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CHAPTER 1 

 

zlementaty serviciny recxni 
fue 

 

CORRECT PROCEDURE 

 

For the 

 

SERVICING BEGINNER 

 

1VING been in a position to 

 

observe the professional actions of 

 

many Radio Service Men for a 

 

number of years, the writer believes that 

 

the following information will greatly 

 

benefit those who feel they are not 

 

reaping as much of the harvest as they 

 

deserve. 

 

To the busy Service Man, doing the 

 

job correctly in the least possible time 

 

means money in his pocket. Putting in 2 

 

hours on one job when it normally 

 

should be done in 30 minutes, most de-
cidedly represents a cash loss. On the 

 

other hand, a completed job that is not 

 

100 per cent correct may mean a dis-
satisfied customer and a future loss of 

 

business. It all adds up, so let's take a 

 

few jottings from our notebook and see 

 

if we can give some of you fellows a 

 

lift. Remember, if you only find one 

 

useful idea in this whole article, it will 

 

probably mean future dollars in your 

 

pocket. 

 

ALIGNING PROCEDURE 

 

First a word on aligning procedure. 

 

There is a right way and a wrong way 

 

and in case of doubt always use the 

 

set manufacturer's instructions—he de-
signed the set and knows how it should 

 

be done. One thing many men do in-
correctly i; 0 align the I.F. in the wrong 

 

sequence. Always start with the I.F. trans-
former next to the 2nd-detector and adjust 

 

the condensers, in order, back toward the signal. 

 

And always work with the weakest possible 

 

output from the signal generator. This is the 

 

secret of a sensitive and selective aligning job. 

 

(A few manufacturers specify procedure that 

 

differs from the above.—Editor) 

 

Those sets using tertiary (a third) windings 

 

on the I.F. transformers are usually designed 

 

to be aligned with the high-fidelity control in 

 

the -normal" position. The response, curve is 

 

then broadened the proper amount on switching 

 

over to the high-fidelity side. If you have trouble 
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Fig. A. Two views of industrious students of radio 

 

servicing at work in the shops of a large radio school. 

 

in aligning some I.F. transformers, try shorting 

 

out the oscillator section of the gang condenser. 

 

Many times reaction between the set oscillator 

 

and the generator (that is, service oscillator) 

 

signal puts you on the wrong track and you 

 

may be aligninz the I.F. W some beat-note 

 

harmonic. 

 

Now a wurd to you new men— all troubles in 

 

a set cannot be found by analyzing, although a 

 

good many can. The trouble must be such that 

 

it affects some of the voltage readings we 

 

normally take. If it doesn
'
t, our voltages won't 

 

show where the trouble lies. For example: an 

 

open antenna coil may cause weak reception, but 

 

it will not affect any of the set's voltages. Or 

 

perhaps we have an open voice coil—no voltage 

 

changes will take place, yet the set is "dead." 

 

Many more examples could be given, but we 

 

believe you get the idea by now. 

 

Always check the tubes before you start look-

ing for trouble in the set itself. Quite a large 

 

percentage of service work is simply replacing 

 

defective tubes. Present-day tubes require a 

 

pretty good tester if all the bad tubes are to be 

 

weeded out. A simple emiseion-type tester will 

 

catch most of them, but to get the real stubborn 

 

ones, use a power output type checker. 

 

A.V.C. CIRCUITS 

 

Those A.V.C. circuits seem to be one big 

 

stumbling block for many men, when it comes 

 

to checking the action other than by a listening 

 

test. Since the bias on the I.F. tubes is generally 

 

controlled or varied by the A.V.C. voltage a 

 

check of the plate current of one of these tubes 

 

will give us a picture of the A.V.C. action. 

 

Normal plate current will exist with jja signal. 

 

Kropp a er y�e w 
a

s gtro_ _rW_A / 

 

is — Rlied. If Ipm"o not wish to use a meter 

 

foi checking, an alternate method is to hook-in 

 

a "tuning eye" and observe its action. These 

 

"eyes" can be purchased complete with socket 

 

and leads ready to connect to any set having 

 

A.V.C., simple directions for attaching this 

 

unit being provided. If the set already has some 

 

form of tuning indicator, this will give us a 

 

direct check on the A.V.C. action. Many cases 

 

of failure can be traced to defective bypass 

 

Condensers in this circuit, so give them a 

 

thorough check, especially for leakage. 

 

ADDITIONAL TESTS 

 

A good condenser tester, one using a sensitive 

 

meter for indications, is a very good investment 

 

for ary Service Man. Coupling condensers 

 

should always be checked if the set seems less 

 

sensitive thin normally, assuming everything 

 

else to be OK. Be as fussy as Aunt Matilda 

 

when it comes to checking these units for leak-

age, as the least little bit can upset a circuit and 

 

prevent normal action. Ib not rely too much 

 

on the neon lamp method of testing these smaller 

 

capacities. 

 

How many of you fellows have a good pair 

 

of headphones? They don
't have to be expensive, 

 

as the ordinary 2,000 ohms-per-pair type con-

stitute a very handy as well as a very sensitive 

 

indicator for testing. For aligning sets, using a 

 

weak signal from the test signal generator, they 

 

are just the ticket. In fact many factory pro-
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duction lines use this method. _ _ 

 

check of Ja,f.J
I stages use a 0.25-m con en. -r 

 

in series with the Xnes an connect  Uroto 

 

chassis to any control-grit or plate feiminal of 
the audb tubes. 

-
It's surprising bow many differ-

ent uses you will find for headphones in checking 

 

various circuits. 

 

This next is perhaps familiar to the ol.l 

 

timers, but will bear repeating. When replacing 

 

defective screen-g_rid bypass condensers, use one:: 

 

•having a ,9.50-Y. rat!M even though the servi;,c' 

 

manual calls
-

for one otL2001 V. at this 
'
point. 

 

The reason is this: w i
-
een=e set is first turned 

 

on, the type MO tube heats up quickly and starts 

 

delivering voltage before the heater tubes are 

 

drawing current and consequently for the On,t 

 

few seconds the "D plus" voltages are abnormally 

 

high. That is probably what caused the original 

 

bypass condensers to break down, so put in the 

 

higher-voltage ones and keep your customer. 

 

And now for that general pain in the neck, 

 

the lowly midget. Many Service Men will not 

 

even work on them, due to the usual difficulty 

 

of convincing the customer that even if he did 

 

only pay $9.8:i for the set new, the service 

 

charge is still $3.50 and should be paid. For 

 

those of you who will be doing this work, here 

 

__are 3 common causes of trouble in midgets. 

 

(1) Dried-out elt-trolytic filter condensers. 

 

If the plate voltage is ,9' per cent or more j'elow 

 

normal, chances are new filter condensers. will 

 

put the set back on t The rectifier 

 

tube is another regular troub e n 

 

-
159

—
ieve the remedy is self-evident. (3) And last, 

 

watch those coupling condensers.  ̀ 

 

A
-
ifuirk way to check  the oscillator of a fuper-

bet. 
-
To
--
s
-
e
-
F
`
ir this portion of the circuit is 

 

oscillating, is to measuri ,Vie
- rectified grid. cur-' 

 

Kent. INsconnect the lower end of the oscillator 

 

aridleak re7sTlt!'Ithe er. opposite to the eailt 

 

grid emfl iinTinsert a low-ranyge millia
-
Mmetef 

 

to read the currt+nt passing through this resistor. 

 

Normally it should be about,50 _0 75 microamps., 

 

dropping to zero 
L  oscillations cease. 

 

WHAT ABOUT SERVICE PRICES? 

 

Su much for the technical hints and if all the 

 

above checks on your list pf everyday events, 

 

then you are really up near the top. But how 

 

do you check on prices? How many of Uncle 

 

Sam's $1 bills do you collect for a call to the 

 

other aide of town? You may be an expert but 

 

are you caAt'aing-in on it? As yet there is no 

 

standardization of service rates for the radio 

 

industry and it's high time there was. 

 

All indications point to a charge of $2.50 for 

 

a call and that is for the call only, parts, labor, 

 

etc., being extra. Many of the better Service 

 

Men only carry a tube tester and voltmeter into 

 

the customer's home. After all, a person
's living-

room is not a workshop so take the set back to. 

 

your own shop for repairs, where you have the 

 

facilities to work on it properly. Charge a fair 

 

price for your work, at least $2.00 an hour on 

 

straight labor with a minimuns charge of 1' 

 

hour's work. Naturally exorbitant prices are 

 

out of the question so keep Your rates in the 

 

professional class, because after all good radio 

 

servicing is a profession. 

 

Now let's take a look at "you." How do you 

 

keep up-to-date with all the new changes and 

 

improvements continually being made? A very 

 

excellent method is to subscribe to 2 or 3 monthly 

 

radio magazines and trade journals. Look them 

 

over carefully, read the ads., see what is taking 

 

place and learn as much as you can about new 

 

ideas before they get on the market so you'll 

 

be ready for them when they do arrive. 

 

Also pay some attention to your personal ap-
pearance. Never call at a customer's house in 

 

dirty or sloppy clothes. Neat appearance and a 

 

pleasant smile, along with prompt and courteous 

 

service at a fair price will get you a lot of 

 

business that the sloppy. surly, stalling com-
petitor loses. 

 

Coyne Electrical School 

 

ELEMENTARY PROCEDURE 

 

For 

 

SERVICING RADIO SETS 

 

IN THE PAST it has been the practice of manu-
facturers to issue a service manual each time a 

 

new model was brought out. Due to similarity 

 

of circuits this has resulted in much unnecessary 

 

repetition. It is believed that information can 

 

be compiled, general enough, to cover all the 

 

important phases of servicing past, present and 

 

future models. 

 

THE PROCESS OF ELIMINATION 

 

While the trouble is immediately apparent on 

 

some service jobs, in the majority of cases it 

 

is necessary to locate the defects by the process 

 

of elimination. In comparison with the production 

 

Problems, the Service Man has a relatively simple 

 

problem to face as he knows the radio was 

 

operating properly when shipped from the factory 

 

and failure most be due to breakdown of one 

 

or more parts in the radio set. In the case of a 

 

set which is completely inoperative the tracing 

 

should always commence at the rectifier-filter cir-
cuit and work back through the audio circuits, 

 

through the I.F., R.F., etc., to the antenna circuit. 

 

"A" AND "B" CIRCUITS 

 

.,First study the circuit diagram.'Notice whether 

 

filaments are wired in series or parallel. In 

 

series filament circuits as used ip A.C.-D.C. sets. 

 

the burn-out of one tubeY�r)the opening of the 

 

filament series resistor will
-
make all tubes fail 

 

to light. Iq parallel filament circuits a burned-
out tube will show up at once as the other tubes 

 

remain lighted. 

 

Absence of "B" voltage may indicate a defee-
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/ z 2 

 

t1ye tube.-lopen filter choke,' or/speaker field, (if 

 

such is used in place of a filter choke), short-

circuit or poor connection. . A short-circuited 

 

)filter_ condenser may have Icausedl the _rectifier 

 

ubq to become  inoperative. 

 

Z,ow "B" voltage may indicate a worn out 

 

rectifier tube, partial short-circuit at some loca-

tion in the set (usually through a resistance or 

 

leaky condenser), open filter condenser or in-

correct bias caused by faulty resistor. 

 

OTHER TESTS WHEN SET IS "DEAD" 

 

If, "A" and "B" voltages seem ` rt9.gt but 

 

sew is'"dead," te.`.•f for open s�fllaker winding, 

 

defective tubes, defective bypass condensers, open 

 

connections or wiring shorts. It is advisable to 

 

keep a set of "master" tubes which are known 

 

to be in good condition, for comparative purposes. 

 

WEAK OR POOR SENSITIVITY 

 

• 

 

These cunditiuns are generally caused by weak 

 

tubes, leaky or open bypass condensers, resistors 

 

whose values may have changed (may also cause 

 

overload), damaged coils, or incorrect adjustment 

 

of tunable circuits either R.F. or I.F. methods 

 

of testing condensers and resistors and of adjust-

ing tunable circuits will be given subsequently. 

 

RESISTOR AND CONDENSER TESTS 

 

A continuity meter consisting of a voltmeter 

 

and battery may be used for testing resistors. 

 

Its usefulness is limited however, to the operator's 

 

familiarity with the drop to be expected through 

 

various resistances. A simple ohmmeter of the 

 

type put out by the better known meter manu-

facturers is highly recommended. It is one of 

 

the most useful pieces of equipment in any service 

 

department. 

 

If you want a very simple and useful con-

denser test, purchase a 2-watt neon lamp from 

 

any radio mail order house. Connect this as you 

 

would a voltmeter for continuity test using 

 

B approximately 90 volts of " " battery. An "A-B" 

 

eliminator may be used in place of the batteries 

 

if it is filtered sufficiently so the A.C. component 

 

is practically nil. 

 

Condensers should be disconnected before being 

 

tested. There should be an instantaneous flash in 

 

the neon lamp as the circuit is completed across 

 

the condenser being tested. On small condensers 

 

this flash will be very small and of short duration. 

 

The brilliancy and duratootl of the flash are a 

 

rough indication of the capacity. The test should 

 

be maintained over a period of possibly !z-

minute. When testing paper or mica condensers 

 

there should be no light in the neon lamp other 

 

than the initial flash. No flash indicates an open 

 

condenser. Sustained or fluttering illumination 

 

indicates a leaky condenser which should be 

 

replaced. A good electrolytic condenser, due to 

 

the leakage through it, will allow a rhythmic 

 

flutter. 

 

The duration, rapidity and brilliancy of the 

 

flashes_ are governed by the capacity of the 

 

condenser. 

 

OSCILLATORS AND OUTPUT METERS 

 

While it is possible to do a certain amount of 

 

balancing and aligning without the aid of a 

 

signal generator and output meter it is not easy 

 

to approach the accuracy that can be obtained 

 

with their use. The well-equipped service depart-
ment should have an oscillator that will generate 

 

modulated signals of frequencies suitable for ad-

justing the I.F. transformer assemblies in super-
het. models and frequencies useful in nligning 

 

the tuning condensers on broadcast and short-
wave bands. The harmonics of signals in the 

 

broadcast band may often be used in checking 

 

and adjusting the short-wave bands if the test 

 

oscillator does not cover the whole spectrum 

 

desired. 

 

The standard type of A.C. output meter is 

 

satisfactory on all models not using A.Y.C. When 

 

A.V.C. is incorporated in the radio set a micro-
ammeter with any convenient range up to 500 

 

microamperes with a I-megohm variable resist-
ance in series should be used in place of the 

 

usual output meter. The variable resistance acts 

 

not only to protect the meter but allows adjust-
ment to the most convenient portion of the scale. 

 

In practice, this assembly is connected across the 

 

manual volume control and reads A.V.C. voltage 

 

developed. Adjustments are made for maximum 

 

reading. 

 

An alternative method, though not as satis-
factory, is to connect a 0-10 ma. D.C. milli-
ammeter in the "B"-plus lead to the primary 

 

of the last I.F. transformer to read plate current. 

 

Adjustments are made for minimum reading. 

 

ALIGNING AND BALANCING 

 

When it is necessary to rebalance or realign the 

 

tuning circuits due to damage, tampering or coil 

 

changes the procedure will be found similar on 

 

all models. 

 

T.R.F. CIRCUITS 

 

Set the sitinul generator at a frequency near 

 

1.500 kc. Tune the radio set to resonance with 

 

this signal and adjust the small trimmer con-
densers on the tuning condenser for maximum 

 

output. 

 

Next set the signal generator at 1.000 kc. Insert 

 

a thin bakelite, celluloid or mien feelei strip 

 

between the plates of the variable condensers be 

 

determine whether the circuits are properly 

 

matched. The action Lw this—the dielectric con-
stant of the celluloid feeler strip being higher 

 

than that of the air it displaces, results in an 

 

increase of capacity. 

 

Open the variable condenser just enough to 

 

indicate 2 or 3 point: below maximum signal. 

 

A. the feeler is inserted the meter reading should 

 

indicate increasing signal and then decreasing 

 

ns the feeler is inserted farther. This procedure 

 

should be followed on all sections. Should the 

 

meter fail to show an increase in signal as the 

 

strip is inserted in one section this indicates too 

 

great a capacity for that section. This may be 

 

corrected by bending the outside rotor plates 

 

out at the point where they mesh with the stator. 

 

After checking the alignment at 1,000 kc., 

 

repeat the process at 550 kc. 

 

SUPERHETERODYNE CIRCUITS 

 

It is customary to check the adjustment of 

 

the I.F. units before aligning the variable con-
denser. When doing this, the oscillator section of 

 

the variable condenser should be shorted-out so 

 

no oscillation will be generated in the radio set. 

 

The signal generator should be set at the proper 

 

intermediate frequency and its output connected 

 

to the antenna connection of the radio receiver. 

 

The valuable adjustments on the I.F. units should 

 

then be checked for exact resonance as indicated 

 

on the output meter. It is well to go over these 

 

adjustments more than once. 

 

When the I.F.'s are properly adjusted. the 

 

variable condenser may be balanced and aligned 
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following the directions given for T.R.F. circuit. 

 

It is not advisable to bend plates on the oscilla-
tor section unless absolutely necessary. The other 

 

sections should be aligned to the oscillator sec-
tion if possible. 

 

In sets having an adjustable oscillator pad it 

 

is customary to first adjust trimmer condensers 

 

at 1,500 kc. and then go to 550 kc., and adjust 

 

the pad. While the condenser is rocked slowly 

 

back and forth across the signal the pad is ad-
justed for maximum output. 

 

In sets incorporating a short-wave band, a 

 

vernier tuning condenser is provided so it is 

 

not necessary to worry about alignment after 

 

the set has been properly aligned on the broad-
cast band. Where needed, extra trimmer con-
densers are provided which are to be adjusted 

 

at the high-frequency end of the short-wave 

 

bands. Instead of bending condenser plates at 

 

the low-frequency end, alignment is accomplished 

 

by spreading or crowding turns on the short-
wave antenna coil. 

 

I.F. INTERFERENCE 

 

In some few sections of the country there are 

 

airport or other commercial transmitters oper-
ating on or near the intermediate frequency 

 

used in the radio receiver. This may result in 

 

interference from this station being present at 

 

all dial settings of the radio. To overcome this 

 

condition it is only necessary to shift the inter-
mediate frequency up or down about 10 kc. This 

 

necessitates readjusting the I.F. units and re-
balancing and realigning the R.F. circuits. 

 

ALL-WAVE ANTENNA SYSTEMS 

 

There are available, on the market, many 

 

so called all-wave antenna systems. These are 

 

particularly helpful in locations where there is 

 

a great deal of "man made- interference in that 

 

the lead-in of such a "balanced" system picks 

 

up neither signal nor interference, all pick-up 

 

being from the top portion of the antenna. This 

 

th,-n, can be placed far enough from the sources 

 

of interference to greatly improve result. 

 

International Kadette 

 

A. F. C. ALIGNMENT 

 

MADE EASY 

 

HE automatic tuning devices now 

 

being used in radio receivers are 

 

subject to inaccuracies and many 

 

times do not tune the receivers cor-
rectly. Therefore, it becomes necessary 

 

to use an automatic frequency control 

 

system to insure perfect tuning. 

 

These A.F.C. circuits normally con-
sist of a discriminator tube and "oscilla-
tor" or control tube. A typical circuit is 

 

shown above.' 

 

As a signal passes through the I.F. 

 

section of the set, if the oscillator is 

 

not tuned to the exact frequency, a 

 

voltage is developed across the cathodes 

 

of the 6H6 discriminator tube. If the 

 

oscillator is tuned to one side of the I.F., 

 

a positive voltage will result; if it is 

 

tuned to the other side of resonance, the 

 

voltage will be negative. Whatever volt-
age is developed is, in turn, impressed 

 

on the grid of the oscillator control tube 

 

varying its mutual conductance; and in 

 

turn, adding or subtracting from the 

 

inductance in the oscillator tube circuit, 

 

—thereby correcting the tuning and 

 

assuring absolute resonance. The entire 

 

action of such A.F.C. circuits depends 

 

upon perfect adjustment of the dis-
criminator transformer. 

 

ALIGNING I.F. AND R.F. 

 

In attempting to align a receiver 

 

using A.F.C., the set should be first ad-
justed in the conventional manner en-
tirely neglecting the A.F.C. circuit. A 

 

good stable oscillator should be con-
nected to the grid of the 1st-detector 

 

and ground. An output meter should 

 

be connected 'across the speaker term-
inals or from plate-to-plate on the out-
put transformer. The I.F. trimmers 

 

should then be adjusted for maximum 

 

output reading. This procedure should 

 

be checked a second time in order to 

 

insure maximum accuracy. 

 

After the adjustment of the I.F. 

 

transformers, the oscillators should be 

 

connected to the antenna and ground 

 

terminals and the R.F. section carefully 

 

adjusted. In making all of the above 

 

adjustments, the A.F.C. switch should 

 

be in OFF position so that there is no 

 

controlling action in the oscillator cir-
cuit. If, in some cases, the manufacturer 

 

does not supply a switch for eliminating 

 

the A.F.C. circuit, a short-circuiting 

 

switch should be inserted across the 

 

cathodes of the discriminator tube, or 

 

the control-grid on the oscillator con-
trol tube may be grounded to the 
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obtained, the discriminator transformer 

 

has been tuned to resonance and all 

 

adjustments have been made. If a 

 

vacuum-tube voltmeter is not available, 

 

a 20,000 ohms/volt analyzer can be used 

 

in its stead. Under no conditions should 

 

any attempts be made to measure the 

 

discriminator voltage with a 1,000 

 

ohms/volt instrument. Such readings 

 

would only be a small portion of the 

 

actual circuit potential and the absolute 

 

zero adjustment necessary, will be 

 

much too difficult to read accurately. 

 

FINAL CHECK 

 

As a final check on the alignment, the 

 

10-milliampere range of an analyzer 

 

should be inserted in series with the 

 

cathode of the oscillator control tube 

 

as shown at point X above. One 

 

model of Weston socket selector unit 

 

provides a quick, easy method of break-
ing into all such tube circuits in making 

 

current measurements. With the meter 

 

inserted in this manner, the A.F.C. 

 

switch should be thrown "ON" and 

 

"OFF"; if the discriminator circuit has 

 

been properly adjusted, there urill be no 

 

change in the vteter indication. 

 

We hope that this pictorial type of 

 

presentation will help Servicemen to 

 

visualize the procedure. 

 

Weston Electrical In•trument Corp. 
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DYNAMIC TESTING 

 

SIMPLIFIES SERVICING 

 

I F Dynamic Tester, being 

 

the only real development 

 

in the radio testing field, 

 

is an instrument the Serv-
iceman should give careful con-
sideration before he brands it 

 

as just another gadget. 

 

The dynamic tester is new— 
in principle as well as appear-
ance, and it is strange indeed 

 

that an instrument so simple 

 

had to make its advent in a 

 

day when complicated video 

 

circuits are the main topic of 

 

discussion. There is not a thing 

 

in the dynamic tester that 

 

could not have been given the 

 

Serviceman a decade ago, yet 

 

this new instrument is so 

 

powerful it gives him complete 

 

mastery over a radio circuit. 

 

Dynamic t e s t i n g means 

 

checking the radio set under 

 

actual operating conditions. It 

 

is concerned with the signal 

 

itself, and not with the condi-

The use of the Dynaly:er (this is the instrument 

 

in the photo to which the test cord is connected). 
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The interesting features in the "Dynaiysar" described th the accompanying arficla are here 

 

diagrarmned. 

 

The last R.F. point is the 2nd-detector, usually a diode. The 

 

signal here should be approximately the same strength as at the 

 

plate of the I.F. tube. Decided loss would be.caused by the same 

 

things previously mentioned. At the diode, 2 things happen. 

 

(1) The R.F. component or carrier, is filtered out and becomes 

 

A.V.C., to be applied to grids of R.F. and I.F. tubes. This is 

 

done through a network of high-value resistors and low-value 

 

condensers. This action may be checked by measuring along this 

 

network with the electronic meter. 

 

(2) The 2nd thing that happens is that the audio component 

 

is separated and fed onto the grid of the 1st audio tube. To 

 

continue tracing the signal, the dynamic tester must be set to 

 

receive audio signals. 

 

A.F.—The audio signal may be traced through the volume 

 

control to the grid of the 1st audio tube. The increase in signal 

 

strength through the 1st audio stage is sufficient to require using 

 

the 25-volt range. 

 

The loss or gain between the plate of the 1st audio tube and 

 

the grid of the output tube depends on the type of coupling. If 

 

resistance-capacity coupling is used there will be no gain. If 

 

transformer coupling, there will be a gain depending on the 

 

ratio of the transformer. However, watch out for drivers in 

 

class B outputs. Drivers are step-down transformers and will 

 

show a loss even though they are normal. 

 

The gain through the output tube or tubes will be slightly less 

 

than through the 1st audio, due to the amplification factor of 

 

the tube, and across the output transformer there will be a 

 

decided loss due to the difference in impedance between the plate 

 

winding and the voice coil winding. 

 

CHECKING ALIGNMENT 1,400 kc.). Add to this frequency the fre-
While the dynamic tester may be used quency of the I.F. (1,400 ke. plus 460 kc., 

 

to align a radio receiver using a station for for example) and set the.tester at this fre-
a signal, it is of far more service as an quency (in this case, 1,860 ke.). This should 

 

out-of-alignment detector. be the oscillator frequency when the set is 

 

To check alignment, tune-in a station on tuned to 1.400 ke. To check this, place the 

 

the high-frequency end of the band (around R.F. probe on or near the oscillator tuning 
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condenser. If the oscillator signui is off-

resonance, it will not peak at this point, 

 

but instead, will tune to resonance at some 

 

other point on the tester dial. Peaking is 

 

indicated by the meter in the "R.F." posi-
tion. Nothing will be heard in the tester 

 

speaker because the oscillator signal ie 

 

unmodulated at this point.. 

 

To check alignment of the R.F. circuit, 

 

place the R.F. probe of the tester on the 

 

R.F. plate, or in case of no R.F. stage, the 

 

converter plate. If retuning the set increases 

 

the signal in the tester, the alignment is not 

 

correct. A slight variation here may be 

 

tolerated, but appreciable variation means 

 

that the set needs realignment. Disregard 

 

the signal in the speaker of the radio set 

 

when making this test, as the signal will 

 

disappear completely, of course, as the set 

 

is retuned. 

 

To check I.F. alignment, place the R.F. 

 

probe on the plate of the I.F. tube and 

 

tune tester to maximum signal, which should 

 

be. somewhere near the I.F. of the radio 

 

receiver. Next jump the probe to the diode,. 

 

or to the plate of the 2nd I.F. tube. If the 

 

2 I.F.'s do not peak exactly on the same 

 

frequency, the I.FA need re-aligning. 

 

ALIGNMENT 

 

To make adjustments to the R.F. and 

 

oscillator circuits, place the R.F. probe on 

 

the plate of the converter tube. Short the 

 

oscillator section of the tuning condenser. 

 

(which stops oscillator), and tune the tester 

 

to the frequency of the station or signal 

 

being received. This must he a station ea nr 

 

the alignment frequency specified i.y the 

 

manufacturer (usually. around 1.400 kc.). 

 

Adjust the antenna and R.F. trimmers for 

 

maximum intensity it. the tester. The elec-

tronic meter, thrown to the "R.F." position, 

 

will serve perfectly uz: an output meter. 

 

After the R.F. adjustments have been 

 

made, remove.the short from the oscillator. 

 

and adjust the oscillator high-frequency 

 

trimmer to maximum signal in the tester 

 

with the tester set at the Z.F. 

 

Now tune set to a station or signal around 

 

600 kc. and adjust the low-frequency padder 

 

in the same manner. Rocking the condenser 

 

gang will not be necessary. For careful 

 

alignment, repeat the procedure. 

 

Adjustments to the I.F. circuits may ht 

 

made by leaving the tester tuned to the 

 

I.F. and jumping the probe to the last I.F. 

 

point (usually, the diode). It will not be 

 

necessary to make actual contact at this 

 

point because the signal is now stronv 

 

enough to be picked-up in the tester with 

 

the probe clipped to an insulated wire it, 

 

the circuit. This is called "loosely coupling" 

 

to the circuit and its advantage is that it 

 

does not detune the I.F. With the testes 

 

coupled in this manner, adjust the trimmer-

to maximum reading on the meter, remem-

bering to always use minimum signal in'• 

 

the radio set being aligned. 

 

FINDING TRIMMERS 

 

The dynamic tester is very useful in find-

ing trimmers when alignment data is not 

 

available. To do this, tune-in a station or 

 

signal around 1,400 kc. Set the tester or. 

 

the same frequency, and touch the R.F. 

 

probe to the various trimmers until the 

 

signal is found. The R.F. signals will bd 

 

heard on the R.F. trimmers. As all the R.F. 

 

trimmers are adjusted to the same fre-

quency, in most sets, it is not necessary to 

 

distinguish them: however in case of R.F. 

 

stages the various trimmers can be iden-
tified by their signal level. (The 2nd R.F. 

 

stage will be louder than the 1st, etc.) 

 

Oscillator trimmers are easily found. A& 

 

to the frequency of the signal being received 

 

on the radio set the I.F. of the receiver. 

 

Tune the tester to this frequency, and watch 

 

the meter for indication. (Nothing will bt 

 

heard in the tester speaker, as previously 

 

explained.) Usually the low-frequency pad-
der will indicate less signal than the trim-
mer when the set is tuned to 1,400 kc., or 

 

thereabout. 

 

Trimmers for the shortwave bands mad' 

 

be located similarly by using signals in tht 

 

respective bands, but misleading harmonics 

 

gust be watched-out for. 

 

(NTERMITTENTS 

 

Internow.rt operation is the bugaboo of 

 

mdi,• servicing, yet with the dynamic tester, 

 

even this condition i; simplified. 

 

Intermittents can be quickly localized to 

 

either the R.F. or A.F. end by tieing the 

 

R.F. probe into the radio set at the last 

 

R.F. point. (Usually, the diode of the 2n,1 

 

detector.) Monitor both the speaker in the 

 

radio and the one in the tester. An inter-

ruption in the radio speaker that does not 

 

affect the tester, means that the trouble is 

 

in the audio section. Interruption to both. 

 

means that the signal is being affected in 

 

the R.F. end as weli as the audio. The elec-

tronic voltmeter may be tied into the high-

voltage line to see if the interruption affects 

 

the voltage. 

 

After the trouble has been localized to 

 

either the A.F. or R.F. end, the tester may 

 

be moved, 1 stage at a time until the defec-

tive stage is located. 

 

MAKING ESTIMATES 

 

The dynamic tester enables the ;erviee-

man to give quicker and more accurate esti-

mates. If there is more than one defect in 

 

a radio receiver, it is not necessary for him 

 

to repair one thing before he can find an-

other. Cases where the oscillator, one of the 

 

i.F.'s, the 2nd-detector anti the output trans-

former were out of commission have been 

 

found without making any temporary re-

pairs. Servicemen are constantly getting in-
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to trouble by making estimates which do not 

 

include some unforeseen defect. 

 

The Rimco Dynalyzer has a feature which 

 

permits a station to be tuned-in on the 

 

tester, and the audio output then fed out 

 

through the probe. This A.F. signal may be 

 

fed into the radio set under test at the 1st 

 

audio stage, and the entire A.F. end of the 

 

set tested within a single operation. 

 

Intermediate frequencies may be checked 

 

by feeding an I.F. signal into the set and 

 

picking it oft at any point with the tester. 

 

ELIMINATE "CLIPPING" 

 

With a little head work. the Serviceman 

 

can locate many defective parts without the 

 

usual clipping-out and resoldering into cir-
cuit. Bysass condenseys are in . a radio set 

 

for  .2 purposes: TIT
-

f_ pass U. and (21�to 

 

block D.C.Jkisistors are used to drop vol- 

 

tagesl and furnish return paths. The elec-
tronic voltmeter, because it draws absolutely 

 

no current from the circuit, may be used to 

 

big advantage to analyze these conditions. 

 

Direct-current drops across defective con-
densers point out these defects. The amount 

 

of voltage dropped across certain resistors 

 

will often lead the Serviceman to the defec-
tive part. 

 

FOR HAM RIGS 

 

The dynamic tester is a handy gadget to 

 

have around the ham rig. Percentage of 

 

modulation and field strength measurements 

 

may be made with it. It will provide a very 

 

efficient means of neutralizing, and it is a 

 

good frequency meter and monitor. 

 

As in servicing receivers, it may be used 

 

to trace signal failure and out-of-tune trans-
mitter conditions. Standing waves on the 

 

lead-in and antenna may be observed, and 

 

distortion localized. On the Dynalyzer a plug 

 

has been proe-ided for connecting an oscil-
loscope. This permits the operator to look 

 

at the waveform at any point. The electronic 

 

meter ranges may be extended to read high 

 

voltages. 

 

MODERN RECEIVER 

 

TEST REQUIREMENTS 

 

I
N order to 

 

meet the 

 

approval of 

 

an increasing-
ly critical pub-
lic, it has been 

 

necessary for 

 

receiver design 

 

engineers to 

 

develop radio 

 

sets of increas-
Fig. A. oscilloscope. i n g complex-

ity, to meet the following specifications: 

 

(1) High sensitivity; 

 

(2) Sharp selectivity; 

 

(3) High selectivity; 

 

(4) A low noise-to-signal ratio. 

 

Investigating these attributes sepa-
rately, it is found that a receiver must 

 

have high sensitivity to bring in distant 

 

stations at a satisfactory volume level. 

 

especially the low-power stations. 

 

The receiver must have sharp selec-

tivity to discriminate distinctly between 

 

stations on adjacent channels and to 

 

prevent interference of one station with 

 

the other. This interference appears as 

 

cross talk, or hearing both stations at 

 

the same time. 

 

The better-grade receivers are ex-

0 

 

s0 

 

70 

 

100 

 

B KC 

 

4 KC 

 

-10 -5 R +5 +10 

 

Fig. I. Typical selectivity curve for a high-fidelity Fig. 2. Typical selectivity curve for an ordinary 

 

receiver. receiver. 
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Fig. 3. Selectivity curve shoving signal-to-noise 

 

ratio "ripple". 

 

peeted to give high-fidelity reproduction. 

 

This means that the R.F: sections of the 

 

receiver must pass, without appreciable 

 

attenuations, audio sidebands with a 

 

width of 5 to 7 thousand cycles per sec-
ond, also that the audio amplifier in the 

 

receiver must be capable of amplifying, 

 

with equal response, frequencies be-
tween approximately 50 and 7,000 cycles 

 

per second. 

 

To produce a satisfactory volume level 

 

with freedom from extraneous noise 

 

i.e., to have low noise signal ratio—is 

 

probably one of the most vital points to 

 

the receiver owner. 

 

CURRENT RECEIVER DESIGN 

 

To manufacture receivers of this 

 

quality and meet the specifications 

 

pointed out, the design engineer has de-
veloped iron-core I.F. coils, over-coupled 

 

I.F. coils, automatic volume control, 

 

automatic frequency control, rejection 

 

filters, high-fidelity audio channels, and 

 

other complicated circuits. 

 

Eventually there comes a day when 

 

the modern receiver will not operate cor-
rectly. The owner goes to a radio service 

 

laboratory to have the receiver re-
stored to its original condition. This 

 

means that the Serviceman must be con-
versant with current receiver design, 

 

and possess the proper equipment to 

 

service the instrument. In order to as-
sure himself ample profit from the 

 

work, the technician must be able not 

 

only to complete the work rapidly, but 

 

know that every circuit in the receiver 

 

is functioning properly when he is fin-
ished, so as to forestall subsequent 

 

failure and customer dissatisfaction. 

 

ANALYSIS 

 

All of the 

 

modern per-
formance re-
quirements 

 

above enumer-
ated may be 

 

r a p i d l y 

 

checked by the 

 

select! Pity re-
sponse ev rve 

 

of receivers as 

 

depicted on the cathode-ray oscilloscope. 

 

The mechanical method of obtaining 

 

this response curve is to adjust the re-
ceiver to resonance with a signal gen-
erator. An output meter is connected to 

 

the receiver output stage. By moving 

 

the signal generator off-resonance ap-
proximately 2 ke. at a time, and ob-
serving the output reading, it is pos-
sible to plot the output voltage against 

 

frequency off-resonance and obtain a 

 

selectivity or response curve. 

 

Typical curve for a high-fidelity re-
ceiver is shown in Fig. 1, while the 

 

typical curve for the ordinary receiver 

 

is shown in Fig. 2. 

 

Sensitivity is represented by the 

 

height of the selectivity curve, while 

 

selectivity is determined by the width 

 

of the curve at the zero voltage line. 

 

Fidelity of the receiver is judged from 

 

the width of the curve at approximately 

 

70c/e of maximum voltage. If the signal 

 

generator is operated at low output 

 

voltage, the noise-to-signal ratio can be 

 

judged very closely. Experience with 

 

previous receivers will allow the tech-
nician accurately to determine this 

 

value. A high noise-to-signal ratio will 

 

appear usually along the base of the 

 

curve, as shown in Fig. 3. 

 

After the curve for ordinary receivers 

 

illustrated in Fig. 2 is adjusted for 

 

maximum height and symmetry, it may 

 

then be analyzed for selectivity. The 

 

point at which the curve reaches zero 

 

voltage is 8 kc. off-resonance. In this 

 

instance, there would be no cross-talk 

 

from the station operating in the ad-
jacent channel, which is 10 kc. off-
resonance. Checking at 70% of maxi-
mum voltage, the curve intersection ap-
pears at 4 ke. This means that the R.F. 

 

section of the receiver will pass only 

 

Fig. S. VA. Voltmeter. 
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4,000 cycles of audio frequency as a 

 

maximum. If the audio section of the 

 

receiver is flat to 4,000 cycles or more, 

 

audio frequency which can appear at 

 

normal volume in the speaker will be 

 

4,000 cycles per second. The base of the 

 

curve is relatively smooth, and it can 

 

be assumed that the noise-to-signal 

 

ratio is sufficiently low. 

 

If a similar analysis is made of the 

 

high-fidelity response curve shown in 

 

Fig. 1, it will be found that the curve 

 

comes to the base line at 11 kc. The 

 

amount of cross-modulation from the 

 

station in the adjacent channel would 

 

undoubtedly be negligible in this in-
stance. The 701/: line intersects the 

 

curve at 7,500 cycles, which can be con-
sidered very good fidelity. 

 

WHISTLES 

 

Many superheterodyne receivers em-

ploy an I.F. 

 

rejection filter, 

 

which must be 

 

accurately ad-
justed with a 

 

signal genera-
tor and a suit-
able indicating 

 

instrument to 

 

prevent ex-
Fig. C. Signal Generator. 

 

0 receivers brought in for servic-

ing is the "cigar box" type uni-
versal A.C.-D.C. receiver using a 

 

T.R.F. circuit with 4 or 5 tubes. Sets 

 

like these have been widely distributed 

 

over the entire country and have been 

 

sold at extremely low prices. Since man-

ufacturing costs must obviously be kept 

 

down when a receiver complete with 

 

tubes is to sell for less than $10, low-
grade parts are often employed. Break-
downs are frequent, and Service Men 

 

are expected to make prompt repairs. 

 

Unfortunately for the customer, it 

 

costs very nearly as much to repair one 

 

of ,these small receivers as a larger set. 

 

When a customer hears the estimate of 

 

service costs, he generally exclaims: 

 

traneous whistles over a certain portion 

 

of the dial. 

 

. These heterodyne whistles are produced 

 

by commercial signals, outside of the broad-
cast band, feeding directly through the I.F. 

 

channel. 

 

In many of the better-grade receivers, a 

 

10,000-cycle cut-off filter will be found. This 

 

filter must be adjusted with a variable 

 

audio oscillator, and is for the purpose of 

 

removing heterodyne whistles which fre-

quently occur when 2 relatively equal 

 

powered stations are operating on adjacent 

 

channels. 

 

The cathode-ray oscilloscope (see Fig. A), 

 

or a vacuum-tube voltmeter (see Fig. B), 

 

should be used properly to adjust auto-
matic frequency control receivers, as this ad-

justment is very critical, and only the most 

 

sensitive instruments may be used. Re-
ceivers having normal I.F. amplifiers may be 

 

aligned with an oscillator, as shown in 

 

Fig. C, and an output meter. High-fidelity 

 

receivers having over-coupled I.F. ampli-
fiers must be adjusted on the cathode-ray 

 

oscilloscope if their fidelity is to be main-
tained. 

 

Clough-Brengle Co.. 

 

CHAPTER 3 
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NE of the most common types of "Why, I can buy a new radio for less 

 

than that!" 

 

This is true, sad to say, but the 

 

business-like Service Man will point out 

 

that the parts in the new receiver will 

 

be no better than those in the old one, 

 

and the same trouble will undoubtedly 

 

develop in a short time. On the other 

 

hand, if the old receiver is repaired, 

 

using first-class parts which the manu-
facturer could not afford to employ, 

 

excellent results may be expected. The 

 

cost of service work on one of these sets 

 

should really be considered a part of 

 

the purchase price, for the value of the 

 

receiver will be increased in exact pro-
portion to the value of the new high-
grade parts. Such a line of reasoning 

 

seldom fails to bring in the job at a 
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Fig. I. Typical circuit of a 

 

high enough price to give the Service 

 

Man a fair profit. 

 

Although this article deals primarily 

 

with the servicing of "universal"-type 

 

(or A.C.-D.C.) T.R.F. receivers for 

 

which circuit diagrams are not obtain-
able anywhere, the procedures described 

 

apply equally well to these T.R.F. re-
ceivers when circuit diagrams are at 

 

hand, and will also prove of value in 

 

servicing universal A.C.-D.C. super-
heterodyne receivers. 

 

The signal circuits of a midget T.R.F. 

 

radio set are extremely simple. Gener-
ally there is one stage of radio-frequen-
cy amplification using -a 6.3-volt super-
control pentode tube such as the 78, 

 

6D6 or 6K7. The former two types have 

 

the same base and are interchangeable, 

 

while the latter uses an octal base. 

 

The R.F. amplifier feeds into the de-
tector, which uses a pentode tube hav-
ing a sharp plate-current cut-off 

 

characteristic. Interchangeable, type 

 

6C6 or 77 tubes, or the octal-base 6J7 

 

tube will generally be found in the 

 

detector stage. 

 

The audio output of the detector is 

 

fed by means of resistance-capacity 

 

coupling into the power output tube, 

 

which is generally a type 43 pentode. 

 

This tube in turn feeds the loudspeaker; 

 

although a dynamic loudspeaker is more 

 

often used, you will occasionally en-
counter a magnetic speaker. 
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midget A.C. D.C. receiver. 

 

In some sets one or more dummy 

 

tubes will be found, with only the fila-
ments connected into the circuit. As 

 

long as the filament circuit is not open, 

 

the condition of a dummy tube is im-
material; in fact, defective tubes are 

 

often used originally by the manufac-
turer to keep costs down while making 

 

the customer think he is getting a 

 

larger receiver. 

 

TYPICAL "UNIVERSAL" CIRCUIT 

 

In Fig. 1 is shown the typical signal 

 

circuit arrangement of an A.C.-D.C. 

 

T.R.F. receiver. There are several 

 

peculiarities which should be noted; 

 

these are: (1) the chassis may not be 

 

an electrical part of the circuit, in 

 

which case the ground symbols simply 

 

indicate that the parts so marked are 

 

connected together; (2) the screen-grid 

 

of the R.F. tube*gets, the same potential 

 

as the plate; (3) an external ground 

 

connection is not used because one side 

 

of the power line (which connects to the 

 

receiver circuits) is grounded; (4) the 

 

small coils connected to the primary 

 

R.F. coil windings provide capacitative 

 

coupling in addition to the usual induc-
tive, primary/ secondary coupling. 

 

The aerial for a midget set is usually 

 

of flexible wire, permanently attached 

 

to the set and connected to the receiver 

 

input circuit through a small tubular 

 

or mica condenser. This aerial wire may 
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be grounded to a water pipe or other 

 

external ground, in which case the R.F. 

 

signals picked up by the ungrounded 

 

side of the power line will flow through 

 

the primary of the 1st R.F. trans-
former, then through the antenna con-
denser and the aerial wire to ground. 

 

The R.F. signals passing through the 

 

primary induce a signal voltage in the 

 

secondary in the usual way. 

 

If the chassis is an electrical part of 

 

the circuit and the line cord plug is in-
serted in such a way that the chassis 

 

connects to the hot (ungrounded) side 

 

of the power line, you may get a shock 

 

when you touch the chassis if some part 

 

of your body is grounded. If you get a 

 

shock, reverse the line plug if the source 

 

is A.C.; this will connect the chassis to 

 

,the grounded side of the power line. In 

 

:the case of D.C. power you cannot re-
verse the plug, for that would make 

 

polarity incorrect; you will simply have 

 

to avoid standing on a concrete floor (a 

 

good ground), and avoid touching any 

 

grounded object while working on the 

 

set with power on. With either A.C. or 

 

D.C. power, never make a direct connec-
tion from the chassis to an external 

 

ground, for this may short-circuit the 

 

power line and blow the line fuse. 

 

TYPICAL A.C.-D.C. POWER SUPPLY 

 

Figure 2 shows a typical power sup-
ply circuit used for both T.R.F. and 

 

superheterodyne universal A.C.-D.C. 

 

sets. A 25Z5 tube is connected as a sin-
gle half-wave rectifier, but where the 

 

loudspeaker field coil is energized inde 

 

pendently of the receiver circuit, there 

 

Will be a separate connection to each 

 

cathode and an extra filter condenser 

 

connected directly across the loud-
speaker field, as indicated in the dotted 

 

circle at the right in Fig. 2. 

 

The tube filaments in a universal re-

Fig. 4. The rectifier and filter circuit. 

 

ceiver are wired in series, with each 

 

filament requiring 0.3-ampere. The fila-
ments of the type 25Z5 and 43 tubes 

 

require 25 volts each, while the 6D6 and 

 

6C6 tubes each require 6.3 volts. This 

 

makes a total of approximately 63 vovs, 

 

and means that the filament voltage-
dropping resistor must drop 115 - 63, or 

 

approximately 52 volts. Since 0.3-
ampere flows through this resistor, it 

 

will have an ohm value of 52 _ 0.3, or 

 

approximately 175 ohms. 

 

If pilot lamps are used, they are 

 

usually placed in series with the voltage-
limiting resistor. Each lamp is operated-
at about 4.25 volts, and hence the re-
quired voltage drop across the limiting 

 

resistor is reduced by this amount. Two 

 

pilot lamps connected as in Fig. 3A 

 

reduce this required voltage drop by 

 

8.5 volts. (Although the lamps are rated 

 

at 6.3 volts, they are operated at 4.25 

 

volts to prevent burn-out on surges.) 

 

Pilot lamps are always shunted by 

 

resistors, for these lamps do not draw 

 

as much current as the tube ' filaments. 

 

The shunt resistance will be equal to 

 

the shunt current (the difference be-
tween the 0.3-ampere filament current 

 

and the pilot lamp current) divided into 

 

the voltage across the lamp or lamps. 

 

Pilot Lamp Color Code. On A.C.-D.C. 

 

sets, only 2 types of pilot lamps are 

 

ordinarily used; these can be identified 

 

by the color of the glass bead through 

 

which the filament-supporting wires 

 

pass. A mazda No. 40 lamp with a minia-
ture screw base draws 0.15-ampere and 

 

has a brown-colored bead. A mazda No. 

 

46 lamp with a miniature screw base 

 

draws 0.25-ampere and has a blue bead, 

 

while a mazda No. 44 lamp with a 

 

bayonet base also draws 0.25-ampere 

 

and has a blue bead. A third type of 

 

lamp, having a white bead and drawing 

 

0.20-ampere, is infrequently encoun-
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tered. Replace burned-out lamps with 

 

new lamps having the same bead color 

 

and voltage rating (6.3 volts). 

 

You will occasionally find 2 pilot 

 

lamps connected in series directly 

 

across the 110-volt line, with no shunt 

 

resistor across them. These will be 110-
volt Japanese lamps similar to those 

 

used on Christmas trees. They are con-
nected in series to operate at half-

voltage, thereby having longer life 

 

while still giving sufficient light to 

 

illuminate the tuning dial. 

 

Types of Filament Resistors. Various 

 

types of filament voltage-dropping re-
sistors are used in universal A.C.-D.C. 

 

sets. Many of the earlier models use 

 

ordinary wire-wound resistors mounted 

 

under the receiver chassis. The chief 

 

disadvantage of these is that the heat 

 

which they radiate causes deterioration 

 

of nearby receiver components, chiefly 

 

the electrolytic condensers. 

 

Line cord resistors, having the re-
sistance wire embedded in asbestos and 

 

placed in the line cord along with the 

 

usual 2 copper wires, are now widely 

 

used because they keep the dissipated 

 

heat entirely out of the chassis. Line 

 

cords are easily identified by the fact 

 

that they have 3 leads instead of 2; the 

 

resistance wire is connected to one of 

 

the line wires, the connection being 

 

made directly to one of the prongs on 

 

the line cord plug. The line wire which 

 

connects to this same prong may be 

 

identified with an ohmmeter, and al-

ways goes to the rectifier plates. The 

 

other line wire will go to the ON-OFF 

 

switch which is mounted on the volume 

 

control of the receiver. 

 

When a receiver which uses a line• 

 

cord resistor is in operation, the line 

 

cord becomes quite hot, but this is nat-
ural and is no cause for worry. Never 

 

attempt to shorten the line cord when 

 

it has a built-in resistance, for this 

 

would reduce the resistance value and 

 

affect the operation of the receiver. 

 

Ballast tubes are even more satisfac-

0 

 

Fig. 5. Another power-
supply circuit with the 

 

filter choke in the neg-
plate-supply lead. 

 

tory than line cord resistors for fila-
ment voltage-dropping purposes. These 

 

tubes can now be secured with either 

 

glass or metal envelopes, the metal en-

velope being the more popular. The re-
sistance element is mounted inside the 

 

envelope and connected to prongs on 

 

the tube base. Oftentimes taps are pro-
vided, with connections to tube prongs, 

 

to eliminate need for separate pilot 

 

lamp shunt resistors; an example of a 

 

ballast tube having one tap for this pur-
pose is shown in Fig. 3B. 

 

When a ballast tube burns out, al-

ways replace it with another having 

 

exactly the same number. This is neces-

sary because the tubes are made with 

 

many different ohmic values and with 

 

many different arrangements of prong 

 

connections. Ballast tubes become very 

 

hot while in use, but as the heat is 

 

above the chassis, critical parts in the 

 

receiver are not damaged. 

 

Service Men are- sometimes asked to 

 

replace line cord resistors with ballast 

 

tubes; space limitations make it in-
advisable to attempt this, for midget 

 

receivers are quite compactly construct-
ed. Incidentally, an ohmmeter provides 

 

the quickest way of identifying the vari-
ous prongs on a ballast tube. 

 

Rectifier Circuit Variations. A single 

 

12Z3 rectifier tube or even a type 37 

 

triode with grid and plate connected 

 

together may be found in a circuit ar-

rangement like that in Fig. 4. Since 

 

supplying field excitation to a dynamic 

 

speaker would place too heavy a drain 

 

on the rectifier, you may expect to find 

 

a magnetic loudspeaker in a receiver 

 

Fig. 6. The detector screen grid obtains its bias 

 

from the cathode of the power tube. 
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having this power pack circuit. The 

 

0.1-mf. condenser connected across the 

 

power line tends to prevent interfer-
ence from entering the receiver by way 

 

,of the power line. Oftentimes a 2,000-
ohm, 1-watt resistor is used in place of 

 

the more efficient but bulkier and more 

 

costly filter choke, as indicated inside 

 

the dotted circle in Fig. 4. 

 

Sometimes you will find a circuit 

 

which uses two 12Z3 tubes connected 

 

in place of a single 25Z5; the circuit 

 

will be the same as that in Fig. 2 ex-

cept that the 2 diode sections of the 

 

rectifier tube will be in separate enve-

lopes. The filaments of the two 12Z3 

 

tubes will be in series and will together 

 

be electrically equivalent to the filament 

 

of a single 25Z5 tube. This gives the 

 

set an extra tube and is therefore an 

 

advantage from a sales standpoint. The 

 

2 tubes supply sufficient power for loudspeaker 

 

field coil excitation, and hence a dynamic loud-
speaker will usually be found. A single 12Z3 tube 

 

cannot, however, supply enough current for both 

 

the loudspeaker field coil and the receiver circuits 

 

and lust a normal length of time. 

 

Another power pack circuit using a 25Z5 rec-
tifier tube is shown in Fig. 5. Here the filter 

 

choke is placed in the negative plate .supply lead, 

 

and the voltage drop across the choke is used as 

 

C bias for the control grid of the power tube. 

 

When the voltage drop across this choke is not 

 

correct for biasing purposes, a resistor i3 in-
serted between points x and z in Fig. 5, and the 

 

control-grid return lead of the power tube is 

 

run to point z. as indicated by the dotted line, 

 

instead of point Y. The ohms value of the inserted 

 

resistor is so chosen that the voltage drop across 

 

the resistor equals the correct bins voltage for 

 

the tube. Notice that the cathode of the power 

 

tube is grounded, eliminating the need for a 

 

cathode bypass condenser and resistor. A de-
coupling resistor and condenser are required in 

 

the control-grid circuit of this tube, however. 

 

A rather unique method sometimes used to 

 

secure a positive screen-grid voltage for the de-
tector tube is shown in Fig. 6. Observe that here 

 

the detector screen-grid is connected directly to 

 

the cathode of the power tube, which is suffi-
ciently positive with respect to the detector tube 

 

cathode for this purpose. 

 

FILTER CONDENSERS 

 

Filter Condenser Connections. When the filter 

 

choke is in the positive side of the power pack 

 

circuit, all. electrolytic condensers will have a 

 

common negative lead. When the filter choke is 

 

in the negative side of the circuit, however, the 

 

negative side of the input filter condenser does 

 

not connect to ground (chassis) and consequently 

 

requires a separate lead. In this case the 2 filter 

 

condensers may have a common positive lead, 

 

as is the case in Fig. 5. 

 

Failure of filter condensers is quite a common 

 

occurrence in universal A.C.-D.C. receivers. 

 

Oftentimes there will be no markings whatsoever 

 

on the old condenser block to serve as a guide in 

 

ordering a new unit; in a case like this, the fol-
lowing method of reasoning will allow you to 

 

order a satisfactory replacement. 

 

Make a sketch of the old condenser block, 

 

showing all leads which come out from it. Now 

 

trace each condenser lead and determine where 

 

it goes in the circuit. By this time you will be 

 

able to recognize the type of power pack circuit 

 

used. Label each lead on your sketch according 

 

to the point to which it connects, and indicate 

 

its pclarity. Once you recognize the type of 

 

circuit used, you will have no difficulty in deter-
mining the polarity of any point with respect 

 

to the "B—" lead and in drawing the internal 

 

connections for the condenser sections. Condenser 

 

block sketches for the power pack circuits given 

 

previously in this article are shown in Fig. 7 

 

Here are a few tips towards identifying the 

 

various leads. If the filter choke is in the positive 

 

-side of the power pack circuit, as evidenced by a 

 

direct connection from one of the choke ter-
minals to the cathode or cathodes of the rectifier 

 

tube, then all of the filter condensers in the 

 

block will have a common negative lead. You can 

 

identify this common lead by the fact that it 

 

connects to the receiver side of the ON-OFF 

 

power switch either through the chassis or 

 

through a common lead. Once this is done, you 

 

can draw in the internal connections of the 

 

condenser block just as has been done in Fitt. 7. 

 

If the choke is in the negative side of the 

 

power pack circuit, as evidenced by the rectifier 

 

tube cathode tracing directly to the screen grid 

 

of the power tube without encountering any 

 

current-limiting or choking devices, you can lo-
cate the negative lead for the input filter con-
denser by the fact that it will be the only filter 

 

condenser lead connected to the switch side of 

 

the filter choke. Where the loudspeaker field coil 

 

gets its current from a separate section of the, 

 

25Z5 rectifier tube, there will be a condenser 

 

across the loudspeaker field coil with its negative 

 

lead also connected to the switch. In most cases 

 

a single common negative lead is used for both 

 

condensers. The positive leads for these con-
densers are easily identified; the positive lead of 

 

the loudspeaker filter condenser will go to that 

 

25Z5 cathode to which the speaker field is also 

 

connected, while the positive lead of the input 

 

filter condenser will go to the other cathode of 

 

the rectifier tube. 

 

Having located the leads and determined the 

 

functions of the various sections of the electro-

lytic filter condenser block, you are ready to 

 

place on your sketch the approximate capacity 

 

values for each section. Use the following general 

 

rules as your guide: 

 

Input Filter Condenser—any value between 

 

10 mf. and 20 mf., rated at 200 volts D.C. work-

ing voltage; Output Filter Condenser—any value 

 

between 8 mf. and 16 mf. rated at 200 volts D.C. 

 

working voltage; Loudspeaker Field Coil Filter 

 

Condenser—between 4 mf. and 8 mf., rated at 

 

200 volts D.C. working voltage; Cathode Bypass 

 

Condensers-5 mf., rated at 25 or 35 volts D.C. 

 

working voltage. 

 

While condensers smaller than the minimum 

 

values given should not be used, the maximum 

 

values may be exceeded without impairing the 

 

operating qualities of the receiver. The voltage 

 

ratings can likewise be higher than the minimum 

 

values given. 

 

Your electrolytic condenser block sketch now 

 

gives you the necessary data for ordering a re-

placement unit. If a unit having the desired in-
ternal connections and desired capacities is not 

 

available, the next best thing is to order a con-
denser block having the desired capacities and 

 

separate leads for each section. If even this is 

 

not available, make up your condenser block 
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from two or more separate electrolytic condenser 

 

units having the desired capacity and voltage 

 

ratings. When ordering separate unite in this 

 

way, be sure to check the available space and 

 

choose units which are small enough to fit this 

 

space. 

 

JUSTIFIED COMPLAINTS 

 

Is the Customer's, Complaint Justified? The 

 

operating characteristics of a universal A.C.-

D.C. or "
cigar box" receiver of the T.R.F. 

 

variety must be carefully considered before at-

tempting service work, in order to make sure that 

 

the customer
'
s complaint is justified. These little 

 

receivers are designed primarily for reception of 

 

powerful local stations which are spaced well 

 

apart in the broadcast band. The receivers have 

 

little selectivity, so that local stations which are 

 

separated by less than 100 kc. may be expected 

 

to interfere with each other. The receivers like-

wise have poor sensitivity, and the reception of 

 

distant or even semi-distant stations will there-

fore be unreliable. Where the complaint of the 

 

customer simply involves one of these factors, no 

 

service problem exists. Likewise, good fidelity 

 

and freedom from blasting at full volume should 

 

not be expected from these receivers, particularly 

 

if they employ a magnetic-type loudspeaker. The 

 

customer making complaints which involve these 

 

factors is asking too much of his receiver and 

 

requires a better receiver to meet his needs. 

 

Common Troubles. The simplicity of the cir-

cuits used in universal T.R.F. receivers greatly 

 

limits the variety of troubles which may develop. 

 

The complaints which will most often be encoun-

tered are: Set is dead; local signals are weak; 

 

hum is excessive; set distorts; oscillation (squeal-

ing) exists; set operatrs intermittently. 

 

Servicing 
"Dead" Receivers. When the receiver 

 

is "dead." determine first of all if the tubes light 

 

or warm up. An open-circuit somewhere in the 

 

series filament circuit is indicated if they do not 

 

Take out each tube in turn and check its filament 

 

prongs with an ohmmeter for continuity or test 

 

the tube in a conventional tube tester. If tubes 

 

are OK, check the filament voltage-dropping 

 

resistor with an ohmmeter. If a ballast tube is 

 

used for this purpose, inspect its socket connec-

tions in order to determine between which'prongs 

 

there should be continuity. If a line cord resistor 

 

is used, check with an ohmmeter between the 

 

line cord resistor lead and each prong on the 

 

wall socket plug in turn (the plug being re-

moved from its outlet) ; with the power switch 

 

open, or one tube removed, there should be con-

tinuity between one of the prongs on the wall 

 

plug and the receiver end of the line cord re-

sistor if this resistor is OK. If there is a shunt 

 

resistor across the pilot lamp or lamps, check 

 

this with the ohmmeter for continuity. Check 

 

pilot lamps also for continuity. 

 

If the set is dead but all tubes light up and 

 

test OK, use the D.C. voltmeter section of your 

 

multimeter to measure the voltage between the 

 

Fig. 7. Typical con-

nections for the 

 

electrolytic condenser 

 

blocks used in 

 

midget A.C.-D.C. sets. 

 

common rectifier-tube cathode connection and the 

 

tuning condenser frame (this always being at 

 

"R—" potential, and convenient to reach with a 

 

test probe). With the set plugged into an A.C. 

 

outlet, you should measure between 90 and 120 

 

volts, while with the set plugged into a D.C. 

 

outlet, this voltage may be as low as 85 volts. 

 

If no voltage is measured here on D.C., try 

 

reversing the position of the line plug; proper 

 

polarity must always be observed on D.C. 

 

A low rectifier-tube output voltage on A.C. 

 

operation is an indication of defective filter con-

densers. Check each condenser dr condenser sec-

tion in turn, by disconnecting one of its leads 

 

and then checking the condenser for leakage with 

 

an ohmmeter. If leakage resistance is lower than 

 

the normal value for a condenser of similar size, 

 

the condenser is defective and requires replace-
ment. Even if leakage resistance is normal 

 

(check the leakage resistance of a new condenser, 

 

of about the same size for comparison if you 

 

are uncertain), the condenser may still have 

 

deteriorated through drying out of the electrolyte, 

 

with a resultant lowering of its capacity. Try a 

 

new filter condenser at each position in turn, 

 

while the old unit is disconnected. Separate 

 

B-mf., 475-volt test condensers should be kept on 

 

hand for tests like this on any receiver. If the 

 

rectifier-tube output voltage comes up to normal 

 

when a new condenser is inserted, this is a sign 

 

that the old condenser was defective. 

 

Even when only one section of the old electro-

lytic filter condenser is bad, a new block should 

 

be installed, for there is a good possibility that. 

 

the other sections of the block will soon fail in 

 

a similar manner if left in the receiver. When 

 

using a test electrolytic condenser in this manner, 

 

you must, of course, observe polarity very care-

fully, for connecting an electrolytic condenser 

 

to a voltage source with improper polarity will 

 

in most cases ruin it. 

 

If the rectifier tube output voltage of the 

 

"dead" receiver is normal, check the D.C. voltages 

 

between the 'B—" point in the circuit and each 

 

plate and screen-grid prosy of each tube. Repeat 

 

this test for the corresponding tube socket lug; 

 

failure of the two readings for any one tube 

 

electrode to correspond indicates a break be-

tween the lug and the tube socket prong con-

nection, making the installation of a new socket 

 

necessary. 

 

Improper voltages on any tube electrode will 

 

point to the source of trouble, just as in the 

 

case of an ordinary A.4p. receiver. The circuit 

 

diagrams in this article will give you an idea as 

 

to what voltages to expect; obviously the detector 

 

tube plate voltage and the control-grid voltage 

 

on the power tube will be quite low due to the 

 

high values of resistance in these circuits. 

 

Simple continuity checks of various receiver 

 

circuits often prove the speediest way of locating 

 

trouble in a "dead" receiver. There should be 

 

continuity between the rectifier-tube cathode and 
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the plates, as well as screen-grids, of all other 

 

tubes in the receiver, with the exact ohmmeter 

 

reading depending upon the sizes of the resistors 

 

in the various circuits. There should be con-
tinuity from the receiver side of the ON-OFF 

 

power switch to the control-grids, as well as the 

 

cathodes, of all tubes in signal circuits. 

 

Rotor and stator plates of tuning condensers 

 

are sometimes shorted together: inspection will 

 

often reveal such a short, but if doubt exists. 

 

disconnect the coil lead from the stator of each 

 

section and check each section individually with 

 

an ohmmeter. There should be no continuity 

 

between rotor and stator plates of a section. 

 

To check the bias resistors in the cathode 

 

leads of the detector tube and the power tube, 

 

first disconnect the electrolytic cathode bypass 

 

condensers and then check the resistor with an 

 

ohmmeter. Theme condensers often have sufficient 

 

leakage to mask the effect of an open resistor. 

 

While making this test, check the leakage re-
sistance of the bypass condenser with the ohm-
meter. 

 

Circuit disturbance tests on these receivers are 

 

limited to touching the control-grid caps with 

 

the finger or removing the caps, for pulling out 

 

a tube opens all filament circuits and masks the 

 

effect of the test. The above tests should result 

 

in location of the trouble in any "dead" universal-
type receiver which uses a conventional T.R.F. 

 

circuit. 

 

ADDITIONAL DATA 

 

Servicing Weak Receivers. Essentially the same 

 

tests are made on a weak receiver as on a dead 

 

receiver. In addition, the dynamic loudspeaker 

 

field coil and its supply should he checked by 

 

applying a screwdriver to a pole piece; absence 

 

of pull indicates a defective field coil or no supply 

 

voltage to it. The continuity of the aerial should 

 

be checked with an ohmmeter, and the trimmer 

 

condensers should be readjusted for maximum 

 

output. Weak reception can often be cured by 

 

moving the control-grid leads around enough to 

 

secure a small amount of regeneration. 
It is a good idea to check the line voltage in 

 

the customer's home when weak reception is the 

 

complaint; if this voltage is below normal, report 

 

the matter to the local power company. Ordi-
narily there is nothing you can do to g receiver 

 

of this type to offset low line voltage. Excessively 

 

high line voltage is not serious in these small 

 

receivers, for the tube filaments and the pilot 

 

lamps are designed to stand up under all normal 

 

fluctuations in line voltage. With D.C. power 

 

lines particularly, the line voltage on peak loads 

 

may drop to a point where no reception is 

 

obtained, and again the trouble is not the fault 

 

of the receiver. 

 

Servicing Receivers for Hum. A &rtain amount 

 

of hum is to be expected in any receiver operat-
ing from an A.C. line. Many Service Men forget 

 

this fundamental fact and spend hours trying to 

 

eliminate perfectly normal hum which they ob-
serve after correcting the original defect in the 

 

receiver. Hum should never be so loud, however, 

 

that it becomes annoying when listening to the 

 

program from a local station. Excessive hum is 

 

often caused by a reduction in capacity of filter 

 

condensers, by a heater-to-cathode short in some 

 

tube, by an improper connection of a filter con-
denser, or by an open control-grid return. 

 

Curing Distortion. Improper centering of the 

 

loudspeaker voice coil is a common cause of dis-
tortion ; the usual corrective methods apply here 

 

just as in larger receivers. Always try a new out-
put tube when distortion is the complaint, for 

 

the great amount of heat dissipated by the heater 

 

in this tube often affects other electrodes in the 

 

tube. 

 

A leaky coupling condenser between the detec-
tor and the grid of the output tube is another 

 

likely cause of distortion. If you can measure a 

 

D.C. voltage across the grid resistor of the output 

 

tube when the positive voltmeter probe is con-
nected to the grid end of this resistor, a leaky 

 

coupling condenser is indicated ; replace with a 

 

0.05-mf., 600-volt cartridge condenser if you can-
not determine the value of the original part. 

 

Check the ohms values of the cathode bias re-
sistors, and check cathode bypass condensers for 

 

leakage in the manner already described, for 

 

these are also possible causes of distortion. 

 

Distortion often occurs when the volume.con-
trol is turned up too high when tuned to a strong 

 

local station ; this is a normal condition due to 

 

overloading of the receiver stages or of the loud-
speaker, and the remedy obviously is for the cus-
tomer to keep the volume level below the point 

 

at which distortion begins. 

 

Curing Oscillation. A certain amount of oscilla-
tion is to be expected in these midget receivers 

 

when the volume control is advanced to its maxi-
mum setting, for the designers of these sets de-
pend to a certain extent upon regeneration for 

 

high gain. Oscillation at low volume control set-
tings can be due to open bypass or filter con-
densers, as well as to failure to use tube shields 

 

if they were originally provided. Shielding of 

 

the control-grid leads of the R.F. and detector 

 

tubes, if these leads are over-exposed, or chang-
ing the positions of these leads are likely turn. 

 

Connecting the aerial to an external ground is 

 

sometimes effective in eliminating oscillations. 

 

Cramming the aerial into a small apace will 

 

often cause circuit oscillation ; keep this wire 

 

stretched out to its extreme length. As a last 

 

resort, when oscillation cannot be cured in any 

 

other way, detune the trimmer condensers until 

 

it ceases. 

 

Intermittent Reception. Any of the usual causes 

 

of intermittent reception in radio receivers are 

 

to be expected in these midgets, but my experi-
ence has shown that in most cases either a 

 

defective type 43 output tube or a defective 

 

coupling condenser between this tube and the 

 

detector stage will cause intermittent trouble. 

 

Try a new output tube first of all, then try a 

 

new coupling condenser. If the trouble persists, 

 

wiggle each of the tubular condensers in the 

 

receiver in turn with your hand in an attempt 

 

to make the trouble appear. If this is not suc-
cessful, resolder all connections in the receiver. 

 

If the volume control is noisy in its action, install 

 

a new control. Check the aerial with an ohm-
meter while bending it slowly back and forth 

 

through its entire length, for this will some-
times reveal a break. 

 

General Suggestions. Unless you are thoroughly 

 

familiar with the socket connections of the tubes 

 

used in these midget receivers, always have tube 

 

base layouts at hand for ready reference. These 

 

layouts are particularly helpful when [Waking 

 

point-to-point voltage or resistance tests and 

 

when locating various parts in the receiver. 

 

National Radio Institute 
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CHAPTER 4 

 

Setvieiny `Qtp anl" and /titivate- Stand Sets 

 

PART 1 

 

RESENT-DAY radio receiver serv-
ice practice calls for the use of 

 

service manuals to locate the exact 

 

wiring diagram of the set involved. 

 

Provided with a wiring diagram and a 

 

reasonable amount of service equipment, 

 

the average radio technician has little 

 

difficulty restoring a standard receiver 

 

to its original operating condition. In 

 

following this practice day in and day 

 

out the Serviceman finds that the inevit-
able schematic becomes a necessity and 

 

unless it is available the proper service 

 

procedure is not instantly apparent. 

 

For example there are receivers man-
ufactured by major companies but mar-
keted under private brands; also so-
called `loft" receivers manufactured by 

 

smaller companies on contract; also 

 

numerous custom-built or special receiv-
ers, any one of which may be brought 

 

in for service and the service manual 

 

or wiring diagram not immediately 

 

available. 

 

To service such receivers, the Service-
man needs a fair knowledge of the fun-
damentals common to all radio receivers 

 

regardless of type or manufacture. 

 

Standard service practice calls for re-
storing the circuit to its original condi-
tion and little thought given to the 

 

possibility of simple changes that will 

 

add improved operation and eliminate 

 

frequent disability. With few exceptions 

 

broadcast receivers are manufactured to 

 

a certain minimum cost and that calls 

 

for low safety factors of critical parts 

 

and sacrifice of desirable features in 

 

many instances. The Serviceman coming 

 

in close contact with his customers can 

 

often point out the advisability of 

 

changes or improvements versus simple 

 

repair of one defective part, a procedure 

 

that will add profits to the till. 

 

The purpose of this article is two-

fold, first it gives full information re-

garding the proper method of servicing 

 

"odd" receivers, or as a inatter of fact 

 

any receiver, without the use of a dia-

gram or service manual. Secondly, the 

 

same information will be found useful 

 

in improving radio receivers daring the 

 

servicing operations. 

 

EQUIPMENT 

 

The following minimum service equip-
ment should be available: 

 

(1) Tube-Tester. 

 

(2) Combination A.C.-D.C. Voltme-

ter, D.C. Milliammeter and Ohmmeter 

 

(the latter feature is also available for 

 

continuity tests). 

 

(3) Pair of Headphones. 

 

The following additional equipment is 

 

desirable, and given in the order of 

 

importance: 

 

(1) Signal Generator. 

 

( 2) Condenser Tester. 

 

(3) Vacuum-Tube Voltmeter. 

 

BASIC CIRCUITS 

 

Basically, all radio broadcast receiv-
ers and their circuits are essentially the 

 

same in that they employ (1) radio-

frequency amplification; (2) rectifica-

tion; (3) audio-frequency amplification; 

 

(4) a loudspeaker; and, (5) a power 

 

supply. Factors 1, 2, 3 and 4 are common 

 

to both tuned-radio-f requency and super-
heterodyne receivers, and the latter also 

 

calls for additional radio-frequency am-

plification at an intermediate frequency 

 

in conjunction with 1 of 3 oscillator-
mixer methods, viz: 

 

(1) A Mixer tube, either a triode, 

 

tetrode or pentode, and an Oscillator 

 

tube; the oscillator and signal voltages 

 

are applied to the same grid. The 2 
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circuits may be coupled by a condenser 

 

(capacity-coupled, through C4) as 

 

shown in Fig. 1A; or they may be induc-
tively-coupled by suitable mechanical 

 

relation of the inductances Ll and L2, 

 

L3. This method was very common prior 

 

to the introduction of special tubes for 

 

this application. 

 

(2) A Pentagrid Converter Tube may 

 

be used, wherein the oscillator tube and 

 

mixer tube are combined in 1 shell and 

 

the 2 circuits electron-coupled, as shown 

 

in Fig. 1B. 

 

(3) A Pentagrid Mixer (especially 

 

designed for shortwave or all-wave cir-
cuits), having 2 separate control-grids, 

 

1 for the R.F. signal and 1 grid for the 

 

oscillator voltage, and used with a 

 

separate oscillator tube, as shown in 

 

Fig. 1C. 

 

While on the subject of oscillators, 

 

it is well to point out there are prac-
tically only 2 types of oscillator-coils 

 

used, one without a tickler winding and 

 

the other with a tickler winding, these 

 

are shown in Figs. 1D and*IE. The cir-
cuit in Fig. 1D, without the tickler, 

 

oscillates due to capacity feedback across 

 

the padding condenser Cl, and is used 

 

principally for the broadcast band or 

 

lower frequencies. For the shortwave 

 

bands, the tickler method (Fig. 1E) 

 

gives more stable operation, especially 

 

on the higher frequencies and is pre-
ferred and used for that reason. Tests 

 

and adjustment to mixer-oscillator cir-
cuits will be described further on in this 

 

article. 

 

CIRCUIT FEATURES 

 

Aside from the fundamental circuit 

 

divisions previously mentioned, various 

 

receivers include one or more features 

 

developed in recent years including auto-
matic volume control; automatic fre-
quency control; noise limiters; signal 

 

(gain) limiters; volume expansion for 

 

record reproduction; devices to regulate 

 

selectivity, sensitivity, audio volume and 

 

audio characteristics, etc. Initial discus-
sions will be confined to basic circuit 

 

factors. 

 

HOW TO START? 

 

There are 2 approaches in starting 

 

on a defective receiver, the proper one 

 

depends entirely on how thoroughly the 

 

customer wants the receiver serviced and 

 

his willingness to pay accordingly. If 

 

the repairs and repair costs are to be 
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confined to the single defect involved, 

 

the difficulty may be located promptly 

 

in many instances without elaborate 
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meter tests. The tubes are checked, re-
placed where necessary and the set 

 

placed in operation. Under these circum-
stances experience is often useful in 

 

quickly determining the source of trou-
ble. 

 

The second approach, where the owner 

 

requires a 1st-class repair job, and will 

 

pay a fair price accordingly, calls for a 

 

systematic check of the complete receiv-
er. An efficient procedure is as follows: 

 

1. Check and test all tubes, making 

 

replacements where necessary. 

 

2. Test loudspeaker circuit;'resistance 

 

and continuity of the electrodynamic 

 

speaker field; the resistance and con-

tinuity of the speaker voice coil, and the 

 

output transformer voice winding, in-

dividually, by disconnecting one from 

 

the other. Test for grounds or high-
resistance leakage between the speaker 

 

field, voice coil and transformer voice 

 

coil winding to ground. While testing 

 

the continuity of the voice coil, the coil 

 

itself should be moved back and forth 

 

vigorously to determine that the flexible 

 

leads to the voice coil are not partially 

 

broken. Check the mechanical clearance 

 

between the voice coil and pole piece. 

 

3. Check the power supply, which may 

 

utilize one of the following systems: 

 

(a) Transformer, and either full-
wave or half-wave rectifier tubes, 

 

as shown in Fig. 2A. 

 

(b) Transformerless, A.C.-D.C. sys-
tem, with series filaments and a 

 

rectifier; see Vig. 2B. 

 

A Voltage-Doubler Rectifier Cir-
cuit, per Fig. 2C. 

 

(d) A Vibrator Power Pack, per Fig. 

 

2D. 

 

(e) Batteries. 

 

(f) A Motor-Generator, Dynamotor 

 

or Rotary Converter. 

 

(c) 

 

POWER SUPPLIES 

 

A large majority of all transformer 

 

power supplies use a full-wave rectifier 

 

tube. Occasionally a power pack will 

 

have a single half-wave rectifier, and 

 

for practical purposes, it can be con-
sidered either half of a full-wave circuit. 

 

In some high-voltage power supplies, we 

 

find 2 half-wave rectifiers used to make 

 

a full-wave circuit; for example, two 

 

281 tubes as shown in diagram 2A. 

 

The principal difference between 

 

transformer rectifier circuits is the mat-
ter of either choke or condenser input 

 

to the filter. The choke in?nit has the 

 

advantage of better regulation, tending 

 

to keep plate current constant and pre-, 

 

venting distortion in R.F. or A.F. tubes 

 

due to current fluctuations. It also has 

 

the advantage of less voltage strain 

 

on the 1st filter condenser, C1, as shown 

 

in the Choke Input circuit. 

 

The condenser, C, in the condenser 

 

input type of circuit must be capable of 

 

withstanding the instantaneous peak 

 

A.C. input voltages (1.4 times the r.m.s. 

 

value indicated on an A.C. voltmeter), 

 

and consequently, this is a common point 

 

of failure due to insufficient rating. To 

 

correct this condition when a sufficiently 

 

high-rating condenser is not available, 

 

2 lower-voltage condensers may be con-
nected in series to get the desired result, 

 

viz., two 16-mf., 400-working-volts con-
densers in series in place of one 8-mf., 

 

475-working-volts condenser. When us-

ing series condensers for this purpose, 

 

they should be shunted by equal, high 

 

resistances to equally divide the total 

 

"strain aeros§ the 2 condensers; this is 

 

shown by dotted lines in Fig. 2A. For 

 

the above case, equal resistors of about 

 

50,000 to 100,000 ohms would be satis-

factory. 

 

To properly check a power supply, the 

 

"B plus" lead to the receiver should be 

 

disconnected and a dummy load substi-
tuted in the form of a resistor having 

 

a value which will duplicate the receiver 

 

plate load. The proper resistor can be 

 

calculated from Ohm's law, estimating 

 

the receiver's total plate load in milli-

amperes and the estimated plate voltage. 

 

Ep 

 

R = — This is resistor R in Fig. 

 

Ip 

 

2A. Under this condition, tests on the 

 

power supply are independent of any 

 

influence from possible defects in the 

 

other parts of the receiver circuit. 

 

The power supply tests then consist 

 

of the following (under load) : 

 

Line voltage across primary of 

 

transformer 

 

Rectifier filament voltage. 

 

Filament voltage to receiver 

 

tubes. 

 

A.C. voltage input to rectifier 

 

plates (Y to ground). 

 

Unfiltered D.C. (X-1 to ground). 

 

Voltage drop across filter choke 

 

or chokes. Knowing the total 
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choke resistance and voltage drop across 

 

same, the total D.C. flowing can be calculat-
ed from Ohm's law. 

 

Tests on the above circuit will not indi-
cate an open filter condenser and these 

 

condensers should be tested separately for 

 

capacity if possible. Abnormally high A.C. 

 

voltages to the rectifier plates and also to 

 

the tube and rectifier filaments indicates 

 

shorted turns in the primary of the trans-
former. Lack of A.C. at any secondary 

 

point of the transformer of course indicates 

 

an open transformer winding. The voltage 

 

drop across the filter chokes having been 

 

checked, the proper D.C. voltages can be 

 

expected between X2 and X3 to ground. 

 

Shorted filter condensers are invariably in-

stantly detected by the smoke emitted from 

 

the unit! A worn out tube will prevent ob-
taining proper D.C. voltage at X1, however 

 

it was previously stated that all tubes 

 

should first be tested. 

 

The simpler rectifier circuits, for exam-
ple the 25Z6 (Fig. 2B) commonly used in 

 

A.C.-D.C. sets with series filaments and 

 

half-wave rectification, or the 25Z6 used as 

 

ivoltage doubler (Fig. 2C), are treated in 

 

e same manner. The D.C. voltages avail-
able from the doubler circuit are approxi-
mately twice that obtained from the same 

 

tube in the half-wave circuit. In the doubler 

 

circuit, the maximum voltage obtainable 

 

and the degree of regulation can usually be 

 

improved substantially by increasing the 

 

values of C and CI, up to about 32 mf., 

 

each. 

 

OTHER POWER SUPPLIES 

 

Secondary circuits of Vibrator Power Sup-
plies are also treated in the same manner, 

 

an examination of Fig. 2D indicating that 

 

the circuit from the secondary of the trans-
former is practically the same as that of a 

 

transformer-rectifier circuit. 

 

Battery Power Supplies need little men-
tion other than caution that all voltage 

 

tests, to be of any value, must be made 

 

under full load conditions. 

 

In checking output voltages available 

 

from Motor-Generators, Dynamotors or Ro-
tary Converters, here again the tests must 

 

be made under full load operating condi-
tions and while making these measurements, 

 

as examination of the commutators and col-
lector rings should be made to see that they 

 

are free
'
from any abnormal sparking. A. 

 

check should be made to see that the ma-
chine frames are well grounded. Repairs to 

 

motor-generators, dynamotors and rotary 

 

converters should be carried out by repair 

 

shops specially equipped for this kind of 

 

work. 
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Knowing that the receiver tubes are in 

 

Perfect condition, that the power pack is 

 

functioning properly and that the loud-
speaker circuit is in order, the technician 

 

is now in a position to proceed, confident 

 

that existing defects in remaining sections 

 

of the circuit can be located quickly and ef-
ficiently. 
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S etviditf 
~

0t)l2Aaas 
or
 anal Auvate- Stand Set, 

 

PART 2 

 

N Part I, the discussion covered meth-
ods of checking the power supply and 

 

loudspeaker circuits. Knowing definitely 

 

that these 2 portions of the circuit are in 

 

order, greatly simplifies locating defects in 

 

other sections of the receiver. 

 

In extreme cases the receiver involved 

 

may come into the shop without tubes and 

 

without marked sockets, or wrong type 

 

tubes may be found in one or more sockets. 

 

Accordingly, without a diagram, the Serv-
iceman is not only called upon to find defects 

 

but also to determine the proper tube com-

plement. 

 

DETERMINING TUBE COMPLEMENT 

 

Measurement of the transformer filament 

 

winding will determine the series-2%-, 

 

6.3-, 7-volt, etc. Absence of external shields 

 

for the R.F. tubes will ordinarily indicate 

 

metal tubes were originally used. The type 

 

and number of socket connections will be 

 

of furthei assistance in this direction. For 

 

example in examining a resistance-coupled 

 

audio amplifier stage, by checking the plate, 

 

grid and bias resistors used, against tube 

 

manual tables, one can determine if an 

 

ordinary triode or a hi-mu triode circuit is 

 

intended, for a 5-contact socket. 

 

Possibly less than 50% of all Servicemen 

 

are completely equipped with modern test 

 

equipment. Accordingly in a discussion of 

 

this type, while the procedure calls for the 

 

use of test instruments, information is given 

 

covering satisfactory workable substitutes, 

 

therefore making the subject interesting to 

 

the largest possible number of readers. 

 

After having checked the power Supply 

 

and speaker circuits, the balance of the set 

 

may be checked by starting at either the 

 

antenna or audio end. Preference is given to 

 

approaching the audio end first, because here 

 

again knowing the audio section is in order 

 

facilitates the remaining tests. 

 

THE A.F. CHANNEL 

 

Before subjecting the audio amplifier to 

 

signal tests, it is well to check the voltages 

 

appearing at each tube, that is the plate 

 

voltage, screen-grid voltage (if used), and 
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Fig. 3. Basic voltage amplifier circuits. 

 

;A) Triode resistance-coupled A.F. stage. 

 

(B) Triode impedance-coupled A.F.stage. 

 

(C) Triode transformer- coupled A.F. 

 

stage. (D) Tetrode resistance-coupled 

 

A.F. stage. (E) Pentode resistance-

coupled A.F stage. (F) Phase-inverter 

 

stage. 
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bias voltage. Checking these values will also 

 

reveal any defective plate-coupling resistors, 

 

open transformer windings, shorted con-
densers, etc. 

 

One of the easiest ways to test an audio 

 

frequency amplifier, or any one stage of 

 

same, is to apply an A.F. signal to the input 

 

and observe the resulting output. In the 

 

absence of regular test instruments for this 

 

prooedure, excellent results may be obtained 

 

by using an electrodynamic phonograph 

 

pickup and a test record as the audio signal 

 

source; and a pair of headphones for the out-
put circuit, as, per Fig. 5. This not only gives 

 

an indication of gain-per-stage, but by using 

 

high-grade wide-range phones, also gives a 

 

direct aural indication of quality and fre-
quency coverage. 

 

By connecting the phones directly across 

 

Ahe phono pickup coil the direct response, 

 

for comparison, is obtained. This method Is 

 

useful in testing 1 or 2 stages; where more 

 

amplification is present, the output should 

 

be observed at the loudspeaker. In testing 

 

an audio stage for quality and frequency 

 

coverage in this manner, the'selection of the 

 

test record is very important. The recording 

 

should include musical instruments that 

 

jointly cover the entire musical scale. For 

 

example, vibraharps, bass violins and drums 

 

are excellent tests for the low frequencies; 

 

while flutes, piccolos, triangles and bells are 

 

excellent tests for the higher frequencies. 

 

BASIC A.F. CIRCUITS 

 

In using this signal-test method exclu-
sively the technician may come to a stage 

 

giving distortion but also finding that all 

 

the electrical components appear to be in 

 

x 

 

i 

 

A.F. 

 

M G 

 

;(N7 

 

.006 -
MF 

Y, 

 

ti 

 

Y.

006- 

 

1
� 

Mr
 

 

\� 
M 

 

J
GA

 
)

G 

 

( IF 

 

E►Cw) 

 

T 

 

0.47s• USN-
M EG DULL 

 

Y•
, STAGE 

 

,1 

 

5.000 
23.000 r 

 

OHMS 

 

.
8+

. 

 

o..Ms 

 

r MEG 

 

order. The trouble may be due to insertion 

 

of the wrong type tube and in this case a 

 

fair knowledge of the basic amplifier cir-
cuits and related tubes is valuable. 

 

VOLTAGE AMPLIFIERS. Figure 3A is a 

 

standard triode resistance-coupled stage. 

 

Figure 3B is a similar amplifier but using 

 

an impedance plate load. 

 

Figure. 3C shows the standard trans-
former-coupled stage, the gain depending 

 

upon the tube used and transformer ratio; 

 

the frequency coverage depending upon the 

 

design of the transformer. It must be re-
membered that regardless of the fidelity 

 

obtained by preamplifiers which may be 

 

resistance-coupled, the overall fidelity is 

 

limited by the performance of either the 

 

driver transformer or output transformer, 

 

accordingly for exceptional results thew 

 

last 2 mentioned units should be of high-
quality design. 

 

Figure 3D shows a tetrode resistance-
coupled amplifier; and Fig. 3E, a pentode 

 

resistance-coupled amplifier, the latter used 
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Fig. 4. Basic power amplifier circuits. (A) Triode 

 

output A.F. stage, transformer-coupled. (B) Triode 

 

output A.F. stage, impedance- (or resistance-) 

 

coupled. (C) Tefrode (beam power) output A.F. 

 

stage transformer-coupled. (D) Ditto, but with in. 

 

verse audio feedback. 

 

for high gain-per-stage (with the sacrifice 

 

of possible distortion). All interstage audio 

 

amplifiers are primarily voltage amplifiers. 

 

Audio stages can be quickly serviced by 

 

first determining that the associated re-
sistors and condensers are of the proper 

 

value and in perfect condition; End, deter-
mine that the proper tube is being used and 

 

that the rated cathode bias voltage, plate 

 

voltage and screen-grid voltage (if used) 

 

are being applied. A signal test can then be 

 

made and the grid and plate resistors 

 

changed to higher values for increased am-

plification, if required; or to lower values 

 

for reduced amplification, reduced distortion 

 

and greater stability. 

 

Figure 3F shows the basic phase-inverter 

 

circuit. Signal balance on the gods of the 

 

push-pull output of the phase inverter cir-
cuit can be checked with a V-T.Vm., from 

 

points Y' to ground and Y" to ground; these 

 

readings should be equal and the reading 

 

across Y' to Y" should be double either of 

 

the single readings. Unless this condition is 

 

fulfilled, the voltages are not in phase. 

 

At low frequencies the phase shift is 

 

usually very small, but the error may be-
come great at high frequencies, therefore 

 

distortion may be introduced that will vary 

 

with frequency. Unequal capacities, grid to 

 

ground, will cause both unbalance of voltage 

 

and different phase positions for the grid 

 

voltage. 

 

POWER AMPLIFIERS. Possible unbalance in 

 

the associated push-pull stage (see Fig. 6), 

 

can be checked by connecting the V: T.Vm. 

 

across the cathode bias resistor R1, but with 

 

CI disconnected. With perfect balance, no 

 

A.C. voltage should appear. The phonograph 

 

pickup test is also applicable to any phase-
inverter circuit. 

 

The output amplifier stages must produce 

 

power, and accordingly, gain is usually a 

 

secondary consideration although some of 

 

the pentode output tubes do have a fairly 

 

high amplification factor. 

 

Figure 4A shows the standard trans-

former-coupled output stage; Fig. 4B. the 

 

same circuit impedance-coupled, in both 

 

cases for a triode. Figure 4C is a pentode 

 

output stage transformer-coupled; and 4D, 

 

a beam power tube output stage, trans-
former-coupled and with inverse-feedback 

 

applied. For push-pull operation, the circuit 

 

may be considered as 2 circuits exactly the 

 

same as the one shown. All the above-men-
tioned amplifiers are shown self-biased. For 

 

fixed-bias, especially in the case of the 

 

larger tubes, the bias is taken from a sep-
arate small power supply. 

 

A frequent complaint pertaining to resist-
ance-coupled audio amplifiers is inotorboat-

ing. It is invariably due to the use of exces-
sively high grid leak or plate-load resistors 

 

and can be readily corrected by lowering 

 

the value of these units, otherwise the fault 

 

roust be due to unstable plate 
"B" supply. 

 

In most audio amplifier designs, a high 

 

value of cathode bias resistor bypass capac-
ity is desirable but may be a source of 

 

increasing A.C. hum. Every effort should be 

 

made to eliminate the hum at its source 

 

and not sacrifice quality by reducing the 

 

bias resistor bypass value. 

 

Figure 6 gives the points for aural test 

 

of a complete A.F. amplifier, overall, or for 

 

any 1 or 2 stages. The push-pull output 

 

stage, in its original condition, may be ar-
ranged for any one of the different classes 

 

of power audio amplification. By noting the 

 

value of the self-bias resistor, plate-load 

 

impedance, and driver transformer char-
acteristics, and referring to a tube manual. 

 

the intended class of operation can be deter-
mined. 

 

GAM 

 

The complete family df audio circuits is 

 

here given to bring out the similarity be-
tween the different variations. In absence of 

 

manufacturer's circuit specifications, refer-
ence should be made to a standard tube 

 

manual which will invariably give all the 
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data required such as amplification factor. 

 

power output, proper bias values, plate load 

 

requirements, etc. 

 

Generally speaking, it is well to remem-

ber that minimum gain, minimum distortion 

 

and maximum stability are obtained using 

 

low-gain triodes. W here more gain is essen-

tial per stage, at hi-mu triode may be sub-

stituted in resistance- or impedance-coupled 

 

circuits, and changing the associated resis-

tors and condensers accordingly. If still 

 

more gain is required, and insertion of an 

 

extra stage is impractical, a pentode resist-

ance-coupled or triode transformer-coupled 

 

circuit can be adopted to get the desired 

 

result. In a similar manner, if the existing 

 

arrangement gives excessive gain and di4-

tortiou. a pentode stage can be changed 

 

down to a hi-mu. or a hi-mu changed down 

 

to u triode. 

 

The radio technician should find audio 

 

amplifiers relatively easy to service. When 

 

a set comes in with 1 or 2 defective con-

densers an effort should be made to sell the 

 

customer on the idea of a complete new set 

 

of higher grade replacements. In a similar 

 

manner if the set-up uses cheap carbon re-

sistors, it can be pointed out to the customer 

 

that the resistance value of carbon resistor: 

 

varies with load and with temperature, and 

 

to insure permanent, stable operation the 

 

entire circuit should be changed to use 

 

higher-grade resistors with molded covering 

 

(so-called metallized resistors are one exam-

ple). Provided the technician is a fair judge 

 

of music aurally, more reliance should be 

 

made on the "ear value," rather than on 

 

electrical measurements only. A "sour
audio amplifier is unacceptable even if ac-

companied 1--y an impressive performance 

 

curve. 

 

Referring again to the phono pickup test 

 

for using a signal generator), the input is 

 

connected in each ca,e from X to ground as 

 

per the family diagrams. The output indi-

cator—phones or equivalent--is connected 

 

from Y to ground for the tube alone. Con-

necting the output indicator from Y' to 

 

ground brings condenser C into action, also 

 

the succeeding grid resistor, and the effect 

 

of these parts in-circuit is then noted. Under 

 

these conditions, necessary alterations may 

 

be made to the cathode bias resistor, the bias 

 

bypass, grid resistors, or plate load; or a 

 

change in type of tube, in accordance with 

 

proscribed values, or experimentally, to get 

 

the desired results. 

 

DETECTOR CHANNEL—INCLUDING A.V.C. 

 

Figure 7A shows the well-known gridleak-
and-condenser detector circuit which is 

 

usually found where high sensitivity is es-
sential, for example in 1-, 2- or 3-tube sets. 

 

Maximum sensitivity and selectivity in the 

 

circuit are obtained by using a high value of 

 

grid leak, 2 megohms or more, but with a 
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sacrifice of stability and audio quality. 

 

Stability and improved audio frequency re-

sponse may be obtained by reducing the 

 

value of R, but at a sacrifice of selectivity. 

 

In this circuit there is no negative D.C. bias 

 

applied to the grid. 

 

In Fig. 7B, the grid is biased practically 

 

to the cut-off point. In this diagram the bias 

 

is shown obtained from a cathode bias 

 

resistor, however it may also be obtained 

 

from a "C"-battery, a bias-cell or from a 

 

bleeder tap. This circuit has the advantage 

 

of amplifying the signal in addition to de-
tection. Furthermore, this method does not 

 

draw current from the input circuit and 

 

does not lower the selectivity of the input 

 

circuit. 

 

Typical diode detector circuits are shown 

 

in Figs. 7C, 7D and 7E. The diode method 

 

of detection (incidentally, invented in 1904), 

 

is subject to less distortion than most other 

 

systems, as the characteristics can be made 

 

fairly linear. However, diode detectors do 

 

not amplify the signal and furthermore as 

 

they draw current from the input circuit, a 

 

reduction in selectivity is inherent. The 

 

diode detector is widely used in spite of its 

 

disadvantage because of its 2 good features: 

 

(1) a linear characteristic; and, (2) ready 

 

adaptability to simple A.V.C. circuits. 

 

The adjustments to these circuits are 

 

relatively simple, but steps should he taken 

 

to insure linearity and lowest possible dis-
tortion with high-percentage modulation. 

 

For standard diode tubes, such as the 6116, 

 

the R.F. signal applied to the diode should 

 

be approximately 10 volts. The ratio of the 

 

A.C. impedance to the D.C. resistance of the, 

 

diode circuit should be high. This means the 

 

grid-leak and A.V.C. filter resistors should 

 

be high as possible in the grid circuits of 

 

the R.F. and A.F. tube and the diode load 

 

resistor not excessive. An R.F. bypass con-
denser of too-high value across the load 

 

resistor will cause both loss of gain, and 

 

distortion. at the higher audio frequencies. 

 

DELAYED A.V.C. Some circuit designers 

 

prefer delayed A.V.C.; a typical circuit of 

 

this type is shown in Fig. 7F. The advantage 

 

of this method is that the receiver may re-

spond to weak signals with maximum sensi-

tivity. In this arrangement, one diode is 

 

used exclusively for detection, the other 

 

diode supplies delayed A.V.C. 

 

The amount of delay depends upon the 

 

voltage of the cathode of the second diode 

 

circuit. With, say 3 volts upplied to the 

 

cathode of the control diode, no current can 

 

flow until the signal strength increases 

 

sufficiently to cause more than 3 volts to 

 

he applied across the resistor R3. Accord-

ingly the A.V.C. action is delayed until the 

 

signal strength attains a peak value of 

 

about 3 volts. 

 

Performance of detectors should be 

 

checked and adjusted using a V: T.Vm., and 

 

for sustained signal input, measuring the 

 

ratio of the rectified voltage across the diode 

 

load resistor to the R.F. voltage applied, 

 

from diode to cathode. With correct adjust-
ment, the diode current should be directly 

 

proportional to the R.F. input voltage. Any 

 

variation in this proportion, upon changing 

 

the R.F. input voltage in value or frequency 

 

indicates that the detector circuit is im-

properly adjusted, and the associated ca-

pacities and resistors should be checked, 

 

altered or replaced as required. 

 

Tmproper filtering of the R.F. from the 

 

grid of the triode or pentode associated with 

 

the diode will also cause distortion. This can 

 

be checked by using a V: T.Vm. with a series 

 

condenser of 100 mmf. (.0001-mf.) in series 

 

with the grid lead of the V: T.Vm. No R.F. 

 

voltage should appear between X and X', 

 

Fig. 7D; if found, additional shielding or 

 

filtering must be applied to eliminate all 

 

R.F. from the circuit. 

 

Where an A.V.C. receiver circuit "blocks", 

 

determine first if the A.V.C. is actually 

 

working; if an A.V.C. tube is used, check 

 

the tube. The A.V.C. motorboating means 

 

a defective tube, defective load resistor or 

 

defective or no bypass capacity. Another 

 

source of R.F. motorboating is usually due 

 

to oscillator instability and is best corrected 

 

by the addition of a voltage regulating tube 

 

to the "B" circuit. 

 

R.F. AND I.F. CHANNELS 

 

A simple and quick method of testing 

 

R.F. circuits. at either direct (signal) or 

 

intermediate frequencies is shown in Fig. 

 

SA. The device consists of a pair of phones, 

 

a crystal rectifier and a bypass condenser 

 

(not critical—about 0.005-mf.). A microam-
meter may be used in place of the phones 

 

for visual observation. 

 

The input signal may be obtained from 

 

a signal generator (modulated) or a re-
ceived signal. The prod leads are applied to 

 

points X and Y. Testing the secondary of 

 

the antenna coupler is the equivalent of a 

 

simple crystal receiver. Testing at the out-
put of the mixer tube (with oscillator tube 

 

removed) covers the 1st R.F. and 1st-de-
tector. In any case the test covers preceding 

 

tubes, from the point where the test is 

 

made. 

 

Figure 8A is the conventional R.F. circuit 

 

used for either the antenna input or for 

 

direct R.F. amplification. For the broadcast 

 

band the coupler or transformer is usually 

 

of high-impedance, inductive-coupled type; 

 

and for the high-frequency bands, usually 

 

low-impedance, inductive-coupled. Quite oft-
en a small amount of capacity coupling is 

 

combined with the inductive coupling (in-
dicated by dotted lines) and this capacity 

 

may be found within or external to the 

 

transformer case. 

 

Figure RB shows a standard I.F. stage 

 

as double-tuned and also for triple-tuned; 

 

and the latter may be designed for either 
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band-pass or for peak selectivity. Figure 

 

8C is a double-tuned I.F. unit with the de-
sirable feature of adjustalle selectivity, per-
mitting a setting for high fidelity under 

 

conditions where extreme selectivity is not 

 

required (no adjacent-channel interference 

 

prevailing). 

 

Figure 8D shows a direct (signal-fre-
quency) radio-frequency amplifier with 

 

band-pass tuning circuits, a system that 

 

will become more and more common with 

 

the demand for high-fidelity reception. 

 

Screen-grid voltage for R.F. amplifiers is 

 

usually obtained in either of 2 methods, a 

 

series resistor from the main "
B"-plus 

 

(Fig. 8A) or from the main or an auxiliary 

 

voltage divider (Fig. 8B). 

 

When available, a V.-T.Vm. should be used 

 

to check the gain of the R.F. and I.F. 

 

amplifiers. 

 

The response of I.F. transformers or their 

 

proper peak value can readily be determined 

 

by a V: T.Vm. and varying the input fre-
quency. 

 

ALIGNMENT 

 

There is nothing complicated in servicing 

 

R.F. stages. First-hand, the individual com-
ponents can be checked; the average cathode 

 

bias, screen-grid and plate voltages used 

 

for various tubes are then found in the 

 

tube manuals. Having checked the com-
ponents, voltages and the tubes, the remain-
ing step is alignment which can be accom-
plished using a signal generator or received 

 

signals. 

 

Poor intermediate frequency selectivity, if 

 

no improvement is made by correct align-
ment, can be improved by inserting triple-
tuned I.F. transformers in place of the uni-
versal double-tuned type. 

 

Poor image-frequency conditions can be 

 

improved by inserting a band-pass 1st R.F. 

 

stage (Fig. 81)), adjusted for a sharp peak, 

 

in place of the usual single inductive coupler. 

 

Improvement of overall audio response 

 

(assuming the audio amplifier is true) can 

 

be secured by replacing standard I.F. trans-
formers with improved I.F. units having the 

 

modern feature of adjustable coupling as 

 

per Fig. 8C. 

 

Unstable operation or oscillation in R.F. 

 

amplifiers may invariably be traced to de-
fective or insufficient bypass capacity 

 

around cathode bias resistors, to screen-
grids or plate-returns. 

 

OSCILLATORS—VOLTAGE DIVIDERS— 
MANUAL CONTROLS 

 

The principal oscillator circuits were 

 

described in Part I. By connecting a 

 

%': T.Vm. (through a 100 mraf, mica con-
denser) to the plate of the oscillator circuit 

 

under test, the oscillator output voltage can 

 

be checked over the tuning scale for each 

 

band. The output voltage should drop o$ 
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gradually as the tuning pointer is moved 

 

toward the low-frequency end of each band. 

 

The voltage should not drop off abruptly 

 

or to zero under any circumstances. Abnor-

mally low voltage for any point on any band 

 

indicates either insufficient oscillator grid-

plate coupling or defective padding con-

densers. 

 

The discussion so far has covered all 

 

essential parts of receiver circuits with the 

 

exception of voltage dnnders and manual 

 

controls. 

 

The checking and adjustment or replace-
ment of voltage dividers requires an ac-

curate working knowledge of Ohm's law 

 

as related to multiple circuits. In regard to 

 

volume and tone controls, some technicians 

 

go to a lot of expense to secure the exact 

 

factory unit specified. This is not always 

 

necessary as there are several reliable re-

placement line; wherein a satisfactory unit 

 

can be conveniently obtained. In the case of 

 

a variable cathode bias type of volume con-

trol, care must simply be taken that the 

 

maximum value is not too large, otherwise 

 

all the effective action will be confined to a 

 

small portion of the pointer rotation. In the 

 

case 'of uuclio volume controls, use of high 

 

maximum value; means the connected grid 

 

is practically floating free andlvery sensitive 

 

to hum pick-up. 

 

STABILITY 

 

In general service practice, electrical and 

 

mechanical stability testa are often neglect-
ed. With the set in operation, the chassis 

 

should be jarred vigorously and the panel 

 

rocked, to bring out any loose or imper-

fectly soldered joints. The electrical stability 

 

is checked by tuning-in one of the major 

 

broadcast stations having a constant carrier 

 

and beating against this with a stable os-

cillator. With the beat note constant, the 

 

R.F. gain control should be moved quickly 

 

from minimum to maximum. With perfect 

 

stability there should be little change in the 

 

beat note under this test. 

 

The Serviceman who finds it necessary to 

 

make repeated reference to wiring diagrams 

 

during repairs, will find it advantageous to 

 

memorize the basic family circuits given in 

 

this article, so that they can be instantly 

 

pictured or drawn. • It will be then found 

 

during the examination of strange set, that 

 

the function of the different tubes and 

 

associated parts is usually instantly ap-

parent, little trick variations will then be 

 

no obstacle. 
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PART 3 

 

In this concluding Part III will be dis-

cussed the-problems which arise in connec-

tion with the replacement of volume and 

 

tone controls. and the correction of circuit-

oscillation after rewiring, in those "alley 

 

cat" radio sets, for which there never were 

 

any published diagrams, which every Serv-

iceman encounters from time-to-time; and 

 

those other, better-parented sets which once 

 

rated well but which Time has obsolesced 

 

Loth as to style and service diagram. 

 

MANUAL VOLUME CONTROLS 

 

For standard sets, specifications for re-

placement volume controls are available 

 

both from the set manufacturer's service 

 

sheets and from the volume control manu-

facturer's catalogs. For odd sets, the matter 

 

of correct replacement values becomes a bit 

 

complicated. The defective unit can be meas-

ured to determine the taper and value orig-

inally used. However, if the set has been 

 

serviced before, there is a possibility that a 

 

volume control of incorrect specifications 

 

has been installed. 

 

Accordingly in making volume control 

 

replacements, no mistake will be made if 

 

the new unit is selected to suit the tube and 

 

circuit requirements rather than simply in-

serting an identical substitute. 

 

Outside of the overall physical size per-

missible, the correct shaft diameter and 

 

length, the important considerations are, 

 

(1) type of resistance clement, (2) max-

imum value and (3) the characteristic or 

 

taper. Wire-wound elements are generally 

 

used for values up to about 7,500 ohms and 

 



MODERN RADIO SERVICING TECHNIQUE 

 

1' 

 

~2S 

25) 

 

� 

 

.w 257. 

 

LINEAR O 

 

'TAPER' 

 

BAS 

 

MAX. MIN. 

 

r � ) 

 

90%, 10% 

 

OF TOTAL OF TOTAL 

 

RESISTANCE RESISTANCE 

 

LEFT-NAND O 

 

TAPER 

 

C VOLUME CONTR 

 

10% f", • N90% 

 

Or TOTAL OF TOTAL 

 

RESISTANCE RESISTANCE 

 

RIGHT-WAND 
O 

 

TAPER 

 

OL TAPERS-

0 

 

—A 

 

TENNA VOLUME C 

 

ONTROLS — 

usually for bias control, antenna shunt (or 

 

a combination of both) and for voltage di-
viding applications. Carbon element controls 

 

are invariably used for service where a total 

 

resistance above 7,500 ohms is required. 

 

The maximum value of resistance of a 

 

broken or burned-out control can be deter-
mined by measuring the value of resistance 

 

each side of the break and adding the 2 

 

values. 

 

TAPERS 

 

The characteristic of any control can be 

 

determined by making resistance measure-
ments of the control, from the rotating con-
tact to either end terminal, for different 

 

angular positions of the control knob. For 

 

example if the measurements indicate equal 

 

resistance values, say 1,250 ohms at 25'0 

 

rotation, 2,500 ohms at 501/o rotation, 3,750 

 

ohms at 75r/o rotation and 5,000 ohms at 

 

full rotation, the total resistance or max-
imum value is 5,000 ohms and the control 

 

has a linear characteristic (no taper) as 

 

per Fig. 9A. 

 

Measurements indicating approximately 

 

W/c of the total resistance, for the first 

 

50% of rotation (counterclockwise) and the 

 

balance of the total resistance concentrated 

 

in the second-half of rotation, points to a 

 

left-hand taper as per Fig. 9B. With the 

 

same rotation, but the above resistance 

 

values reversed, the taper is right-hand as 

 

per Fig. 9C. Variations of these basic char-
acteristics exist, but one of the above 3 

 

types will usually satisfactorily fill most 

 

replacement requirements. 

 



MODERN RADIO SERVICING TECHA'IQUE 

 

—....�� 

 

TO O 

 

SCREEN- 

 

OaID+� 

 

s 
I 

 

/ 

 

AUDIO 

 

INPUT 

 

Q 

 

�y 

 

- 

 

AUDIO Q 

 

( 
INPUT 

 

IINPUT O 

 

R 1 

 

-TAPPED TONE 

 

CONTROL^ 

 

= -45111

4

TONE 

 

CONTROL ^ 

 

._ SCREEN 
VOLTAGE 

 

-GRID 

 

CONTROL- 

 

OOUT UT O 

 

c AINPUT Q 

 

O 

 

N DUT 

 

-AUDIO 

 

O 

 

VOLUME 

 

R c�  

 

S 

 

-PLATE TONE _ 

 

FIG 14 
CONTROL- - 

 

R 

 

: 

 

^ DOUBLE-TAPPED 

 

T AUDIO 

 

PLATE VOLTAGE 

 

CONTROL- 

 

FIG 13 CONTROLS- 

 

FIG.IS TONE CONTROL-

Variation of the cathode resistor value 

 

to obtain control of R.F. gain is used in 

 

numerous different circuits, all essentially 

 

identical. 

 

Figure 11 shows bias volume controls, 

 

wherein R1 represents the minimum re-
sistunce to produce the minimum bias volt-
age permissible, R represents the adjustable 

 

cathode resistor to regulate the bias voltage 

 

and R2 is the bleeder resistor. In circuits 

 

using old-type tubes with a sharp cut-off. 

 

the variation from minimum bias for max-
imum gain to maximum bias for cut-off 

 

represents only a few volts and the avail-
able regulation is restricted. Accordingly in 

 

the older A.C. sets, a combined cathode-
bias regulator and antenna potentiometer 

 

(or a dual unit) is usually found and gives 

 

combined attenuation of input signal and 

 

amplifier gain, as per Fig. 11D. 

 

Modern remote cut-off (variable mu) 

 

tubes have a much higher control range and 

 

the R.F. gain can be regulated at the tubes 

 

without any antenna potentiometer. How-
ever, bleeder resistors (R2) are used ek-
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tensively from eithLr the "B" supply or 

 

screen-grid supply t1 R, to hasten increas-
ing the bias values. 

 

The diagrams are shown for 1 tube but 

 

the same considerations hold true for 2 or 

 

more tubes in cascade having a common bias 

 

control and whether the tubes are triodes, 

 

tetrodes or pentodes. 

 

Figure 11E is another variation of bias 

 

control, the grid-return connecting to the 

 

cathode resistor R, the latter being in series 

 

with the net{utive "B" line, the voltage drop 

 

across R and the amount of this drop used, 

 

providing the bias. This is also a common 

 

method of obtaining bias in battery sets. 

 

Varying the screen-grid voltage to con-
trol R.F. tubes is practically obsolete but 

 

the circuit is shown in Fig. 12A. Likewise 

 

it is unusual to find broadcast receivers 

 

with controls to vary plate voltage, as 

 

shown in Fig. 12B. For the above applica-
tions the controls must be capable of carry-
ing definite power with noiseless operation. 

 

Where control circuits of this type are 

 

found, it is well to change the circuit to a 

 

more modern method of regulation. 

 

Figure 13A is a typical audio volume 

 

control, with the output from the preceding 

 

tube shunt-coupled to a potentiometer, the 

 

latter also acting as a grid resistor, and in 

 

addition must be considered as reflecting on 

 

the plate load df the preceding tube. The 

 

values may vary from 100,000 ohms (0.1-

meg.) to 1 megohm, or more, depending 

 

upon the tube type. Figure 13B is the same 

 

audio control application, where R is shunt-
connected across the secondary of an A.F. 

 

transformer or choke. For push-pull sec-

ondaries, resistor R becomes a twin or dual 

 

unit, controlled by 1 shaft. Depending upon 

 

the characteristics of the transformer, the 

 

value of control across the secondary wind-

ing will vary from 0.1-meg. to 0.5-meg., 

 

maximum. Figure 13B is also occasionally 

 

found arranged to control an R.F. circuit, 

 

in which case the values for R across a 
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tuned circuit may vary from about 0.1-meg. 

 

to possibly 0.25-meg., maximum. 

 

TONE CONTROLS 

 

Most tone controls are simply a means to 

 

bypass or attenuate the higher audio fre-

quencies, leaving the lower frequencies or 

 

bass apparently more prominent. This b�-
pass control can be accomplished at the 

 

A.F. tube grid input per Fig. 14A, or at the 

 

plate circuit, per Fig. 14B. The grid-circuit 

 

method is preferred as there are no power 

 

considerations. Using the grid control cir-
cuit, the values of R may vary from 50.000 

 

ohms to %-megohm. For the plate-type con-
trol the value of R may be from 6.000 to 

 

0.1-meg., maximum. The exact values depend 

 

entirely upon the total or degree of high-
frequency attenuation required. 

 

Tapped tone controls are in common use 

 

to hasten the high-frequency cut-off at 1 

 

or more points on the control scale. Figure 

 

15A shows the single-tapped type and Fig. 

 

16B the double-tapped type; in the latter 

 

case, a very decided or abrupt attenuation 

 

of the high frequencies occurs upon passing 

 

the 2nd tap. 

 

Tapped controls are also found in diode 

 

detector circuits to provide more than 1 

 

value of A.V.C. as shown in Fig. 16A, and 

 

also used as a fader to change from phono-
graph to radio as per Fig. 16B. 

 

In order to properly replace tapped re-
sistors, one must be guided by careful meas-
urements made on the defective unit to de-
termine the total value, value of resistance 

 

at the taps and the taper, in some cases 

 

the taper may be left-hand on one side of 

 

the tap and right-hand on the opposite side 

 

of the tap! 

 

R.F. WIRING 

 

In relatively compact receivers, it is not 

 

unusual to find tests indicate poor sen-
sitivity and gain due to inherent feedback 

 

coupling which has been inefficiently de-
creased. One common method to eliminate 

 

feedback is the excessive use of shielded 

 

braid R.F. plate and grid connecting leads. 

 

Ordinary R.F. shielded hookup wire has a 

 

very high capacity and when used for long 

 

grid leads may prevent proper alignment 

 

of the circuit with the trimmer provided. 

 

Furthermore, .clue to the poor dielectric of 

 

the insulation the loss is always high and 

 

can increase to tremendous amounts with 

 

moisture absorption. 

 

This common defect can be corrected by 

 

running all R.F. plate and grid leads as 

 

shown in Fig. 18, wherein the connecting 

 

lead is run through insulating beads which 

 

in turn are housed in a grounded copper 

 

tube. By using beads made of low-loss in-
sulating material and also free from mois-
ture absorption, for example Polystyrene 

 

or Amphenol No. 912B, a connecting lead 

 

is provided having low capacity, fow loss 

 

and free from effects of humidity. 

 

After having replaced ordinary shielded 

 

leads with efficient connectors, as described 

 

above, the gain and sensitivity are in-
variably substantially improved, in fact the 

 

receiver may now be unstable or actually 

 

oscillate in the R.F. stages. Such oscillations 

 

can be traced to coupling between stages 

 

using a common voltage supply. Isolation 

 

of this coupling will eliminate the feedback, 

 

preserve the high gain and restore stability. 

 

FILTERS & DECOLIPLERS 

 

Figure 17 illustrates the method of apply-
ing the type of filters known as decouplere. 

 

The circuit under consideration may have 

 

4 or 3 R.F. screen-grids connected together 

 

and served by a common bypass condenser. 

 

By providing each screen-grid with a filter 

 

resistor (R4, R5, of about 10,000 ohms each) 

 

and an individual bypass condenser (C5, 

 

C6, each about 0.1-mf.), the 2 (or 8) 

 

screen-grids are isolated. In oompact sets, 

 

the R.F. plate-return leads of 2 or more 

 

R.F. stages may also be connected directly 

 

together to the power supply and bypassed 

 

by a common condenser. Filter resistors 

 

(R6, R7, about 10,000 ohms each) are in-
serted in these plate-return leads, together 

 

with separate bypass condensers (C3, C4, 
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about 0.1-nif. each). Chokes may be used in 

 

place of resistors to avoid high D.C. voltage 

 

loss. However in limited space, the use e4' 

 

chokes means a possibility of stray coupling; 

 

between the chokes if they are not carefully 

 

shielded from each other. 

 

In the applications described above, the 

 

bypass condensers form a low-impedance 

 

path for the R.F. to ground while the re-
sistors offer a high-impedance path for the 

 

R.F. to the power supply. High-quality 

 

paper condensers must be used and for 

 

high-frequency applications low-loss mica 

 

condensers become necessary. 

 

In the cathode circuit, the situation is a 

 

little different. If the cathode bias resistor 

 

is large, it offers impedance to R.F. signal 

 

currents and accordingly is bypassed by a 

 

condenser. Where 2 or more cathodes are 

 

connected directly together, it can be a 

 

source of common coupling between stages. 

 

This is best eliminated by using individual 

 

minimum-bias resistors (RI. 112) and sepa-
rate cathode bypass condensers (Cl, C21 

 

as shown in Fig. 17. 

 

Multiple audio-frequency stages can be 

 

isolated in the same manner, by a resistor 

 

and condenser (119, about 5.000 ohms; C7, 

 

about 4 mf. or more) or by an iron-core 

 

choke and condenser Z and C7, respectively. 

 

In filtering A.F. circuits the bypass con-
densers need to be of sufficient size to offer 

 

a low-impedance path for the very lowest 

 

audio frequencies to be passed. Accordingl} 

 

the condensers must be of relatively large 

 

size. 4 to 8 mf. or more, and of good quality. 
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PART i 

 

T
HERE are occasions—sometimes 

 

emergencies— when the radio tech-
nician is called upon to make re-

pairs and for one reason or another, 

 

wiring diagrams, service instruments 

 

and spare parts are not available. Un-
der these unusual circumstances, the 

 

real ability of the radio Serviceman is 

 

instantly demonstrated. 

 

Under such conditions the qualified 

 

expert not only locates the difficulty but 

 

also proves resourceful enough to make 

 

the necessary substitute parts out of 

 

any limited material that may be avail-
able. 
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Fig. I. VoMeg• tests. 

 

The little fundamentals pointed out 

 

in this article are of course instantly 

 

obvious when called to one's attention. 

 

Whether or not the average Serviceman 

 

would think of these ideas while work-
ing under stress, and without meters, is 

 

another question. 

 

LAMP-BULB "VOLTMETER" 

 

A means to measure voltage without 

 

a voltmeter is frequently useful. Of 

 

course if the line being measured can 

 

supply ample current, electric light 

 

bulbs in series can be used and will give 

 

an accurate indication. Thus with 2, 3, 

 

4 or more 110-volt bulbs in series, we 

 

can measure 220, 330, 440 or more volts, 

 

depending upon the number of bulbs in 

 

series; a couple desk lamps or floon 

 

lamps may conveniently supply the re-

quired sockets, wiring, etc., for series 

 

hookups. It is well to try a 110-volt, 60-
watt lamp sometime when applied to 

 

voltages of 50 and 25 volts and make 
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a mental note of the relative brilliancy, 

 

for some future occasion. 

 

When limited current is involved the 

 

electric lamp-test is impractical. By 

 

using a paper condenser, for example 

 

one of about 1 mf. capacity and rated at 

 

600 volts, this can be charged and dis-

charged from voltages of 25, 50, 100, 

 

250, 450 and 600 volts. Naturally the 

 

condenser will absorb the largest charge 

 

when charged by the highest voltage. 

 

Accordingly the highest charge, when 

 

discharged (condenser terminals short-

ed), will create the greatest spark. A 

 

mental note is made of the correspond-
ing discharge intensities for the dif-
ferent voltages tried; and experience 

 

will dictate the allowance to be made 

 

for leakage (particularly if an electroly-
tic condenser is being used). Using a 

 

condenser of 4 or 8 mf. capacity, the 

 

difference in discharges for the different 

 

voltages is very marked. 

 

Using a condenser in this manner one 

 

can readily test for plate, screen-grid or 

 

cathode voltages for most receivers. The 

 

same test can be applied to amplifier or 

 

the smaller transmitting tubes. Like-
wise voltages being delivered by power 

 

packs, across bias resistors or to speaker 

 

fields may be estimated. 

 

Indications that resistors associated 

 

with the plate and screen-grid tube 

 

terminals are in working order, is auto-

matically determined in these tests, see 

 

Fig. 1. 

 

"WIND YOUR OWN" CONDENSERS 

 

In case an extra paper condenser is 

 

not available, often one can be removed 

 

temporarily from the piece of apparatus 

 

being tested, without impairing the cir-
cuit's operation. Or, one can be obtained 

 

from an old telephone box or automobile 

 

ignition suppressor circuit. A good sub-
stitute or emergency receiving con-
denser can be quickly made by winding 

 

2 pieces of enameled wire on a spool. The 

 

wires are wound parallel to each other. 

 

The starting ends are separated and in-
sulated f ront each other. At the finish 

 

the two ends become the condenser 

 

terminals. Using a small-gauge wire, 

 

any reasonable capacity can be obtained, 

 

increased capacity being obtained 

 

through the use of longer pieces of wire. 

 

A fair-sized condenser can be made in a 

 

relatively small space as the condenser 

 

dielectric (the enamel film) is very thin. 

 

A paper or mica condenser can be 

 

Fig. 2. 

 

A—Testing con-
densers; and 

 

testing voltages 

 

at low current. 

 

B—Lamp-test of 

 

D.C. voltage. 

 

C—Lamp-test of 

 

A.C. supplies. 
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readily tested for capacity, an open, or 

 

a short by trying to charge and dis-

charge across a direct-current source, 

 

as shown in Fig. 2A. However if the 

 

condenser is of a type which will not 

 

hold a charge, it can be tested by con-

necting in series with a lamp of low 

 

watts rating and across a direct-current 

 

,source. In this case a perfect condenser 

 

will pass no current to the lamp. See 

 

Fig. 2B. 

 

Another indication of a condenser's 

 

capacity can be obtained by connecting 

 

same across an alternating-current 

 

source, with a small lamp in series, as 

 

per Fig. 2C. The larger the capacity of 

 

the condenser, the greater the brilliancy 

 

the lamp will show. For relatively small 

 

condensers, the lamp should preferably 

 

be a 110-volt neon test type or a small 

 

flashlight bulb. 

 

CONTINUITY TESTS 

 

Continuity of coils or resistors can be 

 

readily tested by discharging a charged 

 

condenser across the coil 
Vr 

resistor 

 

terminals. The resulting discharge 

 

spark will be less than a direct short 

 

and this also gives some indication of 

 

the resistance involved. 

 

Even before removing a chassis from 

 

a cabinet, the source of trouble can 

 

sometimes be instantly located by cau-
tiously feeling the tubes after the ap-
paratus has been turned on for a short 

 

period. A cold tube indicates that the 

 

tube or parts associated with it are 

 

inoperative. A tube which experience in-
dicates is abnormally warm-may indi-
cate a short-circuit (of the tube elements 

 

or, possibly, the filter circuit). 

 

In a cascade amplifier, whether a di-
rect tuned radio frequency, an in'terme-

diate radio frequency or audio fre-
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quency, a defective stage can invariably 

 

be located by "jumping-out" one stage 

 

of the amplifier at a time. This pro-
cedure is very useful as the difficulty 

 

may be a defective tube and no spare 

 

available. 

 

For example in Fig. 3, suppose tube 

 

II is "dead"; by connecting a jumper 

 

from X to X1, the set becomes operative. 

 

However, under this same condition the 

 

trouble might be in the R.F. transformer 

 

connected to the plate circuit of tube I. 

 

But by exchanging tubes I and II it is 

 

determined that tube II will not work in 

 

place of tube I. 

 

EXAMPLE: "NO SOUND" 

 

Suppose we start with a receiver or 

 

audio amplifier connected to an electro-
dynamic speaker, wherein all the tubes 

 

light or heat, but no sound of any kind 

 

is audible from the speaker. See Fig. 4. 

 

To determine if the speaker is receiv-
ing field current, it is simply necessary 

 

to cautiously approach the speaker pole 

 

piece with a screwdriver, or other piece 

 

of iron, to test for magnetism. Lack of 

 

vigorous magnetism indicates the field 

 

coil is open, shorted or not receiving any 

 

voltage. 

 

Let us say the field voltage is tested 

 

and found OK, it is also found that "B" 

 

voltage is going to the plates of the 

 

push-pull output tubes, IV and V. Now 

 

if the tubes IV and V are working, if 

 

either one or the other is moved out and 

 

in the tube socket quickly, a decided click 

 

should be heard in the speaker, due to 

 

the plate current being broken. Other-
wise the trouble is in the voice coil cir-
cuit and may be an open or shorted voice 

 

coil or secondary of the output trans-
former. 

 

Suppose an imperfect connection to 

 

the voice coil and repair same, then at 

 

least some hum is heard at the speaker, 

 

which is correct. Now upon removing 

 

• 

 

Fig. 3. Checilnq the 

 

R. F. and detector 

 

c  r  ui}s. 

 

• 

 

and inserting either of the power output 

 

tubes we get a healthy click in the speak-
er, indicating that the output circuit, 

 

from the plates on, anyway, is in order. 

 

Knowing that the output stage and 

 

the speaker are in order, it is simple to 

 

locate any difficulty in the balance of 

 

the audio circuit back to the detector 

 

plate. 

 

First by tapping tube I by hand, if 

 

the audio circuit is working, a micro-
phonic rattle is heard in the speaker. Or 

 

the same effect can be obtained by re-
moving and reinserting tube I, to tem-
porarily break the plate current. As-
sume there is no click, we then apply the 

 

same test to tube II and also receive no 

 

click. However upon making this test 

 

on tube III, there is a strong click in 

 

the speaker. Now we know the trouble 

 

is somewhere between tubes I and II. 

 

By connecting a jumper between point 

 

X and X1, we have eliminated the 1st 

 

audio stage and now find upon tapping 

 

tube I the microphonic rattle sounds in 

 

the speaker. The trouble may be in the 

 

1st A.F. transformer, T1, or it may be 

 

tube II. With connections left just as 

 

they are, tube II is substituted for tube 

 

III and the circuit is again dead. We 

 

then know tube II is dead and the seat 

 

of the trouble. 

 

This procedure of jumping-out part 

 

of a circuit is extremely useful in many 

 

ways. Suppose the secondary of trans-
former T2 was open. A jumper con-
nected from Y to Y1 makes the circuit 

 

operative, with one less stage. 

 

In a push-pull audio output stage, 

 

often 1 tube or half the circuit is in-
operative and not noticed. One tube, say 

 

IV, should be removed. Then try the ap-
paratus using tube. V alone, and then 

 

move tube V to the socket formerly used 

 

for tube IV. If tube V is good and both 

 

sides of the circuit are in' order, the 

 

apparatus will work under both of the 
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Fig. 4. Checking the 

 

detector and A.F. 

 

clrC Ultf. 

 

• 

 

above conditions. Then tube IV can be 

 

tested in the same manner. 

 

EXPLORING UNITS 

 

An audio "feeler# or exploring coil 

 

can be made by connecting an iron core 

 

choke or primary of a transformer to a 

 

pair of head telephones, as shown in 

 

Fig. 4B. This "feeler" can be inductively 

 

coupled to audio transformers or chokes 

 

while they are in operation to instantly 

 

ovate  any units Jwhich are not excited 

 

or in order.) 

 

Or, the head telephones can be con-
nected (through a condenser) to the 

 

primaries or secondaries of'the various 

 

audio transformers, as shown in Fig. 

 

4C. Extreme care should be taken in 

 

making this test at the primary pf the 

 

output push_-pull circuit if high voltages 

 

are involved. This is also a good test 

 

across audio plate coupling inductances 

 

or resistors as the blocking condenser 

 

prevents the phones from temporarily 

 

substituting a workable plate coupling 

 

unit. 

 

FAULTY R.F. SECTION 

 

Referring again to Fig. 3, assume it 

 

represents a straight tuned-radio-fre-
quency receiver, working satisfactorily 

 

from the detector on, as previously cov-
ered; I, II and III being identical R.F. 

 

amplifier tubes. 

 

By connecting the antenna directly to 

 

point D, and turning the tuning con-
denser to its lowest-capacity position, 

 

some signal should be heard; especially, 

 

if the receiver is within 20 miles of a 

 

broadcast transmitter. The receiver will 

 

not tune properly as the antenna ca-

pacity is directly in parallel with the de-
tector grid circuit. 

 

By connecting the antenna to point C 

 

the antenna is inductively coupled to the 

 

detector input transformer and the receiver 

 

tuning condenser will tune more normally. 

 

PHONES 

 

tl 

 

Q 

 

Strong local broadcast signals can be heard 

 

fairly well under these conditions. In a 

 

similar manner the antenna lead-in can be 

 

transferred to point B and then to point A. 

 

In each case an increased signal response 

 

should be obtained, if the amplifier circuits 

 

are working. 

 

However suppose upon moving the an-
tenna from point B to A that the signal 

 

stops instead of being amplified. A jumper 

 

is connected from X to X1, with the an-
tenna at A, and the signal is again heard. 

 

Tube II is now out of the circuit. Tube II is 

 

tried in place of III and works perfectly. 

 

The trouble is therefore not with the tube 

 

but some other part of the circuit associated 

 

with tube II. The primary of R.F. trans-
former L2 is easily checked for continuity 

 

by the voltage test at the plate of tube I. 

 

The secondary of R.F. transformer L2 is 

 

suspected and examination shows it is 

 

shorted or open. Or in a similar manner a 

 

jumper can be connected from Y to Y1, or 

 

Y1 to Y2 to check secondaries of the R.F. 

 

transformers. 

 

SUPERHET. CIRCUITS 

 

Where intermediate-frequency or I.F. 

 

transformers are involved, the same pro-
cedure can be followed. The signals picked 

 

up will not be from broadcast stations but 

 

from commercial radio telegraph trans-
mitters working on frequencies close to the 

 

intermediate frequency of the amplifier. The 

 

signals may be I.C.W. or C.W. To receive 

 

the latter the amplifier can be arranged to 

 

oscillate (autodyne) during tests by con-
necting a small midget condenser from X 

 

back to Y. 

 

Turning to the antenna end of a re-
ceiver, Fig. b illustrates a typical multi-
band superheterodyne circuit consisting of 

 

1 direct radio-frequency stage, 4t mixer, 

 

and an oscillator. For sake of simplicity 

 

band switches are omitted and only 1 band 

 

shown. 

 

Assume the balance of the receiver is in 

 

working order as determined by the tests 

 

previously described. The first step is to 

 

make sure the R.F., mixer and oscillator 

 

tubes are receiving plate and screen-grid 

 

voltages by the "charged condenser" test. 
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A I-TUBE SET! 

 

Now by connecting the antenna leading to 

 

point X, removing the oscillator tube and 

 

connecting a pair of head telephones to 

 

points X1 and X2, toe have a 1-tube re-
ceiver. The receiver simply consists of the 

 

mixer tube, acting as a non-regenerative 

 

detector. 

 

On the broadcast band, it is now possible 

 

to tune and receive local broadcast stations 

 

faintly. Then by inserting the oscillator 

 

tube, the received signal will now be garbled, 

 

indicating that the oscillator tube is work-
ing; otherwise the oscillator tube is dead 

 

or some part associated with it defective. 

 

By moving the antenna from X to the 

 

receiver antenna post A, the signals pre-
viously received should be amplified by the 

 

B.F. tube and accordinzly come in stronger. 

 

Otherwise the R.F. tube is dead or some 

 

part associated with it defective. 

 

In checking the oscillator tube, it may be 

 

necessary to temporarily readjust the oscil-
lator condenser trimmer to get "beats" or 

 

to garble the signals for tests. 

 

CHECKING COMPONENTS 

 

The matter of checking principal circuit 

 

resistors is very simple. For example sup-
pose we know the 250-volt supply is coming 

 

into this section of the receiver, as de-
termined with a charged condenser. If re-
sistor R5 (Fig. 5) is open the oscillator tube 

 

will not receive any screen-grid voltage. 

 

If R6 is open, the oscillator screen-grid volt-
age will be too high. Unit R4 open prevents 

 

the mixer from receiving screen-grid volt-
age. Likewise with R7 open, the R.F. tube 

 

has no screen-grid voltage. 

 

Unit RI open prevents the oscillator from 

 

receiving plate voltage. In the above nsen-
tioned cases, the lack of voltage might also 

 

be due to a shorted bypass condenser; how-
ever that is usually followed by the asso-
ciated resistor discoloring from excessive 

 

heat or burning out. 

 

Temporary substitute resistors can be 

 

Fig. S. Checking superhet: circuit 

 

testing components. 

 

made from "lead"-pencil graphite, using one 

 

long piece or several short pieces in parallel 

 

depending upon the resistance required. 

 

Upon removing a chassis for repairs, be-
fore any tests are made it is well to make 

 

a careful visual examination. Parts which 

 

are burned-out usually show discoloration; 

 

give off a peculiar "burnt' odor; or may 

 

have dripped molten wax. Such an examina-
tion often enables locating the trouble im-
mediately and same can quickly be verified 

 

by tests. 

 

elements; and 
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L meryexy Yeti ny UlNout 
-
re-4t IffQtetl 

 

PART ? 

 

SLIP OPEN HERE 

 

S.CE EDE ENDS 

 

E ASiLV 

 

N the preceding 

 

service, article 

 

most attention 

 

was given to vari-
ous service difficul-
ties caused princi-
pally by the failure 

 

of circuit parts 

 

It should be mentioned that audio 

 

frequency (A.F.) or intermediate fre-
quency (I.F.) transformers found to 

 

have either an open primary or second-
ary, can be arranged to continue in serv-
ice by making alterations as shown in 

 

Fig. I. 

 

Figure 1A shows an audio frequency 

 

stage with the primary of the trans-
former open. The resistor R1, of about 

 

50,000 ohms, is connected as a plate load, 

 

together with the coupling condenser C1 

 

having a capacity of about 0.05-mf. On 

 

the other hand, if the secondary winding 

 

is open, the proper connections are 

 

given in Fig. 1B. In the latter case the 

 

resistor Kl can have a higher value with 

 

some tubes, allowing increased amplifi-
cation if required. Defective intermedi-
ate frequency transformers can be treat-
ed in a similar manner, for example in 

 

Fig. 1C the primary is open; according-
ly the secondary circuit alone is used as 

 

a single-circuit plate coupling load. Con-
denser C2 should have a capacity of 

 

about 100 ntmf. and the grid leak can 

 

have a value of from %-megohm to 1 

 

megohm. With an open secondary, the 

 

primary is then used as the load as 

 

shown in Fig. 1D. 

 

Incidentally it is often desirable to 

 

remove certain component parts with 

 

the connecting leads intact. If the leads 

 

have been threaded through a closed eye 

 

lug, removal is simplified by cutting an 

 

opening in the lug (see Fig. 2) with a 

 

pair of sharp side-cutting pliers. 

 

The alignment of radio receivers with-
out using a signal oscillator and output 

 

meter is not difficult, especially if the 

 

receiver is in such condition that at 

 

least some signals come through. 

 

R.F. ALIGNMENT 

 

Using a signal oscillator, T.R.F. re-
ceivers are usually aligned at 1,400 kc., 

 

but when using a received signal a more 

 

accurate alignment is obtained at about 

 

1,500 kc., especially if the minimum tun-
ing range extends to 1,550 kc., or more. 

 

Assuming a signal can be brought 

 

through at about 1,500 ke. the first 

 

attempt for readjustments should be 

 

made at that point. 

 

Often true alignment cannot be ob-
tained with the set of trimmers alone, 

 

due to one or more of the K.F. trans-
former secondaries being too large. In 

 

that case it is better to remove one or 

 

more turns from the large inductances 

 

and then completely align the tuner 

 

properly, even if the dial settings fall 

 

offseale a higher percentage than 

 

standard. 

 

Lacking an output meter and provided 

 

the receiver has automatic volume con-
trol, a "tuning eye" tube can be con-
nected in circuit temporarily as an indi-
cator of maximum response, while mak-
ing alignment adjustments. With an 

 

accurate alignment at 1500 kc. and pro-
vided the multiple tuning condenser has 

 

not been damaged, the receiver can be 

 

expected to perform satisfactorily over 

 

the entire scale. 

 

I.F. ALIGNMENT 

 

Intermediate frequency amplifiers are 

 

somewhat more difficult to align espe-
cially if the trimmers have been thrown. 

 

all out of adjustment for one reason or 

 

another; however a satisfactory read-
justment can be made without a signal 

 

oscillator. Assuming the superhetero-
dyne does operate, even though unsatis-
factorily, first attention should be di-
rected to the I.F. amplifier. The tuning 

 

controls should be adjusted to bring in 

 

a broadcast signal around 1,500 kc., or 

 

if it is a multiple-band receiver, it can 

 

be adjusted to bring in an interrupted 

 

continuous wave (I.C.W.) signal at the 

 

high-frequency end of one of the short-
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GIG.1B 

 

wave bands. The I.C.W. signal provides 

 

a source of oscillation of uniform am-

plitude. 

 

Before making any trimmer adjust-
ments, make a sketch of the I.F. trans-
former trimmer adjusting screws and 

 

position of the slots. All changes of 

 

trimmer adjustments should be record-
ed on this sketch, so many turns clock-
wise or counterclockwise as the case 

 

may be during the operation. Following 

 

this procedure the settings can be re-

turned to the starting point if necessary. 

 

as per Fig. 4. If the received signal is 

 

1,500 kc. and the dial indicator at 1,500 

 

kc., maximum response will be obtained 

 

with transformer I.F.T.3 adjusted to 

 

465 kc.; accordingly the trimmers on 

 

I.F.T.3 can be adjusted simultaneously 

 

until that condition is fulfilled. There-

after, I.F.T.1 and I.F.T.2 can be 

 

brought into alignment (after removing 

 

the jumper) and finally a close overall 

 

adjustment made to all 3 transformers. 

 

A tuning eye tube, if available, can be 

 

connected into the circuit temporarily 

 

for an indicating device during these 

 

operations, the adjustments being made 

 

for minimum-shadow angle, see Fig. 4. 

 

After the I.F. amplifier has been ad-

justed satisfactorily, attention can be 

 

directed to the radio-frequency ampli-

fier, mixer and oscillator circuits. On  all. 

 

bands, .trijurners are adjusted bvithlthe 

 

Rang condenser sett toward the high-

frequency end of the scales.and the pad-_ 

 

ding adjustments (ii Provided) made 

 

at the low-frequency end of the scales. 

 

If a factory-adjusted 465 kc. I.F. 

 

transformer is available, or can be bor-

rowed from a good set, it can be sub-

stituted for one stage (Fig. 3) of 

 

the receiver under test. It is then known 

 

that stage is adjusted to 465 ke. and 

 

it can be used as a standard to readjust 

 

the other, preceding stages. Then the 

 

standard is removed again, the original 

 

transformer replaced and is adjusted to 

 

resonance with the balance of the entire 

 

amplifier, this is shown schematically 

 

in Fig. 3. 

 

Another method of alignment can be 

 

used if the receiver was properly 

 

aligned and calibrated originally. This 

 

method consists of tuning-in a radio 

 

signal at about 1,500 kc. and running 

 

a jumper from the mixer plate to the 

 

plate terminal of the detector input 

 

transformer, A to A', removing tube 3, 

 

OSCILLATOR ALIGNMENT 

 

In checking the broadcast band, a 

 

received signal of 1,500 kc. is ideal. 

 

Even if the signal is of irregular am-

plitude, by making the trimmer adjust-
ments very slowly, definite maximum 

 

response is readily discernible. With the 

 

dial set at 1,500 kc. and a 1,500 kc. sig-
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nal coming through (even though not in 

 

exact resonance), the oscillator trimmer 

 

can then be adjusted for maximum re-
sponse. After obtaining a satisfactory 

 

oscillator adjustment, the R.F. and an-
tenna trimmers can be brought into 

 

alignment. The main tuning control is 

 

then changed to a lower frequency to-
ward the opposite end of the dial and 

 

the padding condenser adjusted. In case 

 

signals are not available at lower fre-
quencies, the gadder can be adjusted 

 

for maximum "hiss" if the receiver has 

 

sufficient sensitivity. In making this 

 

padding adjustment, the gang condenser 

 

should be "rocked" (turned back and 

 

forth) to keep the circuits tuned. Fi-
nally, the dial setting should be returned 

 

to 1,500 ke. and the trimmer settings 

 

rechecke 

 

The other bands can be aligned in the 

 

same manner, trimmer adjustments be-
ing made at the high-frequency end of 

 

the dials and padding condensers, if 

 

included, adjusted at the low-frequency 

 

end of the dials on each band. 

 

The received signals used for align-
ment should be kept at low levels; in-
stead of connecting the antenna directly 

 

to the receiver, the antenna lead-in can 

 

be loosely coupled to a short wire con-
nected to the receiver antenna post. 

 

When the antenna is indirectly 

 

coupled to the receiver, a "dummy ar.-

tenna" must be connected to the antenna 

 

and ground posts; for the Oroadeast 

 

band a condenser of 200 mmf. and for 

 

the shortwave bands a resistor of about 

 

350 to 450 ohms will serve as a "dum►ny 

 

antenna." 

 

OSCILLATION 

 

Oscillation in an I.F. amplifier is a 

 

common difficulty; the entire amplifier 

 

may be in an oscillating condition or 

 

the oscillations may be confined to one 

 

stage. In looking for the cause of oscil-
lations, attention should be directed to 

 

parts which may change with service 

 

or age, viz., carbon resistors, electrolytic 

 

condensers, variable condenser bearings 

 

and joints, and even paper condensers. 

 

Worn variable condenser bearings or 

 

moving contacts often fill up with oily 

 

grit and develop high resistance, caus-
ing overall oscillation in the circuit. The 

 

remedy is to dismantle the condenser, 

 

thoroughly clean the bearings or joints, 

 

and preferably install new pig-tail con-
nectors from each baffle plate to the 

 

shaft at each rotor. 

 

The most common cause of overall 

 

oscillation is due to electrolytic condens-
ers deteriorating with age and develop-
ing high resistance, especially in bypass 

 

circuits. The perfor►nance of question-
able electrolytic bypass condensers can 

 

be instantly checked by shunting a good 

 

paper condenser in parallel with the 

 

condenser under test, while the receiver 

 

is in an oscillating condition. The new 

 

paper condenser will stop the oscilla-
tions if the electrolytic condenser is at 

 

fault; this is shown schematically in 

 

Fig. 4, C being the imperfect condenser, 

 

and Cl being the supplementary paper 

 

condenser. 

 

Oscillations confined to one stage may 

 

be due to a number of different condi-
tions. A change of tubes may cure the 

 

fault if the original tube has a high 
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interelectrode capacity for some reason. 

 

Severe cases of single-stage oscillation 

 

can be corrected in tuned-radio-fre-
quency circuits by either reducing the 

 

number of plate turns in the R.F. trans-
former or tapping the grid connection 

 

to a lower point on the secondary; also 

 

by inserting a series resistor of about 

 

400 to 1,000 ohms in series with the grid, 

 

these alterations being shown in Fig. 5. 

 

The above changes should not be made 

 

until a fair effort has been made to cor-
rect the difficulty with rearrangement 

 

of grid and plate leads, better bypass 

 

condensers or reasonable readjustment 

 

of Was voltage. 

 

A.F. DISTORTION 

 

Often an audio-frequency amplifier 

 

which gives good reproduction with a 

 

phonograph pickup input, appears to 

 

distort radio reception when adjusted 

 

to high levels. This distortion obviously 

 

is not in the audio circuit, but due to 

 

the last I.F. tube being unable to supply 

 

sufficient power to the diode detector 

 

for complete excitation An immediate 

 

check can be made by temporarily dis-
connecting the A.V.C. from the last I.F. 

 

tube and providing same with a normal 

 

fixed bias. If the distortion is eliminated 

 

under the above situation, it is well to 

 

leave the last I.F. with a fixed bias 

 

independent of the A.V.C. circuit. 

 

DX fans experimenting with long-
range shortwave reception are often 

 

discouraged by audio feedback "howls" 

 

when the receiver is adjusted to ap-
proach maximum sensitivity for weak 

 

signals. Endless time can be spent on 

 

experiments to correct this condition, 

 

without much success. Some tubes are 

 

less microphonic than others and accord-
ingly a change of detector or audio tubes 

 

may reduce the disturbance. Suspending 

 

both the receiver chassis and the speak-
er on soft sponge-rubber will reduce the 

 

effect, but the best solution consists of 

 

using a second loudspeaker removed 

 

from the set cabinet. With that arrange-
ment, preliminary tuning is accom-
plished using headphones and then 

 

switching to the external speaker after 

 

the desired signal is properly tuned-in; 

 

sec Fig. 6. 

 

Zmetyeney yetviein9 witAout lest Acted 

 

PART 3 

 

P
ART I of this series of radio 

 

service articles referred to radio 

 

receivers wholly out of commis-
sion due to one or more defective 

 

parts or tubes. 

 

Part II of this series pertained to 

 

receivers in fair operating condition but 

 

not properly aligned. The discussion so 

 

far has excluded the use of any indicat-
ing or measuring meters or instruments. 

 

It is conceded that in modern radio 

 

servicing practice the technician should 

 

have the best possible assortment of 

 

testing instruments and accessories. The 

 

possession of good test apparatus alone 

 

however does nob guarantee a 1st-class 

 

repair job, no more than a set of ex-
pensive surgical instruments insures a 

 

successful operation. An experienced 

 

technician, knowing all fundamentals, 

 

can often locate trouble quicker by ob-
servation than the novice can by test! 

 

A good knowledge of radio fundamen-
tals supplemented by adequate test in-
struments places the progressive tech-
nician in an enviable position and guar-
antees profitable operation. 

 

It was previously mentioned that un-
A A 
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der some circumstances the necessary 

 

test equipment may not be immediately 

 

available, for one reason or another, and, 

 

it is the purpose of this 3rd article,.in 

 

the series, to suggest possible alterna-
tives to meet such situations. 

 

SUBSTITUTE R.F.-I.F. OSCILLATOR 

 

Most radio technicians are trained to 

 

use a signal generator, accordingly it 

 

may be in order to describe a make-
shift substitute to use in an emergency. 

 

Plate and filament voltages for the os-
cillator tube can be taken from the re-
ceiver under test, if necessary. 

 

Figure 1A shows one or many oscil-
lator circuits suitable for a temporary 

 

signal generator. The coupler L-L1 can 

 

be a broadcast-band, tuned radio fre-

quency transformer together with a 

 

variable condenser of about 365 mmf., 

 

both of which may be taken from an 

 

old receiver. Winding L is the secondary 

 

of the transformer and Ll the primary 

 

or plate winding. Any triode may be 

 

used such as a 6C5 or one-half of a 6N7 

 

as shown, in Fig. 1A, schematically. 

 

This oscillator will cover a frequency 

 

range of about 530 to 1,§00 kilocycles, 

 

and can be used as a signal generator 

 

for that range. 

 

Harmonics of the oscillator can be 

 

used to obtain additional coverage. This 

 

same oscillator can be adjusted for any 

 

desired intermediate radio frequency. 

 

First it is necessary to make a rough 

 

calibration of the generator. W ith the' 

 

receiver under test in operation, 3 or 

 

more broadcast signals of known fre-

quency are tuned-in and in each case 

 

the local oscillator condenser C varied 

 

until the local oscillator beats with the 

 

incoming carrier; the final adjustment 

 

being "zero beat" (incoming carrier and 

 

local oscillator at same frequency). 

 

A graph is drawn as per Fig. 2, al-

lowing 10 equal vertical separations for 

 

each 100 kilocycles, from 1,600 to 600 

 

kc. The 180° dial movement of condenser 

 

C (0-100 scale), is divided into 10 equal 

 

horizontal divisions. Following the above 

 

procedure assume that 1,300 kc. appears 

 

at 22 on the condenser C dial, 1,000 kc. 

 

at 40, 800 kc. at 57 and 600 kc. at 82. 

 

These points are located on the graph 

 

and a curve drawn through same giv-
ing a rough approximation of the re-
maining calibrations in kilocycles. The 

 

accuracy of the entire calibration is 

 

only limited by the number of different 
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graph. 

 

CHECKING I.F.'S 

 

Suppose it is desired to check inter-
mediate frequency (I.F.) amplifiers and 
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CONDENSER SETTING 

 

the frequency involved is 465 kc. Now, 

 

930 kc. is double 465 kc. At 930 kc. on 

 

the above oscillator, the tuning con-
denser C (if 365 mmf., max.), will have 

 

a capacity of about 170 mmf. By adding 

 

a capacity of 4 times that value, or 680 

 

mmf., the wavelength of the oscillator 

 

at that point is doubled and the fre-
quency halved. A capacity of 700 mmf. 

 

is near enough and made up of available 

 

smaller condensers in parallel, viz, 2-
250 mmf. and 2-100 mmf., or 1-500 

 

mmf. and 2-100 mmf. 

 

Now with the receiver tuned to the-
incoming carrier of 930 kc. and the os-
cillator set at approximately 465 kc., the 

 

condenser C is varied until the oscillator 

 

harmonic beats with the incoming car-
rier (adjusted for zero beat), and the 

 

exact dial setting for 465 kc. is readily 

 

obtained. In case a carrier of 930 kc. is 

 

not in range, carriers of 920 and 940 

 

kc. can be used to locate 460 and 470 

 

kc., respectively, on the oscillator dial; 

 

90 100 

 

then 465 kc. will fall equally distant be-
tween these 2 dial points. Other inter-
mediate frequencies are readily located 

 

following the same procedure. 

 

AUDIO OSCILLATOR 

 

To use the signal generator some 

 

means of observing the output is neces-
sary; if the receiver has a tuning eye 

 

(visual indicator) tube, that can be used 

 

as an indicator. Otherwise it is neces-
sary for the signal generator to be mod-
ulated, so that an indication of relative 

 

output can be determined by headphones 

 

or the loud-speaker. Figure 1B shows 

 

one method of modulating the R.F. os-
cillator by adding an A.F. oscillator cir-
cuit to the 2nd-half of the 6N7 tube. 

 

Coil L3 is the primary of a low-ratio 

 

A.F. transformer and L4 the secondary; 

 

or L3 and L4 can be 2 iron-core chokes 

 

or filters laid parallel to each other. An 

 

alternative method is shown in Fig. 1C 

 

wherein the R.F. oscillator tube plate 

 

CHEAP RESISTANCE 
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PRECISION resistors cost money, 

 

switches are cheap. By switching, as 

 

shown, a considerable amount may be saved 

 

in constructing decade resistance boxes. 

 

Where, for a series of tens, hundreds, thou-
sands, ten-thousands, there would be re-
quired under ordinary circumstances a total 

 

of 40 resistors, by this method of switching 

 

only a total of only 16 resistors would be 

 

needed. 

 

WILLARD MOODY, 

 

New York City 
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it originating within the receiver. An exception might be 

 

caused by a power line pick-up but with present-day trans-
former design such cases are most unusual. 

 

Assuming the tests show the source of trouble to be within 

 

the receiver, by removing tubes one at a time, starting at the 

 

antenna end, the seat of the disturbance can be localized. 

 

Suppose all the tubes are removed down to the 1st audio stage 

 

and upon removing the 1st audio tube the noise ceases. We 

 

know that with the detector (T.R.F. set) or 2nd-detector 

 

(superhet. set) tube removed the noise continued, according-
ly it cannot possibly be due to part of the detector grid or 

 

plate: circuits. 

 

Upon reinserting the 1st audio tube the noise starts again 

 

and therefore the difficulty probably originates in the Yst 

 

audio grid circuit and is amplified by that tube; or it might 

 

possibly be located in the 1st audio plate circuit but only 

 

when plate current is flowing to that tube, for example a poor 

 

plate socket contact or partially defective plate coupling re-

sistor or bypass condenser. Substitution of parts at this point 

 

will locate the defective part by elimination. 

 

CODE INTERFERENCE 

 

The complaint of radio-telegraph interference at interme-
diate frequencies (I.F.'s) is common, especially where the 

 

receiver is located close to a seaboard. This type of signal 

 

interference is best eliminated by installing either a single 

 

trap L, C, or a double trap adding L1, C1, as per Fig. 3, ad-

justing same to attenuate the interfering frequency in-

volved. 

 

Traps for this purpose can be readily made from an old 

 

I.F. transformer. The coil support can be cut in half and the 

 

2 windings placed at right-angles to each other, or a copper 

 

shield bailie plate can be placed between the 

 

2 windings. The trimmers are adjusted to 

 

eliminate the interfering signal. Standard, 

 

manufactured-type traps are usually more 

 

satisfactory due to having the proper L/C 

 

ratio for maximum cut-off. Additional traps 

 

may be used to eliminate severe interference 

 

from some particular nearby station, for ex-
ample a broadcast station. In the latter case 

 

the trap inductance and trimmer will have 

 

to be proportionately smaller for the high-
er frequency involved. A better method of 

 

eliminating such interference is thru the 

 

use of a loop antenna or adjustable direc-
tional antenna. 

 

CROSS-MODULATION 

 

Tuned radio frequency receivers are com-
monly used in connection with public ad-
dress systems. Earlier models are often sub-
ject to severe cross-modulation interference. 

 

The first place to look is in the antenna 

 

circuit or 1st radio frequency stage, which 

 

is the point where cross-modulation starts. 

 

The successful elimination of cross-modula-
tion involves securing increased signal 

 

strength of the desired frequency and de-
creased signal input from the undesired sig-
nals or frequencies. Here again a loop or di-
rectional antenna may provide a simple so-
lution. 

 

Otherwise a single wavetrap as per Fig. 

 

4 may be of some value, L and C being tuned 

 

to the frequency involved. Decreasing the 

 

size of the antenna, mechanically or elec-
trically may benefit, in the latter case a 

 

variable antenna series condenser is added 

 

(C=). Another alternative is to insert an 

 

antenna potentiometer (R) of about 5,000 

 

ohms. If the tuner is quite old the R.F. tubes 

 

may be of the abrupt cut-oft type, in which 

 

case they should be changed to the remote 

 

cut-oft variable-mu type of tube, such as 

 

the types 34, 35, 39/44, 6D6, 6K7, 7A7, etc. 

 

A tuner subject to severe cross-modulation 

 

invariably will be found to have a low,im-
pedance antenna coupler. A change to a 

 

high-impedance antenna coupler, preferably 

 

"iron core", will often work wonders in elim-
inating this difficulty. 

 

INTERMITTENTS 

 

An incalculable amount of service time 

 

has been wasted tracking down defects 

 

which cause an abrupt change of loudspeak-
er volume or which cause periodical inter-
ruptions to reception. The logical procedure 

 

is to first make sure the receiver is at fault. 

 

By removing the regular antenna ano 

 

ground and substituting a small indoor an-
tenna a few feet long, elimination of the dif-
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ficulty means the antenna is at fault, pos-

sibly a loose antenna connection or part of 

 

the aerial system grounding periodically. On 

 

the other hand if the difficulty persists, tests 

 

should be made to localize the source of the 

 

trouble. Where the receiver includes a rec-

ord player, records can be played to deter-

mine if the trouble exists in the audio and 

 

speaker circuits. Connecting a pair of phones 

 

at the last audio stage will provide a check 

 

on the speaker. Provided the above tests are 

 

OK, it is then known that the trouble is con-

fined to the detector or R.F. stages. By 

 

"jumping out" I R.F. stage at a time, as pre-
viously described, the defect can be tracked 

 

clown to a definite R.F. stage or V'e detector 

 

circuit. After that the exact fault, such as 

 

a poor socket contact,' partially defective 

 

condenser or resistor, loose internal tube 

 

element, loose connection, stray piece of 

 

loose wire or solder, etc.,- is more easily 

 

located. 

 

CHAPTER 6 

 

sarviciny 
Coi/J 

 

SERVICING 

 

R. F. COILS 

 

T
HE question of replacements for defective radio-frequency 

 

coils has long been a nightmare to Servicemen. Many of these 

 

technicians, realizing the amount of design-work embodied in 

 

such coils, have insisted upon exact duplicate replacements or 

 

that the defective coil be repaired by a coil company. In either 

 

case, considerable delay often resulted. 

 

Most Servicemen apparently have not realized that the part of 

 

the coil that fails in normal service is the part which was manu-

factured to rather broad tolerances of inductance, and that this 

 

part (the primary) can easily be replaced since it has only a 

 

minor influence on the "tracking" of the receiver circuits. There-

fore, if the defective primary is replaced, the original coil with its 

 

accurately-controlled secondary inductances can be salvaged. 

 

The Serviceman can give best service to his customers, when 

 

R.F. coils fail, if he is familiar with replacement primary windings 

 

and knows how to use them, and repairs the coil himself. 

 

REPAIRS—IN DETAIL 

 

The advantages of being able to repair radio frequency coils are 

 

obvious to every Serviceman. It remains only for him to convince 

 

himself that he, personally, can do the job. 

 

Many Servicemen, who are well able to correct trouble in any 

 

ivake or type of receiver, hesitate to tackle the repair of an R.F. 
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7 

 

-INDICATING 

 

DIRECTION 

 

OF 

 

WINDING-

FIG.3 

 

—CONNECTION SKETCH-

-RECORD THE 

 

EXACT POSITION 

 

OF WINDING-

easily be overlooked until too late if the task of replacing a 

 

defective primary is started without careful consideration of each 

 

step, in sequence, because once a coil has been torn apart it may 

 

be too late to observe certain details, that it may be necessary to 

 

know, in order to properly complete the job. 

 

(1) Make a clear diagram of all leads connecting to the coil 

 

terminals, marking the color of each wire and the position that the 

 

coil occupied in the receiver. This should be done carefully and 

 

rechecked before, or as, the wires are removed. (See Fig. 3.) 

 

(2) In removing the leads from the coil, take care to put no un-
necessary strain on the coil terminals lest the lugs move and per-
haps break off some lead from a good winding attached to the lug. 

 

If the hook-up wires are hooked through and twisted around the 

 

coil terminal so that it is difficult to get them loose, it is best to 

 

cut the wires, close to the lug. After being cut, the short pieces of 

 

wire are usually easy to remove or, if such is not the case, the ends 

 

had best be left attached to the lugs and the hook-up wire merely 

 

soldered to the lugs without going through or around them when 

 

the coil is re-installed. 

 

(3) Carefully examine the defective winding, which is to be 

 

replaced, in order to determine the winding direction and the lugs 

 

to which the ends of the winding connect. This information should 

 

be carefully recorded. A convenient method of designating wind-
ing direction is to use an arrow pointing as if its shaft were the 

 

outside end of the coil, and the head of the arrow were the end 

 

of the wire. (See Fig. 4.) 

 

(4) The exact location of the winding on the form in relation 

 

to the other windings should be recorded, and the defective wind-
ing removed carefully to avoid damage to other windings or 

 

connections. (See Fig. 5.) 

 

(5) If the defective winding consists of only a few turns of 

 

wire wound adjacent to, over, or between the turns of a secondary, 

 

this winding can be replaced with an equal number of turns of 

 

No. 36 S.S.E. or 36 D.S.C. wire. 

 

(6) If the defective winding was of the "Universal" or honey-
comb type, a (Meissner) replacement primary should be chosen as 

 

near the physical size of the original winding as possible, and yet 

 

be able to slip into place. In some cases, unfortunately, lugs or 

 

other windings interfere with slipping onto the coil form a new 

 

winding close to the size of the defective winding. In such cases a 

 

new primary just large enough to slip over the obstruction should 

 

be selected and fastened in place by means of small hard-wood 

 

wedges held in place by wax, or "radio cement." (See Fig. 6.) 

 

( Make certain that the winding direction is correct.) 

 

The inductance of the replacement winding selected is deter-
mined by the type of coil being repaired. A Broadcast R.F. coil 
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takes the highest inductance, approximately 

 

7.5 millihenries; an antenna coil for use 

 

with an outside antenna takes the lowest 

 

inductance, approximately 1.7 millihenries; 

 

while an antenna coil for an inside or 

 

"hank" antenna takes a value between the 

 

other 2, approximately 2.25 millihenries. 

 

Since these divisions have been so clearly 

 

drawn after a study of the replacement 

 

problems by the Meissner Manufacturing 

 

Company, there should be no doubt in the 

 

Serviceman's mind as to which value to 

 

select. 

 

(7) Connect the replacement winding 

 

leads in accordance with the notes previ-
ously made concerning winding direction 

 

and connections. 

 

(S) Check the coil for continuity on all 

 

windings and re-install it in the receiver in 

 

accordance with the notes made in section 1. 

 

(9) Align the receiver, and adjust the 

 

coupling if necessary as described in the fol-
lowing paragraphs. 

 

WINDING DIRECTION 

 

When a Serviceman is called upon to re-
pair a radio-frequency coil from which the 

 

defective winding has already been removed, 

 

or has been so badly damaged that the 

 

winding direction can not be discovered, 

 

there are 4 questions that must be an-
swered: 

 

(1) Which lug was the antenna or plate 

 

connection? 

 

(2) What was the probable inductance of 

 

the coil? 

 

(8) Where was the winding located? 

 

(4) Which way was the outside end of 

 

the winding pointing? 

 

If there is no data to show which lug 

 

was connected to the antenna or plate, the 

 

question must be answered from an in-
spection of the coil, or an answer must be 

 

assumed and the coil repaired and rewired 

 

accordingly 

 

If there is any kind of a coupling con-
denser used it will be found connected from 

 

the grid end of the secondary to the plate 

 

or antenna end of the primary, which im-
mediately establishes a certain lug as the 

 

plate or antenna connection. The couplint 

 

condenser may take the form of 2 metal 

 

plates separated by a piece of mica and 

 

attached to the coil form by means of rivets 

 

or lugs (Fig. 7A). It may be a loop of heavy 

 

wire circling the secondary near the grid 

 

end (Fig. 7B). (This form is used only 

 

with solenoid or bank-wound coils.) It may 

 

be a few turns of insulated wire wrapped 

 

closely round another insulated wire form-
ing what is commonly known as a "Gim-
mic" (Fig. 7C). In any case, the purpose 

 

of the capacity coupling is to transfer ener-
gy from the primary to the secondary. 

 

In the case of "choke coupling," used 

 

frequently in R.F. coils, the choke is either 

 

at right-angles to the secondary, or at a 

 

considerable distance from it, and the cou-
pling condenser constitutes the sole means 

 

of coupling between primary and secondary. 

 

Unless the coupling condenser is properly 

 

wired to the coil and into the receiver, prac-
tically no coupling would exist in the coil 

 

concerned. The winding direction of the 

 

primary in this type of coupling has prac-
tically no effect on the gain of the coil, 

 

and it may accordingly be connected either 

 

way. 

 

In the case where both magnetic and ca-
pacity coupling are employed, the purpose 

 

of the capacity is to hold up the gain at the 

 

high-frequency end of the band. The ca-
pacity coupling aids the magnetic coupling 

 

in such cases. Should a primary be con-
nected reversed, the capacity coupling would 

 

oppose the magnetic coupling and would 

 

GRID TO PLATE 

 

LUG 

 

-FORMS 09 CUUPIING CONDENSERS-
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produce inferior performance at all fre-
quencies and approximately zero amplifica-
tion at some one frequency resulting in 

 

decreased sensitivity at all frequencies but 

 

especially poor sensitivity at the one fre-
quency where the magnetic and capacity 

 

coupling cancelled. 

 

In some antenna coils, especially in sets 

 

with only 2 sections in the tuning con-
denser, the stray capacity between the "hot" 

 

end of the primary and the "hot" end of 

 

the secondary is used to buck out the mag-
netic coupling at some frequency above the 

 

band (in frequency) for the purpose of im-
proving the rejection of interfering signals 

 

in that frequency range. In superhetero-
dyne receivers this improves the "Image 

 

Ratio' of the set. With the exception of 

 

this case, which is by no means universal, 

 

the Pule for capacity coupling on radio-
frequency coils is that THE WIRES LEAD-
ING AWAY FROM THE COUPLING CON-
DENSER MUST GO AROUND THE COIL 

 

FORM IN OPPOSITE DIRECTIONS. 

 

In the event that no physical coupling 

 

condenser exists, and no data is available 

 

to tell which were the "hot" and "cold" 

 

ends of the primary, the corresponding lugs 

 

should be chosen arbitrarily and the pri-
mary connected "capacity aiding," that is 

 

with the wires from the grid of the sec-
ondary and the "hot" end of the primary 

 

going around the coil form in opposite 

 

directions. (See Fig. 8.) 

 

ALIGNMENT 

 

After repairing a coil and re-installing it 

 

in the receiver, the circuits should, of 

 

course, be aligned. The normal practice 

 

should be followed, using some form of serv-
ice oscillator for a signal source, connected 

 

through a satisfactory dummy antenna to 

 

the radio set. The usual values of dummy 

 

antenna are 200 mmf. for the broadcast 

 

band of sets intended for use with an out-
side antenna, 85 mmf. for the broadcast 

 

band of sets using a "hank" antenna and 

 

400 ohms of resistance for shortwave bands. 

 

If the repaired coil is used on the broad-
cast band, the circuits should be aligned at 

 

1.400 kc. and then "tracking" checked at 

 

600 kc. If the set originally "tracked" 

 

well and the coil has been repaired as 

 

directed above, it will "track" well after 

 

the repair. Of course, there is usually no 

 

chance to find out how well the set 

 

"tracked" before the repair, but in the 

 

case of multiband sets, it is reasonable to 

 

assume that if all of the other bands track 

 

well, that the band having the defective coil 

 

also tracked well. 

 

When tracking is poor at the low-
frequency end of the repaired coil an.l 

 

is good on all other bands, the coupling 

 

on the repaired coil probably needs adjust-
ment, but if tracking is poor in the same 

 

direction on all bands it is probable that 

 

the gang condenser is off its normal valu.- 

 

by a small amount. 

 

An experienced Serviceman sometime- 

 

bends the plates of the condenser to im-
prove tracking but this remedy should not 

 

be attempted -by some one not thoroughly 

 

familiar with the work. If the plates are 

 

bent to improve tracking, the adjustment 

 

should be made on a bane( that has not had 

 

a primary replaced, and then the primary-
adjusted on the broadcast band to obtain 

 

good tracking at 600 kc. 

 

If the circuit appears to require more 

 

capacity at 600 kc. than the gang condenser 

 

supplies, the coupling is too tight and should 

 

be loosened by moving the primary farther 

 

away from the secondary; while if the 

 

condenser seems to be supplying too much 

 

capacity, the coupling is too loose and 

 

should be tightened by moving the primary 

 

closer to the secondary or, in the case of 

 

solenoid windings, closer to the center of 

 

the secondary. The latter case is likely to 

 

occur when the replacement primary had 

 

to be larger than the original in order to 

 

slip over some obstruction. 

 

A convenient method. of checking tuning 

 

capacity at 600 kc. is to insert between the 

 

plates of the tuning condenser a thin piece 

 

of celluloid while watching the output 

 

meter. This adds a little capacity to 1 sec-
tion of the tuning condenser without chang-
ing the tuning of the other circuits. If 

 

the meter reading increases when the cellu-
loid is inserted the capacity is too low or 

 

the coupling is too tight. If the meter read-
ing decreases, the capacity may be correct 

 

or high. Coupling should then be tightened 

 

until the celluloid slip test just shows too 

 

little capacity, and then loosened slightly. 

 

CONCLUSION 

 

If care is taken to see that the replace-
ment winding is properly placed (coupling 

 

sOjusted if necessary) and proper attention 

 

is given to the winding direction and con-
nections, there should be no difficulty what-
soever to prevent the Serviceman from 

 

giving his customer a satisfactory job in 

 

much less time than would be required to 

 

obtain an exact duplicate replacement coil 

 

or to return the defective coil to a coil 

 

manufacturer to be repaired or duplicated. 
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SERVICING 

 

OSCILLATOR COILS 

 

Fiyy. A. Cut-away view of Universal-type Adjustable-
1.1 ctance coil. Movable iron core is exposed 

 

inside coil form; adjusting screw and lock nut 

 

at top of shield can. 

 

HEN an oscillator coil fails in serv-
ice, it is usually the Serviceman's 

 

inclination to look for a factory-made 

 

exact duplicate replacement coil or to 

 

return the defective part to a coil manu-
facturer for repair rather than to attempt 

 

to repair or replace the defective coil 

 

himself. 

 

This is probably because he has long "been 

 

told" of the many conflicting considerations 

 

involved in the design of oscillator coils and 

 

he therefore believes it an impossible task 

 

to attempt any repair other than the in-
stallation of an exact duplicate replacement 

 

coil. In most instances such ansattitude re-
sults in long delays before the set can be 

 

returned to the customer, whereas if the 

 

Serviceman is sufficiently well-informed, in 

 

many cases the defective coil can be quickly 

 

repaired or replaced with entire satisfaction 

 

from a performance standpoint and a cus-
tomer's good will obtained through speedy 

 

service. It is the purpose of this article to 

 

discuss oscillator coils, their characteristics, 

 

their repair and their replacement. 

 

OSCILLATOR FAILURES 

 

Oscillators in superheterodyne receivers 

 

may fail to work properly for any one of 

 

a number of reasons, the most important of 

 

which are listed below: 

 

(1) Oscillator tube worn out or defective. 

 

(2) Low oscillator plate voltage resulting 

 

from abnormal current consumption 

 

by some other part of the receiver. 

 

(3) Abnormally low plate voltage caused 

 

by worn-out rectifier tube. 

 

(4) Poor contacts on range switch. 

 

(5) Short-circuit in the oscillator coil or 

 

associated circuit. 

 

(6) Open-circuit in the oscillator coil or 

 

associated circuit. 

 

Of the above listed causes for oscillator 

 

failure, all but the last are ordinary service 

 

problems easily solved by any good Service-
man. It is the last problem, an open-circuit 

 

in the oscillator coil, that has been so 

 

difficult for many Servicemen to handle with 

 

dispatch. The solution of the problem is 

 

discussed in the following paragraphs. 

 

OSCILLATOR FREQUENCY RELATIONS 

 

Before attempting to describe ways and 

 

means of repairing defective oscillator coils 

 

or of making satisfactory substitutions, it 

 

would probably be wise to review some of 

 

the basic ideas connected with oscillators in 

 

Superheterodyne receivers. 

 

The .purpose of the oscillator is to beat 

 

,with the incoming signal to convert it to a 

 

new frequency for the purpose of cheaply 

 

obtaining more sensitivity and selectivity 

 

than could be obtained by simple R.F. 

 

amplification. 

 

The new frequency, normally called the 

 

intermediate frequency (or I.F.), can be 

 

either the sum of the signal frequency and 

 

the oscillator frequency; or it may be the 

 

difference between the two. 

 

THE "SUM" PRINCIPLE.—Either system 

 

will work, and both systems have been used 

 

,although sets working on the "Sum" prin-
ciple—the oscillator frequency plus the sig-
nal frequency—are very rare since they 

 

present 2 distinct disadvantages, 1st, the 

 

I.F. is higher than the highest frequency it 

 

is desired to receive, which means that the 

 

circuits will not have the degree of selec-
tivity available from circuits that operate 

 

at frequencies lower than the signal fre-
quency; and the 2nd disadvantage is the 

 

difficulty of making the oscillator and the 

 

antenna circuit track together since the 

 

tuning condensers must work in opposite 

 

directions in order to maintain a constant 

 

sum, the intermediate frequency..In other 

 

words, as the signal frequency increases the 

 

oscillator frequency must decrease in order 

 

to maintain a constant sum. 
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THE "DIFFERENCE" PRINCIPLE.—Practically 

 

all superheterodyne receivers work on the 

 

"Difference" principle, that is, the inter-
mediate frequency is the difference between 

 

the oscillator frequency minus the signal 

 

frequency. This does not necessarily mean, 

 

however, that the intermediate frequency 

 

must be below the frequency of the lowest 

 

signal received, although that is usually the 

 

case. Sets of the "All-Wave" type having 

 

an intermediate frequency of approximately 

 

456 kc. and having a longwave band-150 

 

to 375 ke. or thereabouts, are a good exam-

ple of sets having an intermediate frequency 

 

above the signal frequency. Some of the 

 

more recent amateur receivers have 1,600-kc. 

 

I.F. systems. These are additional examples 

 

of sets working on the "Difference" prin-
ciple, yet having intermediate frequencies 

 

above the signal frequency. 

 

There is one more frequency arrangement 

 

sometimes used on receivers tuning to very 

 

high frequencies and that arrangement has 

 

the oscillator frequency below the signal 

 

frequency. The principal reason for the os-
cillator being operated below the signal fre-

quency is that the oscillator then does not 

 

have to tune to as high a frequency as when 

 

it operates on the "high side" of the signal, 

 

and since there frequently is difficulty in 

 

getting an oscillator to function properly 

 

at the extremely high frequencies, especially 

 

in multi-band sets, operating the oscillator 

 

below the signal frequency gives some help 

 

in the problem of maintaining proper os-
cillation. The number of sets employing this 

 

procedure, however, are comparatively few. 

 

TRACKING 

 

When 2 identical inductances are tuned 

 

by 2 identical sections of a gang condenser, 

 

both circuits are simultaneously tuned to 

 

the same frequency. These circuits are said 

 

to "track" together. Such is the goal for 

 

which engineers strive in the design of 

 

T.R.F. (tuned radio frequency) receivers. 

 

In a superheterodyne receiver, the prob-
lem is a little more complicated. There, the 

 

problem is to make 2 different values of 

 

inductances simultaneously tune to 2 fre-

quencies having a fixed difference, the inter-
mediate frequency. 

 

Examining the most common arrange-
ment of circuits, the oscillator frequency 

 

higher than the signal frequency, and select-

ing for an example a broadcast receiver 

 

tuning from 550 kc. to 1,650 kc. and having 

 

an intermediate frequency of 456 ke., it can 

 

be seen that the oscillator must operate from 

 

1,006 kc. to 2,106 ke. 

 

The antenna frequency ratio is 1,650 

 

kc. - 550 kc., or 3 which requires a capacity 

 

ratio of 9 to 1 since frequency ratio is pro-
portional to the square of capacity ratio. 

 

The oscillator frequency range is only 

 

2,106 kc. - 1,006 kc., which equals 2.09, and 

 

requires a capacity ratio of only 4.37 to 1. 

 

This reduced capacity ratio can be obtained 

 

in any one of the following ways: 

 

(1) Increase the fixed capacity in the cir-
cuit by the use of a high-capacity 

 

trimmer condenser. 

 

(2) Decrease the maximum capacity by 

 

the use of a condenser in series with 

 

the tuning condenser. 

 

(3) Combination of 1 and 2, decreasing 

 

the maximum by means of the series 

 

(padding) condenser and increasing 

 

the minimum circuit capacity. 

 

(4) Use fewer plates in the oscillator 

 

section of the gang condenser to re-
duce the maximum capacity. 

 

(5) Use plates of special shape in the 

 

oscillator section of the tuning con-
denser. 

 

Actually, in practice, method No. 5 (spe-
cially-shaped oscillator plates), is used on 

 

most single-band sets of modern design, 

 

while method No. 3 (combined series and 

 

shunt condensers) is used on some single-
band sets (usually of older design) and on 

 

dual-band or multi-wave receivers. 

 

PADDING CONDENSER.—If method No. 1, 

 

high minimum capacity, No. 2, low maximum 

 

capacity, or No. 4, reduced number of plates 

 

of the same shape as the antenna tuning 

 

condenser plates, is used, the circuits will 

 

be "in-track" over 2 narrow regions on the 

 

tuning curve, one near each end, but the 

 

"tracking" would not be good at other 

 

points. 

 

Method No. 3, combined series and shunt 

 

condensers, and method No. 5, specially-
shaped plates in the oscillator tuning con-

denser, can give excellent tracking over the 

 

entire tuning range when the coils are 

 

properly designed. 

 

SHAPED-PLATE OSCILLATOR CONDENSER.— 
Condensers having specially-shaped oscilla-
tor plates are frequently called "cut-plate" 

 

condensers or "tracking-section" condensers. 

 

A moment's thought should bring forth the 

 

realization that a "cut-plate" condenser can 

 

be correctly shaped for only I frequency 

 

range and 1 intermediate frequency (or any 

 

other set of frequencies, maximum, mini-
mum and intermediate frequency that bears 

 

a fixed relation to the original figures). For 

 

example, if a given gang condenser tracks 

 

perfectly from 550 to 1,650 kc. with an inter-
mediate frequency of 450 kc., it will also 

 

cover the range 1,100 to 3,300 kc. perfectly 

 

when using an I.F. of 900 kc. In this exam-
ple all values were multiplied by 2. They 

 

could, of course, be divided by 2 giving 

 

perfect tracking from 275 kc. to 825 kc. with 

 

an I.F. of 225 kc., or any other multiplier 

 

or divisor could be used. 

 

When one type of gang condenser is 

 

used in different sets to cover slightly dif-
ferent frequency ranges with the same in-
termediate frequency, or used to cover iden-
tical tuning ranges with different inter-
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mediate frequencies, the "tracking" under 

 

the ideal conditions (for which the plite 

 

shapes were worked out) can be perfect; 

 

while, for any other condition the set can 

 

be expected to run slightly out-of-tract at 

 

several points, usually 3--the middle and' 

 

the 2 extremes— while being perfectly 

 

tracked in the 2 places between. The mgxi-
mum amount of mistracking, however, is 

 

usually small in any well-designed set. 

 

It also follows from the above discussion 

 

that sets using intermediate frequencies 

 

that differ materially from each other and 

 

that use "cut-plate" gang condensers must 

 

use oscillator plates of different shape for 

 

one intermediate frequency than for an-
other. There are, accordingly, 

"
cut-plate" 

 

gang condensers for the broadcast band of 

 

sets with 175-kc., 252-kc., 370-kc. and 456-kc. 

 

I.F. systems. 

 

THE TICKLER COIL.— Having considered, 

 

at some length, the frequency requirements 

 

of oscillators in superheterodyne receivers, 

 

it now remains to look into the operating 

 

characteristics of oscillators. 

 

The vast majority of oscillator circuits 

 

consist of a tuned secondary to which is 

 

coupled a low-impedance winding commonly 

 

called the "tickler," whose duty it is to 

 

feed back from the plate circuit enough 

 

energy into the grid circuit to make the 

 

tube circuit oscillate strongly and con-
tinuously. 

 

REFLECTED CAPACITY 

 

It is unfortunately true that in feeding 

 

voltage from the plate circuit back into the 

 

grid circuit, the tickler also reflects capacity 

 

and resistance from the plate circuit into 

 

the grid circuit. The amount of capacity re-
flected depends upon, among other things, 

 

the tube, the ratio of tickler Inductance to 

 

secondary inductance, and the degree of 

 

coupling. 

 

In shortwave oscillator coils there fre-
quently is considerable trouble during the 

 

initial design to make the circuit oscillate 

 

with sufficient strength at the low-frequency 

 

end without at the same time reflecting so 

 

much capacity across the secondary that the 

 

oscillator fails to reach as high a frequency 

 

as desired. When the design has been worked 

 

out satisfactorily from an electrical stand-
point but with a coil construction that has 

 

not been chosen for maximum uniformity in 

 

production, there sometimes is enough varia-
tion in the characteristics of the coil due 

 

to the position of the tickler (on shortwave 

 

coils especially) to prevent the circuit from 

 

reaching its proper top frequency in the 

 

case that the coupling is unusually tight, or 

 

to permit oscillation to stop at the low-
frequency end of the tuning range if the 

 

coupling is too loose. Sets with either of 

 

these defects seldom get out of the factory 

 

of a reputable manufacturer, but these ten-
dencies are pointed out so that any Service-
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man replacing the tickler on a shortwave 

 

coil will have a proper appreciation of the 

 

importance of the position of the tickler 

 

and will govern himself accordingly. 

 

EXCESSIVE FEEDBACK 

 

Sometimes during the initial design of 

 

shortwave oscillator circuits with tubes of 

 

low mutual conductance or with tuned cir-
cuits of poor quality, a large number of 

 

tickler turns may be used to obtain satis-
factory oscillator strength at the low-fre-
quency end of the tuning range. Then when 

 

the condenser is turned toward the high-
frequency end of the scale, either of 2 

 

undesirable results may occur: (1) the os-
cillator frequency may jump suddenly to 

 

some frequency much higher than it should 

 

be; or (2) the oscillator may start to work 

 

at a number of frequencies spaced close 

 

together giving rise to multiple responses 

 

from a single signal. 

 

OSCILLATOR JUMPS FREQUENCY 

 

In the case of the oscillator jumping fre-
quency, Fig. 1 is represeptative of what 

 

occurs. Starting with the gang closed, and 

 

following the arrows in the diagram, the 

 

frequency of the oscillator is seen to in-
crease smoothly for a considerable portion 

 

of the condenser rotation, then suddenly 

 

oscillation jumps to a much higher fre-
quency. As the condenser is turned further 

 

in the same direction, the frequency in. 

 

creases further, as might be expected. On 

 

the return trip, increasing capacity, the 

 

frequency will be found to decrease smoothly 

 

to a point considerably past the setting at 

 

which the first jump in frequency oc-
curred, and then suddenly the frequency will 

 

jump down to its proper value. 

 

Frequencies in the range marked A can 

 

only be reached when the gang condenser 

 

starts from a position to the left of point 

 

C and frequencies in the region B can 

 

only be obtained when the condenser starts 

 

from a position to the right of D. The 

 

diagram has been clearly marked' showing 

 

the region in which the grid circuit controls 

 

the frequency, and the region in which the 

 

plate circuit assumes control of the fre-
quency. 

 

There are several remedies to such a fault 

 

which, in all probability, no Serviceman will 

 

be called upon to repair unless the set is 

 

built by an experimenter, but they are 

 

listed here for the sake of the knowledge 

 

they impact: 

 

(1) Decrease the number of tickler turns. 

 

(2) If the oscillator gets too weak or 

 

stops at the low-frequency end of 

 

the tuning'range before the jump in 

 

frequency is completely removed, con-
nect a carbon resistor between the 

 

plate of the tube and the tickler. The 

 

value will have to be determined by 

 

experiment. It may be 10, 25, 50 or 

 

100 ohms. It is hardly likely that the 

 

value would have to go higher. 

 

(3) Make the oscillator coil enough more 

 

efficient that fewer tickler turns will 

 

give satisfactory strength of oscilla-
tion at the low-frequency end of the 

 

tuning range. 

 

PARASITIC R.F. AND A.F. OSCILLATIONS 

 

(INCLUDING WHISTLES) 

 

When the set suddenly breaks into mul-
tiple responses or multiple tweets and whis-
tles near the high-frequency end of the 

 

tuning range,' the oscillator is said to be 

 

"parasitic." 

 

This trouble is usually remedied by re-
ducing the number of tickler turns, if that 

 

can be done and yet maintain adequate 

 

oscillator strength at the low-frequency end 

 

of the tuning range, or carbon oscillation-
suppressor resistors may he added in ac-
cordance with Figs. 2A, 2B or 2C. The 

 

values are not critical but should not be 

 

much larger than just enough for the job 

 

after testing a group of tubes while the 

 

set is operated at high line voltage. The 

 

high line voltage test condition is recom-
mended because parasitic oscillation is 

 

usually aggravated by high voltage. 

 

TICKLER FAILURES 

 

Returning to a consideration previously 

 

brought out in the 3 preceding articles of 

 

this series, it is usually the winding at 

 

positive potential, in this case the tickler, 

 

that fails spontaneously in the presence of 

 

moisture and direct current. If one winding 

 

must fail it is, indeed, fortunate that the 

 

one which fails is manufactured to broad 

 

tolerances of inductances while the second-
ary, which determines tracking and dial 

 

calibration, and consequently is held to close 

 

tolerance, is undamaged. 

 

On some broadcast and practically all 

 

shortwave oscillator coils the secondary' is 

 

wound in a single layer while the tickler 

 

is wound in another single layer adjacent 

 

to, or over, or between the turns' of the 

 

secondary. It should, therefore, be a simple 

 

matter to remove the defective tickler with-
out disturbing the secondary and to replace 

 

it with a new winding. 

 

REPAIRING SOLENOID OSCILLATOR COILS 

 

The first step in replacing a defective 

 

tickler winding is to carefully make a dia-
gram of the connections from the coil to 

 

the remainder of the receiver, and another 

 

sketch of the position of the winding, its 

 

winding direction, the lugs to which each 

 

end of the winding is connected and then 

 

to count the number of turns in it. 

 

Should the winding direction be omitted 

 

or the terminals become confused, there is 

 

a universal rule for connecting oscillator 
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coils that is always correct, whereas no 

 

such universal rule can be given for R.F. 

 

or Antenna coils. The rule is as follows: 

 

If one starts at the grid end of the 

 

secondary and follows around the turns 

 

of the secondary and then proceeds to 

 

the tickler in the same direction, one 

 

enters the tickler at the low-potential 

 

end and ends at the plate. 

 

The position and number of turns in the 

 

tickler is of great importance. Measure-
ments should be made to the nearest 64th 

 

of an inch before the old tickler is removed, 

 

and then the new one of the same number 

 

of turns of approximately the same size 

 

wire should be installed in as nearly the 

 

same place as possible. Sometimes when 

 

the tickler is removed the marks from the 

 

cement or wax holding the tickler are a 

 

convenient guide to the location of the new 

 

tickler. 

 

As pointed out in the preceding discussion 

 

of oscillator characteristics, the location of 

 

the tickler is important because if it is too 

 

far away from the center of the secondary 

 

coil the oscillator may fail to work at the 

 

low-frequency end of tke tuning range, 

 

especially when operating at low line volt-

age, or if the tickler is too close to the 

 

center of the secondary, it may not be pos-
sible to reach the proper top frequency even 

 

with the trimmer condenser wide open. 

 

When the tickler repair is finished the 

 

coil should be reinstalled in the set and 

 

then a complete alignment given to the re-
ceiver. If the repair has been properly 

 

made the trimmer and, padder condensers 

 

should require only the most minor adjust-
ments. 

 

REPAIRING UNIVERSAL-WOUND OSCILLA-
TOR COILS 

 

Universal-wound oscillator coils are of 2 

 

major types—(1) the completely universal-
wound type in which both windings are the 

 

universal type; and, (2) the combination 

 

type in which the tickler is wound as a 

 

single-layer solenoid covered by a layer of 

 

insulating material with the secondary 

 

universal-wound on top of it. 

 

The completely universal-wound type is 

 

divided into 3 general types: (1) tickler 

 

under the secondary, shown in Fig. 3A; (2) 

 

tickler over the secondary, shown in Fig. 

 

313; (3) aide-by-side construction shown in 

 

Fig. 3C. 

 

Universal-wound oscillator coils present 

 

so much more difficult a repair problem than 

 

single-layer solenoid coils that their repair 

 

usually can be justified only by some very 

 

powerful argument. It is usually much more 

 

economical to install a new coil, either ad-

justing it to the proper inductance on some 

 

sort of a coil matching device, pulling off 

 

turns until the proper inductance is reached, 

 

or by employing a Universal adjustable-
inductance oscillator coil which can be 

 

adjusted either on a coil matching device or 

 

in, the set. It is possible, however, to make 

 

satisfactory repairs on certain types of coils 

 

if the tickler does not have too many turns, 

 

was wound where it was possible to work 

 

on the tickler, and if the Serviceman has 

 

sufficient patience. 

 

TICKLER COIL UNDER SECONDARY.— A coil 

 

having its tickler wound under the sec-

ondary is a very difficult type of coil on 

 

which to attempt to replace the tickler, but 

 

in extremely urgent cases it can be done 

 

although involving some experiment to de-
termine the proper number of tickler turns. 

 

With too-many turns, the oscillation may 

 

become parasitic, and with too-few it will 

 

fail to oscillate at the high-capacity end of 

 

the gang condenser. (With the tickler 

 

wound backwards or connected backwards 

 

the circuit will not oscillate at any setting 

 

of the tuning condenser. See rule above for 

 

proper polarity of connections to produce 

 

oscillation.) 

 

A reasonable procedure in repairing a 

 

broadcast oscillator coil with tickler under 

 

the secondary is to wind about 30 turns of 

 

No. 36 D.C.C. wire (or some other wire of 

 

approximately the same size -with reason-
able insulation such as S.S.E., D.S.E. or 

 

D.S.C.) in the form of a doughnut just 

 

large enough to slip on the coil form, tie 

 

it with thread in several places to hold it 

 

together, and place this on the oscillator 

 

coil form close to the original winding hold-

ing it in place with wax or cement. The coil 

 

leads should then be connected to the lugs 

 

which terminated the original tickler wind-
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ing (making sure of the winding direction 

 

and connection according to the rule pre-
viously set down), and the coil placed in the 

 

receiver for test. 

 

If the set plays, and the oscillator can be 

 

trimmed to calibrate properly at 1,400 kc., 

 

and if it does not stop working with the 

 

gang condenser closed at low line voltage 

 

(about 105 volts on a nominal 110-volt line), 

 

and if it does not break into parasitic oscil-
lations at the full-open position of the gang 

 

condenser, the repair can be considered a 

 

success. 

 

If the circuit fails to oscillate at the low-

frequency end of the dial, more tickler turns 

 

are needed. If the circuit becomes parasitic 

 

at the high-frequency end, fewer tickler 

 

turns are needed and adjustments on the 

 

number of tickler turns should be made 

 

accordingly until satisfactory results are 

 

obtained. Note that in all cases the bunched 

 

tickler should be as close to the secondary 

 

as possible. 

 

TICKLER COIL OVER SECONDARY.—In the 

 

event that the tickler is wound over the 

 

secondary or beside the secondary as in Figs. 

 

3B and 3C, the experimental work to de-
termine the proper number of tickler turns 

 

need not be performed since it is very simple 

 

to remove the defective winding without dis-

turbing the secondary, count the number of 

 

turns, and random wind a new coil to take 

 

the place of the defective one. 

 

UNIVERSAL ADJUSTABLE - INDUCTANCE 

 

OSCILLATOR COIL 

 

It has been pointed oat in preceding ar-
ticles of this series that where acceptable 

 

factory-made replacement coils are avail-
able at reasonable prices, it is usually an 

 

economy to use these replacement parts in 

 

preference to attempting a repair. Oscillator 

 

coil failures are no exception. 

 

Where an oscillator tickler has corroded 

 

open, leaving the secondary intact, the Uni-
versal Replacement Coil is a great conven-
ience, but in the unusual case where the 

 

secondary is open, giving no clue to the 

 

proper value of inductance to use, the Uni-

versal Adjustable-Inductance Oscillator Coil 

 

is practically a necessity. A coil of this type 

 

is shown in the heading illustration of this 

 

article. With its adjustable-inductance fea-

ture, the coil can be quickly adjusted in the 

 

receiver to match the dial calibration. 

 

In the failure of an oscillator secondary, 

 

the greatest aid to rapid repair is an un-
disturbed setting of the oscillator trimming 

 

and padding condenser, especially the latter. 

 

TRIMMERS AND PADDERS UNDISTURBED; 

 

SERVICE-OSCILLATOR ALIGNMENT.—If this ad-

justment has not been disturbed and the 

 

adjustable-inductance oscillator coil has 

 

been installed, the set should be connected 

 

to a signal Rengrator or service oscillator 

 

in the normal manner with the service oscil-

Suggested component values: C1, 100 mmf.; C2 

 

grid excitation condenser, about 0.002-mf.; gridleak 

 

R1, 50,000 ohms. 

 

lator frequency set at 600 kc. and then the 

 

adjustment screw on the oscillator rotated. 

 

slowly while the gang condenser is rocked-

as if padding, watching for maximum re-

sponse. When maximum response is obtained 

 

at 600 kc., the generator and set should be 

 

set to 1,400 kc. and the oscillator trimmed 

 

to calibrate properly. The 600 kc. point 

 

should be readjusted, if necessary using the 

 

inductance adjuster—not the pudding con-

denser, and the trimming at 1,400 kc. 

 

touched-up. 

 

TRIMMERS AND PADDERs DISTURBED; TRIAL-
AND-ERROR ALIGNMENT.—In the event that. 

 

the secondary of the original coil has been 

 

damaged, and the padding condenser has 

 

been thrown out of adjustment, it becomes 

 

necessary to track the oscillator coil to the 

 

dial calibratioll by the trial-and-error meth-
od. The simplest procedure is to align the 

 

set at 600 kc. and 1,400 kc. and then check 

 

to see how far the set runs 'but-of-track" 

 

at the middle. The oscillator inductance is 

 

then changed and the set aligned at both 

 

ends and checked in the middle again. This 

 

process of adjusting, trimming, padding, and 

 

checking is continued until proper tracking 

 

over the entire tuning range results. 

 

The procedure is as follows:, Set the in-
ductance adjuster at some point, tune the 

 

generator to 600 kc. and adjust the receiver 

 

dial to indicate the same frequency, then 

 

adjust the padding condenser until the set 

 

responds to the signal. Then tune generator 

 

and set to 1,400 kc. and trim the oscillator 

 

to respond at that frequency. Shift to 1,000 

 

kc. and check the point on the dial at which 

 

the signal is heard. Shift the oscillator in-
ductance adjuster 1 turn and repeat the 

 

process. If the dial calibration at 1,000 kc. 

 

becomes more nearly correct, proceed with 

 

tte above-outlined plan until the accuracy 

 

is good ut 1,000 kc. and the sensitivity is 

 

also good over most of the tuning range. 

 

If the calibration at 1.000 ke. gets worse, 

 

it is obvious that the first shift in induct-
ance was in the wrong direction and so!--
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sequent shifts should be in the opposite 

 

direction until good alignment and calibra-
tion is obtained. It must be remembered, of 

 

course, that there is some variation from 

 

exact accuracy in practically all commercial 

 

sets, and therefore complete agreement with 

 

the indicated frequencies on the dial is not 

 

to be expected. 

 

If the set is of the cut-plate type employ-
ing no padding condenser the problem is 

 

much simpler; simply use the oscillator in-
ductance adjuster as if it were a padding 

 

condenser and adjust for maximum response 

 

at 600 kc., then trim at 1,400 kc.; repeat the 

 

process once more and the job is finished. 

 

COIL-MATCHING DEVICE 

 

Probably the simplest possible coil-

matching device is a Colpitts oscillator such 

 

as shown in Fig. 4 used in combination with 

 

a receiving set and a signal from a broad-
cast (or shortwave) station. The tube, V, 

 

can be almost any triode, and the voltage 

 

about 90. The choke, R.F.C., shown in the 

 

schematic is not critical as to constants but 

 

should have reasonably low distributed ca-

pacity and reasonably high inductance. (A 

 

Meissner No. 19-2330, 30-millihy. choke or 

 

equivalent is recommended.) 

 

The tuning condenser may be any high-
capacity gang condenser. If possible, it 

 

should be a 4-gang condenser with the 2 

 

gangs at one end connected together (in 

 

shunt) and the 2 at the opposite end also 

 

connected in parallel. This arrangement is 

 

recommended because in the circuit shown, 

 

the 2 tuning condensers, Ca, Cb, in series 

 

across the coil under test, only equal a 

 

single section as normally used in the set. 

 

With this device, the good secondary of 

 

the defective coil (shown dotted) is con-
nected to the points marked X, the set tuned 

 

to a station of appropriate frequency and 

 

the test oscillator tuned to zero beat with 

 

the station, and the dial setting noted. (Re-
member that a broadcast oscillator for a 

 

set with 456 kc. I.F. normally tunes from 

 

about 1,000 to 2,000 kc. anti shortwave oscil-
lators correspondingly tune higher than the 

 

dial calibrations by an amount equal to the 

 

I.F.) 

 

The new coil is now-substituted for the 

 

old one, the test rig tuned for zero beat, 

 

and the dial setting noted. If the tuning 

 

capacity for zero beat is higher than when 

 

the original coil was connected, the new coil 

 

is too low in inductance and turns must be 

 

added until the desired inductance is ob-

tained, or a new coil of higher inductance 

 

must be obtained so that it may be pulled 

 

down to the correct inductance. When turns 

 

have been pulled off until the inductance is 

 

only a fraction of a turn too high (or too 

 

low), the last adjustment can often be con-
veniently made by radially pressing in on 

 

the periphery'of the coil which spreads the 

 

turns slightly and decreases the inductance 

 

a few per cent (or by squeezing the coil in 

 

the axial direction which will raise the in-
ductance a little). 

 

CHAPTER 7 

 

iy enetal Snr ovwat oa 

 

THE FIRST 10 STEPS IN RADIO SERVICING 

 

How do yM go about servicing a act! One 

 

toell-known radio engineer submits the foUounng 

 

as the first 10 steps. 

 

(1) See that power supply to receiver i4 satis-
factory. Check loudspeaker leads, antenna 

 

and ground connections. 

 

(2) Operate the set if possible. If trouble is 

 

not obvious, remove tubes and check them. 

 

(8) Touch the grid cap of I.F. tube or tubes 

 

with metal object, such as a screwdriver, 

 

and listen for click in speaker. 

 

(4) Check speaker transformer, voice coil and 

 

field, and make certain they are satis-
factory. 

 

(6) Remove chassis and check power supply 

 

completely. 

 

(6) If power supply is OK, next measure all 

 

filament voltages, plate and screen-grid 

 

voltages, and bias voltages—cum pare with 

 

specified Values in circuit diagram or tube 

 

data book. If voltages on individual tube, 

 

are high or low, test components in the 

 

feed circuit. 

 

(7) Make certain that the audio circuit is 

 

functioning 'satisfactorily, then proceed to 

 

work from the detector to the antenna, one 

 

tube at a time, until the fault is located. 

 

(S) If no apparent troubles can be found, ex-
amine carefully all wiring, grounds, switch 

 

contacts, socket contacts and controls. 

 

(9) Use meters and check values of all com-
ponents in inoperative section. 

 

(10) Check, clean and adjust all wave-change 

 

switches, and if necessary, clean dirty tie 

 

points which would otherwise cause low 

 

insulation resistance to ground. Ciean in-
sulation on gang condensers and resolder 

 

all weak connections in set. Replace noisy 

 

controls. Adjust alignment of receiver. 
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RMA TRANSFORMER 

 

COLOR CODE 

 

THE following information should be on 

 

file in every radio service shop as being 

 

the color codes recommended by RMA (see 

 

illustration). 

 

In cases of use of single primary and/or 

 

single secondary, the top portion of the 

 

diagrammed windings should be used to 

 

indicate the color coding. Where polarity of 

 

primary and/or secondary is not a factor, 

 

both outside leads may be the same color 

 

as indicated. Where polarity must be in-
dicated, the Brown and Yellow leads shall 

 

indicate the start of the primary winding 

 

and the start of the secondary winding 

 

respectively. In the case of an output trans-
former, the Black lead shall be the start of 

 

the secondary. (Note: Many output trans-
formers have solder lugs for the secondary, 

 

rather than leads. In this case the primary 

 

leads only are marked according to RMA 

 

coding.) 

 

Color Coding of Power Radio 

 

Transformers 

 

Black—Primary leads. 

 

Black—Common of tapped primary. 

 

Black and Yellow-50/50 stripes—tap of 

 

primary. 

 

Black and Red-50/50 stripes—finish of 

 

primary. 

 

Red—Plate leads of Iligh-Voltage secondary. 

 

Red and Yellow-50/50 stripes—H.V. Cen-
ter-tap. 

 

Yellow—Rectifier filament leads. 

 

Yellow and Blue-50/50 stripes—Rectifier 

 

Center-tap. 

 

Green—Filament winding No. 1. 

 

Green and Yellow-50/50 stripes—Fil. Cen-
ter-tap. 

 

Brown—Filament winding No. 2. 

 

Brown and Yellow-50/50 stripes—Fil. 

 

Center-tap. 

 

Slate Filament winding No. 3. 

 

Slate and Yellow-50/50 stripes—Fil. Cen-
ter-tap. 

 

GRID 

 

(OR HIGH 

 

SIDE OF 

 

COIL) 

 

MOVING 

 

RETURN 

 

(OR
 
L

SIDE
OW 

MOVING 

 

COIL) 

 

GRID 

 

NREVISED COLOR CODING OF 

 

AUDIO TRANSFORMERS 

 

ONTERSTAGE AND OUTPUT)~ 

 

WHAT CAUSES ECHO, 

 

FADING? 

 

NE%T time your customer waxes irate a t 

 

the results he gets on his allwave radio 

 

receiver, let him see this item, which tells 

 

in the words of the Engineering Division of 

 

the British Broadcasting Corp. some of the 

 

reasons why listeners may sometimes expe-
rience echo, fading, distortion and other 

 

effects when listening to, let us say, one of 

 

the B.B.C.'s Overseas Stations. 

 

"Echo" effect is rarely to be observed on 

 

waves longer than those in the 19-meter 

 

(15 megacycles) band, which means, usual-
ly, that on transmissions from one of the 

 

B.B.C.'s Overseas Stations the effect is most 

 

likely to be observed by listeners in India, 

 

Malaya, and Australia—and possibly the 

 

West Indies—during Transmissions 2 and 3. 

 

(The same principles apply in receiving 

 

short-wave programs in America, of course. 

 

—Ed.) 

 

All the aerials used at the B.B.C. short-
wave station for wavelengths below 20 

 

meters are fitted with reflectors, the effect of 

 

which is to concentrate the radiated energy 

 

in one direction when it leaves the aerial. 

 

When propagation conditions are particu-
larly favorable, it may happen that a fre-
quency in, say, the 13-meter band, such as 

 

GSJ, may provide strong signals in India, 

 

and still be of sufficient strength to travel 

 

onward, until, having completely encircled 

 

the glqbe, it provides a second signal at 

 

the same point of reception. 

 

When such "round-the-world" or "for-
ward" echo takes place, the interval between 

 

successive signals is of the order of 1/7-
second—there are authentic accounts on 

 

record of as many as 5 or 6 separate repeti-
tions of a single signal. It will be seen that 

 

if a news bulletin, for example, is being 

 

read, and conditions bring about the echo 

 

effect described, then the distortion pro-
duced may make the program practically 

 

unintelligible. Although, as is shown below, 
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certain types of echo may be overcome by 

 

the use of reflectors at the receiting end, 

 

the type referred to here cannot be sup-
pressed in this way. 

 

A 2nd form of echo, sometimes called 

 

"backward echo." takes place when the 

 

transmitting aerial used is not equipped 

 

with a reflector. From such aerials energy 

 

is radiated in equal amounts in opposite 

 

directions. If the point of reception is not 

 

equi-distant from the transmitter over both 

 

paths, and if conditions are well suited to 

 

the frequency concerned, then signals may 

 

be received from both directions. Since the 

 

2 paths are of unequal length, the time 

 

taken for the signal to arrive will not be 

 

the same from both directions, and echo 

 

may again be produced, the time interval 

 

being determined by the difference in the 

 

2 path lengths. 

 

This effect can also be produced even 

 

when the radiating aerials are equipped 

 

with reflectors, for it would be both diffi-
cult and costly so to design them that the 

 

whole of the energy radiated would be con-
centrated in the one direction. With the 

 

arrays actually used by the B.B.C., a small 

 

amount of energy escapes in the direction 

 

opposite to the line of maximum radiation. 

 

When conditions are suitable, as, for in-
stance, on 13 meters and 16 meters in 

 

Transmissions 2 and 3, serving India, this 

 

small amount of escaping energy is suffi-
cient to provide useful signals at relatively 

 

great distances from the transmitters. The 

 

"Great-Circle" route from Britain to the 

 

West Indies happens to be almost exactly 

 

in the opposite direction to the route to 

 

India, and listeners in the West Indies will, 

 

no doubt, be well aware that frequencies 

 

GSJ and GSG often provide useful signals 

 

there when primarily intended to serve 

 

India. 

 

It may be possible, when propagation con-
ditions are particularly suited to those fre-
quencies, for listeners in the , West Indies 

 

to observe the effect of echo due to the 

 

signals' arriving by the shorter route direct 

 

from Britain, and also by the long path 

 

across India and so round the globe. This 

 

type of echo may be reduced by the use of 

 

reflectors on the receiving aerials. 

 

RADIO SERVICE PUZZLERS 

 

Interference in New Installation. A 

 

new receiver, a Motorola 65, was in-
stalled for a rural mail carrier whose 

 

complete route was along a high line. 

 

The complaint was made however that 

 

even on stronger stations the interfer-
ence level was high enough to spoil re-
ception. 

 

The set was realigned with an output 

 

meter and oscillator. The _Lst and  2n4 

 

LFL transformers were staggered so 

 

that the final result was a nea
-
F y�$gL-

topped curve for  3 kc_ on either side of 

 

the resonance. After carefully realign-
ing the Rte. and madder trimmers, the 

 

result was somewhat less sensitivity and 

 

selectivity, but greater fi e is ity so that 

 

iT eTocaI interference was completely 

 

blocked 

 

Edward S. Courter. 

 

Inoperatibn over Part of Dial. Many 

 

General Motors auto-radio sets, operat-
ing on a short pole-type aerial, are in-

operative between 68 and 55 on the dial, 

 

although the rest of the dial works all 

 

right. 

 

By feeding a signal from an oscillator, 

 

it was noted that no signal would go 

 

through the mixer tube, indicating that 

 

this tube was not oscillating at this part 

 

of the dial. The problem was solved by 

 

stepping the cathode resistor of the 6A7 

 

tube to a value 1.00 hms  smaller. In 

 

corn of these se the resistor has to 

 

be as much as 2,000 ohrQ smaTfer than 

 

the value originally used. 

 

'The set 
-
Men broug t in stations 

 

around 540 kc. perfectly when used on 

 

the short pole aerial. This trouble is a 
-
tt 

 

to be misleading, since it m aht seem 

 

that tie-ry riable condenser plates are 

 

shorting, or tit�fiere is some$hing 

 

w ne with some of the jg" Testing 

 

t}re t ace of the cVAs; tgaanj for a 

 

short in the tuning cSndenser, and so on, 

 

river, will show these to be OK. 

 

Monty Glass. 

 

Distortion in Phono-Radio Set. Dis-
tortion, sounding as if the speaker was 

 

off-center, was the effect produced in a 

 

"combo." Routine check revealed that 

 

alignment was OK. Tubes were checked 

 

and found OK, so the set was brought 

 

into the shop. 

 

By inducing an audio signal to the 

 

final stages and following it through 

 

to the speaker, trouble was established 

 

at the speaker. F r§minatiop showed that 

 

a nhono needle bad &otten qn the out-
side of the voice coil and

-

wljn_ the 
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was turned on the needle was pulled 

 

down against the speaker core, causing 

 

distortion. 

 

R. S. Wheeler. 

 

Hum in Intercall Systems. Seve--e hum 

 

trouble was experienced in small cus-
tom-built intereall systems, which were 

 

of the A.C.-D.C. type. Condensers were 

 

rated at the usual 16-16 mf. ratings as 

 

were specified, so no trouble was ex-
pected there. An oscilloscope check 

 

showed up only 60 cycles A.C. 

 

Condensers were checked with a Wes-
ton 20,000 ohms/volt meter. On recheck-
ing, it was found that electrolytic con-
densers (of the type which contains- Loss of Volume. A defect in a 

 

separate capacities) were tip_ tigbtly Grunow model 11G receiver caused a 

 

packed into the containers, and after a loss of volume. The customer had taken 

 

few hours of operation would leak a screwdriver and turned down 

 

through to cause hum. all Me _ adjusting screws of both I. an 

 

Paul C. Mangan. �-" es on all 3 bands of the receiv-
er No s�Qnal came through the I.1''., but 

 

Low Volume in a Standard Receiver. 

 

Low volume in a late-model 7-tube radio 

 

set was encountered. Tubes were 

 

checked on a portable checker. The 

 

tubes testing OK, the set was brought to 

 

the shop. 

 

Routine analysis revealed the follow-
ing: All voltages checked good, I.F. and 

 

R.F. values were perfect, signal strength 

 

to 1st audio stage good, all coupling con-
densers and resistors checked OK; with 

 

an output meter across the voice coil of 

 

the speaker, the signal received from the 

 

oscillator read about half-scale. One lead 

 

from the voice coil was clipped to the 

 

output transformer. When the meter 

 

was placed across the secondary of out-
put transformer, and without any ad-
justment to the oscillator, the signal 

 

drove the needle of output meter off-
scale. Thelresistanc@ gi the   

 

voice coil of the _speaak r was next meas-
ug

-
d and found to be ghnrtpd between 

 

windings to
—

aciout JaJiL_ of its on in  

 

resisTince. A new speaker cone res re 

 

thT`set to its original volume. 

 

W. R. Newman. 

 

Low Volume in Sets with A.V.C. and 

 

2nd-Detector Combined. A number of 

 

late model sets, having the customary 

 

system of A.V.C. and 2nd-detector com-
bined, and with the audio volume con-
trol as the A.V.C. divider, were serviced 

 

for lack of snap and volume. After rou-
tine checking of alignment, voltages and 

 

quality of circuit constants, all were 

 

found to be in good condition MD.ULS9&-

tinuityy checking was attempted with a 

 

_h"gh-sensitivity ohmmeter. 

 

Analysis revealed a high-resistance 

 

Ica a eg pafh and sometimes a nmLshor4 

 

ii-cm the rotor ccontaLof the volume 

 

gontw  to xxtu nd, wN
T
I w_ o tow= 

 

d�ree short out a portioi
—
of the 4udilL 

 

signal ro and AL-o MdUM the 

 

quantity of A.".. developed. In many, 

 

cases, a causes of these symptoms 

 

eouTd not be detected without the use 

 

of high-range, sensitive, continuity me-
ters or microammeters such as the Wes-
ton 2_0,000 ohms/volt meter. 

 

Stephen Furedy. 

 

a signal generator ,put througg a au-
dio signal at normal volume from either 

 

plate of the 2nd-detector. 

 

A voltmeter showed ,6 screen-grid 

 

Volta eon and I Uer_tu}ies. 

 

s owing up a shorted 0.1-mf. condenser 

 

to chassis. Being yget a ignal 

 

through from the antenna post of the 

 

gg�e signal generator was connected 

 

to the conTrol-grid of the 2nd I.F. tube 

 

A_weak signal was 1 dicteU-aff 
-

fie q 

 

gILLmeter.connected across th 

 

of the output transformer. Tgr 

 

mers of the 3rd I.P. transformer were 

 

adjusted; a sigpal generator connected 

 

to the controj-gtiti oLlst I.F. tube, gnd 

 

the trimmers of the 2n r.T. transform-
er adjusted; and, lea�rom the signal 

 

generator were connected to the control-
ri of the det: oscillator, and �e s 

 

I.F. transformer trimmers adjusted. 

 

With a sigrlgl now being obtained 

 

tTirough the antenng binding post (mod-
ulated R.F.), the broadest trimmed 

 

and padders were ad'
-
us No signal 

 

'Was apparent  on t e oreirn l"d, but 

 

Verges on e R.F, tube were 04. Re-
sis nce meas 

i
 remen£ JcLwaeu _j&ri4 of 

 

�F.'and  grid of to showed C
-

continuity. peso deri�contacts for 

 

his  band on the wave - i
ma
ge switch 

 

terminals restored continuity ana re-
estaMshed n� o

—
 r`m l 

—
operation on this 

 

E ui high-resistance ohm_ 

 

generator, and an out-meter; si a gns 

 

iit npter. 

 

Dwight L. Cooley. 
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.Fading in Car-Radio Set. In the car, 

 

a Stewart-Warner model K-1131 receiv-
er faded out and gradually faded back to 

 

normal. Perfect performance was ob-

tained on the test rack. Routine test in 

 

the car disclosed that fading was caused 

 

by oscillator failure, and that voltage 

 

at the set with the motor running was 

 

rather high, 7.5 volts. 

 

On test bench, high battery voltage 

 

produced fading. Further tests indicat-
ed that the oscillator coil was causing 

 

the trouble, in spite of the fact that the D.C. 

 

resistance of the coil was exactly as sPeci-

fied by the manufacturer. Checking the coil 

 

further by signal generator and V: T.VJI. 

 

disclosed an intermittent shorting of turns. 

 

Replacement of the coil cured the trouble. 

 

Later, a microscopic examination diselosed 

 

that the enumel wire insulation would break 

 

down at radio frequencies but not on the 

 

D.C. from the ohmmeter. 

 

Raymond W. Tackett. 

 

Frequency Shift on Broadcast Band. 

 

Trouble in the oscillator circuit of a 

 

Philco Model 116X showed up in no re-

ception on short waves and frequency 

 

shift on broadcast band, both while set 

 

was playing; or having station come in 

 

at different point on dial from previous 

 

time of play. Usually high-resistance 

 

joints prevent oscillation or cause fre-

quency shift. Sometimes rivets holding 

 

stator sections of condenser gang loosen, 

 

allowing spacing to change and thus 

 

cause a frequency change. 

 

We installed a new padder condenser, 

 

all new resistors in the oscillator circuit, 

 

new grid condenser, soldered all joints 

 

on coil. Still had trouble, so just about 

 

ready for new condenser gang. Our 

 

ohmmeter reads to 71A megs. with a 

 

2234-volt battery. As a last resort, we 

 

hooked up a power pack and extended 

 

the range to 75 megohms. A definite 

 

high-resistance short showed up in the 

 

grid circuit. Trouble was traced to con-

denser gang and found to be a small 

 

deposit of soldering flux from stator to 

 

frame of condenser. Careful scraping 

 

with knife, and cleaning with carbon 

 

tetrachloride and toothbrush, took care 

 

of the trouble. 

 

The short was on the. order of 10 to 

 

15 megohms, but varied, getting to 

 

quite a low value as the set warmed 

 

up, and raising to a high value when 

 

cool. Effect was more pronounced, of 

 

course, on short waves. 

 

GEORGE 1). DAI 

 

No Signal on "Shortwave Broadcast" 

 

Band. The regular broadcast band of 

 

a Stromberg-Carlson Model 240M was 

 

perfect, but there was no signal on the 

 

shortwave broadcast band. 

 

A Weston Model 669 V.-T. VM. was 

 

connected across the oscillator circuit 

 

with the set on the broadcast band and 

 

the oscillator voltage was within 70 

 

per cent across the dial. We then 

 

changed the band-switch to shortwave 

 

and our V.-T. VM. went down to zero. 

 

When turned back to broadcast, the 

 

oscillator started again, the voltage 

 

registering on the meter. We turned it 

 

back to shortwave and again there was 

 

a zero voltage. A new 6C5 oscillator 

 

tube put this set back in shape. By hav-

ing a high-grade V.-T. VM. which could 

 

be shunted across the oscillator circuit 

 

tuning condenser, we were able to 

 

localize this trouble in about 5 minutes 

 

and correct it without using a soldering 

 

iron. 

 

RICIL%RD J. DUPLE 

 

Distortion of Audio Output. Set requiring 

 

servicing was an Atwater Kent model 89. 

 

Distortion occurred at intervals of time as 

 

much as an hour apart. Testing with a 

 

Weston model 566, all voltages and currents 

 

seemed correct. 

 

After repeated testing of all circuits to 

 

enable a reading to be taken during dis-
tortion, it was found that there was a rise 

 

in the plate current of the 1st audio tube, a 

 

type 27. The bias voltage across the cathode 

 

bias resistor was then observed' during dis-
tortion while set was in operation. During 

 

normal operation voltage was correct but it 

 

disappeared when distortion occurred. This 

 

disappearance was accompanied by some 

 

fluctuation of the voltage. The cathode by-
pass condenser was suspected, and when 

 

cut out and replaced, the trouble was cor-
rected. 

 

CHARLES E. DIEHL 

 

q 
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UP-TO-DATE OF 

 

GOVERNMENT 

 

SHUT-DOWN 

 

APRIL, 

 

'42 

 

The Set You are 

 

Looking For /s Here! 

 

This Radio Circuit Manual has more listings 

 

than any other publication of its kind. Check 

 

for yourself on such makes as Lafayette, Emer-
son, Pilot, Philco, RCA, Stewart Warner. If 

 

time really means money to you then this 

 

completeness will save you many times the cost 

 

of the book. It is the greatest time-saver you 

 

can buy today. 

 

No fumbling around! No turning over to an-
other page! The big roomy pages of the Radio 

 

Circuit Manual contain everything on a single 

 

page. You will see not only schematics, but 

 

quick reference IF spot, parts lists, dial string-
ing, diagrams, tuning range and data, tube 

 

locations, voltage charts, trimmer locations, 

 

push button, set-ups, alignment notes, and 

 

procedures, record changer details, etc. 

 

[ye.ytn ins 

 

I•t�ne tp 

 

model 

 

nose Page. 

 

1101 .hty handy' 

 

700 fact-packed 

 

pages. The C. 

 

dual page size 

 

i s 10%12;y 

 

inches. 

 

THE ONLY EDITED MANUAL PUBLISHED! 

 

The diagrams are perfect. Every one was 

 

checked and rechecked to make sure of it. 

 

The printing is clear and distinct. It's a 

 

pleasure to use this nianual. 

 

The index is another feature you'll like. At 

 

:I glance you can tell whether a model is 

 

the same as another. No hunting back and 

 

forth ... it's right there. Big readable type 

 

numbers and model numbers help to spot 

 

quickly what you want. 

 

Special charts on tube and battery inter-
changeability, lights, ohms law, color codes; 

 

also a special article on "The Methods of 

 

Substitution" by F. L. Sprayberry. to make 

 

your wartime service job easier. 

 

If you like your service manual in handy 

 

form—so shaped that you can grab hold of 

 

it easily and store in small space ... if you 

 

like a book that lies open flat so you don't 

 

constantly lose the place . then you 

 

will certainly appreciate the Radio Circuit 

 

Manual. 

 

Use this simple coupon for ordering this 1941 and 1942 Radio 

 

Circuit Manuals. 

 

RADCRAFT PUBLICATIONS, INC. 

 

25 West Broadway, New York 7. N. Y. 

 

m Gentl
AN

een: Roan to me by turn null, the RADIO CIRCIIIT 

 

I arc prl d 

 

$ 
I'AI. Ordered below- which I understand at 

 

earn.  

 

1941 Editdon 
G

' 1041 Edition 

 

I enclose remit ance to the amount of It  

 

Kindly send C.O.D. 

 

Name 

 

-PLEASE PRINT CLEARLY) 

 

Addrees   

 

city   Diet. No., It any  State  

 

(If remittance is enclosed, send In form of cheek or money 

 

order: register your letter If you send cash). 

 

ti 

 

LIMITED NUMBER OF 

 

1941 MANUALS LEFT 

 

OUT 1911 RADIO VIRCI'IT MANUAL— 
the first we ever issued—Proved so pop-
ular. (hat we cleared out most of them 

 

In a short [line notwit list andl ng It large 

 

printing. Htwtcrer, during a reeent 1nvM-
,my, we dkemered a small number still 

 

on hand which we are disposing of quick-
ly This should he Rood news to anyaie 

 

who failed to get 1. 1941 edition. After 

 

all, meny 1941 models must be served to-
day. and the 19t2 edition won't help at all 

 

for the earlier models. The price of the 

 

1911 edition is the same as 1942 

 

only $10 oath 
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Every issue contains news galore of epoch-

making radio-electronic developments. This 

 

news is not just glamour but carries a mes-

sage to every man or woman who is or will 

 

be making radio and electronics his career. 

 

Each issue is teeming with workable ideas 

 

you can use immediately. 

 

RADIO-CRAFT is a practical magazine pub-

lished for the constructor, the experimenter, 

 

the serviceman and other technicians. By 

 

reading it regularly you will learn which of 

 

the new inventions are likely to survive. You 

 

will make good use of the "how-to-do-it" 

 

illustrations, radio hook-ups, servicing tips, 

 

shortwave station listings, etc. And you will 

 

become familiar with a host of subjects you 
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The list of contributors shown at the right 

 

represent the finest array of author".-'L,-.3 on 

 

the staff of any publication. These writers 

 

are continually working for your benefit. Get 

 

a copy of the current issue — read it from 

 

cover to cover. Then judge for yourself if it 

 

is not the finest magazine in the field pub-

lished today. 

 

We will send you RADIO-CRAFT for One 

 

Year at the Special Rate of $2.50; or $4.50 for 

 

Two Years. (Canadian and Foreign 5c extra 
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