechanical or electnical shock will
restore it to normal operation before you can locate the defective
circuit. This js parucularly trying because st may be hours or even
days before the trouble returns

The diagram in Fig. 16 shows an mexpensne intermittent
locator that 1s safe and easy to use. Type NE-2 or NE-51 1/25.»“';11
neon lamps are wired in a string with 1ndividual series resistor~—
A shunt resistor of about 390,000 ohms is paralleled acros



indicator lamp used for 50-volt tubes. This _prevents uu lamp
from glowing on a good tube. Test leads with insulated miniature
clips are wired to the lamps and connected across individual
heaters. _ ' o
Check the operation of the intermittent locator b?' connecting it
to a set with a series-string heater circuit and removing and replac-

_NiTvacsoe

Fig. 1.6. An easily assembled in.
strument which checks intermit.
tent tube heaters.

ing the tubes one at a time with the set turned on. Corresponding
indicator lamps will glow as each tube is removed and go out when
it is replaced.

In use, the locator is connected to the intermittent receiver
that is allowed to operate continuously until it stops. One of the
lamps will light and show which heater is open.

In midget sets, check the lead from the loop antenna to the
stator of the tuning capacitor. In receivers with photo-etched cir-
cuits, intermittent and noisy operation may be caused by the
etching fluid not having been entirely removed from the plastic
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backing. This causes leakage which frequently adversely affects
oxcillator gutput on low-frequency operation. To overcome, gently
scrub the affected part with a bristle brush and 2 mild type of
cleaning powder.

Intermittent—automobile receivers

Symptoms: Reception is not constant.

Service: An intermediate condition in an automobile receiver may
be classed as weak reception, noise, distortion and/or inoperation.
Intermittents are brought on by both extreme high and low tem-
peratures; hence it may be necessary to apply artificial heat or
cold to reproduce the symptoms. A soldering iron or a heat lamp
can be held near a suspected component and for low temperatures,
an electric fan may suffice.

As an automobile receiver usually operates over 2 wide range
of input voltages, bench tests should be made with a variable A-
voltage. Tap and move suspected components.

The principal causes of an intermittent are defective tubes;
poor connections; cracked rf coils, coil housing or core slecves.
Try connecting a vtvm to the avc line. Operate the receiver and
note the voltage reading—if the asc voltage drops when the re-
ceiver cuts off, then the trouble is in the front end: otherwise check
the audio and detector stages.

If the voltage drops, check the oscillator circuit, then the rf, con-
serter and if stages. When a receiver stowly fades out and can be
restored to operation by touching a connection, the trouble is
probably in one of the grid circuits. If an intermittent condition
is accompanied by distortion, check the aic circuit.

On occasion, a spark plate will short intermittently. Replace.
Check for possible damage to the filter resistor and bypass capacitor.

Intermitient—three-way receivers

Symptoms: Receiver cuts off and on. X
Service: The principal intermuttents encountered are variations in
volume and noise level and/or hum. Battertes account for ‘many
complaints of low voltage. always be sure that the batieries in the
receiver are good and that all connections of switches lh_;u control
the changeover from line power to batsery are free o(. dist. .

The most frequent cause of intermittent reception is 2 defective
oscillator tube with low emission. Low voltage produced by a q:-
fctive rectifier tube or selenium rectifier should also be consid-
ered. Other components that must not be overlooked are the
capacitors in the power supply line (B-plus and filaments) as



well as filament dropping resistors, speaker voice coil and the if
transformers. Defective tubes usually produce fading, especially

the oscillator.

Intermittent—transistor receivers
Symptoms: Receiver cuts off and on.
Service: This condition is usually caused by a dirty switch, volume
control or wiper contacts in the tuning capacitor; also dirt be-
tween the plates. Other causes are corroded battery terminals or
poor phone )ack contact due to loose tension, and improperly sol-
dered connections on printed-circuit boards.

L. 71
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Loss of gain—AM receivers

Symptoms; Reduced output or weak opcratinn.

Service: In brief, the gain of a receiver is measured by the increase
in signal intensity from stage to stage. Thus, if the receiver is
functioning properly, the signal voltage at the grid of the mixer
tube should be greater than at the grid of the xf amptifier. The
signal should increase in strength at the grid of the first if tube:
als’;) at the second detector and at the grid of the audio output
tube,

The correct gain for each stage can be determined by consuliing
the manufacturer’s schematic and service notes. Before making a
check of the signal voltage, be sure that all tubes are good. If
output is weak, then any stage that has a gain considerably less
gha'n normal may have a defective capacitor, tesistor or transformer
in it

Microphonics

Symptoms: Howl starting on a loud signal or, when the recever is
jarred, increasing in strength until the signal is drowned out
Service: This condition is most often produced by vibratng tube
elements, but can be caused by shimmying stator plates ol the
tuning capacitor positioned near the speaker and producing a
squeal or whistle. Replace the tuning capacitor.

Turn the volume control to a low level. Tap each tube with
a pencil. When a microphonic tube s Jocated, a "boing” will” -
heard. The detector first af tube is most often at fault !









Motorboating—ac-dc receivers

Symptoms: Putt-putt sound.

Service: Common causes of motorboating troubles in this type of
receiver are a defective output filter capacitor, faulty tubes, and
defective bypass capacitors including the capacitor connected from
B-minus to chassis. In these receivers (see Fig. M-2) the output
filter capacitor also serves as the screen bypass, hence motorboating
is more likely to occur than in receivers having separate capacitors
for screens and power supply.

In newer-design ac-dc receivers motorboating is not as frequent
as in older sets. In receivers of éarly vintage, common coupling
through the power supply circuit may be the cause. Try inserting
a 4,700-ohm decoupling resistor and a .05-uf bypass capacitor in
the B-plus lead to the primary of the second if transformer.

Motorboating—three-way sets
Symptoms: Putt-putt sound.
Service: These sets, being subject to considerable rough handling,
quite frequently develop defects that cause motorboating.

As batteries get weaker, their internal resistance increases, thus
providing a common coupling element between receiver stages.
This sometimes produces this condition. Try substituting new
batteries.

Motorboating—transistor receivers
Symptoms: Putt-putt sound.

Service: This condition is usually caused by a weak battery or
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Fig. M-3. In transistor radios common causes
of molorboa{mg are a weak batlery or a de-
fective electrolytic capacitor.

a defective clectrolytic capacitor connected across the supply volt-

age. 1f this component breaks down, the life of the battery will
be shortened (Fig. M-3.) ‘

Motorboaupg in transistor receivers can also be caused by an
open decoupling capacitor in the audio driver stage. In the output
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stage chech. for an open supply filter capacitor, open collector
decoupling capacitor, or a change in the value of the feedback
resistor.

Muffled sound (see Distortion)
No signal (see Inoperative receiver)
Noise

Symptoms: Crackling, popping and hissing sounds.
Service: An AM signal is susceptible to natural and man-made
noises. There are three broad classifications: (1) impulse noise
which includes the man-made variety caused by electrical equip-
ment, and (2) random noise, which includes atmospherics caused
by thunderstorms pr other natural conditions, and (3) noise
originating in resistors and vacuum tubes.

Noise can be received as a radiated signal with the desired signal
or by transfer of energy through the capacitance between the
antenna and the electrical device. Power lines in the vicinity can
produce noise in the antenna.

Natural noises are usually produced by lightning, static result-
ing from local storms (heard most often in summer and in warm
temperatures) and sunspots. Virtually all receivers have an inher-
ent noise, even though no components may be defective. A chamc-
teristic example is a hissing in the speaker, usually caused by
current flowing through the tubes and resistors.

Noise in tubes is produced by thermal agitation and shot effect.
In general, noise is caused by antenna pickup, the power line and
defective components in the receiver.

Since the antenna cannot differentiate between a desired signal
and various undesired signals, it is important that the antenha
assembly be not only adequate and in first class condition, but
positioned correctly in relation to any clectrical equipment and
machinery, all of which produce noise.

It is always a good idea to examine a roof antenna—uther
antennas may be touching it. This would canse noise in the e
ceiver. To check, disconnect the antenna and ground from the
set. Short together antenna and ground terminals of the 1eceiver
1 a noise is heard with the set operating, the trouble iy caused by
defective components,

In receivers with a built-in loop or loopstick, rotate the 1eceiver
ta determine the effect on the intensity of the noise Any vidntiog
indicates external pickup. Change the location ol the set, vven (o
moving it to another room; also insert & noise filter hetween the



line cord and wall power outlet. Any reduction of intensity indi-
cternal pickup.

Catli’so?sztegggesp‘villppass through the i, if and audio stages of a

receiver. A quick check in AM sets is to remove each tube, I?ng.

ning with the output tube. If the noise ceases w_hen a particular

tube is removed, trouble is usually indicated in that stage or

between that stage and the previous tube removed.

Tubes are frequent offenders and should always be checked by
substitution. Tube noise can include hissing, crackling, a’nd
thermalshot effect, or the tube itself may be mher'cmly noisy.
Tube-socket contacts and base prongs can become noisy. Replace
wafer sockets by molded types. .

Other causes of noise are defective capacitors and resistors.
Capacitors are subject to leakage, loose leads, aging, overheating
and intermittent voltage breakdown. Generally suspect are cou-
pling and decoupling capacitors and electrolytic c_apacitors in the
power supply and output stages. Overheated resistors produce a
low-pitched frying sound. When possible, use resistors of larg.er
wattage than necessary as an increase in size will decrease noise
proportionately.

Additional components that produce noise are volume controls,
switches and relay contacts with dirty and loose wiper arms, and
dirty, loose or corroded contact points. .

To locate a defective stage, remove all tubes except the aud.xo
output and rectifier. Tap the tubes, also the chassis in the vicinity
of each component. An increase in noise level indicates a dcfccf.
Replace the tubes, one at a time, tapping and jarring them, until
the defective stage is located. '

In ac-dc sets short the grid of the audio output to ground and
then, in turn, the grid of all other tubes. Tap each tube and
chassis to locate the trouble area. In the case of corroded coil
windings, tapping and jarring will not change the noise level.
Check the rf and if transformers with a vtvm. If resistance is more
than 100 ohms, corroded windings are indicated.

Frequently leads from coils to trimmers inside the cans shield-
ing the if transformers touch the can, causing noise. Remove the
cans from each of the transformers and carefully check for this
condition,

Noise, cansed by corrosion inside if transformers, may be par-
ticularly annoying since the cause of the trouble isn't readily



obvious. Removing the transformer shield can doesn't help since
the corrosion may be a tiny spot or perhaps under some wax or
insulation. If you suspect an if transformer (verified by signal.
tracing techniques) run a resistance check on the primary and
secondary windings. Corrosion increases the resistance of the wind-
ing and in some cases the resistance becomes as much as twenty
times the original value. Suspect any transformer whose resistance
does not check reasonably closely with the value indicated by the
manufacturer.

Tuning capacitors can be noisy due to a collection®of dirt,
grease, etc, in the bearings or on wiper contacts. Clean with
carbon tet. Apply a2 small amount of Lubriplate or similar non-
corrosive lubricant. Sometimes there will be flakes or dirt between
the tuning capacitor plates. This was a common fault in older
sets which used plated capacitors, If the receiver uses a transformer
power supply, remove the rectifier tube, unsolder the grid con-
nection from the stator of the tuning capacitor and apply high-
voltage ac from one of the rectifier plate pins to the stator with a
test probe. Rotating the capacitor will burn out the flakes in short
order. (In some receivers, it May be necessary to straighten the
plates to prevent rubbing )

Noise—~FM receivers
Symptoms: Hissing and crackling, rushing sound.
Service: An outstanding characteristic of FM receivers is the free-
dom from interfering noise, so noticeable in AM sets.

Random noise is largely handled by the de-emphasis network at
the first audio amplifier. However, mmpulse noise, such as igni-
tion or sparking of machines, is not so easily controlled but it is
minimized in the limiter stage in sets using a discriminator, or by
the ratio detector.

In FM receivers, fluctuatng noise tends to exaite tuned circuits,
causing oscillation which, in turn, produces spurious noise. Im-
pulse noise disturbs the amplitude of the signal and is removed by
the FM detector. If the signal is exceptionally weak compared to
the noise, then noise in an FM sct will be worse than in an AM
Teceiver,

Regardless of design, every FM set will have some undc.sin'nblc
noise, and the degree 1o which the set rejects amplitude variations
in the received signal caused by fading or noise affects its sensi-
tivity and indicates the merit of the receiver.

7Y



Noise~-transistor receivers

Symptoms: Noise on all stations. :

Service: Sometimes the capacitor plates warp or get bent out of
shape, not enough to cause a dead short between rotor and stator,
but so that a scratching noise is produced when the set is tuned

or jarred. Noise can also be produced by a defective mixer or con-
verter transistor.



Oscillation
Symptoms: Birdies or squeals, evenly spaced through the broadcast
band.
Service: This trouble is caused by positive feedback of an amount
sufficient to cause an amplifier tube to become a generator. (Refer
also to the section on Squealing appearing on page 198))

Radiation from the second detector

1f the set is not ac-dc, pull out the oscillator or converter tube.
If the oscillation stops, the trouble is probably caused by radiation
from the second detector back to the front end (usually through
the loop antenna or poorly shielded rf or converter stage.) If the
set is ac-dc, check the same possibiliues by shorttng the converter
tuning capacitor with a small screwdriver. See that-all leads from
the second detector are as short as possible and are dressed away
from if, rf and antenna leads In some cases, a copper ot aluminum
sheet installed between the loop antenna and the set (grounded
to the chassis) will cure radiation trouble and may improve per-
formance. Also try increasing spacing between antenna and chassis
by 1 inch orso.
Feedbotk from the if strip

I radiation in cither of the cases just described continues afg~
the oscillator or converter has been disabled, the trouble is of
inating in the if section, Check all decoupling bypass capacitors 1
these stages. These sometimes open or become intermittent, and ir.
some cases have changed value enough to produce resonance, .
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feedback at the intermediate frequency. Check for gassy if tubes
(instability and resultant oscillation from this cause is fairly com-
mon). Check cach stage for correct alignment.

Feedback from wiring

Check ac (heater) leads and dress away from grid circuits keep-
ing as close to the chassis as possible. Keep maximum scparation
between grid and plate circuits, Check cathode and screen bypass
capacitors for opens.

Capacitive coupling between tube elements :

If the set is designed to use metal tubes, see if they have been
replaced with glass types. If designed for glass, use a GT instead of
the G (these reduce microphonic tendencies and keep internal
capacitances at a minimum). Keep all wiring as short as possible
and be sure coupling capacitors are not crowding adjacent termi-
nals on the tube socket. If a particular stage is critical even after
these precautions, try a metal tube or check operating voltages for
abnormal readings.

Oscillation or squeals from about 700 ke to lower end of band

fmage interference from stations on high end of band is the
result of poor selectivity or low Q in antenna and rf tuned circuits.
About the only remedy (outside of adding an rf stage) is to shift
the intermediate frequency slightly so images of higher-frequency
stations will not beat with the desired low-frequency stations. Add-
ing a broad-tuning rf stage to most midge? sets is impractical, but
you may be surprised at how effective this will be on some of the
‘older (and larger) receivers.

Oscillation occurring only at low end of band

This is sometimes caused by blocking or undesirable coupling
from the antenna or rf stage. Check alignment of the receiver and
rcal.lgn at proper if frequency. Check for undesirable line-cord
radiation by temporarily bypassing cach side of the ac line to
ground with a .05- to 0.1-uf molded capacitor. If the sct is an ac-dc
type. it would be best to use the smallest possible value of line
h!lf:r capacitor. If the fixed capacitor eliminates the oscillating con-
dition, remove it and use a capacitor substitution box. Adjust for

the srnz‘mcst value of capacitance which will cure this trouble.
Solder in a fixed capacitor having this value.

. Oscillation—transistor receivers
Symptoms: Birdies, hiss and distortion.

Servite: Curing regencration and oscillation in a transistor radio



presents some difficulty since you cannot always test for the symp-
tom directly as in a tube set. There may not be a conventional and
convenient test point corresponding to the detector load resistor
as in a tube job. And the agc may not yield a satisfactory indica-
tion, unless a comparison set is available for test.

Birdies, hiss, distortion, etc. indicate oscillation in the transistor
radio just as in its tube prototype. Loss of high notes due to side-
band attenuation, coupled with extreme sharpness of tuning,
appears with excessive regeneration prior to actual breakthrough
into the oscillatory state. A transistor'radio generally has equal or
greater selectivity than its tube brother due to the relatively high
Q of the tuned circuits.
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Fig O-l. Alignment curves of a typical
transistor rodio a) normal curve; b) nar-
rouing due to regeneration, c) spiking

Oné way to test for oscillation is to use a sweep oseillator loosely
coupled to the radio’s antenna coil. Use about five turns placed
near the antenna coil or loopstick. Connect an oscilloscope to the
audio, using a series blocking capacitor (its value may be .01 to
0.1 uf) and observe the alignment curve (Some sweep generators
do not have a small enough sweep range to operate properly on
the broadcast band and for this reason cannot be used for this
purpose.)

Fig. O-la shows a normal symmetrical alignment curve. Fig.
O-1b illustrates a sharpening of the curve on one side due to regen-
eration. Or the curve may display a spike or unnatural hump as
in Fig. O-lc. The spike will change to a birdie if oscillation is
present or the alignment curve may degenerate into a birdie as in
tube radio and TV work.

A wavemeter is another way to test for oscillation. Couple it
loosely to the detector input, although far more tightly than to
pick up an ordinary if signal. Kill the local oscillator with a
jumper or a capacitor across its tuning plates if these are hot. With
no signal applied to the set any indication on the wavemeter indi-
cates oscillation. f -



A handy wavemeter circuit is shown in Fig. O-2. It is made up
of a ferrite antenna, a tuning capacitor and a trimmer capacitor in
series with a switch. The switch connects the trimmer or padder
for if measurements. (The wavemeter can be used with the switch
open for oscillator checking if desired.)

A voltmeter (vtvm or vom), set on its lowest dc range, is con-
nected to the two tip jacks and acts as an indicator. The gimmick
is simply a picce of flexible wire. In use, about three turns are
wrapped around the lead or lug from the last if transformer to the
detector (diode or transistor). With a printed circuit, hold the
gimmick lead in parallel with that from the if transformer. The
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Fig. O-2. 4 simple wavemeiey can be used
to detect regenevation,
variable capacitor is tuned to the if with the switch closed. Any
meter reading indicates oscillation. When the cdause of the oscilla-
tion has been found and eliminated, the meter pointer will
remain at zero.

In the partial schematic of the if of a commercial set shown in
Fig. (-3, you can shunt the secondary of cach if transformer in
turn with a low resistance. Use a resistor of about 300 ohms. It may
be a potentiometer with maximum value of 1,000 ohms. Start with
terminals 3 and 5 of T2. If the response curve loses its bad shape
or the wavemeter no longer picks up a signal, this transformer is
in the feedback path.

If nothing happens, go to terminals 8 and 5 of T3 and shunt
tl‘wa with the test resistor. If the wavemeter now shows no signal,
T3 1s part of the feedback path. This way you isolate the {eedback
to a single stage or several stages.

The age also supplies a clue to oscillation if the fixed voltage is
knqwn. Appreciable departure indicates oscillation. In a transistor
radio, the agc may go either positive or negative from some fixed
value and can control the base, collector or emitter of the con-

lf‘ol'lcd.stag_c. \\"‘hcn using this test you should always keep these -
limitations in mind.



Sometimes, the presence of oscillation ean be detected by a
change in voltage at the detector after checking with the schematic
ora similar radio.

One frequent cause of oscillation or excessive regeneration in
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Fig O-3. One method of isolating an oscillating stage it to shunt each if frans.
former with a low-value resistor When the oscillation stops, the faulty stage has
been found
a transistor radio is excessive gain in one or more stages. This
may be due to improper electrode voltages, Chech them with a
high-impedance voltmeter and compare with voltages on the sche-
matic or voltage table The voltages must be correct to closer
tolerances than en tube radio sets Often 0.1 volt 1s enough out of
the way, particularly on a transistor base.
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Eig 04 Recause of common input and oulput crcuits, a certain amount of
feedback 15 wsual i transistor cireunts a) dashed lines ndicate the feedback

paths by neutraliung capacitors help reduce feedback
Be sure the proper transistors are used. Sometimes an inter-
changeable type 1sn't a direct replacement And there 1s the
possibility that a transistor uself has more gan than 1t should.

Test by substitution.

Al transistors currently used in portable radios are triodes. Like



«f and if tubes used before the screen-grid era (long agol), they
may require ncutralization unless the circuit is made stable with-
out it. The reason for feedback is the capacitance between input
and output—collector and base in almost all instances.

Fig.O-4a illustrates the various capacitances that can exist in a
transistor il stage. Cu.e is the capacitance between collector and
base, Cg.n the capacitance between emitter and base and Cg.c is
the capacitance between emitter and collector. Fig.O-4b shows the
use of two necutralizing capacitors Gx; and Cya. The arrows
represent  positive and negative fecedback paths. When the
neutralizing capacitors are properly adjusted, sufficient negative
fecedback is introduced to counterbalance the effects of the positive
feedback caused by the capacitance between the output and
input circuits,

A simple adjustment of the neutralizing capacitor may be all
that is required if it is an adjustable type. Set it while watching
the voltmeter or the scope as directed under tests for oscillation.
Absence of signal or waveform distortion indicates the proper set-
ting. Sometimes the capacitor may be fixed but is a little short of
cnough capacitance to necutralize, A small trimmer (20 ppf max-
imum) thay be shunted across the neutralizing capacitor and
adjusted for the point of necutralization. If only a little shy, a
gimmick made of twisted wire shunted across the capacitor is
enough.

Such a cure was effective in one midget sct (see Fig. O-5). The
gimmick was two 3-inch lengths of wire twisted together and
shunted across the 10-yyuf neutralizing capacitor.

In some sets, no provision is made for neutralization. Adequate
decoupling resistors and control of stage gain hold down regencra-
tion and oscillation. There may be damping resistors across the
primary or secondary of the if transformer, or both primary and
secondary. These serve a purpose similar to the test resistor men-
tioned carlier.

Shunt all bypass capacitors in any set with regeneration or oscil-
fation. Some may be electrolytics across the battery and serve as an
rf bypass as well. Use .01 to .05 pf in the shunt test. Watch the test
meter or scope as cach is shunted. Replace any defective units,
Some clectrolytics may require permanent addition of a fixed
capacitor (ceramics are usually used).

As scen in Figs. O-3 and O-4, the bypass capacitors furnish ac

grounds for collector and base supply dc voltages. Some trouble
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pling capacitor can be used with a low-ohmage resistor in any line
going to a transformer. Use about 470 ohms and about .01 pf as in
decoupling work in ordinary radio sets.
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Fig 05 IWhen oscrllation occurs in o stage which has a fixed neutralizing
capaaiter, shunting the umt with @ uire grmmick will often sokve the problem.
A test resistor may be used to determine the value of a losser
across a transformer primary or secondary. Always use a value a
trifle lower than that required to just stop oscillation. A little Jess
reduces regeneration, but considerably less tends to short the coil
and kill gain unnecessarily. Stast with any such oscillation sup-
pressor or losser already present unless testing has indicated
another stage or transformer.
In some sets, adding a neutralizing capacitor 1s a quick solution.
It will cool doyn a hot transistor quickly. Adjust while maintain-
ing a test for oscillation. The correct point is where oscillation
just stops, Do not overneutralize or gain loss will result.
Sometimes careless placement of antenna or speaker leads will
result in oscillation, The mixer acts as an if amplifier while a con-
siderable amount of unbypassed rf and if may be present on the
speaker or earphone leads. And, a battery may have high imped-
ance and still give good volume As a final tip—try installing a
new battery!

Oscillator drift~AM receivers

Symptoms: Detuning after receiver has been operating 10 or 15
minutes.
Service: This is usually caused by drift in oscillator frequency,
though it may result from a shift in the frequency response of an
if stage, probably accompanied by a loss in sensitivity. This condi-
tion is noted less on stations operating at the low-frequency end
of the dial.

While drift is less prevalent in present-day AM receivers, it is



often encountered in carlier models. The most common cause is
a defective oscillator tube or coil,

In sets where it is necessary to tighten the trimmer capacitor in
the oscillator circuit to an extrome, drift is more likely 10 occur.
In such instances, connect a small fixed capacitor across the trim-
mer capacitor,

To cheek the oscillator coil, apply heat, for example, with a haiv
dryer. If the signal fades, discontinue and apply cold air to the
component. Rewurn of signal indicates a defective coil,

Other components in the oscillator circuit which might cause
drift are the grid resistor and tuning capacitor.

Oscillator drift—FM receivers

Symptoms: Oscillator drifts off frequency, causing andio distortion;
necessary to retune,

Sorvicor A problem encountered in some FM receivers is stabiliza-
tion of the oscillator, which may have a tendency to drift, Drift
in FM oscillators can be caused clectrically when tube voltages
change; also when capacitors change values because of variations
in temperature and humidity,

In low-priced sets, a compensating capacitor is used in the oscil-
lator circuit; in higher-priced receivers an ale  (automatic fre-
quency control) circuit,

As a general rule, drift is gradual, distortion increasing as the
set warms up. 1 the compensating capacitor becomes defective, the
oscillator circuit will become inoperative or drift will develop.
When drift is the trouble, always check all other components in
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the oscillator circuit, including the oscillator and reactance tubes.
Excessive warmup drift may also be caused by a defective
ceramic capacitor at the top of the ratio detector coil. Replace by
a silver mica 5%, unit.
In some instances variation in line voltage may cause drift. This
would be particularly noticeable during the evening hours when
the line voltage is more likely to fluctuate.

Oscillator inoperative—AM sets

Symptoms: Oscillator section of converter does not work.
Service: Failure of the tube to oscillate can be due to numerous
causes. The most common faults are the tube itself and the resistor
in the cathode circuit (when such a resistor is used). If there is no
oscillation at low frequencies try reducing the value of this resistor
to one-half its normal value (this will be 330 ohms or less).

No oscillation can be due to a defective oscillator coil (including
the possibility of reversed coil connections), grid resistor of the
oscillator tube, capacitor between the grid of the tube and the

coil and the variable capacitors (padder and tuner) See Fig O-G.
Some receivers have a series plate resistor which may become de-
fectise, causing no plate voltage.

Other trouble spots are the oscillator anode resistor and bypass
apacitor, which should be cheched. No oscillation can also be
caused by low voltages due to a defective screen dropping resistor

“



and bypass capacitor. And do not overlook the filter capacitors
in the power supply.

Oscillator inoperative—three-way sets

Symptoms: Oscillator tube does not oscillate.
Service: In these receivers the converter is usually a 1R5. This is a
critical tube for screen or filament voltage and should be checked
first. Another common trouble spot is the gimmick coupling ca-
pacitor, insufficient capacitance between the gimmick and the oscil-
lator coil. Try inserting a fixed capacitor of 25 pyul or a variable
trimmer of 3-80 pyf across lugs 1 and 3 of the oscillator coil. See
Fig.O-7. :

Check the filament bypass capacitor of the oscillator tube as well
as all filament filter capacitors. Do not overlook the possibility of
an aged sclenium rectifier causing a low B-plus condition.

Oscillator inoperative throughout entire tuning range

Symptoms: Oscillator functions properly only over a portion of the
tuning range, usually the high-frequency end.
Service: Occasionally reception will be normal on the high-re-
quency end of the dial, erratic on the middle and inoperative on
the low-frequency end. When this occurs, remember that the oscil-
lator normally operates better on high frequencies.

Improper functioning of the oscillator generally results from a
defective oscillator tube. Check by substitution. The gang tuning
capacitor is also suspect. It may be shorted or its oscillator section
may be dirty. If so, clean. Check the circuit components, especially
the oscillator coil. If this does not clear the trouble, then check
the voltage at the grid of the tube; it should be negative with
respect to the cathode,

If the oscillator grid capacitor is defective, replace it with a

mica unit of the correct value. Check the oscillator anode resistor
and capacitor. ‘

o Pinging
Symptoms: Pinging noise.
Cure: This is usually microphonics, traceable to a defective oscil-

lator or audio tube. This condition may be accompanied by a slow
warm-up period and then a sudden burst of sound.

. Popping
Symptoms: Popping noisc.

Cure: This is usually caused by a loose connection between a socket



prong and the socket, or the leads, or a short and/er leakage in a
tube.

Rodiation
Symptoms: Birdies and/or squeals,
Service: This is a form of oscillation. sometimes caused by the first
detector. To check, remove the converter tube (in acdc receivers
short the converter tuning capacitor). If the oscillation stops, check
dress of the leads, which should be kept away from the antenna,
of, and if leads.

In sets with a loop antenna, try inserting a shield between the
receiver and the loop. Be sure that the shield is grounded to the
chassis. (Also refer to the section on Radiation from the second
detector. This is described on page 183.)

Rattle

Symptoms: Rattling noise.

Sesvice: This condition is usually confined to the speaker assembly.
If it is traced to the cone, try coating the cone with shellac, Ex-
amine the speaker to sce if the cone is misaligned. Look for dirt
or metal particles between the voice coil and pole piece. Check
the cone for tears or damage at the supporting ring. The voice
coil may have loosened from its form. Also examine for a loose
or broken spider, or a loose centering screw.

Sometimes the cement connection of the voice coil will loosen
or break. Recementing is necessary. Rattling can also be produced
by one or more loose screws in the speaker assembly or mounting.
A Joose component inside the cabinet can be set into motion by the
sound from the speaker.

The speaker isn’t always at fault. For example, in auto radios
ranling can be caused by normal sound waves from the speaker
setting up a vibration or rattle in some other part of the vehicle.
The cure isn't in the radio Locate the shaking part and then
fasten it securely.

Reception erratic at different dial points

Symptoms: No reception at low frequencies, erratic reception at mid-
dle frequencies, and normal reception at high frequencies.

Service: This is usually due to critical operation of the oscillator.
First try substituting a new oscillator tube. Then check all cam-
ponents in the oscillator circuit, paying particular attention to x.hc
grid resistor and the oscillator coil. Check the oscillator section
of the tuning capacitor. Be sure that this component is clean, -



Rushing Noise

Symptoms: A rushing noise, most often heard when the receiver is
tuned between stations.

Service: This is not always indicative of a fault in the receiver. In
FM sets, a rushing noise will be heard when tuned to between
stations, but disappears in normal operation when station is tuned
in. In general, a rushing noise is usually caused by low receiver
sensitivity. However, it can be produced by poor antenna con-
nections. (Refer also to the section on Sensitivity appearing on
page 196.)
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Scratching noise

Symptoms: Abnormal scraiching noise in the speaker, similar to
static.
Service: Abnormal scrarchiness is commonly caused by Joose con-
nections on the variable capacitor or dirty or touching plates.
Also check to determine if the yotor plates are touching any other
companent or wire. Noisy and intermittent tuning can be pro-
duced by particles of plating on the gang capacitor flaking off
and causing a short as plates are rotated.

Do not overlook the fact that vibration from any soutce can
also produce this type of noise.

Selectivity—poor
Symptoms: Receiver does not discniminate properly against unde-
sired signals.
Service: Good selectivity 1 largely determined by the proper func
tioning of the if section of the superheterodyne receiver. In sets
with an tf stage, selectivity should be carefully cliecked at the law
frequency end of the tuning range. This condinon s usually
caused by misalignment.
Sensitivity, loss of—FM

Symptoms: Speaker output good, but only from a few strong stations.
Service: Bear in mind that all FM receivers have some undesirable
response to AM signals: hence the degree to which an individual
receiver discriminates against amplitude variations in the received



signal, caused by fading or noise, indicates the degree of sensitivity.
Defective components, noisy tubes, and poor contacts limit sensi-
tivity. Low sensitivity can be caused by weak rf and if tubes. Also
try substituting a new limiter tube (if the set uses one).

Loss in sensitivity on weak FM stations may be overcome by re-
positioning slightly the small mica capacitor in the discriminator
coil can.

This condition is usually caused by low emission in the discrimi-
nator diode. Replace the tube. Remember that tube replacements
frequently cause misalignment, which produces a loss in sensitivity.

Sensitivity—low

Symptoms: Characterized by a rushing noise on virtually all signals.
Service: Do not confuse low sensitivity with low volume. Sensitivity
of a receiver may vary to an appreciable extent over the tuning
range but if many stations €an be tuned in, even though the audio
outpint may be low, then sensitivity is good. Conversely, if the
audio output is good but only a few stations can be tuned in, then
sensitivity is poor. .

If audio output is good, the trouble can be confined to the rf and
if stages; if it is low, %he trouble can be located in the detector and
af amplifier stages. However, be sure the tubes in all stages are good
before concluding that sensitivity is poor. Then check all compo-
nents in those circuits. The receiver may require alignment, due to
aging of components or excessive jarring. In rural areas poor sensi-
tivity can be caused by low line voltage.

Sometimes low sensitivity can be traced to if transformers which
were mistuned to stop oscillation and squealing, Try reversing the
leads attached to the terminals of either the primary or secondary -
of the if transformer. Realign.

Poor sensitivity in ac-dc receivers can be caused by low voltagés
or weak tubes. In some sets sensitivity can be increased by remov-
ing the resistor in the cathode circuit of the if amplifier and
grounding the cathode directly to the chassis. Since this will de-
crease the bias on the tube, the result may be distortion and exces-
sive tubc current, but it is worth a try in an inexpensive recciver.

In midget sets, poor sensitivity is usually caused by a defective if
transformer which allows a positive voltage on the grid of the if
amplifier. If the sound if transformer is located near the output
tube, check for melted wax in the trimmers. P

If the oscillator trimmer must be turned more than slightly when

the receiver is tuned to hi i
5 gh-frequency stations, the antenna coil
may be defective, Y ’ e



Other causes of low sensitivity may be traced to a defect in the
antenna, defective filter capacitors or aged resistors in the B plus,
and a defective variable capacitor.

Sensitivity, poor—transistor sets
Symptoms: Speaker output good, but on strong stations only.
Service: When a transistor receiver has low sensitivity, always be
sure that all voltages are proper, especially the bias voltage in the
f and if stages.

Check bypass capacitors, resistors in the converter stage, rf and if
transformers which may not peak and, of course, alignment of the
set.
It is always good policy to determine if all transistors are those
specified by the manufacturer. Improper substitution may affect
the gain adversely and may even cause the oscillator to fail under
certain conditions (such as low battery voltage).

Replacement of the converter transistor sometimes changes the
tuning characteristics of the receiver, with the set becoming in-
operative at the low-frequency end of the band. Try several tran-
sistors to find one that is satisfactory. Poor sensitivity at the low-
frequency end of the band can be caused by a weak battery and
defective if transistors, in addition to a defective mixer or con-
verter transistor. The mixer transistor can also cause poor sensi-
tivity at the high-frequency end of the band. Also make sure the
antenna circuit isn't misaligned. Examine the antenna coil to be
certain that the polyiron core isn't cracked

Several ions not received—ac-de sets
Symptoms: More than one station not received.
Service: The first step is to check the oscillator stage Replace the
converter tube, especially if more than one station is not received
at the end of the tuning range.

A quick check is to short the stator of the osaillator tuning
capacitor to the rotor. No change in conditton indicates a defective
oscillator.

Check the and coil, coupling capacitor
and bypass capacitor in the ave circuit. Other possibilities are a
dirty wuning capacitor, metal particles between its plates or bent
plates,

Finally, chech receiver alignment.

Shrill reception—ac-de sets
Symptems: High-pitched sound.



Service: This condition is usually caused by a defective plate bypass
capacitor in the output stage.

Sputtering g
Symptoms: Sputtering noise.
Service: This condition is wholly caused by a defective component,
in most instances a resistor or a capacitor. The oscillator grid
resistor, and paper or mica capacitors, are especially suspect.

Squeal—high-pitched

Symptoms: High-pitched squeal unaffected by the tuning capacitor.
Service: This usually indicates trouble in the inverse feedback
circuit, found in some receivers to improve audio fidelity.

There are several types of feedback circuits and ordinarily they
do not cause trouble. If the feedback voltage is fed to the plate
of the first af stage through a resistor from the plate of the audio
output tube, the resistor is suspect. If the feedback is taken from
the secondary of the output transformer and fed to the cathode
of the first af tube or into the grid load of that tube, then any
incorrect replacement of the output transformer will cause this
condition. If one side of the voice coil is grounded, try transferring
the ground connection to the other side. (Naturally, the feedback
connection would also have to be transposed.) This is especially
the situation if the speaker has been replaced.

Squealing
Symptoms: Squealing heard at various positions on tuning dial.
Service: If squealing is affected by tuning, the trouble usually is
in the rf or if stages. If the squeal is affected by the tone control,
then the fault is in the audio stages. :

Squealing is usually caused by regenerative coupling and fre-
quently is associated with grid hum. There may be poor contact
between the shield of a tube and the chassis. Or the shield may
have been omitted from a tube, especially the if amplifier.

Check bypass capacitors in all stages and the power supply, or
hilament filter capacitors. Squealing could also be caused by poor
lead dress, especially if an rf or if transformer has been replaced.
Try moving wiring with a probe. A variation in the squeal indi-
cates a trouble spot has been located.

Check the inverse feedback winding by reversing the primary
or secondary wires of the output transformer. Check the audio

output, avc and screen bypass capacitors in the rf, if and converter
stages.



This trouble may also be due 10 oscillation in the receiver or
in a nearby set. Another possibility is feedback between the
speaker and some part of the receiver. Try relocating the speaker.

Stations cannot be seporated—ac sets
Symptoms: Stations cannot be spread apart on the tuning dial.
Service: This is 2 common complaint. Misalignment frequently is
the cause. When adjacent channels are difficult to separate, check
the if transformers. The same problem at the high-frequency end
of the dial indicates trouble in the rf stage; but if noted on low-
frequency stations, check the padder.

When checking alignment, be sure that all trimmers work
properly, If turning a particular trimmer has no effect on the
output or it must be moved completely in ar out to have any effect,
then it or the if transformer might be defective.

Improper spacing of the tuning capacitor plates may be causing
this condition; also the loop antenna connections on the rf and
mixer coils may be defective.

Stations cannot be separated—ac-dc sets
Symptoms: Stations cannot be.spread apart on the tuning dial.
Service: As a general rule, ac-dc receivers require alignment more
often than ac-operated sets. These receivers are subject to rough
treatment and their components to higher temp es, especially
the if transformers which may be the troublemakers

Stations cannot be separated—three-way seis
Symptoms: Stations cannot be spread apart on the tuhing dial.
Service: The same problems are encountered in these receivers as
in ac and ac-dc sets, In addition, the batteries must be considered.
Always align with the batteries in the set unless the customer
specifically advises that the radio will always be operated without
them.

Surge veoltoge

Symprers: Filter aapacitors need frequent seplacement.

Service; If it is necessary to replace the input filter capacitor
repeatedly, check the surge voltage. Connect the leads of a vtvin
across the input filter capacitor and turn on the switch, If the
surge voltage registers more than 525, replace the capacditor by an
R-C combination of two capacitors in series, each double the
value of the apacncr being replaced, and lmegohm “wart
panaliel resistors in series,



Three-way receiver operates on ac—not on batteries
Symptoms: Receiver will operate only when connected to the
power line.

Service: Check all tubes by substitution.

The usual causes are dead A- or B-batteries, or both, or a
defective battery lead or corroded plug. When replacing, be sure
to check carefully plugs, wires and insulation. Look for corrosion.
Do not overlook the on-off switch, changeover switch and the
possibility of broken connections.

In those sets having a separate output tube on battery
operation, check it.

Three-way receiver operates on batteries—not on ac
Symptoms: Receiver will only operate when connected to batteries.
Service: The usual cause of this condition is a defective rectifier
or output tube. Other components to check are the filter
capacitors and/or resistors; replace with units of higher wattage.
Check filament line capacuors and the B+ line.

1f a selenium rectifier is used, check that component as well
as the current-limiting resistor. Examine the changeover switch
to make sure that it is working. Clean and lubricate if required
(Fig. T-1).

Tinny sound
Symptoms: A sound similar to paper rattling; a tinny effect.
Service: This is caused by a tear in the speaker cone.
*. If the tear is not too large, it may be possible to repair by
"~mendmg with special speaker cement. However, a badly damaged
cone calls for replacement in large expensive speakers, and
replacement of the entire speaker if small low-priced sets.
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Fig. T-1. When a threc-way radio warks only on batteries, check the rectifier
and changeover switch,






that is, the trimmer screw does not always engage the’ threads,
hence several turns may be required. Replace the trimmer.

Tubes burn out repeatedly—three-way

Symptoms: Tubes need frequent replacement.
Service: Generally, this condition is due to excessive filament
current. First, check to ascertain if the receiver has shunt resistors
in the filament circuit. See Fig. T-2. If none are found, about
the only thing to do is insert filament shunts, provided the owner
is willing to pay the cost. Correct values must be worked out.

If shunt resistors are incorporated in the receiver, these should
be checked. Another possibility is a defective series resistor, a
shorted filter capacitor or a grounded circuit. When replacing
shunt and filament resistors, it is good practice to install replace-
ment components with higher wattage than the original, to avoid
further burnout of tubes.

Tubes—gassy
Symptoms: Blue glow in tube. White deposit on inside of tube,
near the base. ’
Sersice: An appreciable amount of gas in a tube causes erratic
operation, and such tubes should be replaced. A gassy tube will
cause distortion, hum and intermittent operation.

The chief cause of a tube becoming gassy is an accumulation
of positive ions on the grid. These jons are foreign gaseous
material in the tube attracted to the grid This places a positive
charge on’the grid causing an increase in current through the
tube. The conduction becomes so great that the tube may become
damaged and associated components made defective,

A gassy 50B5 frequently causes other tubes to buin out.
Replace. Other unusually gassy tubes are the 1A7-GT and I1R5.

High-vacuum rectifiers like the 5U4-G and 5Y3-G sometimes

become gassy, making the receiver inoperative or producing a
low growl in the speaker.

Tubes Iight-—:slight hum but no audio—ac-de sets
Symptoms: Tubes light but a slight hum may be heard in the
speaker, '

Service: Hum indicates that the power supply is probably working.
Touch a finger or screwdriver to the high side of the volume
control. A load hum or click indicates that the audio stages are
functioning.

Click testing ac-dc sets can be done, but it isn’t a very desirable
procedure. You may set up surge voltages that can damage

2072



companents, To click test, you must also hold the chawis with
one hand~and the chassis can be “hot”. 1t's casier 1o scratch the
grids and plates of each tuhe. Use an insulated screwdriver,
rubbing the metal end against plate and grid pins. Do not ground
the screwdriver,

A defective coupling capacitor is a common trouble.

Weok reception
Symptoms: Volume low with volume control set at maximum
May or may not be accompanied by distortion or hum.
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Service: A frequent cause of this condition is a defective oscillator,
usually because of insufficient voltage, as the result of 2 weak
tube, 2 defective coil, grid resistor, padder and trimmer capacitors.

Other components that will produce low volume are a defective
volume controf, tuning corls including the oscillator coil gimmick,
aging selenium rectifiers, low line voltage and misalignment of
the rf and it amplifying circuits. A defective output transformer
will also produce low volume.

Check the loop antenna by pressing your palm of the hand
against it. An increase in volume indicates a defect. If an external
antenna is used, check all connections.

Woeak reception can be caused by capacitors other than those
used in 1f or if resonant (tuned) circuits. An open cathode bypass




capacitor can cause a drop in volume, but will decrease Eiistortion.
A leaky coupling capacitor will also produce a drop in volume
but with an increase in distortion. Check capacitors along the
avc bus to see if they have changed value, become open or leaky.
Examine the tone control capacitor connected to the plate of
the output tube. Sometimes, if this capacitor is open, the output
stage oscillates, reducing volume and raising distortion. If a
tone-control switching arrangement is used in the receiver, switch
1o all possible contacts and note if a particular one causes the
sound to decrease. Also check for open or leaky screen bypasses.

A quick way to localize the reason for weak sound is to touch
the center lead of the volume control with the control set for
maximum. A loud signal indicates that the trouble precedes the
control. A weak signal indicates that the difficulty is in the volume
control or circuits that follow it, or may be due to some defect
in the power supply. Check the B supply.

The trouble, of course, is often due to weak tubes. In strong
signal areas just one tube with less-than-normal emission may
not affect volume too seriously. Locating a single weak tube may
not mean the end of your search. Check all of them.

Ac-dc receivers

In general, ac-dc receivers cannot be expected to have the same
high degree of amplification as receivers using power transformers
or those having an rf stage. The most common troubles are
defective tubes (especially the rectifier) and the power supply
filter capacitors. An open or leaky input filter capacitor will
reduce volume and increase hum. Sometimes low volume results
from improper seating of tubes or from poor contact between
tube pins and socket. Gassy tubes can affect volume, produce
distortion.
Automobile receivers

In general, weak reception in an automobile receiver may be
divided into several categories: (1) several stations can be heard
but all at low volume; (2) strong stations only are heard; (3)
few stations are heard, all with low volume.

Weak reception is a common complaint. It is usually due to
a defective tube or the antenna system. Check the latter for an
open or short. The input circuit trimmer frequently needs
realignment. Adjustment should be made with the antenna fully

extended. Always check the antenna carefully before removing
the receiver from the car.

MA



When checking to locate the reason why several stations can
be heard, but low, rotate the volume control. If the volume
changes, connect a signal generator to the grid of the output
stage, then to the grid of the first audio amplifier. I there is
amplification, check the output stage; if no amplification, check
the first audio stage. When the volume does not change, check
the detector stage.

For trouble in the sccond category, check the if stages. 1I the
defect is not located, then check the converter, the rf and ave
stages; also the antenna circuit, In many instances the oscillator
will be at fault. Measure the grid voltage of the oscillator tube.

If few stations arc heard and all are low in volume, test the
B-plus voltage. If it is low, the defect is in the power supply
circuit.

In auto receivers that operate with a top-mounted antenna
intermittent loss of volume js usually caused by a defective lead-in
Jocated in the trim strip holding the windshield.






CHARTS

Ac Power Supply Check List

symptoms service

Inopsrative; tubes do not light Check line cord, plug and ovtles; make
sure other receptacles in room have pow-
¢r—if not, check houss fuse; exomine on-
off switch; check for short in power trons-
former; open In filamant fine,

Inoparative; tubes light Moke sure rectifier Sobe b in socker; e
fier tube may be gosusy or have internal
short; if rectfier tbe plates glow, check
filter copacitors for short; look for open
in Bplvs bus; If set uses selenlum roctl
fiers, shunt with known good unit; check
woltage drvider resistors; test filter resiston
or choke,

Hum Leaky fiter capacitors; leckoge betwaen
sections of multiple filten; check fine fiter
capacitor

Motorboating; oscillation Chack output filter capacitor; tast vohoge
dividers.

Weak reception Check 8-plus voltage—if fowsr than nor-
mal, test rectifier tube or selenium unit;
i occompanied by motorboating, hum or
excillation, check filter copacitors.

Set ploys, then stops Check rectfier tube far thermal shont
(heoterdocathode short when tube gets
het).

Ac-Dc Power Supply Check List

sympioms service
No Bplus voltoge; rectifier tube does net  Delective power outlet) fine fine open;
fight poor contact with Interleck) break in line
cord; broken switch) open in filament line;
defective pectifier tubs.

No Bplus voltoge; rectifier tube (f used)  Check for weak rectifer tube of selontum
Tights vnhy epen filter res'rror.

Lecky £iter capacior, most ofmn caused

Hum low bl vohage by oge or heats Iuk’ng- beswsen mu .
pls copacttors In @ s'ngle fler blef —~
weak ractifier; low Ene vn"g—--



Ac-Dc Power Supply Check List [continued]

symptoms
Set plays, then stops

Hum when station is tuned in

Power supply has bod odor

service

Heater-to-cathode short in ractifier tube
after short warmup period,

Check line filter capatitor,

Replace selenium rectifier,

Converter (Mixer—Oscillator) Check List—Transistor Receivers

symptoms
No sound

Squecling

Nolse

Recelver gots only ohe station; sot funes
vory broadly

Poor sensitivity

Set will not work at highfrequency end

of broadcost band {or at low-frequency
end)

service

Open oxcillator coll winding; shorted
emitier bypass copocifor; open emitter
rosistor; shorted mixor or converter base
coupling capacitors; open in antenna coil
(primary or sccondary); no voltage on
collecior or base; short in tuning capacl-
tor; defective transistor,

Chack antenna coil primary and second-
ary; eoxamine tuning slug—it may be
cracked or broken,

Tuning capacitor plates may be scraping
cach other or rubbing against adjacent
component; wiper contacts on tuning
capacitor may be dirly, corraded or
otherwise defective; colloctor volioge
may bo low or transistor defective,

Check focol oscillator; if stages may be
badly misaligned,

fow battery voltage; oscillator and/or rf
soction may bo misoligned; tuning slug
in front end colls may bs cracked or
broken.

Check for open emittor bypass capacitor;
tf or local osclliator section of tuning
capacitor may be shorting at high-re-
quency end; opon capacitor plotes may
be shorting ogainst necorby conductor;
front ond may be misoligned; this condi-
tion (inoperation at low-frequency end
of bond) sometimos happens when con-
vertor or mixer transistor Is replaced—
try scveral transistors,

Convorter (Mixor~Oscillator) Check List—Vacuum-Tube Receivers

symptoms
No sound

service

Local oscillotor inoperativo (shorted tun-
ing copocitor; dofective oscillotor coil;



Converter (Mixer-Oscillator) Check List [continued]

symptoms
No sound

Noddation hum
Lecal oscillator does pot work over entire
tuming fange

Weck signals, accompanied by noise;
operction may be ertotic

Bedies; whistles,

setvice

defective grid leck or grid capacitor);
no ave return from leop; no signal from
preceding stage Gf set hos an f ampli
fier); primary of fint if transformer open
or sherted; no voliage on plate at oxil-
fator onode; B-plus voltage from power
supply may be too low; tube moy be
weak o defective; wrong tube may have
been placed in socket.

Heoterto-tathode leakoge—replote tube.

Reploce converter tube; ostillator plates
may be shorting (caused by bent plates)
ot there may be metollic particles be-
tween plates; check grid leck and grid
copacitor for changed valves.

Replace converter fube; check focal escil
later voltage for manufacturer’s specifi
cations; loop antenna or loopstick may
be open, broken strands in osallator or
f coils; corroded coil terminals; misalign-
menr

Can be coused by imoge Interference; try
realignment of rf and ostillator tuning
sections; if this does not help, try shifting
if cbove or below specfied frequency,
and then realign front end once again,

Detector—AGC Check Llist~Transistor Receivers

symptoms
No sound

Weak signal

Age voltoge missing or very low

Dittortion on strong signals

service

No collector valtage on transistor detec-
tor; defective diode or transistar; check
volume control, check base to emitter
resistor when transistor detector is vsed,
olio check eopacitors between base and
emitter and eollectar and emitter; colfec
tor tesistor open,

Oefective tf bypass capacitor; secondary
of if transformer moy be misaligned, de-
tector (diode or tronsistor) defective

Defective diode or tronsistor; open of
byposs capacitar,

Shorted age filter copacttor; shorted rf
b.ypcﬂ capacitor; defective diode of tron.
sittor,



Detector—~AVC Check List—Vacuum-Tube Receivers

symptoms

No sound

Oscillation; distortion; poor fone

Hum
Hum; receiver moy be inoperotive
Noise

Weak reception

Weak reception; oscillation

service

Defective tube; open plate-load resistor;
no B-plus voltage; open or short in sec-
ondary of lost if transformer; defective
volume control; coupling copacitor be-
tween volume control and grid of of am-
plifier open; no signal from preceding
stage; short in grid of amplifier saction
of tube; the detector plate bypass capaci-
tor may be shorted,

Leaky ave filter capatitor,

Poor lead dress; dress leads on switch
away from volume control leads.

Open avc filter resistor; check tube by
substitution.

Dirty or worn volume control; secondary
of if transformer may be corroded.

Secondary of if transformer may be mis-
aligned; slug or trimmer moy be defec.
tive; contact bias of tube may be incor-
rect—check grid resistor.

Open ave filter capaciter.

First AF Stage Check List—Vacvum-Tube Receivers

symptoms
No sound

Weak sound; may be distorted

Motorboating; osciiiation

Hum

Intarmittent

service

Defective tube; open plate load resister;
open coupling copocitor between control
grid and detector; wrong tube in socket;
short in grid circuit; shorted plate bypass
(if vsed),

teaky coupling capacitor; caupling capao-
citor may have been replaced with one
having wrong value; weak tube; fow B-
plus voltage; incorrect bios (if contact
bias, value of resistance may he too low);
insufficient signal or distorted signal from
detector.

Check lead dress, making sure that plate
and grid leads are dressed away from
och other; check decoupling filter, H
used.

Try replacing tube; chack lead drem In
grid clreutt.

Genily top input and output coupling
copatciiors) volums cqntrol may be wom.



FM Detector and Limter Check List

symptoms
Dustortion (detectar)

Dustortion (limiter)

Nolse (detector)

Nolse {limiter)

Tuning indicator functions only
on strong tations

Poor sknsitivity

service

Defoctive tube, ratiodetector tronstormer
br discriminator tramformer; detuned dis-
ctiminator of ratio detector.

Defective tube; open or shoried resistor
or copacitor in grid-limiting network; de-
factive component in plate-limiting net-
work; detuned limiter; defective inter.
stage tramsformer; esclllation caused by
overpeaking; alignment not checked when
new tube Is Inserted.

Defective fube; Intermittent transformer;
defective electrolytic capacitor across ro-
tio detector; detuned ratio detector; vn-
balanced discriminator transformer.

Defective tube; shorted platedropplng
resistor; open plate bypass copacitor; de-
fective screen resistor; component in grid.
or plotelimiting network defective; de-
fective interstage transformer; detuned
himiter stage.

Defective detector tube, misaligned ratio
detectar or discriminator; detuned limter;
defective timiter fube,

Defective hmiter or detector tube; mis-
Jtuned limiter or detector; defective de-
tector tronsformer.

FM Oscillator, Converter and AFC Check List

symptoms
Afc inoperative

Afc operates on one
side of station only

Statlons net received
over antire band

Medulation hum

Howl (microphenia)

service

Defective afc or discriminator tube, mis-
cligned ducriminator or {imiter; broken
or dirty contocts on afc switch

Defective discriminator tube, misaligned
discriminator; defective discriminator
tronsformer.

Defective oscillator tube; escillator sec.
Ylon of tuning capaclier shoring; mis
aligned osclllotor coll; defective oscilla-
tor trimmer,

Heaterdocathode legkage in convarter
or exclllater tu!

Looss turny In exclllator coll, $proy with
cerylle and reclign, Ry



EM Oscillator, Converter and AFC Check List [continued]

sympioms
Poor sansitivity and
poor ofc action

Drift

Hiss, weak or no reception

service

Low-emission discriminator tube; mis-
aligned discriminator transformer; defec-
tive afc tube,

Defective ofc or oscillotor tube; poor
alignment,

Oscillator tube and circuitry.

IF Check List—Transistor Receivers

symptoms

No sound

Weok signal

Distortion on strong signals

Noisa

Oscillation; squealing

service

* Open or shorted if transformer; shorted

bose or collector’ bypass capacitor; no
B-voltage; open emitler resistor; no sig-
nal from preceding stage; open bose or
collector resistors; defective transistor,

Open bose or collector bypass capaci-
tor; misaligned if stages; age voltage too
high.

Check age voltage~it may be too low;
low collactor voitage; base-bios incorrect
(check battery and resistive voltage di-
viders).

Receiver- may be in o noisy location,
check for corroded if transformer wind-
ings.

Open neutralizing capacitor; change in
value of neuiralizing capacitor or resis-
tor; open age filter capacitor; check col-
lector bypass capacitor,

IF Check List—Vacuum-Tube Receivers

symptoms
No sound

service

Defective tube or tubes; open if trans
former winding; tuning slug may be
shorting windings; if transformer may be
shorling ogainst shield can; no plate
voltage (coused by shorted decouping
capacitor; open decoupling resistor, open
if transformer winding, short inside i
transformer); no screen voltage (shorted
screen bypass, open screen dropping re-
sistor); open cathode resistor; no signal
from preceding stage; wrong tube in
socket; tube not firmly sected in socket
gespeciully with miniatures); open in.avc
ina.



IF Check List—Vacuum-Tube Recelvers [continued]

sympfoms
Oncillotion; squealing

Weok sound

Nolbse

Intermittents

Push-Pull Output Stoge Check
symptoms
No sound

Distortion

Weak sound; may be distorted

Hum; may be occompanied by motor.
booting

Sound s good, then becomes distorted

service

Minsing tube shield or shislds; tube shield
not grounded; open decoupling copack
tor; open screen bypon copatitor; open
ave filter copacitor; alw check output
flter capacitor In power swpply.

One or more weck tubes; low Bplus
voltoge {check pawer supply; decoupling
tesbters ond tapatiton); weak signal
from preceding stage; open ove filter co-
pacitor; open cathode byposs copacitor
{effect may be only slight); one or more
W stages misaligned

Insufficiem ove  voltoge; defective or
weak tubes; input signal Is noisy; corro-
sion In if transformers.

Check for loosa connechiony; make sure
screen voltage on eoch tube Is steady;
theck for leoky copotitors {cothode by.
pass and avc filter).

List—Vacuum-Tube Receivers

service

No B-plus ot center tap of primory of out-
put transformer;  no signal from pre-
ceding stage; no filament voltoge

Push-pull tuber not motched; defective
tubey; output transformer not Impedance
matched to tubes; wrong blos caused by
changed value of (or shorted) cathode
resistor; distorted input signal; unbolonced
voltoges on plates of tubes; unbalonced
signa! voltages; leaky coupling copacitors
when stoge ks driven by on Invecter,

Waook tube or tubey; imufficient signol
driving voltage; low B-plus voltoge; ex-
cessive bioy.

Check grid retum resistors when stage b
driven by on Inverter amplifier; push-pull
toge moy be unbalanced=try new tuber,

Grid embision in sither tube after small
warmup period; fry tube subshitution since
tester check may ot reveal defect,



Push-Pull Quipul Stage Lheck LIST (coniinued;

symptoms
Scund is errotic, accompanied by nolse

service

loock for leckage path between control
grid and ground; may be due fo defec-
tive grid resistor {when used); defect -in
socket or dirt between fube terminals,

Receiver Hum Check List

symptoms
Excessive hum ot all times

Hum level vories with position of set

Tuncble hum

Level of hum varies with amplitude
of signal

Hum Isolated to of stages

sarvice

Line cord reversed; defective input or
output filters; shorted turns In choks (ac
receivers only); open line filter; supply
voltage too high or low; defective power
transformer {ac sefts),

Hum pickup from nearby power fines-—
reorient onlenna.

Defective line filter; rf, converler or oy
cillator tube(s) defective; defective oscil-
lator plate bypass.

Install floating tube socket in first of
stage; ploce heavy rubberband around
first of tube.

Defoctive tubes; open or shorled decoup-
ling capacitors and resistors; leaky cath-
ode, screen and coupling capacitors;
open grid circuit; improperly shielded first
of tube; leaky or changed value screen
bypass capacitor; open or changed value
fesdback loop component (if used); poor
ground connections in grid or cathode
circuits,

RF Stage Check List~Vacuum-Tube Receivers

symptoms
Distortion

Hum

Nolse

Birdies and chirps

Ny S

service

Low-emission rf tubs; heaterto-cathode
short; avc bypass capacitor lecky; de-
tuned rf transformer; shorted cathode re-
sistor; defective grid resistor.

Heater-tacathode short or leakage in rf
fube,

Intermittent rf tube; intermittent cathode
or grid resistor; break or poor connection
in antenna; dust or warped plate in tun-
ing capacitor.

Defective rf tube; shorted or lsuky cath-
ode bypass copacitor; shorted cathode
resistor; open or shorted plate decoupling
choke; lecky coupling copatitor,



Ust {continved)

secvice
waﬂh;monmmm
open plete resstor; defective 1f trans.
Forree; open coupling capeciton; tmprog
e ove vokoge; open covhode copocivee;
open screen dropping resirer, rpurd
on timrwe denrmed, ! i
I~ormMert # tobe; comoded ortenag
conmection; brermleent ove bypen co-
Defectirs f trimmer copacitor; cocked
ferride core in booprtice.

Inopercive rf stoge.

Single-Ended Audio Output Stage Check List

RF Stoge Check
symptoms
Weak recephon
Foding
Howl
Squeals, low end of baad
symptoms
Mo sound
Dutortion

Matorbooting, squealing, oscillation

Weak sound, may be distorted

service

No Bplus voltoge: ov'aut traformer peie
mory open; internal short in fube or oob
erwise defective; shorted plate copocier;
open cathode resisior; opea corphirg
capacitor to preceding soge; mo B
signal voltage, open grid resiror.

InsuBicient B-plus vokage; incorreet bics
due to shorted cohode resivor; lechy
coupling copocitor; changed valve of g
resistor; weak tube; poor impedomce

mary and plate; lecky plete
(this con damage tube cnd/or erbode
resistor), ecthode bypou cmpostor wid)
have to be excessively lecky before 2
will offect bics, since voire of crbode
bias resitor i usvally very smel
Check volue of grid resistor; check plete
copacitor; screen of owsput Rbe wscly
goes directly o output fber expecior—
check this component, -
Bplus voltoge low; leakoge betwren con-
trol grid and cathode dw 1 defrce
defect T socket or it e
; check tebe by replocroedt:



Push-Pull Qutput Stage Check List [continued]

symptoms

Sound is erratic, accompanied by noise

service

loock for leakage poth between control
grid ond ground; may be due to defec-
tive grid resistor (when used}; defect in
socket or dirt between tube terminals,

Receiver Hum Check List

symptoms
Excessive hum at ofl times

Hum level varies with position of set

Tunable hum

Level of hum varies with amplitude
of signal

Hum #solated to af stages

service

line cord reverssd; defective input or
output filters; shorted turns in choke {oc
receivers only); open line filter; supply
voltage too high or low; defective power
transformer {ac sets),

Hum pickup from neorby power lines—
reorient anfenna.

Defective line filter; rf, converter or os-
cillator tube(s) defective; defective oscil-
lator plote bypass.

Install floating tube socket in first of
stage; place heavy rubberband around
first of tube.

Defective tubes; open or shorted decoup-
ling capacitors and resistors; feaky coth-
ode, screen ond coupling copacitors;
open grid circuit; improperly shiekled first
af tube; leaky or changed value screen
bypass capacitor; open or changed valve
feedback loop component (if used); poor
ground connections in grid or cothode
cireuits,

RF Stage Check List—~Vacuum-Tube Receivers

symptoms

Distortion

Hum

Nolse

Birdies and chirps

service
Llow-emission tf tube; heater-tocathode
short; ave bypass copocitor lecky; de-
tuned rf transformer; shorted cathode re-
sistor; defective grid resistor.

H;cter-fq-cathode short or leckage in rf
tube.

Intermittent rf tube; intermittent cathode
or grid resistor; break or poor connection
in antenna; dust or worped plate in tun-
ing capacitor.

Defective f tube; shorted or leaky cath-
ode byposs capacitor; shorted cathode
resistor; open or shoried plate decoupling
choke; leaky coupling capotitor.



RF Stoge Check List [continved)

symptoms service
Weok reception Defective tube; poor antenna connection;
open plate resistor; defective H troms.
former; open coupling capacitor; improp-
o avc voltoge; open cathode copacitor;
open screen dropping reistor; input<ie
cvit trimmer detuned,

Fading Intermittent rf tube; corroded antenna
connection; Intermittent ovc byposs co-
pacitor,

How! Defactive f trimmer copacitor; crocked
ferrits core In I

Squsals, low end of band Inoperctive ¢f stage.

Single-Ended Audio Output Stage Check List

sympioms service

No sound No B-plus voltage; output transfarmer pri-
mary open; internal short [n tube or oth-
erwise defective; shorted plate copacitor;
open cathode resistor; open coupling
capacitor to preceding stage; no input
signal voltage; open grid resistor.

Putortion Insufficient B-plus voltage; incorrect bios
due to shorted cathode resistor; leoky
coupling copacrtor; changed value of grid
resistor; weok tube; poor Impedance
motch between output tramsformer pri-
mary and plate; lecky plate copacitor
(this can damage tube and/or cathode
resistor), cathode bypass capacitor will
have to be excessively leaky before it
will affect bias, since valie of cathode
bias resistor B8 usvally very smell.

Matorbogting, squealing, oscillation Check volue of grid resistor; check plate
capocitor; wcreen of output tube wudlly
goes directly fo output filter r.apa:nov-

check this component,

Week sound. mey be distorted Bolus voltage low; leckage betwesn con-
trol grid ond cothode due 1o defective
grid resistor; defoct In socket or dirt be-
tween pins; check fube by replacement;
input vohage may be weck or diviorted;
excessive biay; leaky coupling ¢ i
fonecontrol copacitor may ,'
check r—¢ network In grid ¢



Single-Ended Audio Qutput Stage Check List [continued]

symptoms ) service
itor—if open
ient bass Check cathode byposs copati
Irauffciont be will reduce volume, especially bass tones;
check plate bypass capacitor.

Hum, low volume and noise Check for open in grid circvit; check fube
‘ by substifution,

Speaker Check List

symptoms service

No sound Open in voice-coil leads; open in second-
ary or primary of output transformer;
speaker plug disconnected; defective jock
{transistor receivers); ungrounded side of
voice coil lead shorting to speaker frome.

Distortion; rofiling or rasping sound; Check speaker voice coil—it may be

noise; oscillation, jammed; moke sure there is no interfer-
ence between voice coil form and pole
piece—trouble may be coused by dirt or
metal particles in area between coil ond
pole; voice ¢oil Is sometimes part of nega-
tive feedback network—transposed ground
on voice coil will produce oscillation;
voice coil can warp, producing rubbing,
resulting In distortion; rottle can be
caused by loose spider or due to loose
cement on voice-coil connections.

Rottling sound; distortion Cone may be torn, ripped, splif; heot
from tubes causes cones to dry and warp,
cspeciolly in receivers having poor venti-
lation; cone may have worked loose from
the surround,

Reduced volume; distortion Check phosing of voice coils in sets using
multiple speakers; improper impedance
maich between voice coll ond secondary
of output transformer—speaker may be
connected to wrong tap on secondary;
improper impedance match between pri-
mary of oulput transformer and fube;
defective output tronsformer.

Transistor Receiver Check List

symptoms service

Dirty switch contocts; dirty volume con-
trol; corroded battery terminals; battery
makes poor fit in bottery holder; battery
holder rivets are loose; poor phane fack

intermittent



Transistor Recelver Check List [continued]

symptoms
Isvermptent

Sound fodes aftae short time
Stotion drift
Heterodyning on all stations

Moterboeting or squecling
Poor semisivity ot low-frequency end of
bard oaly

Change in volume o1 recerver is tuned

Low cudio output

Distorted audio

Short bottery Tifs

service

contact {thls Is @ common trouble In some
sety—after use jock contacts lose ten-
sion); dirty wiper contocts on tuning co-
pacitor; poor solder connection (this Is
potsible with either polnt-to-point wiring
or printed-<circuit boards).

Weaok battery.
Weak battery,

Misalignment; weak battery; change In
value of oge filter capacitor; change In
volue of i neutrolizing copacitor (the
volue of this copatitar changes with the
slightest -amount of heat—when replac-
Ing, use a zero-lemperature coefficent
type); defective if tronsistor.

Weaok battery; defective electrolytic ca-
pacitor,

Defective converter transistor; defective
if tronsistor.

Shorted age filter capaciter; defective
detector transistor (heat plays an impon-
ant part in the operation of these re-
ceivers—if the transistor detector has
been heated externclly, the operafing
point s shitted so that collector cutoff
current is increased. This prevents the
oge voltage from changing in proportion
to the received signal).

Weck battery; defective detector or
oudic transistors.

Weak battery; defective audio tronsistor;
defective specker {to determine if the
speaker Is defective, plug in the eor
phenes, if there is a jack, or substitute
for the speaker. Set the volume control
ot midpeint and listen for dustortion).

Defective switch (does not open the cir-
cuit when tumed to the off pasition);
shorted, or leaky electrolytic copatitor
(connected across the supply voltage to
keep the supply voltage constent ond %o
present @ low-impedance source. Ary
change in volue or ony leckage wil
cause motorboating ond short battery
life. 113 value is vsually 100 af); defective
transistors (usuolly the audio trensistor



Transistor Receiver Check List [continued]

symptoms
Short battery life

sympfoms
Hum
Distortion
Noise ~

Weak reception

Weak reception (portable)
Microphonics
Motorboating

Drift, FM

Fading

Cycling (set plays and stops)
Sound distorts as set warms up

Modulation hum

Doet nat tune entire band

Short battery life (portables)

N0

service

is at fault, drawing excessive current
even though seeming fo operate prop-
erly. Current for a class-A amplifier with
9 volts on the collector is 4.5 ma; ot 22.5
volts it is 3.7 ma. For class-B amplifiers
idling current is opproximately 3.2 ma
at 9 valts; 38 ma on peaks).

Tube Check List

service

Heater-to-cathode leckage in any stage;
open grid in cudio tubef(s).

Gassy oudio tube; defective discrimina.
tor or ratio-detector tube; low-emission of
tube; defective oscillator or converter;
gossy or low-emission detector; defective
rectifier.

Intermittent short between elements of
any tube; gassy or low-emission rectifier.
It glass of rectifier tube is cracked, re-
place. i glass is loose, fasten to base
with Duco cement,

Check all tubes,
Often caused by low-emission converter,
Most often caused by first of tube.

Faulty tube in push-pull pair; replace
both tubes,

Check oscillator, afc, or rectifier tubes,
Rf tube; converter; oscillator.
Heater-to-cathode short in rectifier tube.
Grid emission in audio tubes.

Heater-to-cathode short in converter, os-
cillotor tube(s).

Converter and/or oscillator.

Check audic output tube for gas and
short; filament voltage s critical.



Vibrator Powsr Supply Check List

symptoms
Inoperative; no B-plus output

Weok sound; may be occomponied by
distortion

Fuse needs frequent replacement

Heosh is above normal leve!

Low Bplus

Oxcllation

Vibrator inoperative

service

Cor battery may be weak or defective,
open “A¥ leod; open choke in the “A”
line; defective on—oF switch; vibrotor may
need replacement; trouble may be in
pawer tramformer or rectifier tube should
be replaced; vibrator buffer copacitor
often becomes defective—replace with
same valve and working vol'oge roving:
check pawer supply flter copocers end
choket; some sets ute Flver resisons od
resistive voltoge dividers, so check these
cho.

Car bettery too weck: rectifier tube may
have Jow eminicn; vibreter bufer copo-
citor oy be wreng volse; elecirolytics in
filter ray be excessively lecky; vibrotor
cortoct poirts mcy be dirty, pired or
worn out—do nct try 10 repex Yhrotor—
replocerent B qukker cnd checper;
mcke sure vibrotor pirs mcke good cone
in socket.

Vibrotor eordact poir's stk ocoosicnelly

—ceplace vikrooer; check for en irterri

ten? short in the “A" fine; check for

thermal short in recsiber tibe (intermivtent
hectertoco*hode short).

Pocrly sected whrzicr; dirty or pitted
vibrotor coeteeny; both con be coused by

power
e sore cfl screws cre tight;
mcke sore ¢l Fazh supprenion corpon-
e~ ore in geod condfion; hash may not
be cbove rormcl # set vies gos rectifier
insteod of vocuu=s tibe; mcke sure ol
tube skields ore in ploca ond hove good
chamsis eortadt; chedk bu¥er copecitor,

Weck ba*tery; defective vibrator; check
rectifer tybe; mcke sure filter electrolytics
ore in good condition; look for a short
that may be looding the power supply,

Check filver copacitors.

Check output filter, especially i symptom
s oceormpanied by hum.

Sticking vibrator comfocts; open in A"

bne; open Fine; mechonico! defect in
switch; vibeator not property sected. .

21%9



Vibrator Power Supply
symploms

B-voltage fluctuates

Vibrotor very nolsy

Rectifier plate (or plates) glow

Check List [continued]

service

Weok rectifior tube; wrong value of
buffer capacitor; poor contact between
vibrator pins ond socket; A-battery needs
recharge or replocement; short in re-
ceiver or power supply.

Spongo rubber inside vibrator can has
detcriorated—replace  vibralor; vibrotor
may bo worn; normel vibrator nolse may
be causing some other component to
vibrote; vibrator not properly seated,

tnput filter capacitor excessively leaky or
shorted; this condition does not neces.
sarily result In o blown fuse; rectifier
tube may have to be reploced in oddi
tion to filter if short has damaged the
tubo,
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Useful Information

“To find the circumference of a circle, multiply the diameter by 3.1416,

To find the diameter of a circle, multiply the circumference by .31831.

To find the erea of a citcle, multiply the square of the diameter
by 854,

The radius of & circle X 6.283183 = the circumlerence.

"The square of the circumference of & cirele X 07958 = the area,

Half the circumference of a circle X half its diameter = the area.

The crcomference of a tircle X 159155 = the radius.

The aquare root of the area of a circle X 56419 = the radius.

“The square root of the area of a circle X 112838 = the diameter.

To find the, diometer of a circle equal in area to a given s , mul-
tiply uside of the square by 1.\25%%. Even square, my
d:mi ‘(gebs;{g ;6'2? square equal in area to a given circle, multiply
h;‘:gol;r;d the side of 8 square inscribed in a circle, multiply the diameter

To find the side of o } inscribed in & ci i i
e fnd n:cllc E; ‘Snuafxagon inscribed in & circle, multiply the diam-

To find the di ircle inscribed i i
o aluZh A b:“nsaor:eé;rlo.;;z lc.xrcle inscribed in a bexagon, multiply a

_To find the xide of an equilal i inscribed i i
Uply the diameter of the m;enbeyr?}%gaug‘e inscribed in o circle, mol-

To find the dismeter of & circle inscribed i equila triangl
multiply a &ide of the u?m?;:??fi'w‘ﬁ?f'd i remal “

To ind )
o ll‘;e dhnl‘!;:“mbuy%l:lt?&s’m(aee of & ball {sphere), multiply the square

ﬂ:& l;ng zl}:ée volume of & ball (sphere), multiply the cube of the diam-

m‘;n&:h;::::ger of n;ipe inmy:? its capacity four times.
of 'A!::ru;r:u::{ lh(e:fm’e?:l:‘{’ o; &: g\::n‘ ‘i‘:b(::ttg; '.les;.or 2 caluzma
flaiiches e c;.:i;; oo s e S e A el
These weights tha;ge- mﬁ‘ﬁ’ﬁm ‘.?}xﬁ:"& ::mp:f;;;



Tables and Data

In necordaner with the standard practice approved by the American
Standards Associntion, the ratio 25,4 mm = 1 inch is used for convert-
ing millimeters to inches, This fnctor varies anly two millionths of an
inch from the more exnct factor 2540005 wmm, » difference so small as to
be negligible for industrint length mensurcments,

Metric Measures

The metric unit of length is the meter = 39,37 inclies,

The metric unit of weight is the gram = 15432 grains,

The following prefixes nre used for sub-divisions and multiples:
Milli = yplsge Centi = yky, Dect =y, Deen = 10, Hecto = 100, Kilo
m~ 1000, Myria = 10,000,

Metrie and English Equivalent Measures
MEASURES OF LENGTIK

Metric Inglish

1 weter ~ 39.37 inches, or 3,28083 feet, or. 1.09361 yords
3048 meter v 1 foot

1 centimeter ~ 3947 inch

2.54 centimelers o 1 inch

1 millimeter = 03937 inch, or nearly 1-25 inch

25.4 millimeters o 1inch

1 kilometer = 1093.61 yards, or 0.62137 milo
MEASURES OF WEIGHT

Melric IXnglish
1 geam = 15,432 groains
0648 gram =~ ) geain
2835 grams = 1 ounce nvoirdupois
I Kilopeam = 22046 pounds
4530 kitogram = 1 pound
1 metrie ton S842 ton of 2240 pounds
1000 kilograms } = 11968 ewt.,
Ny o 2204.6 pounds
1616’33{;:;':,,*,2"5 } = 1 ton of 2240 pounds

) MEASURES OF CAPACITY
Melric English

61.023 cubic inches

D353 cubic foot,

S042 pad. (Anmwerican)

2.202 3w, of water at 62° .
e 1 cubic foot.

1 gallon (American)

< 1 gallon (Imperinl)

1 liter ( = 1 cubic decimeter)

1

28,317 liters
3,785 liters |
4543 liters .,

33
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Tables and Data

English Conversion Table

Length
Tnches ’ X =t
Jocbes % s = yaeds
Inches X -gggg‘-ﬂs’ E:I‘é‘;

-
Fet T s
Yards % s =t
Yasds X 0005631 = miles
Miles X 63360 00 = inches
Miles ¥ 5280 00 = feet
Mies X 1760 00 = yards
Cireumfesence of circle X 8188 = dumeter
Dumeter of aircle X § 1416 = arcuzlerence
Area
Square inches b3 (00698~ square feet
Square inches x 0407116 = squsre yards
Square feet X 100 w square inckes
Square feet X 11111 = square yards
Square yards X 1208 00 = square 1oches
Square yards X 900 = square feel
Dis. of circle sguared X 854 = area
Du. of aphere squared X 81518 = gudace
¢ Volums
ubic nches -

Cubic inches ))<( m’g;s: mf,'c feu
Cubic inches X 015 D 20ds
Culie feet X 1728 90 - gallons
Cubic feet ] P cubnc inches
Cubic feet X, e abesud
Cubie yards X soust 0y 5 = U.S gallons
Cubte yards X o1 00 = cubse stiches
The of tphere cubed % = cubie feet

e 5238 = volume

i

Grains (avourdupors
Ounces (lvmrd\rpng) ))i -202136 = ounces
Qunces (avorrdupoun) X og” = pounds
Pounds (avorrdupoty X 16 003125 = tons
Pounds ([vo'nduw\lg % = ounces
Pounds (avorrdupols) X 0 = hundredweight
‘Tous (avoirdupows) X 82000 0005 = tons
“Taos (svoirdupala) X 2000 gg = ounces

= pounds



T ables and Data

English Conversion Table
Energy
Horsepower X $3000. =ft.-Ibs. per min.
B.t.u X 778.26 ={t.-lbs.
Ton of refrigeration X 200. —B. t. u. per min.
Pressure
Lbs. per sq. in- b 2.81 = ft. of water (60°F.)
Ft .of water (60°F.) X .438 = lbs. per sq. it
Ins. of water (60°F.) X L0361 = 1bs. per sq. in.
Lbs. per sq. in. X 27.70 = ins. of water (60°F.)
Lbs. per sq. in. g 2.041 = ins. of Hg. (530°F.)
Ins. of Hg (60°F.) X .490 = lbs. per 5q. 10
Power
Horsepower X 746. = watts
Watts X "001841 = borsepower
Horsepower X 42.4 — B. t. u. per min.
Water Factors (at point of greatest density—39.2°F)
Miners inch (of water) X 8.976 = U. S .gals. per mi
Cubic inches (of water) X 57798 = ounces
Cubic inches (of water) X 036124 = pounds
Cubic inches (of water) X "004329 = U. S. gallons
Cubic inches (of water) X 003607 = English gallons
Cubic feet (of water) X 62.425 = pounds
Cubic feet (of water) X 03121 = tond
Cubic feet (of water) X v ag05 =U.S gallons
Cubic feet (of water) X 6.232 = English gallons
Cubic foot of ice X 57.2 = pounds
Qunces (of water) X 1.73 — cubic inches
Pounds (of water) X 26.68 = cubic inches
Pounds (of water) X .01602 = cubic feet
Pounds (of water) X ‘1198 = U.S gallons
Pounds (of water) X 0098 = English gallons
Tons (of water) X 32.04 = cubic feet
Tons (of water) Pl 239.6 = U. S. gallons
Tons (of water) % 199.6 = English gallons
11, S. gallons X 231.00 = cubic inches
U S. gallons X "13368 = cubic feet
U. S gallons X 8.345 = pounds
U. S. gallons X 8327 = English gallons
U . galions X 3.785 ="liters
English gallons (Imperia\) X 277 .41 — cubic inches
English gallons (Imperial) X 1605 = cubic feet
English gallons (Ymperial) X 10.02 = pounds
Euglich gallons (Imperial) X 1.201 = U. S. gallons

Enghish gallons (Tmperial) X 4.546 = liters



Length
Millimeters
Miltimeters
Centimeters
Centimeters

Meters

Kilometers
Kilometers
Kilometers

Area

5q. Millimeters
Sq. Miltimeters
Sq. Centimeters
Sq. Centimeters
Sq. Meters

Sq. Kilometers

Hectares

Volume

. Centimeters
| Centimeters
3. Centimeters
1. Meters
u. Meters
u. Meters
itres
itres
Atres
Atres
Litres
Hectolitres
Hectolitres
Hectolitres
Hectolitres

Weight
Grama

Grams
Grams (water)

Grams
Kilo-grams

Tables and Data

Metric Conve

X+XXXX+X+X

XXX EXEX

XXRXK +XXXXXX+ T4

x+++x

relon Table
03037 = inches
25.4 w inches
3937 = lnches
2,54 w inches
39.37 T inches (Act. Conz)
3.281 - fect
1.0036 = yards
L6214 - niles
1,609 = miles
3280.8 - feet
00155 = % in.
645.2 - 3.0
185 - 8q. 00,
6.452 - 8g.i0.
10.764 - .1t
214711 - acsed
247 - gores
16.387 - cu.in.
3.69 = 9. dos. (USPD
9.57 = d oz (USF)
35.314 - cu. it
1.308 = cu, yards 3
264.2 - gals, an cu. in)
61.023 - cu. in,(At(.Coﬂ'.)
33.81 = 8.0z (USP)
L2642 - gals 2231 cu. ln;
3.785 = B (1 cuele
28.317 - cu.ft.
3.51 - cu.ft:
2.838 T bu. (1150 42cu in)
1308 - cu. yd3.
26 42 - gals (231 cu. in)
15.432 - graint (Aet. Cont )
981. - dynes
29 87 - f.0f . .
28.3% 7. or. avourdup??
27046 = ita.









d Data

Tables an

eadings for ¥

Equivalent Temperature R
and Centigrade Scales

SEREHE

ST
PR NS

o
-
.
o™

£33
V.1

]
-

-~ 1=
J33BEE

a3 =3
—
-






