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How Vibrations and Microphonic Noises
Are Eliminated

OOSE parts in a radio receiver chassis

can cause three different types of annoy-
ing sounds: I, microphonic noise; 2, rattling
sounds; 3, mechanical hum. The Radio-
trician must be able to recognize each of
these sounds, know how they are caused, and
know how to correct the trouble.

Microphonic Noise. Older radio receiving
tubes have a rather flimsy internal construc-
tion, with the result that tube elements
vibrate at the slightest provocation. This
vibration causes tube electrode currents to
fluctuate at a corresponding rate, and the
loudspeaker reproduces these current varia-
tions as a howl or “ping” which lasts until
the tube stops vibrating; such a tube is
said to be microphonic.

If sound waves from a loudspeaker hit
a microphonic tube directly and are strong
enough to keep it in vibration, the howl
will continue until the vibration is stopped by
turning off the set temporarily or by touch-
ing the tube. A loud sound produced by the
loudspeaker will often start vibrations in a
microphonic tube, At first the vibrations are
weak, but the small current fluctuations are
amplified by the receiver and react upon the
tube to produce a louder and louder howl.
The process builds up rapidly, with the tube
serving as a sort of microphone which picks
up sound waves from the loudspeaker, The
pitch of the howl will depend - upon the
natural period of vibration of the micro-
phonic tube.

You can recognize a microphonic howl
by the fact that it builds up gradually in
loudness when the set is turned off for an
instant and then turned on again. The cone
of the loudspeaker will be vibrating violently
when this howl is the loudest. Touching the
microphonic tube with your hand will
dampen the vibrations and stop the howl
temporarily, but it will usually start up
again the next time an unusually loud
sound comes from the loudspeaker.

Job Sheet No. 8

Microphonic noises are quite rare in
modern receivers, because tubes today are
rugged in construction and consequently
are little affected by sound waves coming
from the loudspeaker. Only in highly sen-
sitive receivers and in high-gain public
address amplifiers are. you likely to have
microphonic tube trouble. When this
occurs, tune the receiver off a station or
stop using the microphone, then snap or jar
each tube until you locate the one which
will produce a howl. Try a new tube of
the same type in its position; if one brand of
tube will not remedy the trouble, try tubes of
different makes.

How variable condensers are mounted
on rubber to eliminate microphonic nolses.

FIG. 1.

A more likely cause of microphonic noise
in a modern receiver is the gang tuning con-
denser. Loud sounds from the loudspeaker
can set the rotor plates of this unit into
vibration; this sets up a varying current
in the receiver circuit in much the same way
as for a microphonic tube. To prevent
this, condenser rotor plates are made from
soft aluminum, which has less tendency to
vibrate than other common metals; often-
times the outer edges of the rotor plates are
held together by a metal or fiber strip. In
addmon, the entire variable condenser unit
is often mounted on soft rubber washers in
the manner indicated in Fig. 14, to prevent
chassis vibrations from being transmitted to
the condenser frame and the rotor plates.

To determine if microphonic noises are
originating in the tuning condenser, turn
on the set and tune to a point where no
stations are heard. Turn up the receiver
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volume control to its loudest position, then
make the rotor plates vibrate by rubbing
them with a small stick of wood or with
your fingernail. If howling occurs now,
the condenser unit is microphonic.

If the rubber washers which support a
microphonic tuning condenser have hard-
ened, replace them. If the condenser mount-
ing bolts have been tightened so much that
the washers can no longer absorb vibration,
loosen the nuts, If the tuning condenser
shaft is rubbing against the receiver cabinet,
provide sufficient clearance at this point.
If any leads to the tuning condenser are
stiff enough to transmit vibration, replace
them with flexible stranded wire leads. If
no rubber washers are used at the tuning
condenser supports, it may he necessary to
enlarge the mounting hales and insert ruhher
washers as shown in Fig. IB. after this is
done, connect each corner of the condenser
frame to the chassis with braided copper
wire, using soldered connections. (If the con-
denser frame is orginally insulated from
the chassis as it is in many universal A.C.-
D.C. receivers, the frame should not bhe
grounded.)

In the average receiver, the loudspeaker
is fastened directly to the cabinet. The
loudspeaker sets into vibration the entire
air inside the cabinet, and this vibration is
transmitted through the wood cabinet to
the chassis unless precautions are taken to
“float” the entire chassis on rubber and
make all holes for control shafts large
enough so that no part of the chassis is
in contact with the wood cabinet. It is for

this reason that you find rubber feet like
those shown in Fig. 24 at each corner of
a chassis;

another method of securing a
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FIG. 2. Two waysin which the chassis of a radio

set can be mounted on rubber to prevent trans-

mission of vlbmtlomhfroim the cabinet to the
chassis.

floating chassis, by means of rubber washers,
is shown m Fig. 2B.

Before radio receivers are shipped from
the factory, the chassis is tightly bolted to
its supporting platform. These mounting
bolts must be loosened when the receiver is
installed in a home. With a chassis of
the type shown in Fig. 2.4, there will gener-

ally be a metal bracket riveted or welded
to the inside of the chassis near each
corner, with a bolt going upward through the
wood supporting platform into the threads
on this metal bracket: this bolt should be
loose while the receiver is in operation.
With the arrangement shown in Fig. 2B,
however, the bolts can be tightened with-

TIGHTEN BOLTS
FIRST

FIG. 3. This sketch illustrates how wood wedges
can be used to prevent the coll and laminations
of a transformer from vibrating.

out affecting the rubber mounting. In an
old receiver the rubber supports may he hard
and in need of replacement, or some one
may have tightened chassis bolts which
should normally be loose enough to allow
the chassis to float.

Rattles. loose elements in tubes, loose
shields around tubes and coils, or loose parts
of any kind often vibrate violently or rattle
for a short interval of time when loud sounds
come from the loudspeaker. The rattle
is somewhat annoying even though it has no
appreciable effect upon the receiver circuit.
The first thing to do when eliminating a
rattle is to make sure that the chassis is
floating properly on its rubber feet. Next,
make sure that tube shields are tight and
seated properly around the tubes. Look
for loose parts above the chassis; in most
cases the trouble will be due to a loose
holt or rivet, and the method of tightening
the part will be obvious.

Sometimes a radio receiver will cause
rattles in other objects which have a large
surface in the direct path of sound waves
coming from the loudspeaker. The metal
covers sometimes used on radiators are
frequent offenders; the large metal surface
actually vibrates when sound waves from
the loudspeaker hit it. Loose windowpanes
or large ornaments may also rattle. Suggest
that the customer change either the position
of the radio or that of the object which
rattles.

Mechanical Hum. A power transformer
or a filter choke will somnetimes develop a
loud humming noise, which is heard even
when the loudspeaker is silent: this is due
to looseness of the sheet metal laminations

[World Radio Histol




which make up the core. Tighten the bolts
which hold the core together; if the hum
still is heard, make two hardwood wedges

and drive them in opposite directions be-
tween the coil and the core of the trans-
former, as iudicated in Fig. J.

Interference Which Can Be Eliminated
With a Wave Trap

If an undesired station is heard when a
receiver is tuned to a particular desired sta-
tion, we have what is known as interference.
The larger modern receivers are so designed
that interference troubles are practically
negligible, but there are comtless thou-
sands of obsolete receivers and inexpensive
new receivers in use today which do not
have sufficient selectivity to eliminate the
types of interference now to be discussed.

Radio servicemen are constantly receiving
interference complaints from set owners who
do not realize ‘that the trouble is due to
tnadequate receiver design rather than to
failure of the receiver. Fortunately, the
installation of a siinple wave trap will in
many cases eliminate or greatly reduce the
tronble, Before I tell you how to connect
and adjust wave traps, | will explain how
you can recognize the various types of
interference which are encountered.

Cross-Talk Interference. If a strong local
station can be heard clearly in the back-
ground when a T. R. F. or superheterodyne
receiver is tuned to a weaker local station
or to a distant station, and yet the offending
local station disappears’ when the set is
tuned between stations, we have what is
known as cross-falk. The signal of the
powerful local station rides in on the signal
of the weaker station, A wave trap which
can be tuned to the frequency of the offend-
ing powerful station will usually eliminate
cross-talk.

Code Interference. 1f an undesired signal
is heard at all broadcast bhand settings of a
superheterodyne receiver, we have what is
known as code tnterference. The interfering
signal may be in code, coming from a com-
mercial code station, or it may be a voice
signal from a weather bureau station. The
interfering signal will bhe loudest when the
receiver is tuned to the lower frequencies
in the broadcast band. Code interference
occurs chiefly in superheterodyne receivers,
for in these sets there is one section (the
intermediate frequency or I[.F. amplifier)
which is tuned to the lower frequencies on
which these weather bureau and commercial
code stations operate. If the frequency
(known as the LF. value of the receiver)
to which this section is tuned coincides with

the frequency of the interfering station and
if the first stages of the receiver are not
selective enough to keep out this interfering
signal, it will get into the I.F. amplifier and
there be amplified sufficiently to be heard
m the loudspeaker regardless of how the
receiver is tuned.

Code interference can generally be elimi-
nated by trapping the offending signal before
it can get into the receiver; a simple wave
trap connection will do the trick. Deter-
mine the frequency of the offending station
if possible, and select a wave trap which will
tune to that frequency; otherwise, get a
wave trap which will tune to the LF. value
of the receiver, then adjust the wave trap
until the code interference is suppressed.

FIG. 4. Examples of commerciai wave traps.

Image Interference.  Another trouble
which is quite common in superheterodyne
receivers is known as {fmage interference.
You can recognize this by the fact that a
powerful local station, which may be either
a regular broadcast station, a police radio
station, a commercial short-wave station or
an amateur station, will be received not
only at its regular setting on the receiver
dial but also at a lower-frequency setting.
If a desired station is at this second point,
the undesired or image signal will inter-
fere with the desired signal and cause a
squeal. When you hear this squeal along with
a desired station, you must make a simple
calculation in order to identify it positively
as image interference.

First of all, determine the I.F. value of
the recciver; most circuit diagrams give
this. If the squeal is heard when the re-
ceiver is tuned to a frequency which is
heloto the frequency of the powerful local
station by twice the LF. wvalue, you have
image interference. For example, suppose
the receiver has an LF. value of 260 kc.,
and an annoying squeal is heard when you
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tune in a station at 630 kc. Multiplying
this I.F. value by 2 gives 520 kc.; adding
520 to 630 gives you 1,150 ‘ke, If there is
a powerful local station broadcasting on
1,150 ke., you know that it is causing image
interference. Identify the offending stafion
by listening for its call letters, then deter-
mine its frequency and install a wave trap
which will tune to that frequency; this will

eliminate or greatly reduce image inter-
ference.
coi geon
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FIG. 5. Internal connections of wave traps.
Broad Tuning of Local Stations. When
powerful local stations each cover from 40
to 100 kc. on the tuning dial, we have what
is known as broad tuning. This trouble is
particularly common in older receivers and
in some of the inexpensive recent sets.
Broad tuning is due essentially to inade-
quate receiver design rather than to failure
of a part (assuming that the set has been
properly aligned). The installation of a
wave trap which will block the signal of
the most annoying local station, to permit
reception of distant stations which are fairly
near it in frequency. is a possible remedy.

Blasting and Distortion. If the output of
a radio receiver is excessively loud andis
distorted when a strong local station is
tuned in, the volume control being at its
normal setting for distant reception, we
have the condition known as blasfing. Turn-
ing the volume control down will reduce
the loudness of the sound but the distortion
will still be present. Blasting will he
noticeable only on powerful local stations;
weak locals and distant stations will be
received satisfactorily, Detuning of the
local station will eliminate blasting, but at
the same time it introduces another form of
distortion which gradually becomes object-
ionable to the listener. Although blasting
is not strictly a form of interference, it is
brought up here because it can be eliminated
by a wave trap which is tuned to the inter-
fering station.

What Wave Traps Are. When a simple
radio coil and an adjustable condenser are
connected together and placed in a metal
housing, we have a wave trap. There will
be two terminals on it, and the general ap-
pearance of a commercial unit will be similar
to that of the wave traps shown in Fig. 4.
These wave traps can be purchased at such

low prices that the Radiotrician does not
bother to make them.

In general, there are two types of wave
traps, which diffey only in the manner in
which the coil and condenser are connected.
If these parts are connected together in
parallel, as indicated in Fig. 54, the unit
is known as a parallel resonant wave trap.
If the coil and condenser are connected
together in series, as indicated in Fig. 5B,
the unit is known as a scrics resonant wave
trap. If you do not know which confec-
tion is used in a particular unit at hand,
simply connect an ohmmeter to its two
terminals, If you get continuity (a low-
resistance reading), you have a parallel
resonant wave trap. If there is no continuity
between the terminals, you have a series
resonant wave trap.

A parallel resonant wave trap should
always be inserted in the antenna lead, as
shown in Fig. 6. This is done by con-
necting the antenna lead to one terminal of
the trap, then corfnecting the other terminal
to the antenna terminal of the receiver. A
series resonant wave trap, on the other
hand, should always be connected between
the antenna and ground terminals of the
receiver itself, without disturbing the normal
antenna or ground connections. Always
order a wave trap which will tune to the
frequency of the offending station. A wave
trap may be mounted either on the chassis
or on the inside of the cabinet.

To adjust a wave trap, tune in the desired
station having interference, then adjust the
screw or knob on the wave trap until the
interference is a minimum or is entirely
absent. If the use of a single wave trap
will reduce the interference but not elimi-
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FIG. 6. Wave trap connections to a recelver,

nate it sufficiently, you can use both types
of wave traps at the same time, connecting
them exactly as indicated in Fig. 6. When
there are two interfering stations, you ‘can
use two parallel resonant wave traps in-
serted in the antenna lead-in in series with
each other, tuning one to each of the inter-
fering stations. If there are more than two in-
terfering stations, it will usually be more ad-
visable to recommend the purchase of a new
and improved receiver.
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Setting Up Push-Buttons in Radio Receivers

RAPIDLY increasing number of the

radio receivers in use are provided with
automatic tuning, whereby a desired station
can be tuned in accurately ahd almost in-
stantly simply by pressing a push-button.

With receivers having automatic tuning,
individual adjustments must be made for each
station-selecting button before the push-but-
tons can be used. These adjustments are
rarely if ever made at the factory, and
must therefore be made in the radio dealer’s

Push-button adjustments for the majority of

radio recelvers are remarkably easy once you

master the few simple rules presented Iin this job

sheet. The work is pleasant, and paves the way

for even more profitable radio repair jobs when

you have progressed far enough with your studies
to handle the work.

shop or in the home of the purchaser. When
receivers are purchased from mail order
radio supply houses or through wholesale
channels, the push-buttons must be set up by
the purchaser himself or by some one whom
he calls in.

The process of setting up the push-buttons
for a radio receiver is relatively simple in the
majority of cases, so you should be able to
handle many extra-money jobs of this nature
once you master the basic principles of the
different automatic tuning systems covered
in this job sheet.

Job Sheet No. 2

With some types of automatic tuning sys-
tems, the station-selecting buttons can get
out of adjustment due to careless handling of
the receiver, normal vibration resulting from
the action of the push-button mechanism, or
changes in the characteristics of tuning cir-
cuit parts due to temperature changes. The
push-button adjustments then require re-
setting.

Whenever a broadcasting station changes
its operating frequency, all receivers which
have a push-burton set up for that station will
require resetting. Many people hesitate to
attempt even simple adjustments like this, so
again you have an opportunity for profitable
business.

Types of Automatic Tuning Svstems. The
various systems employed by receiver manu-
facturers for automatic tuning purposes can
be divided into three groups, according to the
operating principles employed :

1. Mechanical automatic tuning svstems, in
which the regular gang tuning condenser
of the receiver is rotated to the correct
position for a desired station by mechanical
action when the station-selecting button is
pressed.

2. Electrical automatic tuning systems, in
which pressing in of one but-
ton automatically switches into
the tuning circuits of the re-
ceiver a preadjusted set of
trimmer condensers or adjust-
able inductances (coils), and at
the same time releases any but-
ton previously depressed.

Trimmer
condenser.

3. Electro-mechanical automatic systems,
in which a small electric motor automatically
rotates the gang tuning condenser to the
correct position for a desired station when
a button is pressed.

Electrical systems and push-button type
mechanical systems are the commonest now
in use, and are likewise the simplest to ad-
just. The procedures for setting up the
buttons for these types will be covered in
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this job sheet. Variations will undoubtedly
be encountered, but your knowledge of the
basic principles will allow you to figure out
the correct procedure for the particular sys-
tem at hand. It is almost impossible to do
any serious damage even if you make mis-
takes at first in setting up buttons, so don't
be afraid to tackle these jobs.

Telephone dial-type mechanical systems
and electro-mechanical systems are somewhat
more complicated, and ordinarily can be set
up only by following detailed instructions
provided by the manufacturer. Special ad-
justing tools are sometimes needed. If you
have the manufacturers’ instructions and the
necessary tools at hand, and have a certain
amount of mechanical ability and ingenuity,
there is no reason why you should pass up
jobs involving these more complicated sys-
tems. If you do not have the necessaty in-
formation at hand for a particular set, how-
ever, it will be better for you to wait until
you have progressed further with your
N. R. L. course and have studied the ad-
vanced lesson which deals with automatic
tuning control systems.

Important: Before tackling the job of
setting up push-buttons on a receiver, be
sure your customer understands that you
are expected only to take care of the push-
button adjustments. This is only fair, for
vou cannot be expected to do regular radio
service work until you have progressed fur-
ther with your N. R. I course.

General Instructions

Allowe Set to Warm Up. Any receiver
having automatic tuning should be allowed
to operate for at least twenty minutes, so
that receiver parts will reach normal operat-
ing temperatures. If buttons are set up while
the receiver is cold, stations may be ap-
preciably off tune when circuit parts change
slightly with heat.

Study Tnustructions If Available. When-
cver button-setting instructions are available
for the receiver being adjusted, these n-
structions should be studied carefully unless
vou have had previous experience with that
particular type of tuning mechanism. The
general instructions given here will ordi-
narily be adequate, but specific instructions
will often describe short-cuts which speed up
the job.

Assign  Stations to Buttons. Determine
the number of buttons which are available
for station-selecting purposes. FExtra but-
tons are sometimes provided for tuning the
receiver on and off, for phonograph opera-
tion, for manual tuning, etc., and should not
be included in your count.

Select a corresponding number of radio
stations, giving preference to the customer’s
favorite local or powerful near-distant sta-
tions which can be received satisfactorily.

Determine the frequency of each selected
station by referring to a radio log book or the
radio program in your local newspaper, and
make a list in which the stations are ar-
ranged in the order of increasing frequency
(with the lowest-frequency station first on
the list).

Make a rough sketch of the push-buttons
as they appear from the front of the receiver,
assign the stations in logical order to the
available station-selecting buttons, and label
each button accordingly on your sketch.
(With mechanical systems, the buttons can
be assigned in any order, but the usual pro-
cedure is to work from left to right, as-
signing the lowest-frequency station to the
extreme left-hand button. With electrical
systems, tuning ranges must be considered,
as explained in the next paragraph.) The
sketch which you make will serve as a guide
during the adjusting procedure.

Adjustments for Electrical
Systems

While the receiver is turned on and warm-
ing up, locate the trimmer adjustments on or
above the chassis (or directly behind the
push-buttons), note the frequency range
printed on the chassis for each set of adjust-
ments (an example of this appears in Fig.
1), then assign a station to each station-
selecting button in the order which makes
each station fall within the frequency limits
for its button, and label the buttons accord-
ingly on your sketch. The trimmer adjust-
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FIG. 1. Typical arrangement
of adjueting screws for the
electrical sutomatic tuning
system of an auto radlo
receiver having vertlc-lly ar-  JA
ranged buttons. AT

screws are for ooclllntor trim- .,
mers, and the ‘‘B’’ screws are

for antenna trimmers.

ments will usually be accessible from the
back of the cabinet: on some sets, a cover
plate at the back of the set must be re-
moved. On a few sets, the trimmer adjust-
ments will be accessible from the front. In
rare cases, the only button available for a
desired station may not be tunable to the sta-
tion frequency: you must either choose a
new station for that button, or leave the but-
ton blank and advise the customer to use
manual tuning for that station.
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Tune in manually the first station on
your list, and note the nature of the pro-
gram. Now press in the button assigned
to that station, and tune in the same station
by adjusting the oscillator trimmer (some-
times called the tuning or station-selecting
trimmer) for that button with a screwdriver.
Now adjust the other trimmer for that but-
ton (usually called the antenna trimmer) so
as to secure maximum volume, This adjust-
ment will be quite broad. Carefully readjust
the oscillator trimmer so the station comes
in ¢learly and with maximum volume. This
completes the set-up for this button.

When in doubt, you can identify the oscil-
tator trimmer by the fact that a number of
stations will usually be heard when its ad-
justing screw is rotated. Never turn a trim-
mer condenser screw more than a few turns
out, for this is unnecessary and the screw
may fall out. Never apply force to a screw.
It is not necessary to remove the receiver
chassis from its cabinet during this button
set-up procedure. If the station cannot at
first be tuned in with the oscillator trimmer,

~ ' ’
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ADJUSTING
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FIG. 2. RBiumnple of coazlal adjustmente some-
times used for electrical automatic tuni sys-
tems, with specinl adjusting wrench., On Zenith

sets, the screw adjustment controls the oscillator,
while the nut controls the antenna circuit.

loosen the antenna trimmer screw one or two
turns, then return to the oscillator adjuste
ment. Coaxial (one inside the other) trim-
mer adjustments like that in Fig. 2 may be
encountered ; special wrenches are sometimes
provided, but ordinary tools will usually
serve just as well.

Restore manual tuning to make certain the
same program, from the desired station, is
heard equally well both on manual and auto-
matic tuning. (Slightly greater volume will
sometimes be obtained with automatic tuning,
because two individual trimmers can be ad-
justed to resonance more accurately than can
a two-gang tuning condenser).

There is always the possibility that the
trimmers are tuned tu a different station
which is carrying the same network program
as the desired station, so it is a good idea
to check your work by pressing one button
after another, during the regular intervals
for station announcements. When the de-
sired station is a local, background noise will

be noticeably greater when trimmers are
incorrectly set to a different station carry-
ing the same network program.

Tune the receiver manually to the next
station on your list, then set up the but-
ton for that station in the same manner. Re-
peat the entire procedure for each remaining
button.

. ANTENNA  PULVERIZFD
7 «ﬁ COIL IRON CORE
| e
i ]‘ ",; AR i
4 ‘w . .”.F A
ot / b;-..
PULVERIZED 7‘3~ - G
IRON CORE OSCILLATOR  ADJUSTING
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FIG. 3. Example of dual permeability tuned

coll, which requires only a single screwdriver
adjustment of the center screw when setting up a
push-button. Rotation of the adjusting screw
makes the pulverized iron cores slide in or out of
the colls, thus changing the inductance of each
coll. One coll like this is provided for each
station-selecting button.

Adjustable inductances called permeability
tuned coils are often used in place of trim-
mer condensers. A typical dual permeability
tuned coil is shown in Fig. 3. For the same
change in frequency, pérmeability-tuned colls
require many more complete turns of the ad-
justing screw than do trimmer condensers.

Adjustiments for Mechanical
Systems
Mechanical automatic tuning systems can
be divided into two groups, as follows:

I. Rocker har mechanisms, where each
button has its own locking adjustment;

2. Cam-and-lever mechanisms, where one
locking adjustment serves for all buttons.

I
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ROCKER BAR

Courtesy Radiocraft

FIG. 4.
in mec

Typical rocker bar mechanism employed
nical automatic tuning systems.
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Rocker Bar Mechanisms.” A typical mech-
ism of this type is illustrated in Fig. 4. A
single pivoted rocker arm (flat metal piece)
drives the gang tuning condenser through a
gear system, so that the angle of the rocker
arm determines the station which is tuned
in. Each station button is on a flat metal
plunger having a metal finger which can be
locked in a desired angular position by means
of an individual locking screw. Pressure on
a button makes the rocker arm rotate to the
same angle as that to which the finger on
the plunger was set, thereby rotating the
tuning condenser to the correct position for
reception of the station assigned to that
button.

The locking screws are always accessible
from the front of the receiver, but are ex-
posed in various ways depending upon the
design of the mechanism. Thus, they may be
exposed by removing the push-buttons, by
removing the station call letter tabs from the
buttons, by removing the station tabs from
the push-button escutcheon (the ornamental
trim plate surrounding the buttons on the
panel), or by removing the push-button
escutcheon. In a few sets, the push-buttons
themselves can be rotated, and serve also as
locking screws.

The set-up procedure is essentially the
same for all rocker bar or similar mech-
anisms which have individual locking ad-
justments for each button. Set up one but-
ton at a time, as follows: Release its locking
adjustment ; press in the button and hold
it there; carefully tune in manually the sta-
tion assigned to that button: tighten the
locking adjustment; release the button, com-
pleting its set-up.

Cam-and-Lever Mechanisms. A typical
mechanism of this type is illustrated in Fig.
5. Each station button is on a pivoted lever
having at its other end a roller which can
be pressed against a heart-shaped cam (ir-
regular-shaped metal disc) on an extension
of the gang tuning condenser shaft. Pressure
on the button forces the roller against the
cam, making the cam rotate until the roller
is at its lowest point (closest to the cam
shaft). Somewhere on the mechanism is a
locking adjustment which when tightened
locks each cam to the shaft, by squeezing
the cams between friction washers which are
anchored to the shaft. Pressure on a button
will thus cause rotation of the gang tuning
condenser.

The set-up procedure is essentially the
same for all cam-and-lever mechanisms. After
assigning a station to each button, loosen
the locking adjustment. Push in and hold
down firmly the first button which is to he

set up, then tune the receiver accurately to
the desired station with the manual tuning
knob. Release the button now, repeat this
procedure for each other button, then tighten
the locking adjustment.

In the mechanism shown in Fig. 5, the lock-
ing screw is in the center of the manual
tuning knob. In other mechanisms, the
locking adjustment may be a knurled screw
on the side of the receiver, a wing nut on the
side of the dial assembly, a screw accessible
from the back of the receiver, a screw which
is exposed by removing the push-button
escutcheon or removing a snap-in button
on the escutcheon, or a screw accessible

LOCKING
SCREW

GANG
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mechanism

cam-and-lever
in mechanical automatic tuning systems.

FIG. 5. Typical
used

The diagrams in Figs. 1, 2, 3 and 5 are reprinted
from Supplement No. 8, ‘‘Automatic Tuning,”
to the Third Edition of the Mallory-Yazley Radio
Service Encyclopedia, copyrighted 1940 by P. R.

Mallory Co., Inc., Indianapolis, Indiana.

through a hole located below the tuning unit.
Sometimes the tuning knob itself must be
either pushed in or pulled out, then turned
counter-clockwise. to unlock the cams,

Final Check. With all systems, it is highly
desirable to make a final check of your work
by comparing push-button and manual re-
ception for each station. If reception is
clearer on manual tuning for any station, re-
peat the adjustment procedure for that sta-
tion button.

Insert Call Letter Tabs. Printed tabs
containing the call letters of all broadcasting
stations in this country are usually supplied
with receivers having automatic tuning. When
the button set-up job is completed, the tabs
for the selected stations should be cut out
of the printed sheet and placed on the but-
tons or in slots provided for this purpose in
the escutcheon which surrounds the buttons.
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Overhauling Radio Receivers

NCE a year a radio receiver should be

thoroughly overhauled, after which the
tubes should be tested and the set tuned up.
This job sheet will train you to do the
actual overhaul, which simply involves re-
moving accumulated dust and dirt, re-solder-
ing poor connections and tightening loose
parts.

The General Electric table model all-wave
receiver shown in Fig. 1 will be used as our
example in the illustrations, but the overhaul
procedure applies to all radio sets. I suggest

loosen the set screws in the control knobs on
the front of the set, after which you can pull
off all knobs. Knobs with no screws are held
by friction and can be removed by a strong,
steady pull.

Remove the loudspeaker mounting screws
or nuts, and carefully lift out the loud-

speaker. Place it on the bench alongside
the cabinet, leaving it connected to the
chassis. Now remove the mounting bolts

or screws (underneath the cabinet) which
hold the chassis in place, and slide out the

BALL LLUH,_

f&%m{lm n

FIG. 1. This General Electric all-wave receiver
will setve as our example for the overhaul pro-
cedure deecribed here.

that you practice this overhaul job on your
own receiver after studying this job sheet.

Check Performance. Place the receiver in
operation and tune in several local and distant
stations to see how well the set performs,
then check the operation of the volume and
tone controls. In later job sheets you will
learn 'how to replace defective controls and
how to test tubes.

Remove Chassis and Loudspeaker. Pull
the power cord plug out of the wall outlet,
and disconnect the antenna and ground leads
to the receiver, as was done on the set shown
in Fig. 2. Using a midget screw-driver,

Job Sheet No. 3

FIG. 3. Aau tlonolthcnuolﬂnng.wlll
show how asd Joudspeaker can be re-
moved for s thoreugh overhaul.

entire chassis. Replace the control knobs
temporarily so they will not get lost. Un-
doubtedly there will be considerable dust on
the chassis and on the various parts; use a
soft cloth, a piece of cheese-cloth or a one-
inch wide paint brush to remove as much of
this as possible.

Now remove the tubes one ot a time,
wiping off all dirt with the cloth and polish-
ing the prongs with fine $andpaper if they
appear corroded. Wipe the top of the tube
socket and the chassis in its vicinity, then
replace the tiube and repeat the process on
each other tube in turn. Never take owt

Copyright 1989 by National Radio Institute, Wash., D. C. Printed in U. 8. A.



more then one tube at a time, for you may
get them mixed and replace them incorrectly.

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

VARIABLE CONDENSER

FIG. 3. From the earliest days of radio, pipe

cleaners have been used to clean dust from bee

tween the plates of variable condensers, as shown

above. This can be done without removing the
condenser from the chassis

shield together, then push this ring out of its
groove with a screw-driver; the shield will
then fall apart and can easily be removed for
cleaning.

Turn the chassis over and prop it up on
wood blocks so that tubes or other delicate
parts will not be crushed. Use a hand bel-
lows, a tire pump, or a vacuum cleaner
attachment to blow out dust around the many
small parts and wires underneath the chassis;
this should be done near an open window if
possible.  Finish cleaning the underside of
the chassis with a brush or cloth. Do not
¢hange the positions of any wires or apply
force to any part while dusting.

It is most important that all dirt be
removed from the variable condensers. With
the chassis in a normal position again, rotate
the gang tuning condenser to its open or
minimum-capacity position and run a pipe
cleaner between each pair of plates to loosen
the dirt, as illustrated in Fig. 3, then blow out
any dust which remains.

Any grease or dirt remaining on the chassis
after the dusting procedure should be re-
moved with a cloth dipped in a cleaning fluid
such as naphtha. Clean the tuning dial
window with a soft cloth.

A radio which has been exposed for a long
period of time to moisture and particularly

to a salty atmosphere, such as at the sea
shore, may have lost its vitality due to damp-
ness of the insulation on coils and various
wires. The remedy is quite simple in a
case like this; all you need is a small electric
fan and a portable electric heater.

Set the chassis on end and direct the
heater and fan towards it, as indicated in
Fig. 4. Change the position of the chassis
or heater from time to time to insure that
each part will be properly dried out. The
fan serves to circulate the heat and to carry
off water vapor. Do not bring the heater
too close to the chassis, for this may melt
the wax used in various parts. A 100-watt
lamp in a desk lamp reflector will do in
place of a heater, but more time must be
allowed for drying. Remember that some
coils are mounted on top of the chassis; apply
heat to these also.

Inspect For Loose Parts; Carefully ex-
amine each of the parts above and below
the chassis. Now that you are learning
radio, try to identify all parts by name.
The photographs in Figs. 5 and 6, in which
important parts are clearly labeled, may be
of help to you in this respect. Do not ex-
pect to identify all parts, however, until you
have studied them in your course,

Grasp each rigidly mounted part with your
fingers and move it slightly; if the part ap-

FIG. 4. A eimple and effective way of drying out
a chassis which has been exposed to moisture.

pears to be loose, tighten its mounting bolts
or screws. The best way to do this is
illustrated in Fig. 7; set the chassis on one
end, leaning it against a small box if neces-
sary to prevent it from falling over. A set
of socket wrenches like that shown in Fig. 8
is handy for this work.

If parts which are riveted to the chassis
become loose, hold your claw hammer against
the head of the rivet and gently tap the
hollow or “curled-over” end of the rivet with
another hammer.

World Radio Histo




THREE GANG VARIABLE cONTROL

CONDENSER SHAFTS
CHASSIS\ DIAL  /POWER TRANS./ Loud
SHIELDED A o LOUD-  SpPEAKER

COILS
/ OUTPUT
.~ TRANS.
POWER
TUBE
2ND DET. &
AVC TUBE

2NO [ F. TRANS:

RECTIFIER \ POWER o4\ en cORD

alli=l TUBE CORD PLUG
I.LF.AMP/ R.EAMRTUBE ISTDET. & ELECTROLYTIC
TUBE SHIELD OSC. TUBE CONDENSERS

FIG. 5. Top view of the chassis of the Gemersl Electric receiver used as our example, with im-
portant parts clearly Iabeled to sesist yeu in identifying etmilar parts en your own set.

Warning: Do not blindly tighten every Check Connections. Inspect each sold-
screw head and nut which you see on a ered connection beneath the chassis ih an
chassis; a great many of these screws and orderly manner, section by section. Re-
hexagonal-head bolts or nuts are for tune-up solder each joint which appears to be de-
or alignment purposes, and will control the fective; joints which have a green and cor-
settings of trimmer condensers or adjustable roded appearance, joints covered with exces-
coils. You can recognize these screws by sive rosin, and joints in which the solder
the simple fact that they are mounted on a did not flow smoothly are often in need of
part, and do not serve to fasten that part resoldering. You can test joifits for icoseness
to the chassis. A few typical alignment by pulling on the wires with a pair of long-
screws are shown in Fig. 9. nosed pliers.

. VARIABLE CONDENSER
ON-OFF e oNrROL SHAFT

SWITCH
TONE CONTROL FREQUENCY BAND
SHAFT, ~— SELECTOR SHAFT

A 1* o

LOUD~- .
SPEAKER e Pl = VOLUME
- CONTROL

: SHAFT

/" POWER '
RIMFELT CORp  BOTTOM OF TUBE SOCKETS

FIG. 6. The underside of a recel will be unfamiliar to you for some time yet, but gradually, as
you progress with your Course, you will become able to identify parts beneath a chassis like tilll.
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Be on the lookout for insulation which
is bruised or cut, particularly on wires which
go through the chassis. If you find a lead
with defective insulation, either replace with
a new lead or unsolder one end and slip a
piece of varnished cloth tubing (called
“spaghetti” by radio men) over the wire so
it will cover the break in the insulation,
then resolder the lead.

Inspect the power cord for defective in-
sulation, particularly at the point where it
enters the chassis and at the wall plug.
Give the same attention to the grid leads on
top of the chassis. Polish the grid lead caps
with sandpaper or scrape with a knife, and
adjust so they make firm contact with the
top caps of the tubes. Be sure that each
tube shield makes good contact with the

L -
POWER PLUE\. \
PFOWER

\
\ | TRANSFORMER
N‘*I conp

Y
AN

LOUD SPEARER

FIG. 7. Learn to handle a chassis in this
when tightening loose bolts.

chassis, and be sure that the grid leads do
not touch the shields.

Che¢k Performance. Plug in the power
cord, re-connect antenna and ground wires,
place the set in operation, and tune in
various stations just as you did originally.

T T T

FIG. 9. S heads and hexag

tune-up porposes, and muss not be touched while overhaull achassis. You will

The performance of the receiver should be
as good as or better than that originally
secured at that time of the day or night.

In an actual service job, this will be the
time when the receiver is tuned up or aligned
for the best possible performance. This
alignment procedure will be taken up in a
later job sheet.

G230
Er———r=rirl)

FIG. 8. A set of socket wrenches for the hexa-

g:nnl nuts encountered in radio work is handy to
ve on your work-bench, Sockets are detachable

in this set. Some servicemen prefer a set

an individual and Ipmcanmt handle for

socket, as the small sockets are rather easily lost.

Replace Chassis and Loudspesker In Cab-
inet. Remove the control knobs and slide
the chassis back into its cabinet. Replace
the loudspeaker next, then tighten its mount-
ing bolts or screws. Now replace the chassis
in its cabinet, and pull each corner of the
cabinet in turn over the edge of your work-
bench so you can replace the mounting
bolts or screws. Always pull out the power
cord plug when haidling the chassis, for
otherwise there is a chance that you may
get your fingers on terminals which are
“hot,” and receive a severe shock.

Replace the control knobs, and polish the
outside of the cabinet carefully with a good
grade of ordinary furniture polish. Now
check over the aerial and ground systems
carefully, cleaning and resoldering any poor
connections. Be sure the lead-in wire does
not make contact with the building or any
other objects. Wipe off antenna insulators
if they are accessible. A final check of
receiver performance completes your over-
haul and tune up job.

I nuts like those marked T in this illustration are for alignment or

these alignment

screws on gang tuning condensers as at A, on top of a metal coil shield as at B, at the side of a coil
shield as at C, and onseparate parts like those at D, E, and F, which are mounted directly on the chassis.
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Common Causes For Receiver Failure

RADIO receiver consists of many

radio parts and tubes, skillfully mount-
ed uin a inetal chassis and connected together
with insulated wires. Failure of a receiver
to operate satisfactorily may be due to one
or more of the following causes: I, a de-
fective tube; 2, a defective part; 3, a de-
fective connection; 4, a defect in the power
source. The repair of a receiver involves
locating the defective part or connection and
making 4 repair or replacement: it 1s gener-
ally advisable to overhaul and tune up the
set after the repalr has been made.

The first step in a receiver repair jub,
the locatinn of the defect, 15 & real chal-
lenge to the skill and ingenuity of a Radio-
trician, for only rarely is one of these defects
visible to the eye. Once the defect is located,
the rest of the repair procedure is com-
paratively simple.

Although there are many different pos-
sible defects which can occur in a radio
receiver, the problem' of locating the trouble
is greatly simplified hy the fact that each
dofect has its own particular ¢ffect upun
the performance of the receiver. One defect,
for example, may cause the set to stop play-
ing; another may cause howling, distortion,
hum, or a loss in volume. Once you learn
how each part works, and how the omis-
sion or failure of a part affects the operation
of its circuit, you will find yourself making
surprisingiy accurate predictions as to the
cause of a defect, simply by observing the
performance of the receiver and making a
few general tests.

Since tubes, resistors, coils, ‘condensers
and transformers are the only parts which
ordinarily become defective in radio receiv-
ers, I will give you a number of general
facts about these parts and then show you
how to check each one for defects.

Cheocking Radic Tubes. The heatt of a
radio tube is the part known as the cathode,
which emits electrons when heated. The
majority of radio tube troubles are due to
defective cathodes, so let us see just how a
cathode can cause a tube to fail.

Job Sheet No. 4

In a modern tube designed for A.C. re-
ceivers, the cathode ‘is a metal”sléeve coated
with a special chemical material which
emits (gives off) electrons freely when
heated. The cathode is connected to one of
the prongs on the tube base. Inside the
cathode, but insulated from it, is a thin

FIG. 1.

Examples of resistors used in radio re-
celvers; a defect in a resistor like one of these is

one common cause of receiver failure., A and B-—
carbon resistors; C—metalli: resistor; D, Eand
F—wire-woungd resistors; G—front view of vari-
able resistor often used as a volume control; H—
rear view of variable resistor, showing on-off
power switch mounted on cover plate.

wire or ribbon known as the filament; this
becomes red-hot when alternating current
is sent through, and thus serves to heat the
cathode. In battery-type tubes, such as are
used in portable or farm receivers (also in
some power-rectifier tubes, of which the
type 80 is most common), the cathode is
omitted and the electron-emitting chemical
coating is placed directly on the ribbon-
shaped filament.

Burned-Out Filament. A break in the
filament will naturally mean tube failure,

Printed in U. S. A.



for this prevents the filament current flow
required to heat the cathode. Radiotricians
say that the filament is open or burmed out.
The tube will feel cold when touched, and
in the case of a glass tube, no reddish glow
will be visible in the center of the tube.

Low Emission. Deterioration of the
chemical material on the cathode, with a re-
duction in the number of electrons emitted,
is the other common cathode trouble; Radio-
tricians say that the tube has poor emission.
To identify this trouble you will either have
to try a good tube of the same type in the
receiver, or check the suspected tube with a
tube checker.

Shorted Electrodes and Open Leads.
Along with the cathode in a radio tube are
a number of other electrodes, each con-
nected to a prong on the tube base. A tube
is defective when the electrodes touch each
other (an internal short) or when there is
a break (open) ina lead connecting an elec-
trode to its prong.

Checking Resistors. Fixed resistors are
made in many forms, a few of which are
shown at A, B, C, D, E, and F in Fig. 1.
Usually there are only two terminal or
leads, but some types have extra terminals or
taps, as at E and F. A fixed resistor offers
a definite amount of this resistance to current
flow; the amount of this resistance is easily
measured with the ohmmeter section of a
multimeter,

When a fixed resistor becomes defective,
its rated resistance changes. If the measured
resistance differs considerably from that
marked on the resistor or specified on the
circuit diagram or parts list for the receiver,
the Radiotrician knows that the resistor is
defective. Often it is not even necessary to
know the rated value of a fixed resistor; if
the ohmmeter indicates an extremely high
(infinite) resistance, there is obviously a
break or open circuit somewhere in ‘the
resistor or in its leads. Likewise, if the
ohmmeter indicates zero resistance, a short-
circuit between the resistor terminal is
indicated. In each case, the resistor should
be replaced.

Variable resistors, also known as rheo-
stats and potentiometers, usually resemble
the units shown at G and H in Fig. 1. They
consist essentially of a fixed resistor and a
rolling or sliding part which makes con-
tact at various points along the resistor
element as the shaft is rotated. There are
usually three terminals, the outside two being
for the ends of the fixed resistance element,
and the middle terminal being connected
internally to the movable contact.

If a crackling noise is heard when a
variable resistor in a receiver (serving as
a volume or tone control) is rotated, you
can be pretty sure that there is poor con-
tact hetween the fixed resistor and the
moving arm. Failure to control loudness
or tone uniformly and smoothly is another
sign that a variable resistor is defective and
in need of replacement. Finally, there may
be a defect in the fixed resistor element it-
self or in its connections; this can be de-
tected with an ohmmeter by using the satne
checking procedure as for fixed resistors.

Checking Coils and Transformers. A coil
is simply a single length of insulated wire
wound on bakelite or paper tubing or on

FIG. 2. Defects in colls and transformers like
these are common causes of recelver fallure. A—
tron-core coll, ailso called a choke coll or filter
choke; B-—simple coll wound on wood core; C—
same coil as at B, in metal housing; D~—iron-core
transformer; E—transformer made up of several
colls wound on bakelite tubing; F—transformer
in metal housing.

special spools known as coil forms. Some
coils, such as that in Fig. 2.4, have iron cen-
ters or cores; in others (like those at B
and C in Fig. 2), the center is open, or a
solid wood rod is used as the coil form.
Coils are rated according to their snductance
in henrys (h.) or millihenrys (mh.); the
larger the coil and the more turns of wire
there are in it, the higher is its inductance.

Coils offer very little resistance or opposi-
tion to the flow of direct current, but offer
quite a high opposition (known as reactance)
to the flow of alternating current; this re-
actance increases with the size of the coil
(its inductance), and also with the frequency
of the alternating current passing through
the coil (the number of complete cycles of
change in current per second). Coils are
used primarily to control the flow of alter-
nating currents.




Coil reactance or inductance can be
checked with elaborate, costly eyuipment, but
thesc tests take time and fortunately are
not necessary in service work. The Radio-
trician first checks the coil with an ohm-
meter to determine if it is open (a broken
wire) or shorted (a short circuit or undesir-
able connection across part or all of the
coil), and to measure its direct current
resistance. The correct D.C. resistance of a
coil is generally specified on the circuit
diagram of a receiver; any great deviation
from this spemﬁed value indicates a defective
coil. With iron-core coils there should be
no electrical connection between the coil wire
and the core: if the ohmmeter indicates a
low-resistance connection, the coil is defective
and is said to be grounded to its core.

An ohmmeter will 1ot reveal all types of
coil defects, but the Radiotrician can detect
them by ohserving the perforivaiice of the
receiver and making circuil tesls based upon
his knowledge of radio theory.

Twao or more coils wound on a single coil
form or on a single iron or steel core make
up what is known as a transformer. A vary-
ing current in one coil produces a varying
magnetic field which passes through tlie
other coils, introducing or isducing in them
a correspondingly varying voltage. Typical
examples of radio transformers are shown
at D, E and F in Fig. 2.

The individual coils on a transformer can
be checked with an ohmmeter for opens,
shorts or grounds; the ohmmeter can also
be used to make sure that there are no elec-
trical connections between coils. Detection
of other transformer defects depends upon a
knowledge of how radio circuits which con-
tain transformers should act.

Checking Condensers. Devices used in
radio circuits primarily for storing electrons
are known as condensers. They are rated
according to their electron-storing ability or
capacity in microfarads (mfd.) or micro-
microfarads (mmifd.) A fixed condenser
contains two groups of metal plates sepa-
rated by an insulating material such as air,
mica, waxed paper, oil, or a chemical; at
A, B, C and D in Fig. 3 are examples of
fixed condensers.

A condenser in good condition will not
allow direct current to flow through it
(because there is nu direct electrical con-
nection between its terminals), but it will
allow alternating current to flow. The
larger the size (capacity) of a condenser, the
less will be its opposition (reactance) to
alternating current; furthermore, this react-
ance is less at higher frequencies.

An ohmmeter connected across a - good
condenser should give a high-resistance or
open-circuit reading (electrolytic condensers,
shown at ¢’ and 7 in Fig. 3, use a chemical
as the insulating material and hence may
give a medium-high resistance reading even
when good). A condenser which gives a
zero-resistance or short-circuit reading is
ohviously defective.

A good paper condenser will cause the
ohmmeter needle to flicker or “kick” when

the ohmmeter is first connected; absence of
this flicker may indicate an open in the con-
denser terminal

connections.  Radiotricians

FIG. 3.
cause receiver failure.
ser; B=-mica condenser; C

Exampies of condensers which may
Av—!ubuar per conden-
and B‘—electrolytlc

*; E=thr tion variable tuning
; F—tri or semi-adjustable con-
denser.

often connect a good condenser of the cor-
rect size across a suspected condenser ; if this
restores correct receiver operation, they
know that the original condenser is defective
(open) and in need of replacement. There
are capacity testers for determining exact
capacity values of condensers, but the
simple tests just described are generally suf-
ficient to tell if a fixed condenser is defective.

Variable tuning condensers, the capacity
of which can be varied by rotating the con-
denser shaft, are used extensively in radio
sets; a typical unit is shown in Fig. 3E.
The metal plates may become bent enough
so that opposite groups of plates are shorted.
You can generally hear the plates scrape
against each other if yau listen carcfully
while rotating them, but you can also check
for a short with an ohmmeter. The trouble
can then be cured by straightening the
rubbing plates with your long-nose pliers.
With semi-adjustable variable condensers
like that shown at I° in Fig. 3, an ohmmeter
will reveal a short.



Checking Receiver Power Supplies

When a receiver does not play, one of
the very first things you should do is check
the power supply to the receiver. Turn on
the receiver and watch the dial; if the pilot
lamp does not light, check to see if it is
burned out, then feel the tubes to see if they
are heating. If all tubes are cold, you can
be quite sure that there is trouble in the
power supply to the receiver.

Check the wall outlet into which the
receiver power cord has been plugged. If a
table Tamp or bridge Tamp is conveniently
near at hand, see if it works in its own
outlet, then plug it into the suspected outlet.
If the lamp works, you know that the outlet
is okay. You could just as well measure
the A.C, voltage at the outlet with the A.C.
voltmeter in a multimeter, by inserting the
test probes into the wall outlet slots; the
meter should read somewhere between 105
and 125 volts in a normal location in this
country. If the voltage reading is incorrect
or zero, and a defect in house wiring (not
simply a blown house fuse) is indicated, ask
the customer to call in an electrician; in
most localities only experienced electricians
are allowed to repair permanent electrical
wiring in homes.

Be on the lookout for a poor contact
between the wall outlet and the prongs of
the radio cord plug, as indicated by a
flickering of the. radio pHot lamp when you
wiggle the plug. If the prongs are set into
a bakelite or hard rubber cap, grasp the
end of a prong with your combination pliers
and twist slightly; repeat for the other
prong, twisting in the opposite direction.
In the case of a soft rubber cap, use one
pair of pliers to hold a prong near its base,
and use anuther pair of pliers to twist or
bend the prong as much as is necessary for
a good contact.

Having made sure that the plug and the
wall outlet are in good order, you are ready
to check the receiver supply circuit. Pull
out the wall plug, and insert the two multi-
meter test probes in the holes in the two
prongs of the plug. Using your multimeter
as an ohmmeter, measure the resistance
between the prongs when the receiver power
switch is set to its ON position. The ohm-
meter should read a low value, about 5 to 10
ohms for A.C. operated receivers. An open
circuit, indicated by the ohmmeter’s failure

to give any needle movement, indicates a
break in the power cord or in the receiver
power supply circuit. A zero-resistance
reading indicates a short somewhere between
the power cord wires.

Before removing the chassis from its cabi-
net, look for a fuse in the chassis; 'some
receivers have one. If broken or blown,
replace with a standard radio fuse of the
same size. If the defect has not yet been
located, remove the chassis and tyrn, it upside,
down so you can check the power supply
leads and the power circuit parts.

In A.C. operated receivers, there are two
wires in the power cord, and these separate
as they pass into the chassis. In a typical
arrangement such as that in Fig. 4, one wire
goes to the fuse, if used, and from it to one
terminal of the power switch. From the
other terminal of the switch a wire goes to

FIG. 4. Power circuit connections for a typical
A. C. receiver. A 2-ampere fuse is generaily used.

the power transformer; the other power
cord wire goes directly to this transformer.

To check the circuit, place one multimeter
probe on one cord wire (at a in Fig. 4), and
connect the other probe to the nearest
exposed metal part in the circuit (such as
at b). Continue advancing this second
probe to other exposed parts in the circuit
(to ¢, d, e, f) until you arrive at the other
cord lead (at g). In each test the ohmmeter
should show continuity (a low or zero-
resistance reading) ; if no continuity is indi-
cated for one probe position, you have
located the break in the circuit. It may be
a defective connection or it may be a
defective part which requires replacement.
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How To Test Tubes in the Receiver
by the Comparison Method

The Comparison Method—You should
know that tubes may be tested with a
checker, or right in the receiver, by the
comparison method. Both procedures are
widely used by radio service men. Some
test tubes by a checker only; some, only
by comparison in the receiver. But a
wise technician knows both methods and
knows when one is better to employ than
the other.

You are familiar with the tube checker
method, as it was taken up in a previous
job. In order that you may understand
the advantages and disadvantages of both
systems you must know something of the
comparison method.
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Fic. 1. How to Connect Signal Generator.

Instruments Required—To test tubes by
the comparison method, you need only
two instruments. Fortunately, both are
included in nearly all commercial testers
made for service men—instruments which
are absolutely essential for successful
servicing.

A signal generator and an output indi-
cator are required. The output indicator
18 usually a part of a multimeter. Both
Instruments were described in detail in
previous johs

The Signal Generator.—Although for
this job any signal generator which will
produce a modulated radio signal within
the tuning range of the receiver will be
satisfactory, your money should be spent

TT Copyright, 1937, by National Radio Institute, D. C,

in procuring an all-wave signal generator,
which can be used for any of the other
needs in radio servicing. You should get
a reliable all-wave signal generator whose
output can be reduced to practically zero.

Connecting the Signal Generator—
There is only one way in which to con-
nect a signal generator for this tube test.
The lead from the signal generator’s
ground binding post must go to the
ground post of the receiver, and the lead
from the signal generator’s antenna post
must go to the antenna post of the
receiver. Before making the test, be sure
that the regular aerial lead to the receiver
has been disconnected. The ground wire
may be left attached. The proper con-
nections are shown in Fig. I.

The Output Meter—There are many
different types of output meters on the
market, but the one generally used to
measure receiver output consists of a
copper oxide rectifier voltmeter connected
in series with a 1 mfd,, 600 volt condenser.
Such a device is to be found in most
multimeters,

Be sure that the output indicator used
has at least two or three sensitivity ranges
and that you understand how the sensi-
tivity may be reduced. In some instru-
ments this is accomplished by changing the
lead to a different binding post or pup
jack, while in other instruments the sensi-
tivity is increased or decreased by rotating
the position of a main selector switch;
in practically every case there is one
common (to be used at all times) terminal,
marked “output,’ or “plus and minus”
(%£). Since A.C. is to be measured there
is no polarity to be observed; reversing
the leads makes no difference.

Connecting the Output Meter—An out-
put meter, with a protective condenser
(which prevents D.C. from flowing through
the rectifier), may be connected anywhere
in the audio system of a radio receiver.
When a modulated radio frequency signal
is fed to the input of the receiver the
indicator will register the output. Inas-
much as you are interested in measuring
the over-all audio output from the re-
celver, a connection to the output stage
18 recommended. The output meter, ac-
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cordingly, is connected either across the
voice coill of the loudspeaker, between the
output tube plate and the chassis, or to
the two plates in a push-pull output
stage. hese three connections are
schematically shown in Figs. 2, 8, and 4.

Preliminary Adjustments.—Witil gignal
generator and output meter connected and
with the output meter set at ita least
sensitive range, the receiver and the signal
generator are turned on, and tuned to
some mid-scale frequency in the broadcast
band, for example, 1,000 kilocycles. The
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Fia. 2. How to Connect the Qutput Ind:i-
cator to a Single Tube Output Stage.

output meter is now set at a sensitivity
range that will give a reasonable meter
needle deflection. The signal generator
frequency is then adjusted to produce
maximum reading of the output meter,
which will occur when the signal generator
is working at exactly the selected
frequency.

As a general rule, the next step is to
reduce the output of the signal generator
to a value which will permit a one-third
scale reading of the output indicator when
the indicator is set to its most sensitive
range. The reason for this adjustment
will appear later.

The Comparison Test.—This completes
the preliminary set-up. A tube in the
receiver is now removed and a new one
is tried in its place. If the tube change
increases the output indication a reason-
able amount, say up to half-scale deflec-
tion, the new tube is considered necessary
and the original tube is discarded; if the
deflection does not change or even goes
down, the original tube is returned to the
socket. This test is continued for the
remaining tubes in a similar manner.*
Of course, every time a new tube is re-
tained the output indicator reading will
be higher. It will then be necessary to

® Any order may be taken although it is a good
glln to start with the rectifier tube, then test the
ratt I:..F. tube, proceeding from this stage to the
output.

reduce the output of the signal generator
8o that at the beginning of each test the
output indicator needle will be at one-
third scale.

An Earlier Comparison Method —This
comparison test is an improvement over
the earlier method of tuning a radio re-
ceiver to some distant station, then re-
placing tubes with new ones, one at a time,
and checking them by listening to the
volume of the distant station. Although
an acceptable emergency test for tubes,
this older practice is not so scientific or
accurate as the actual signal generator-
output indicator method, for only rela-
tively large variations in the volume of
sound can be discerned by the human ear.
Furthermore, the signal strength of the
distant station may vary during the test.

Testing Tubes in AVC Recetvers—In
connection with the use of the comparison
method of checking tubes, there are a
few important considerations for you to
remember, if you desire to do a first-
class job and justify your customer’s con-
fidence in you as a Radio-Trician.

Receivers equipped with automatic
volume control (AVC) must be judiciously
handled. As you will learn from your
main course, the AVC system in a re-
ceiver controls the radio frequency system
in such a way that as the signal received
increases, the sensitivity of the R.F.
system decreases. In an AVC receiver,
if you replace a bad tube with a good
one the R. F. amplification will increase,
but, as the AVC will nullify this effect,
you will probably think that the bad tube
i8 good.

Fortunately, this AVC action starts
only at a definite signal strength, referred
to as the “threshold point.” For signals
below the threshold point the AVC has
very little action; on such weak signals
a change to a better tube increases output
registered on the meter. In order to test
tubes below this important threshold
point, it is necessary that the output of
the signal generator be very low and the
output indicator extremely sensitive.

VOICE ConL

Fia. 3. How to Connect an Output Indi-
cator to a Dynamic Speaker.: Use 0-10
volt or a Lower A.C. Range of Meter.

You can easily tell when the threshold
point is exceeded, because when you in-
crease the output of the signal generator
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above the threshold point the output indi-
cator will show very little increase,

The problem is accordingly solved by
maintaining low signal generator output.
If you have difficulty in getting sufficiently
low output from your signal generator,
connect the bare end of a piece of in-
sulated wire to the antenna post of the
receiver and wrap the other end around
the antenna lead from the signal gene-
rator—the more turns the greater the
coupling.

Gassy Tubes.—There are tests on tubes
in AVC receivers which can be properly
made only by the comparison method;
namely, checking for gassy tubes in the
R.F. amplifier or jn the AVC. This cherk
is always made after the tubes have been
tested for output. The signal generator
is left on but the receiver is turned off,
to allow the tubes to become cold. Then
the receiver is turned on and, as the tubes
begin to heat, the signal from the genera-
tor will be indicated on the output meter.

6=d

Fic. 4. How to Connect an Output Indi-
cator to Sets Having Push-Push or Push-
Pull OQutput Stages.

If, in a few minutes, you observe that the
output indicator creeps up, you have a
gassy tube in one of the R.F. stages; if
the output indicator readings decrease
gradually, it is probable that the AVC
tube is gassy.

It is to be remembered that these are
only general rules. Absolute proof can
be obtained only by checking the circuit
and understanding the function and work-
ing of every tube in the receiver. Obvi-
ously, the importance of radio knowledge
18 great,

Selecting the AVC Tube —Selecting the
AVC tube by tube checker test alone is
not good practice. It must be chosen
throu.gh actual test in the receiver. Many
practical men tune the receiver to a dis-
tant, weak station and select the AVC
tube which will not reduce the intensity of
the distant program but which will reduce
the volume when the receiver is tuned to
a powerful local or semi-local station. The
same test may be accomplished with a

signal generator capable of operating at
oxtremely low output values.

Tube Alignment —Often there is some-
thing to be gained by interchanging tubes
of identical types mm a receiver. Even
though tubes may check satisfactorily in a
tube checker or by the comparison method,
it is possible that these tubes may work
better in one stage of the receiver than in
another. One tube may be a better detector
than an amplifier, or a better oscillator than
an amplifier. Therefore, as a final bit of ad-
justment, which may aid remarkably the
ability of the receiver to tune in the dis-
tant stations, you should include a tube
alignment test.

The procedure is simple. With o sigaal
generator feeding a weak signal to the
receiver, interchange similar tubes. For
example, if the receiver uses four type
24A tubes, interchange them until an ar-
rangement 18 found at which the output
is greatest. After such an alignment on a
weak signal, you should tune in a strong
station to make sure that the positions
selected are such that no tube will be
overioaded. You can judge this by the
ahility of the receiver to roproduce at
normal volume without distortion.

Which Method Is Best?!—Many busy, practical
service men object to the additional labor involved
w the vompanson methud, and inyigt Lhdt the tube
checker serves their purpose adequately. But the
old saying that '‘the proof of the pudding is n
the eating’’ holds true here, for the mniost con-
clusive test of the worthiness of any tube is a
test right in the receiver where 1t will be used.

Not to be overlooked is the use of the com-
parison method of tube testiug for demonstrating
the valne of now tubes 42 the sot wser i Lo huine.
Such scientific proof is most convincing and will
help you in the important business of selling tubes.

Tesating Tubes in Homes.—The busy scrvice man
uses a tube checker on his outside jobs, that 1s,
in servicing in the home. Each tube 1s removed
from its receiver socket and tested in the checker.
If found to be bad, it is replaced with a new
tube. If, after this test, there 1s reason to
believe that further improvement can be made
by switching tubes of similar types in the receiver,
the companigon method set-np is emploved, and
the tubc alignment test, previously described,
anrried out,

Testing Tubes in the Shop.—At the service
bench the expert invariably uses the comparison
method, because the same connections are also
used for alignment, neutralizing and other receiver
adjustments, subjects which are to be considered
in later radio servicing jobs. The comparison
method is also preferred at the bench because the
best tube for each position of the receiver can
be selected, tubes can be properly interchanged.
and the peak output of the receiver obtained.
It is by so ‘squeezing’’ the last bit of perform-
ance out of a receiver that results are achieved
which the customer cannot but appreciate.

The tube checker also has its place at the
service bench. It is used for checking tubes which
the service man may want to take on a service
job, or to check old tubes which he may want to
place in trade-in receivers so that they can he
sold at low prices. He would also use it for
checking new tubes bought from the parts jobber,
to be sure that every tube received and paid for
met his standards o{ a good radio tube.

Your Choice of Method.—You now know the two
usual means of tube testing, and when and how
each is most commonly employed. Equipped with
such knowledge, you can decide for yourself, in
any given circumstances, which of the methods
should be used.
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How To Align a Tuned R.F. Receiver

When Is Alignment Needed?—Tamper-
ing with the R.F. system, constant vibra-
tion and shock, effects of the weather, and
general aging wil] throw the tuned circuits
of a radio receiver out of line, resulting
in poor selectivity and sensitivity. This
applies to both superheterodyne and
tuned radio frequency sets.

When 2 receiver is serviced for lack of
volume or inability to separate stations,
the alignment of the R.F. system should
be checked and adjusted, after (and this
iIs important) you are sure that the tubes
are in normal condition, the tube voltages
are correct, and there are no internal de-
fects, which might produce the same
trouble. Although service manuals of the
receivers you are repairing will give you
the correct operating voltages, a little
experience will enable you to dispense with
them, for operating voltage need only be
approximately correct. The plate and grid
voltages are about the same for similar
types of tubes used for the same purpose.
Refer to service manuals or radio tube
charts until you are familiar with the dif-
ferent voltages used.

Alignment Creates Customer Satisfac-
tion—Then, too, there is the service job
brought to your bench for general repairs.
I stressed in earlier job sheets on radio
servicing that the chassis should be
tightened mechanically, that poor joints
should be resoldered, that tubes should
be checked and aligned, that the chassis
and variable condensers should be
thoroughly cleaned, and finally that the
R.F. system should be aligned.

In this job I will consider the process
for a tuned radio frequency receiver. The
“super” will be considered in a later job.

Equipment Required—How Connected.
—To align a receiver you need a signal
generator and an output indicator. The
signal generator is connected to the ANT
and GND posts of the receiver; the out-
put indicator is connected to the plate
circuit of the power stage, just as I ex-
plained for the testing of tubes. In some
cases the recetver may be tuned to the
station most desired. All receiver ad-
justments are made to give maximum re-
ceiver output.

You Will Encounter Three Types of T.R.F.
Receivers.—Alignment is required because the
variable condensers in the tuning system are not
adjusted so each stage tunes exactly to the signal.
The procedure of aligning the R.F. system hinges
around the construction of the ganged variable
condenser. The three conditions one must con-
sider are: 1, Sets not equipped with trimmer con-
densers; 2, sets using trimmer condensers: and 8.
sets with trimmer condensers as well as slotted
rotor end plates.

Receivers with No Trimmers.—You may from
time to time run across a few sets not equipped
with trimmers. Don’t spend too much time align-
ing such a receiver, for the customer really needs
a new sget, or a wave trap to give better station
separation.

If you want to go to the trouble of aligning
such a set—most service men don’t—tune in a
local station, loosen the set screws holding the
rotors of the ganged condensers, move the con-
densers one at a time for greatest signal strength,
then retighten the set screws. The adjustment
need not be made at any particular frequency—
make it where it will do the most good, at the
part of the dial most used.

Sometimes in sets like this you can’'t move the
condensers individually. Alignment is then made
by bending the condenser leads away from or
towards the chassis to secure best results.

Receivers with Trimmers.—Sets equipped with
tuning circuit trimmers—adjusting condensers in
parallel with the tuning condensers—are more
modern and are capable of better performance,
Alignment can be accomplished by increasing or
decreasing the capacity of the trimmers, while
the receiver is tuned to the customer's favorite
station.

Receivers Having Trimmers and Split Rotors—
Finally there is the receiver which uses split rotor
plates in addition to trimmers. The set is in-
tended to be selective over the entire broadcast
band and it is your job as a Radio-Trician to
see that the full possibilities of the set are realized.
While a signal generator and output meter are
not an absolute necessity on the two previous
cases, they are on this one.

Connect the oscillator and output meter to the
set just as if you were going to align the tubes.
Tune the set and signal generator to 1,400 k.c.
and adjust the signal generator for maximum
output. Next adjust the output of the generator
for one-third deflection on the output meter, with
the volume control on the set turned up to its
normal setting. Adjust the trimmers (no special
order) for a maximunm: reading on the output
meter, reducing (whenever necessary) the genera-
tor output so the output meter needle does not
read off-scale.

Now you may adjust the segments on the end
rotor plates of each variable condenser section.
Turn the tuning knob of the set until the first
split section of the tuning condenser rotor meshes
with the stator. Tune the generator to give
maximum output, adjusting its output until the
output meter reads one-third scale. Bend the
first split section on the rotor of each condenser
in or out for maximum deflection on the output
meter. Turn in the next segment and repeat.
When all the split segments have been adjusted
for maximum results retune the set and generator
to 1400 k.c. and readjust the trimmers, as bend-
ing the plates may have thrown off the previous
adjustment. 'The “set is then correctly aligned.

Having aligned a receiver in the above manner
we may find that the music and speech from a
broadcast station do not sound natural. This is
particularly noticeable in receivers using more than
three tuned stages. It is due to the fact that the
receiver is now too selective and is cutting off the
higher audio frequencies—side-band cutting. Com-
pensation for this is easily made. Adjust the
trimmer condenser on one of the R.F. stages so
the resonant point is slightly off. If adiusting
one trimmer is insufficient, try another. If one
is turned in, turn the other out, a little at a
time, until the quality seems normal.

Some Helpful T.R.F. Don’ts—Dont try to
align an old receiver until you have given it a
thorough overhauling, cleaning out dirt and grime
from the R.F. coils and condensers.

Don't try to align a receiver which has a
damaged, warped, or loose chassis. Where a one
thirty-second inch change in a condenser plate
is 8o important, how can you expect to align a
receiver where the parts themselves are loose?

Don’t adjust any trimmer condensers other than
those which are in parallel with the tuning con-
denser.

Don't try to align a radio unless all shields and
shield connections are tight. If at all possible,
leave the receiver in its cabinet while aligning.
Always connect ground wire to the receiver when
aligning.
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A great deal has been written on the
many troubles that arise in Radio broad-
cast receivers and what causes their
failure and how to correct troubles when
they occur. The Radio sections of our
daily papers and Radio publications have
devoted columns and pages in answering
individual problems. These have been

£ invaluable assistance to the individual,
ut in nearly all eases have referred to
specific conditions.

In this Service Manual on A. C. Re-
ceivers, we will endeavor to group service
problems under general classifications,
preseribe methods of diagnosing thewm.
followed by a prescription for correcting
them.

We believe that general methods may
be applied in spite of the fact that there
are so many different types of sets on
the market, each one claiming individual
distinetion all its own: All Radio sets.
no matter what type, which fail to give
satisfaction do so for a number of rea-
sons that are fundamental.

Any student who will carefully study
the information given in this Service
Manual will be able, in practically all
cases, to locate and remedy the trouble
encountered. This is especially true if
the Radio-Trician has available a sche-
natic wiring diagram of the receiver with
vhich he is working. The value of wir
ng diagrams in Radio servicing cannot
ve over-estimated and you should make
it a practice to collect and save as many
as possible. Service information and
diagrams on the most popular receivers
will be sent to you from time to time
during your Radio studies. You should
always.keep these and also the ones that
are printed in various magazines and

NATIONAL RADIO
Loz Washington D. C. &

adio~=Trician

REG. U. S. PAT. OFF.

SERVICING A.

INSTITUTLE

C. RECEIVERS

Radio publications. Many Radio manu-
facturers are glad to supply service in-
formation to Radio-Tricians, but they of
course dislike giving this information out
to the general public. Just as soon as
you have worked up a nice service busi-
ness, have a neat letterhead printed as
this will be a big help in securing valu-
able service information.

The Radio-Trician, before he starts to
make any adjustments other than turn-
ing on the set and trying the various con-
trols, should question the customer as
to how it happened, the time, place, and
conditions surrounding the failure. Such
questions as the following:

How long has the set been in opera-
tion ?

Was the set operating satisfactorily
up to the time of failure?

Were you tuning the set when the
failure occurred?

If so, what control were you moving?

Did you make any changes in the con-
nection of the aerial or loud-speaker, if
so what were they?

Did it suddenly stop operating?

Was there any squeal or howling sound
just prior to failure?

Did the loud-speaker fall?

Is the antenna OK?

In short, have the customer re-enact
the conditions at the time of failure. Get
all the symptoms and an astonishing
amount of time may be saved in running
down the difficulty. If sufficient ques-
tions are asked, the customer will gen-
erally give you the real cause of trouble
or he will suggest something to you in
the course of inquiry that will point out
just what was the cause of the failure.

15BI*3M 7230
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TROUBLES ENCOUNTERED IN A. C. RECEIVERS

The following are the main troubles which are encountered with electric receivers.
To check the cause and correct any of these conditions, read the paragraphs in the
following pages whose numbers correspond to the numbers under each of the head-
ings listed below.

In order to cconomize on space, many references will be made to the Service Sheet Servinein:
Direct Current Operated Receivers which vou have already received. The numbers which are 1
parenthesis refer to paragraphs which are numbered correspondingly on Pages 3. 4 and 3 of the
Service Sheet just mentioned.  Therefore, refer to the Service Sheet on battery operated
receivers whenever a number is in parenthesis in the following paragraphs

Tubes Do Not Light
(17), (33), (60), 101, 113, 129, 130, 162.

Tubes Light But No Signal
(5), (9), (19), (20), (24), (33), (43), (44), (54), (60), 113, 117, 172, 173, 174.

Weak Signals

(4), (5), (8), (9), (10), (16), (17), (18), (19), (21), (28), (27), (28), (29), (31),

(32), (33), (34), (35), (36), (37), (38), (40), (42), (43), (44), (49), (51), (52),

(53), (54), (55), (60), (61), 102, 104, 105, 109, 113, 114, 116, 132, 133, 136, 138, 139,
149, 151, 172

Distorted or Mufled Signals

4), (10), (17), (23), (29), (35), (36), (37), (44), (52), (53), (61), 102, 104, 105, 108‘
110, 115, 170, 171,

Poor Distance Reception

(1), (2), (4), (5), (9), (10), (15), (16), (17), (19), (23), (24), (25), (29), (31),
(33), (52), (60), 102, 104, 105, 109, 115, 136, 149, 172.

Howls and Oscillations

(), (10), (16), (18), (23), (28), (29), (31), (32), (34), (35), (37), (51), (52),
) (53), (61), (65), 104, 134, 135, 136, 137, 168, 169.

Fading Signals
(1), (33), (58), 102, 104, 115, 125.

Noise
(2), (8), (17), (20), (23), (27), (28), (29), (32), (33), (35), (36), (42), (44),

(51), (52), (53), (54), (60), (61), (62), 102, 104, 107, 115, 140, 141, 142, 143, 146,
152, 166, 167.

Hum

(17), (18), (25), (27), (41), (64), 102, 104, 105, 109, 118, 120, 121, 122, 123, 124
125, 126, 127, 129, 130, 136, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 15¢
156, 157, 158, 159, 160, 161, 165.

Broad Tuning

(5), (10), (18), (29), (81), (33), (34), (35), (37), (50), (51), (52), (53), (60),
132, 164, 172,

2



CORRECTING COMMON TROUBLES

.101. LINE VOLTAGE D. C. INSTEAD
OF A. C. Never connect an alternating
current receiver to a Direct Current line;
there is a great danger of burning out

he power pack of the receiver. If in
doubt as to the kind of current, call the
local Power Company and ask them which
kind of current is used.

102. DEFECTIVE RECTIFIER TUBE.
If the various elements of a rectifier
tube are loose, the tube may cause inter-
mittent reception or a microphonic howl.
Low output of the tube may cause weak
signals and A. C. hum. A new tube
should be substituted in place of the

testing a high resistance, it shows that
the resistance is short-circuited. A short
circuit on a low resistance is harder to
determine since the difference in the volt-
age readings will be very small. After
some experience in testing resistances,
the Radio-Trician will have little trouble.

In the case of tapped resistors such as
those used in many power packs and also
the hum adjustors on many sets, it is
necessary to test each individual section
af the resistance.

It is not a good policy to use the lamp
test method of testing resistances. There
is danger of burning out resistances of

VOLTHETER
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suspected tube in order to determine its
condition.

103. RESISTANCES, DEFECTIVE.
The most accurate method of testing re-
sistances is by the use of the high re-
sistance voltmeter and ‘““B” battery test.
The reading obtained when placing the
test points on the resistor to be tested
should be less than the voltage reading

rether, the exact difference, of course,
F lepending upon the value of resistance
oeing tested. A small resistance will
make little change in the reading, while
a high resistance will reduce the voltage
reading considerably. No voltage, of
! course, indicates an open circuit in the
resistance.

If a high reading is obtained when

when the test points are connected to-,

Fiz. 1—Voltmeter Testing Outfit.

small current carrying capacities such
as grid resistances. Also this test is not
nearly as accurate as the voltmeter test,
especially in the case of a resistance.

In testing any resistance, always be
sure that it is not connected to any
piece of apparatus, such as an inductance
coil, which would give a short-circuit
reading. If the resistance is in a receiv-
ing set this can be determined by very
carefully checking over the entire ecir-
cuit to which the resistor is connected,
using the schematic diagram if one is
available. In case of doubt on this sub-
ject, it is the best policy to remove the
resistance from the circuit and test it
separately.

104. TUBES, DEFECTIVE. Tubes
that are unsatisfactory in one part of a




receiver can oftentimes be placed in other
sockets in the set and give good results.
This is especially true in the case of
the A. F. and R. F. tubes. Tubes that
give poor results in the R. F. sockets
will sometimes give good results as audio
amplifiers. Occasionally a “soft” tube,
that is, one that oscillates easily when
used in a R. F. amplifier, will cause the
amplifier to oscillate. In this case the
tube should be replaced or possibly used
in another socket. An extremely sensi-
tive detector tube will cause an A. C.
hum if the receiver is extremely critical.

Important: In changing tubes in a
receiver, always be sure that the correct
tube is placed in the correct socket. That
is, never place a 226 type tube in a 171
type socket, or vice versa, as the tube
will burn out. Also it is advisable to
turn the power off when changing tubes
because removing two or three tubes will
result in overloading the tubes remaining
in the circuit and may shorten their lives
or change their characteristics.

105. INCORRECT VOLTAGES. This
trouble in the correctly designed electric
receiver is caused by incorrect A. C. line
voltage or a defective rectifier tube (see
paragraph 102). This is, of course, sup-
posing that the receiver is in good con-
dition. If the voltage is too high it can
be reduced by inserting a resistance,
capable of carrying the necessary cur-
rent (approximately 1 ampere), in series
with one side of the A. C. line, or by
using a voltage regulator manufactured
by a reliable company. If the A. C. line
voltage is low, it will be necessary to
take the matter up with the Power Com-
pany, as they will be very glad to remedy
the condition.

Excessive plate voltage may be due to
incorrect or defective grid bias resistor
and plate resistors in the power pack;
also an open in the voltage divider sys-
tem between the detector and B— tap
and to shorted filter chokes.

Insufficient plate voltages may be due
to: Defective rectifier; excessive plate
current; defective plate by-pass con-
denser.

Incorrect filament voltage may be due
to wrong value of voltage reducing re-
sistance (in modern sets such resistances
are rarely used).

Incorrect grid voltage may be caused
by incorrectly designed or defective grid
bias resistors or defective grid bias re-
sistance by-pass condenser.

106. TRANSFORMERS, DEFECTIVE.
A high resistance voltmeter and “B” bat-

tery should be used for testing the con-
tinuity of the windings in any type of
transformer, such as R. F,, A. F. and
Power transformers. In the case of A.
F. transformers that winding which has
the least resistance, that is, gives the
highest voltage reading, is the primarj
winding. The various sections of push
pull transformers should also be testec
for continuity.

In testing power transformers, make
sure that there are no resistors connected
across the filament taps as otherwise the
reading would indicate a complete wind-
ing, when in reality the winding might be
open.

A test should be made between the
transformer taps or terminals and the
core and shield of the transformer. No
reading should be obtained. If the volt-
meter shows a reading, it indicates that
the winding is grounded to the core or
shield and the trouble should be repaired
at once. No voltage reading should be
obtained when testing between any sec-
ondary winding and the primary winding.

As in the case of testing short circuits
in resistances, considerable experience
and the use of highly accurate voltmeter
readings are necessary to determine if
transformer windings are short circuited
This is especially true in the case o
step-down secondary windings. Under
actual operating conditions, a short cir-
cuit in the primary winding of a power
transformer will increase the voltage
output of the secondary windings. A
short circuit in the secondary windings
will reduce the voltage output of the
transformer.

107. CONDENSER, DEFECTIVE. In
order to find out whether or not a fixed
condenser is defective, it is first necessary
to remove it from the set and short cir-
cuit the two terminals together to dis-
charge it. Then charge the condenser by
connecting a “C” battery to its terminals,
being careful not to touch either the con-
denser terminals or the ends of the leads
while doing this. A condenser should be
able to hold such a charge for a few
minutes. The cord tips of a head-set
are then touched to its terminals, care

" being exercised not to touch the cord tip:

or the condenser terminals with th
fingers for this will discharge the con-
denser through the body, and then the
test is incorrect. A soft click in the
phones at the moment the condenser ter-
minals are touched shows that it is in
good condition as the condenser holds its
charge. If no click is heard or the click




is very faint, the condenser is defective
and should be replaced with a new one.
To conduct this test, it is absolutely
necessary that the condenser be discon-
nected from any other piece of apparatus
to which it may be attached.

For small condensers, the above method
8 not very accurate and the ordinary
voltmeter and battery continuity test
should be used. No reading on the volt-
meter should be obtained other than a
momentary deflection when the test points
are applied to the condenser terminals.

108. INCORRECT GRID VOLTAGE.
See paragraph 105 and apply the tests
outlined in paragraphs 103 and 107.

109. OPEN IN GROUND SYSTEM.
Make the usual careful inspection for
open circuits in the entire ground sys-
tem. In many receivers using a metal

DRY\ CELL
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voltmeler capable uf reading the highest
voltage output of the transformer.

112. TUBES IN PUSH-PULL TRANS-
FORMER. For best results the tubes
in push-pull amplifiers should be as
nearly matched as possible. Do not use
one exceptionally good tube and one that
is not so good in the amplifier as it will
probably cause distortion.

113. OPEN CIRCUITS. Test all cir-
cuits for continuity, using voltmeter and
battery method. If possible check with
schematic diagram of receiver.

114. VARIABLE CONDENSERS. Al-
ways keep the plates of variable con-
densers clean and free of dirt. The ordi-
nary pipe cleaners, obtainable from any
cigar store, can be used to clean the
plates of the condensers.

\
DEFECTIVE PART

Fig. 2—Head-phones and Dry Cell Melhod of
Testing Defective Apparatus.

chassis, many connections that are at
ground potential are connected to the
chassis and this is in turn connecled to
the ground binding post. Such connece-
tions should be carefully inspected to see
that they are making good contact.

110. TOO GREAT SIGNAL
STRENGTH. Too much volume from
local stations will often overload the de-
tector or audio tubes, thus causing dis-
tortion. The volume control should be
inspected to see that it is functioning
properly. The grid and plate potentials
should be checked to see that they are
orrect. If the signal strength is still

0o great, the aerial can often be discon-
lected and satisfactory results secured
on local stations.

111, WRONG CONNECTIONS TO
TRANSFORMER SECONDARY. Check
connections with a schematic diagram of
the receiver. If necessary, check A.C. volt-
age output of transformer with an A. C.

Make sure that the rotor or movable
plates are not bent and make contact
with the stator plates.

115. VOLUME CONTROL, DEFEC-
TIVE. Volume controls used on electric
receivers almost always are some form
of variable resistance. The ordinary
test for the continuity of resistaiices
should be used and also all variable con-
tacts should be inspected. If the volume
control is defective, it is generally the
best policy to replace the control with a
new one rather than to attempt to repair
the old one.

116. GROUNDED CIRCUITS. All re-
ceivers using a metal chassis generally
have the chassis grounded. For this rea-
son, a careful inspection should be made
to see that no piece of apparatus or bare
wire is touching the chassis that is not
supposed to be connected to the chassis.
This can be determined by comparing all
connections with the schematic diagram.




117. CHOKE COILS, DEFECTIVE.
The method of testing choke coils is the
same as that used for testing resistances
and the same instructions as given in
paragraph No. 103 can be used.

118. TRANSFORMER CENTER TAP
INCORRECT. Secondary windings on
power transformers sometimes have cen-
ter taps to which the grid-returns are
connected. If these taps are not exactly
in the center of the winding, then A. C.
hum is apt to be present. This trouble
is seldom encountered in transt:ormers
manufactured by reliable companies. In
such cases it is, of course, impractical to
reconstruct the transformer. It is pos-
sible, however, to use small center-tapped
resistances especially built for this pur-
pose. The two ends of the resistance are
connected directly across the filament
taps on the transformer and the grid-re-
turn is connected to the center-tap of
the resistance. The center-tap on the
transformer is not used.

119. GRID BIAS RESISTANCE BY-
PASS CONDENSER. By-pass condensers
connected across the grid bias resistors
should be tested the same as any other
condensers. (See paragraph No. 107.)
An open condenser or one of incorrect
value may cause an A. C. hum. These
condensers are not always used and it is
sometimes possible to eliminate A. C.
hum by the addition of such a condenser.

120. LACK OF GROUND ON CORE
AND CHASSIS. In many receivers A.
C. hum is reduced by grounding the cores
and shields of choke coils and transform-
ers. If such connections are open or
poorly made A. C. hum will result. Care-
fully inspect all connections and see that
they are good and tight.

121. LOOSE LAMINATION IN
POWER PACK OR AUDIO TRANS-
FORMERS. This is usually due to faulty
construction and the defective piece of
apparatus should be returned to the
manufacturer. In some cases the lamina-
tions can be tightened by tightening the
bolts holding the apparatus together.

122, HUM IN DYNAMIC SPEAK-
ERS. Many dynamic speakers require
either high or low voltage direct current
to excite the field coil. This produces
the dynamic field necessary for the opera-
tion of the receiver. This current is
supplied by either a battery, the power
supply in the Radio receiver or by a rec-
tifier operating directly from the light
line. The two latter type of dynamic
speakers have the disadvantage, how-
ever, in that they produce a slight

amount of hum. Under normal condi-
tions, this will not be objectionable but
in localities where excessive hum is had,
it is advisable to use the magnetic type
of speaker in preference to the dynamic
speaker.

123. RESONANT EFFECT IN ROOM.

You will find that in some installations,

the hum will sound very much louder than

in others. This may be due entirely to a
resonant effect in the room which tends
to build up the low notes and make them
sound loud in proportion to music or
speech. By standing in various parts of
the room, you will notice that the hum is
louder in some places than others. The
only remedy for this condition is to place
the instrument in different positions in
order to find the one where the best
effect is had.

124. SENSITIVE DETECTOR TUBE.
The UY-227 detector tube is extremely
sensitive and will pick up hum from any
lamp cord or wire carrying alternating
current near it. It is extremely im-
portant that all wires be kept as far
away from this tube as possible. This is
especially true of the cords which supply
the receiver.

125. VARIATIONS IN ELECTRIC
LIGHT CURRENT. In a few localities
light current is very unreliable and may
cause excessive hum or fading. In a case
of this nature similar results will be had
in various installations in the neighbor-
hood. It is obviously impossible to
eliminate this trouble by any adjustment
of the receiver or speaker when the cause
of the trouble is defective current. When
this trouble is experienced, get in touch
with the Power Company and tell them
of your experience. Whenever it is pos-
sible to correct these conditions the
Power Companies are always glad to
do so. Before you complain to the
Power Company, however, be sure that
the trouble is with the line. Find out
whether or not your friends and neigh-
bors have the same trouble and if they
do yvou can be pretty sure the trouble is
with the line.

126. RESONANT EFFECT IN CABI-
NETS. A resonant condition may oceur
in a cabinet which will exaggerate hum.

This is most apt to occur when the com-
partment in which the speaker is placed
is entirely closed. When possible, it is
therefore advisable to leave the back of
the cabinet off entirely. If the speaker
is placed on top of the cabinet, trouble
is likely to be had, so it is best to place the
speaker a short distance from the cabinet.




127. R. F. TUBE OSCILLATING. An
objectionable hum can be caused by the
R. F. circuit oscillating which is charac-
terized by a loud, steady hum. Taking
one of the R. F. tubes out or placing a
finger on the tuning condenser plates will

locate trouble in the R. F. circuits. See
'\lso paragraph No. 104 on tubes.

128. INDUCTION FROM NEARBY A.
C. LINES. If the aerial or ground wires
run close to or parallel with any wire
carrying alternating current, an A. C.
hum will be present. Run all such wires
as far from the A. C. line as possible and

perpendicular to the A. C. lines if pos-
sible. ;

Likewise, any wires carrying alternat-
ing current that are in close proximity
to the receiver or speaker may cause in-
terference. Keep such wires as far as
possible from all radio circuits, especially
the detector circuit.

129. Open Primary Power
former. See Par. 106.

130. Open Secondary of Power Trans-
former, Low Voltage. See Par. 106.

131. High Resistance in Grid Circuit.
A high resistance joint in the grid circuit
>f any radio-frequency stage will tend
to make that stage tune broad. Make
sure that all joints are well made.

132. Open Bias Resistance. Par. 113.

133. Loose Connection in Power Unit.
See Par. (60).

134. Grid-Resistance Shorted. Par. 103.
135. Excessive R. F. Voltage. Par. 105.
136. Open Secondary R. F. Trans-

Trans-

former. See Par. 106.

137. R. F. By-Pass Poorly Grounded.
See Par. 116.

138. Shorted Primary Transformer.
See Par. 106.

139. Shorted Secondary Power Trans-
former. See Par. 106.

140. A. C. Plug Elements Loose. See
Par. 60.

141. Audio Transformer Defective. See
Par. 106.

142. Condenser Plate Bent. Par. 114.

143. Leaky Condensers. See Par. 187.

144. Grounded Filament Circuits. See
Par. 116.

145. Open Filament Mid-Tap Resistors.
See Par. 103.

146. Defective Filter Condensers. See
Par. 107.

147. Open Ground in Secondary. Sce
Par. 109.

148. Shorted Filter Choke. Par. 117.

149. Open Grid Circuit. See Par. 113.

150. Grounded A. F. Transformer. See
Par. 116.

151. Open Antenna Choke. Par. 117.

152. Ground Binding Post Not Making
Good Contact With Chassis Frame. See
Par, 109.

153. Grounded or Open Choke Coil.
See Par. 116.

154. Grounded or Upen Plate Circuit.
See Par. 116.

155. Grounded or Open Resistor. See
Par. 116.
156. Hum Adjuster Defective. See

Par. 103.

157. Open or Shorted By-Pass Con-
denser. See Par. 107.

158. Open Grid Bias Resistance By-
Pass Condenser. See Par. 119.

159. Lack of Grid Resistance By-Pass

Condenser. See Par. 119.
160. Open Grid Circujt Filter By-Pass
Condenser. See Par. 107.

161. Grid Bias Resistance By-Pass Con-
denser Capacity Too Low. See Par. 119.

162. Open Lead in A. C. Plug Cord.
See Par. 113.

163. A. C. Plug Reversed. In some
installations an A. C. hum may be re-
duced by reversing the plug that con-
nects the receiver to the A. C. line.

164. Open Grid Circuit. An open cir-
cuit in any R. F. stage will cause that
stage to tune broad. See Par. 113.

165, Pilot T.amp Grounded, Par. 116.

166. Noisy Resistors in Power Pack.
This trouble can be generally located
only by substituting a resistance known
to be in good condition. Also see Par. 103.

167. Pilot Lamp Loose in Socket.
Tighten lamp in socket.

168. Shorted R.F. Choke Coil. Par. 117.

169. Defective R.F. Tube. Par. 104.

170. Grounded or Open Biasing Resist-
ance. See Paragraphs 103 and 116.

171. One-half of Push-Pull Trans-
former Secondary Open, Shorted or
Grounded. See Paragraphs 106 and 116.

172. Variable Condenser Shorted or
Stator Grounded. See Pars. 107 and 116.

173. Grid Condenser Shorted, Open or
Grounded. See Paragraphs 107 and 116.

174. Grid Leak Grounded. Par. 116.




TESTING THE CONTINUITY OF ANY ELECTRIC RECEIVER

In testing any receiver, it is only neces-
sary to remember that each tube has
only three individual circuits. These cir-
cuits are the grid, filament and plate.
Keeping this in mind, you can easily test
the continuity of any receiver by using
a high-resistance voltmeter and “B” bat-
tery. You can take any circuit, no mat-
ter how complicated it may seem to be,
and trace out these three circuits for
each tube, You can also start at any
point of the circuit and trace the circuit
back through resistors, condensers, and
transformer windings until you finally
arrive at the “B—" of the receiver. If
an open circuit is encountered when mak-
ing these tests, it is, of course, only
necessary to then test each individual
piece of apparatus in that circuit in
order to find one that is defective.

In Figure 3 you will find a schematic
diagram of a typical A. C. receiver in-
cluding the power pack. This diagram
is very similar to the majority of elec-
tric receivers on the market. It is ad-
visable for the student to study this dia-
gram in order that he may become famil-
iar with the various circuits. It is not
necessary to completely understand the
use of the various pieces of apparatus
used in this receiver as the theoretical
discussion of electric receivers will be
taken up in detail in advanced lessons.
The purpose of the following descriptions
of the various circuits is merely to en-
able the student to test the continuity
of a receiver so that any defects may be
located. These paragraphs contain a
complete description of each individual
circuit in the receiver.

Testing Grid Circuits

Starting at the grid terminal of the
first radio-frequency tube, Figure 3, we
find the grid resistor, and then the cir-
cuit goes to the tuning circuit, and aerial
inductance. This inductance is connected
to the metal chassis which in turn is
grounded. The circuit then continues
to the grounded side of the power pack,
up through the 150-ohm resistance to the
“B—" lead. From the “B—" lead the
circuit continues up to the mid-point of
the resistance connected across the 1.5
volt secondary winding of the power
transformer and then back over the fila-
ment circuit to the filament of the first
tube.

You will thus see that if you place
one test point on the grid of the first
R. F. tube and the other contact on one

filament terminal, that you should re-
ceive a voltage reading since the circuit
should be complete. If you do not obtain
a reading it indicates that there is an
open in the circuit and it will be neces-
sary to test each individual part of th
circuit until the trouble is found.

The grid circuits of the next two radio
frequency tubes are practically the same
as the circuit just described. That is, a
circuit starts from the grid terminals,
passes through the 600-ohm grid re-
sistors, through the secondary windings
of the radio-frequency transformers
which are in turn connected to the metal
chassis. The circuit then continues
through the chassis and to the grounded
side of the power pack which is con-
nected to the metal chassis. The circuit
then goes through the 150-ohm resistance
to the negative “B” lead and then to the
filament circuit, as described in the pre-
ceding paragraph.

In testing the grid circuit of any de-
tector tube using the grid leak and grid
condenser for detection, it is necessary to
place one test point on the side of the
grid condenser which is NOT connectec
to the grid of the tube. By studying
the diagram, you will readily see tha
this circuit is then identical to the one
just described, after passing through the
secondary winding of the radio-frequency
transformer.

The grid circuit of the first audio-fre-
quency amplifier is the same as those
described with the exception that the
grid is connected to the secondary of the
audio transformer. The other side of
this transformer is connected to the
metal chassis and the circuit continues
as described in the above paragraphs,

The grid circuit of the last audio am-
plifier is slightly different. After pass-
ing through the secondary of the audio-
frequency transformer, the circuit goes
to the 650-ohm resistor, then to the 150-
ohm resistor, and from there follows the
circuit back to the negative “B” lead, and
then to the mid-tap on the 5-volt second-
ary winding of the power transformer

(not to the 1.5-volt center tap), and then
through either side of this winding to

the filament terminals of the last audio-
frequency tube.

TESTING PLATE CIRCUITS. Start-
ing at the plate terminal of the first
radio-frequency amplifying tube, we see
that the circuit passes through the pri-
mary winding of the radio-frequency
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transformer, and then goes through the
5400-ohm resistor and the 4500-ohm re-
sistor to the negative “B” lead. From this
point the circuit goes to the mid-point
of the resistance connected across the
1.5-volt secondary winding of the power
transformer and then to the filament ter-
minals of the first R. F. Thus you will
see that by placing a test point on the
plate terminal of the first R. F. tube, and
the other test point on one of the fila-
ment terminals you would obtain a volt-
age reading. If a reading is not ob-
tained, it is an indication that there is
an open in the circuit and it will be
necessary to test each individual piece of
apparatus in the circuit, until the defect
is found.

The plate circuits of the secend and
third R. F. tubes and the first A. F.
tube are identically the same as the one
just described. You will, however, notice
that there is a by-pass condenser from
one side of the plate circuit to the chassis
immediately below the second R. F. tube.
One side of this condenser should be dis-
connected from the circuit and tested
to see that it is not short circuited. See
paragraph 107.

The plate circuit of the detector tube
passes through the primary winding of
the first audio-frequency transformer,
down through the 4500-ohm resistor and
the 150-ohm resistor, then up to the mid-
point of the resistor connected across the
2.5-volt secondary winding of the power
transformer, which is in turn connected
to the filament terminals of the detector
tube. By placing the test points across
the plate terminal and filament terminal
of the detector socket, you should obtain
a voltage reading.

Starting at the plate terminal of the
last A. F. socket, we find that the circuit
goes through the <choke coil, down
through the 2500, 5400 and 4500 ohm re-
sistances to the negative “B” lead, then up
to the center tap of the 5-volt secondary
winding of the power transformer, and
from there to the terminals of the last
audio-frequency tube.

TESTING FILAMENT CIRCUITS.
Since the first three radio-frequency
tubes receive their current from the same
1%-volt secondary winding, you will find
that these circuits are practically the
same. Connecting the test points to the
two filament terminals on any of these
sockets should give a voltage reading;
the circuit in this case consisting of the
1.5-volt secondary of the transformer,
and the wires leading to the various fila-
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ment terminals of these particuiar tupes.

In making this test, it is necessary to
call your attention to the fact that in
order to completely test the 1.5-volt sec-
ondary winding of the power transformer
it will be necessary to disconnect the
30-ohm resistor which is connecte
across the 1.5-volt terminal. This is ex
plained in paragraph 106.

By carefully studying the diagram, you
will readily see that the filament circuit
of the detector tube is made up of the
2.5-volt secondary windings of the power
transformer and the necessary wires to
make the connections to the terminals
of the socket.

The filament circuit of the last audio-
frequency tube is composed of the 5-volt
secondary winding of the power trans-
former and the necessary connections to
the filament terminals of the socket. You
will also note that the dial lamp is con-
nected in parallel across this circuit.

TESTING RECTIFYING TUBE CIR-
CUITS. By examining the diagram, you
will see that by connecting the test points
to the plate terminals of the rectifying
socket you will get a test on the high
voltage secondary winding of the power
transformer. If this tests open, it is a
indication that the power transforme
secondary winding is open, or that therc
is an open connection between the sec-
ondary winding and the socket of the
rectifying tube.

By placing one test point on each of
the filament terminals, you should receive
a voltage reading, thus indicating that
the 5-volt secondary winding used for
lighting the filament of the rectifying
tube is complete.

Placing one test point on one filament
terminal of the rectifving socket and
the other on one plate terminal of the
rectifying circuit should give a voltage
reading; the circuit consisting of one
choke coil, the 2500, 4500, 5400, 150 and
650 ohm resistances. Should no voltage
reading be obtained when making this
test, then each individual resistor and
choke coil should be tested.

TESTING AERIAL CIRCUITS. Plac-
ing one test point on the aerial binding
post and the ground binding post shoul
give a reading. No reading indicates an
open circuit in the aerial inductance.

In some receivers a fixed condenser is
sometimes placed in the aerial circuit or
the ground circuit, and, of course, this
circuit should then be tested according
to the schematic diagram.




The continuity tests that we have just
described can be applied practically to
any electric receiver. We will, however,
take a specific example and trace out the
various continuity tests in the Radiola
17 receiver. A schematic circuit dia-

ram of the Radiola 17 is shown in
igure 4. You will note that this dia-
ram is divided into two separate sec-

tions, one consisting of the receiver as-
sembly while the other consists of the
power supply unit. The cable terminals
and the terminal strip are numbered
from front to back facing the front of
the Radiola, No. 1 being next to the
froni panel and No. 11 ncxt to the rear
panel.

RECEIVER ASSEMBLY CONTINUITY TESTS

Remove All Radiotrons

Terminal Correct Effect Incorrect Effect caused by
Lug No. 1 to Lug No. 2. Open Shorted UX-226 socket.
Lug No. 3 to Lug No. 4. Open Shorted UY-227 socket.
Lug No. 5 to Lug No. 6. OUpen Shorted UX-171 socket.
Lug No. 1 to one side of filament con- Closed Open connection.
tact to sockets Nos. 1, 2, 3 and 5.
Lug No. 2 to other filament contact of Closed Open connection.
sockets Nos. 1, 2, 3 and 5.
Lug No. 8 tu une side of heater contacts Closed  Open conneection.
of socket No. 4.
Lug No. 4 to one side of heater contacts Closed Open connection.
of socket No. 4.
Lug No. 5 to one side of filament contact Closed Open connection.
of socket No. 6.
Tug No. 6 to one side of filament contact Closed Open connection.
of socket No. 6.
ug No. 7 to cathode contact of socket Closed Open connection.
No. 4.
Lug No. 8 to plate contact of socket No.5. Closed Open primary of first audio
transformer or connection.
Lug No. 9 to plate contact of sockets Closed Open primary of 1st, 2nd, or
Nos. 1, 2, 3 and 5. 3rd R. F. transformer or 2nd
A. F. transformer.
Lug No. 10 to plate contact of socket Closed Open primary of output trans-
No. 6. former.
Across loud-speaker pin jacks. Closed Open secondary of output
transformer.
Antenna lead to ground lead. Closed Open volume control.
Grid contact of socket No. 1 to ground. Closed Open volume control or poor
contact of volume control arm.
Grid contact of socket No 2 to ground. Closed Open secondary of 1st R. F.
transformer or grid resistance.
Grid contact of socket Non. 3 to ground. Closed Open secondary of 2nd R. F.
transformer or grid resistance.
Stator of condenser No. 3 (nearest out- Closed Open secondary of 3rd R. F.
put transformer) to ground. transformer.
Grid contact of socket No. 5 to ground. Closed Open secondary of 1st A. F.
transformer.
Closed Open secondary of 2nd A. F.
transformer.

‘(;rid contact of socket No. 6 to ground.

11



POWER SUPPLY UNIT CONTINUITY TESTS
Remove Radiotron UX-280 and Disconnect Cable at Terminal Strip

Terminals Correct Effect Incorrect Effect caused by

Across terminals 1 to 2.
Across terminals 3 to 4.
Across terminals 5 to 6.

Across filament contacts of UX-280
socket.

Plate contact to plate contact of UX-280
socket.

UX-171 potentiometer adjusting screw
to terminal No. 10.

Terminal No. 11 to plate contact of

UX-280 socket.

Across input plug.

Closed Open UX-226 filament winding
and potentiometer.

Closed Open UY-227 filament windin
and potentiometer.

Closed Open UX-171 filament winding
and potentiometer.

Closed  Open UX-280 filament winding. ‘
Closed Open high voltage winding of
power transformer.

Closed Open resistance strip.

Closed Open high voltage winding of
power transformer or filter
reactor.

Closed Open primary of power trans-

former or line switch. If open,
throw switch to other position
and test. If both open, test
switch separately.

Terminal or

Power Cable and Terminal Strip Color Scheme

Cable Lug Color Cable Lug Color
No. No.
1....... Black with Yellow tracer 6....... Green
2....... Black with Yellow tracer T, Green with Red tracer
3., Blue 8....... Maroon
4....... Blue 9....... Maroon and Red
5....... Green 10 Black with Green tracer

Terminal or

GENERAL TROUBLES ENCOUNTERED IN A. C. RECEIVERS

DEFECTIVE TUBES. The Radio-
Trician is cautioned to give speclal
attention to the tubes used in electric
receivers.

Generally speaking, more trouble is
caused by defective tubes than any other
one thing in electric receivers. Para-
graphs 102 and 104 give complete in-
structions on this subject.

NEUTRALIZING. There are several
different things that may cause a re-
ceiver to lose its selectivity in the neu-
tralized type of radio-frequency re-
ceivers. The most common cause is the
unneutralized condition of the radio-fre-
quency stages. This will not only cause
the receiver to tune broad but it will
cause the receiver to lose its sensitivity
as well. The first step then is to cor-
rectly neutralize the receiver.

To do this it is first necessary to tune
in accurately a signal on a frequency
between 1000 and 1500 kilocycles. This
signal should be produced by a modulated
oscillator similar to the one described
elsewhere in this Service Manual.

In order to neutralize a receiver, it is
necessary to prevent filament current
from flowing in a radio-frequency tube
that is being neutralized. In the case
of the old style sockets this can be easily

accomplished by placing a small piece o
paper or silk on the filament prong of th
tube so that it will not make contact
with its corresponding spring in the tube
socket. When the tube is placed in the
socket the filament should not light up.
In the case of the newer type of receivers

where the UX base is used, it is gen-
erally impossible to use this method and

12
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a different procedure must be followed.
In this case a “dummy” tube can be used
by taking a tube that is in good condi-
tion and carefully cutting off one of the
filament prongs so that it will not make
a contact in the socket. A tube having
a burnt out filament cannot be used for
this purpose as the slight difference in
the internal capacity caused by the in-
complete filament wire will throw every-
thing out of balance and defeat the full
purpose of the adjustment.

It is possible to obtain special socket
adapters which can be placed in the
socket of the tube to be neutralized so
that the filament of that tube will not
light. This is probably the best method
of obtaining this result. The above in-
structions apply to those receivers hav-
ing their tubes wired in parallel.

If the receiver is wired with its fila-
ments connected in series temporarily,
strap the filament prongs of the tube
together and replace it in its socket.

ume will probably increase because only
the capacity of the neutralizing con-
denser remains, and it is not compen-
sated for by the capacity of the tube
which has been removed from the circuit.

The other radio-frequency tubes in the
receiver should then be neutralized a
cording to the above instructions.

After the receiver has been entirely
neutralized on the high-frequency signal,
then it should be also neutralized on a
low-frequency signal, and on a frequency
of about 650 kilocyeles. If this requires
a considerable change of capacity in the
neutralizing condensers to make the two
adjustments at different frequencies, the
adjustment should be left about midway
between the two points or slightly nearer
the point used for the high-frequency
station.

It is possible to use the signal from a
broadcast station for neutralizing a re-
ceiver, but the results will not be as
accurate as when the oscillator is used.

Oscillator which can be used for balancing
and neutralizing receivers.

Connect a lead wire to one terminal of
the variable condenser on the modulated
oscillator and bring the wire in close
proximity to the lead-in wire of the re-
ceiver, and tune In the signal produced
by the oscillator. For best results this
signal should be reasonably loud with
the volume control of the receiver turned
entirely on.

Next, place the special neutralizing or
“dummy” tube in the radio-frequency
socket next to the detector tube. Slowly
adjust the neutralizing condensers which
correspond to the stage that is being
neutralized, until the signal disappears
entirely or is reduced to minimum audi-
bility. When doing this use a fibre
wrench or screw-driver to minimize body
capacity.

When a signal is reduced to its lowest
possible intensity, then that particular
stage is neutralized. If the tube is now
removed from its socket, the signal vol-

Synchronizing Condensers

Many electric receiver condensers will
often get out of adjustment causing
broad tuning and loas of sensitivity with
the result that only loud local stations
will be heard. Many service men will
attempt to make satisfactory adjust-
ments of condensers by using the signals
from a local broadcasting station and
will get very poor results. An efficient
method of accurately ganging the con-
densers is by the use of a modulated
oscillator located near the set to be bal-
anced. Complete instructions for builc
ing such an oscillator are given in th
Service Manual. When properly con-
structed, such an oscillator will give a
very sharp signal adequately suited for
such work.

The oscillator should be adjusted for
a frequency of approximately 1000 kilo-
cycles and the oscillator should be placed



several feet away from the receiver. The
aerial and ground wire should be re-
moved from the receiver, and a lead wire
attached to one terminal of the variable
condenser of the oscillator should be
brought in close proximity to the aerial

nding post of the receiver. The signal

ould then be tuned in on the receiver

ith the volume control on the receiver
turned on full. The lead from the oscil-
lator should then be moved away from
the receiver until the signal is just audi-
ble. In making the following adjust-
ments, the oscillator should not be
changed in any way.

The tuning condensers on many one-
dial receivers have a mechanical means
of adjusting them to synchronism. This
may consist of set screw adjustments on
common shafts or on belt driven pulleys,
small adjustable vernier condensers, ad-
justment of lever drives or the bending
of condenser plate segments. Whatever
the method used, it is usually described
by the Radio manufacturer in his service
literature, which should be consulted in
all cases.

After the signal has been tuned in on
the receiver, then each individual con-
anser should be adjusted by the use of
fibre wrench or screw-driver according
> the mechanical construction of the
condensers, so that the signal is re-
ceived with the loudest intensity. In
making this adjustment neither the dial on
the receiver nur on the oscillator should
be moved. In some receivers no balanc-
ing by means of mechanical adjustment
can be made with the possible exception
of loosening the rotor plates on the shaft
of the condenser and moving them
slightly. This is a very tedious process
and requires considerable patience on the
part of the Radio-Trician. Still other re-
ceivers do not have any way by which
the condensers may be adjusted. In this
case, if it has been definitely determined
that the condensers are out of synchron-
ism, it will be necessary to return the
entire set of variable condensers to the
nearest service station maintained by
the manufacturer of that receiver.
After making this adjustment, the oscil-
1 tor should be changed to a frequency
orresponding to approximately 60 on
the dial and the signal then tuned in on
the receiver. Slight readjustment of the
gang condensers may then bring in the
signals with slightly better results. How-
ever, if the coils and condensers in the
receiver are correctly designed, signals
should be received accurately and equally
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well on both the high and low frequencies.

Figure 5 gives a wiring diagram of a
modulated oscillator which is easily and
cheaply constructed. The size of the
coil and variable condenser should be
such that the entire broadcast wave-
length band will be covered by the oscil-
lator. If a .0005 mfd. condenser is used,
then the coil should consist of 50 turns
of No. 22 DCC wire wound on a 3-inch
form and tapped in the center. The
radio-frequency feced line may be con-
nected from one of the terminals of the
variable condenser.

A Convenient Method of Testing
Without the Use of Meters

In locating trouble in any receiving
set, it is a good idea to have a plan or
system to work by. Since the detector
is the heart of the Radio set, this part
should be tested first and sce that it is
functioning properly. IMPORTANT:
Before proceeding with the following test
it is absolutely necessary that you make
sure that the aerial is nct grounded or
connected to the ground in any way.

Remove all tubes but the detector.
Then connect a pair of phones in series
with the B plus detector terminal and B
supply. Test for a “click” in phones as
the detector filament current is turned
on. Next, connect aerial tc the plate
terminal (P) of the radio-frequency tube
preeeding the detector. This will give a
one-tube detector hook-up and will re-
spond to signals within a range of 20
miles.

When this circuit tests all right, move
antenna to the plate terminal of the
gocond tube preceding the detector and
insert a tube in the socket immediately
preceding the detector. You now have
a one-tube radio-frequency amplifier with
a detector. Following the same general
procedure, test any additional stage of
radio-frequency that may be in the set.

If no signals are received or if the
addition of a stage of radio-frequency
does not increase the volume slightly, it
is an indication of trouble in the circuit.
This may be found by following the out-
line given on previous pages of this Serv-
ice Manual. Always be sure that any
particular stage (detector, radio-fre-
quency or audio-frequency) is working
satisfactorily before attempting to in-
clude additional stages in the hook-up.
In radio-frequency stages, see that cor-
rect voltage is applied to the plate of
the tube and also that the sigral is ac-
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curately tuned in. If there is an adjust-
ment to prevent the tube from oscillat-
ing, see that it is adjusted properly. In
the case of one or two dial sets, the con-
densers that are ganged together may
need readjustment. The method of doing
this depends entirely upon the construc-
tion of the set, as explained in the sec-
tion of this Service Manual entitled Bal-
ancing Condensers. It is absolutely
necessary for each radio-frequency am-
plifier to be in exact resonance with the
incoming signal or the receiver will tune
broad and have very little volume.

Now place phones in series between
the primary of the second audio-fre-
quency transformer and plate of the first
audio-frequency tube and place a tube
in the first audio-frequency socket. If sig-
nals are heard with good volume, it will
indicate that the receiver is in good con-
dition up to this point.

NOTE: If it is not convenient to place
phones in series with the plate and pri-
mary of the second audio-frequency
transformer as just described, place
phone tips directly on the terminals of
the primary of the transformer. This
will answer the same purpose except
that it will not indicate a defective pri-
mary winding of the audio-transformer
if it should happen to be burned out or
defective.

The same method of testing the audio-
frequency section may be used regardless
of whether the amplifier is transformer,
resistance or impedance coupled or a
combination of the three. As you deter-
mine that each stage of audio-frequency
amplification is operating properly, pro-
ceed to test the next stage.

By carefully studying the circuit dia-
gram Fig. 3 and applying the principles
just outlined, the student should be able
to locate and remedy any trouble found
in any tuned radio-frequency receiver.
Of course, in many cases it will not be
necessary to test all of the different
stages in the receiver to find the trouble.

NOTE: The statement was made
above that all tubes except the detector
tube should be removed from the receiv-
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ing set. It is not absolutely necessary to
do so and, in fact, in the case of an elec-
tric receiver using several tubes it will
probably be best not to remove all the
tubes. Merely remove that radio-fre-
quency tube to which socket you are a
taching the antenna.

SERVICING MERSHON
CONDENSERS

In some Radio Receivers Mershon con-
densers are used. Simply analyzed, these
condensers consist of rolled aluminum
electrodes in a copper case, these elec-
trodes being covered by an oxide film.
The coated aluminum sheet is the anode
of the condenser. The oxide film is the
dielectric of the condenser and is formed
electrolytically in the process of manu-
facture. A liquid called the electrolyte
serves as the cathode and makes contact
with the copper containing can to which
external connection is made by clamping
to the sub-panel of the radio set.

Although the Mershon will break down
under an applied voltage of over 415, no
damage will result unless the amount of
leakage current and consequent heating
of the electrodes and solution causes °
to boil. Instantaneous surges of voltag
do not damage the film.

After the Mershon condenser has been
unused for several weeks it may take
as long as five minutes after the radio
set is turned on for the condenser to
reform properly and operate satisfac-
torily. However, after having been once
reformed the operation of the condenser
is instantaneous thereafter. The normal
leakage current of the condenser is one
quarter (%) milliampere per microfarad.

The Mershon condenser will act as a
rectifier and in making continuity tests
this should be remembered. The can is
always negative. If the test points are
turned around so that the positive point
is on the can the condenser will provide
enough leakage to indicate on the meter.
To be sure of any connection around the
Mershon check both ways with the test

points.
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A Simple Method of Locating the Dead Stage

If you watch an expert radio seivice-
man repairing a dead receiver, vou will
see that he pulls a tube out of a socket,
pushes it back in place; does the same
for one or more other tubes; finaliy to
say: “The defect is in the first detector,
or oscillator, or last I.F. stage.” His ac-
tions make vou think of these so-called
“sees all, knows all. tells all”™ persons. [t
may seem like a “sleight of hand” trick.
but this serviceman is working on sound
radio principles,

stage is spotted. The test is not a posi-
tive check but it comes pretty near tell-
ing the truth. Furthermore, you can gen-
erally conduct this test with the chassis
in the cabinet., Let me discuss the test
for a couple of possible receivers.

The Circuit Disturbance Test of TR.F.
Recetvers—In Fig. 1 1T have drawn a block
diagram of the signal circuits in a typical
T.R.F. set. The radio signal feeds into
the first R.F. stage and then passes through
successive stages to the loudspeaker. If

LOUDSPERKER
MY AN

e

FiG. 1. Block diagram of signal circuits of a T.R.F. rccciver.

By being more attentive, vou will ob-
serve that he is listening to the clicks
that emanate from the loudspeaker. When
a tube is pulled out of and replaced in a
socket and a click is not produced, that
stage is consudered dead.

The principle involved is simple. When
a tuhe is pulled out of the socket, the

DET¢ H/.E-/

only one stage is dead the chain is broken
and signals cannot get through to be
changed to sound waves.

I am going to assume that a defect may
exist in any stage. The correct way of
tackling this sort of a job is to find the
stage in which the breakdown exists, in-
stcad of testing every part in every stage
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Fic. 2. Block diagram of signal circuits of a superheterodyne receiver.

If pulling out

Det-1 produces a click and connecting the antenna to Det-1 docs not result in signals,
the OSC s probably defective.

supply current in that circuit stops flow-
ing. This sudden change in current or
circuit disturbance is relayed to the fol-
lnwing tubes, on to the loudspeaker, which
emits a click. That is why I call this
testing procedure the “circuit disturbance
test.” Now by knowing the tube arrange-
ment in the receiver, that is, which is the
detector, oscillator, I.F, AF. or R.F,
amplifiers, the location of the defective
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Copyright. 1935, by National Radio Institute, D. C.

of the set, as many self-styled experts will
do in solving this difficulty.

Suppose we start at the end instead of
the begihning, and pull out and replace
one of the power tubes. A click shows
that the tube is getting plate curent
(hence, must have plate and filainent
voltage) ; proves that the loudspeaker is
working as it reproduces signals passed to
it from the output stage. The same test

Printed in U. 8. A,



1s made with the other power tube. If
we get no click any of the things we have
assumed above may be at fault. For ex-
ample, the loudspeaker voice .coil may be
open, the tubes dead, there may be no
voltage from the power supply, the output
transformer may be open, etc. If the

A cunimercial inulésmeter,

tubes are warm to the touch they have
plate voltage and current, although only
an exact check can be made with meters.

Now if everything so far is tested to be
0O.K., we should repeat our test for the
first A.F. stage. No click indicates trouble
in this stage or in the coupling between
it and the power stage. A circuit dis-
turbance test on the detector and R.F.
stages should be made in turn, until a
click is not heard, isolating of course, the
defective stage. Then the parts in that
stage are tested. Clearly, by using the
circuit disturbance test no time is wasted
in testing parts which can be proved to
be good.

When screen grid tubes are used, the
test is even easier to make. Simply touch
the control grid with a finger or take off
and replace the control grid cap. This
will change the plate current just as
effectively as pulling out the tube, and
is a lot easier. In the tuned R.F. section
even a stage using a tube with no control
cap can be tested by touching the stator
ot the variable condenser connected to the
tube. Touching the stator will have the
same effect as touching the control grid.

A Widely Used T.R.F. Receiver Test—
If you wish, you can use the signal from
a local broadeast station for an R.F. check
by connecting the santenna lead-in to the
grids of the R.F. and detector tubes in
succession, starting at the detector and
working towards the antenna. To prevent
the antenna from detuning the circuits
tested, insert a series 100,000 ohm resistor.
Again when you go from a signal to a
no signal point you have located the de-
fective stage. Furthermore. the signal
should get louder as you puss from the
detector to the antenna connections.

_ Still using a local broadcast as our test-
g signal, a check on the audio system
may be made by using a pair of head-
phones. Of course, the following test
would only be made if, in the prévious

special R.F. test, no signal were heard,
indicating that the defect is not in an
R.F. stage. Tune the set to a point at
which a signal is normally picked up.
Place the phones across the plate loads
of the tubes, working from the detector
to the output stage. A signal to no signal
point isolates the defective stage.

Employment of a local broadcast as the
test signal is widely made by expert serv-
icemen, 80 I suggest you learn it. It is
more positive a test for a defective stage
than the click test. Unfortunately its use
in testing supers is quite limited and as
these receivers are more common, the
click test is more universally used.

The Circuit Disturbance Test for Supers.
—In testing for a dead stage in any
super such as the one indicated in Fig. 2,
the click test is the same as on the
T.R.F. receiver until you reach the oscil-
tator. However, if we can gt clicks by
pulling out the first detector, but no
signals can be tuned in even if the an-
tenna is connected to the grid of the first
detector, we may safely consider the
trouble to be in the oscillator.
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Fi1c. 3A. A typical stage connected to the

main supply. Continuity tests should be

made between 1 and 4, 2 and 4, 3 and 6,
6 and 5,7 and 6.

When testing a super do not try to con-
nect the antenna lead to the I.F. stages
as no signals will be heard. The antenna
lead can be hooked onto the first detector
or any of the R.F. inputs. Headphones
may be used between the loudspeaker and
second detector.

If a super checks O.K. with the click
test but no signals are heard, check the
alignment, and especially the oscillator
adjustments; subjects we will: consider in
a later job sheet.

A Little Ezxpertence Is Required —The
circuit disturbance method of checking
for the dead stage is not fool-proof and
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a certain amount of experience will be
required to get the best results. There-
fore, whenever you get a set to work on,
practice up on this click test.

Here is one of the reasons why a false
indication may result. If the regulation

of the power supply ig poor, removal of
a tube may cause a universal increase in
plate voltages, and the disturbance may
skip around the defective stage. Do not
worry too much about this, as most sets
have good regulation.

How To Test the Defective Stage with an Ohmmeter

Locating a dead stage is only the be-
ginning of the service job, but a very
substantial start, as you are getting nearer

/ 2
AY
)
@ == 3
o P S I
o N/
- \\ 13
HMMETER
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o0 NOT S T0 - .
=17 5,";” AXC T wirH ONE PROBE ON
ol RL:AD./IV‘ TWE PLATE CONTINUITY
SHOULD EXIST WITH EITHER
2,3, 0R4.
Fic. 3B. Do not let these conditions baffle

you.

to the “sore” spot. A few more steps and
you will be able to point to the defective
part or comnnection.

It is almost logical to assume, if you
found no surface defects, that the trouble
is internal and naturally you will have to
get into the chassis if you want to make
the repair. But, before I would remove
the chassis from the cabinet, I would ques-
tion the tube in that stage. Of course.
you know that a tube may light and yet
be defective. For example, its emission
may be low (although in general this will
show up as distortion or weak signals);
the plate may be shorted to the screen,
the screen shorted to the grid, or the grid
sherted to the cathode. You do not have
to worry about this if you test the tube
in the dead stage in a tube checker—for

RESISTANCE WILL VARY
WITH THE POSITION OF P

MORE THAN ONE PART BETWEEN
THE 6RID AND CHASSIS.

Fic. 3C

shorts and whether it is good or bad. If
you happen to have a good replacement
tube try it in the socket. Now if the tube
is goud, you are sure the defect is in-
ternal, and the chassis may be taken to
your service bench, if that is the place
you prefer to work.

A circuit diagram of the receiver while
not an absolute necessity is a mighty
handy thing to have, especially for a be-

ginner. Suppose you don’t have a dia-
gram, is there any way you can start to
test the stage? Yes indeed, and here is
where your fundamental studies will aid
you.

Fromn your lessons you shanld know thst
the screen or plate of any tube in use
should show continuity (a D.C. path)
back to the most positive point in the
circuit, the + BB source. What is this
pomnt? It is the electron emitter of the
rectifier, its cathode or filament.

Is there anything else that our studies
tell us must be true about a receiver?
Yes, since we have a 4B source we must
also have a —B source. This, in prac-
tically every diagram you have seen, is
the chassis of the receiver. Furthermore,
an electrode at a zero or negative poten-
tial must show continuity to it. These
electrodes are the cathode or filament,
vontrol grid and suppressor grid of all
tubes except the rectifier.

2 =
= ‘f0000%

Fig, 3D. If paiw suspect a leal: er short i

C, you must disconnect ils connection at

L, to test it. For if L i3 connected a test

from 1 to 2 will show resistance regardless

of the condition of C; and a test from L

to 2 will show a resistance if C is leaky or
good.

Now that we have our general facts in mind
let's get started.

Place the chassis and loudspeaker connected to
it on the work bench and turn the chassis upside
down or on its side, so the parts and the tube
socket of the defective stage are easily identified
and traced.

Locate the electron emitter prong (cathode or
filament) of the rectifier and the plate prong of
the defective stage tube. Place the ohmmeter
probes on these two points.* A reading should be
obtained. If the stage is not resistance coupled
the reading should not be more than ahout 10,000
olins, ot lesd than 200 or 300 ohms. In a resist-
ance coupled stage the reading may be as much
as 500,000 ohms.

Suppose we do not obtain any reading--infinite
resistance—we know that there i1s an open in the
plate supply ecircuit. The filter system is all

* When using any ohmmeter or continuity tester
the power cord of the set fnust be detached from
the line. THIS IS IMPORTANT,
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right, otherwise we would not get a circuit dis-
turbance test on stages following the defective
one. Look at the wire connected to the plate
socket terminal. By following this wire we will
he led to the plate load of the tube. It may be
a resistor, transformer or a choke, If it is a
resistor, place the ohmmeter probes directly across
it. If you get no reading you have found the
defective part and a new one will be required.
Experience tells us that plate circuit resistors have
a resistance between 75,000 and 500,000 ohms, and
a power rating of 1 watt. The proper value to
use will be found by experiment; a value of
100,000 ohins is generally used.

OHMMETER

Fic. 3E. If you test continualy in this case,
and C happens to be an electrolytic con-
denser, the ohmmeter needle may creep up
or down scale. Electrolytic condensers
have polarity. Always connect the ohm-
meter so the needle creeps up scale.

If we obtained a reading on this tesistor we
follow the lead from its supply connection to the
next object in the circuit and check it in the same
way as described above. If it is a filter resistor
it will have a value not greater than 100,000 ohms
and a rating of 1 watt.

On the other hand, if the plate load was a
transformer or coil, it is not possible to imnme-
diately spot the supply connection. because the
part may be in a metal shield or *‘can.” There
will, however, be a number of other leads coming
out of the can and we should be able to obtain
continuity between one of them and the plate
lead. Failure to do so indicates that the open is
i the shiclded part. Remove the shield as you
muy be able to resolder the break. Generally it
won't hurt to take off a single turn of wire if
necessary and by doing so you may save the
prico of a new part.

Sereen circuits are treated in exuetly the same
way and in these circuits we will rarely find re-
sistors which have a value of over 5000 ohms. If
a resistor is defective what watt rating should it
have? A 1 watt rating is safe if the resistor
nerely connects fromn the +B supply to the sereen.
If it connects through another resistor to the
chassis or cathode circuit a 5-watt resistor should
ba used.

If the plate and screen grid circuits test Q. K.,
you should next check the continuity between the
minus potential electrodes (control and suppressor
grids) and the chassis. Except in resistance coupled
circuits and AVC controlled stages, the resigtance
will be rather low. A resistor connected to the
low potential end of an R.F. or 1.F. transforner
secondary indicates that the stage is A.V.C. con-
trolled. Grid resistors rvery seldom are a source
of trouble.

To complete the test of the supply ecirewit in
the defective stage, continuity between the chassis
and the cathode or filament should be checked.
This will check the C bias resistor. For amplifier
tubes the resistor will rarely exceed 500 ohms: for
a detector it may check as high as 50,000 ohms.
The volume control may be in the cathode ecircuit
80 turn the volume control on all the way and
note the variation in reading.

Now if the supply ciremit tests previously ex-

plained check O.K., there is another possibility
of trouble which we must not overlook. There
may be a short in some of the voltage supply
circuits. For example, the screen, plate or cathode
by -pass condenser might be broken down. A check
with the ohmmeter between each of these elements
and the chassis will quickly show up such a condi-
tion. A broken down condenser will not show over
100 ohms resistance. Of course, it may be leaky
but then the symptom will lead us to look for
such a condition. Before finally condemning a
part, give 1t a test when disconnected from the
rest of the circuit.

When making supply circuit continuity tests be
on the lookout for shorted plate and screen supply
parts. A check for continuity takes this in auto-
matically, Experience will soon enable you to
tleterinine just about what values to expect. An
1.F. transformer primary or secondary will run
around 100 w, an audio transformer primary
500 w, and iy secondary about 1,500 .. .An R.F.
primary may run from a low value to 100 ohms,
i1ts secondary rarely exceeds 5 ohms.

The Defect May Be Caused by a Defect Else-
where.—Bias and control grid parts usually burn
out because of some defect in themselves. Of
course, an open grid return resulting in excessive
plate current might damage bias, plate and screen
supply varts But thie je rather unhkely. However,
in the high voltage circuits we have another situa-
tion. A short between the low potential end of a
supply part and the chassis or cathode would burn
out the part. So after locating an open high
voltage part don’t just replace it. See if any
shorts are present which might have burned it out.
You don't want a new part to go up in sinoke
as soon as you turn on the power. Here 15 a
simple and sure test. Conneet your ohmmeter
from the low potential end of the burned out part
to the chassis. Unless there is a bleeder system a
reading indicates a short. You should look for a
broken down condenser or a short in the wiring.
The presence of a bleeder system will usually re-
sult in a reading of 10,000 ohms or more. A short
which will burn out a part is usually a direct
short—shows up as zero resistance.

You have noted I have used the words '‘usually,”
“probably,” etc., quite frequently. This is neces-
sary because we can’t be absolutely sure without
a diagram. Sometimes we run upoun the unex-

R.F CHOKE

f [ -

Fia. 3F. If C' is shorted, the choke coil
may burn out. In this case both C' and
the choke must be replaced.

pected and then a disgram is a great time saver.
Just as au example, some sets use diode AVC tubes
made by connecting together the plate and grid
or plate and cathode of a triode such as a 56 or
27. A direct short check on these elements with
an ohmineter might lead us off on a “‘wild goose
chase” if we had no diagram or were unfamiliar
with the circuit. Such points are exceptions and
should be borne in mind, even though you will
seldom meet them.

A number of interesting tests and cases are given
m Figs. 34 to SF.

Although our discussion on how to test the
defective stage with an ohmmeter was from the
tube socket prongs under the chassis, you know
that you could check the circuits (not parts) from
the top of the chassis with the tubes removed and
the chassis in the cabinet. On finding an open
or short circuit you will be able to tell pretty
well what might he the trouble, This procedure
18 necessary if the customer demands an estimate.
before the chassis can be removed from tha
cabinet.
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How to Install a Visual Tuning Indicator

I did a small job on my own radio
that convinced me that you would like
to know about it, You can do it for
others and make a profit. I have a well
known make of receiver of the broad-
cast band type which has automatic

Fia. 1

volume control. Although this set brings
in all the U, 5. A, and Canadian stations
that I want, it is very selective. When
the other members of my family tuned it,
they rarely set it “smack” in the center
of the ficgyueuy of the broawdeasting
station, Of coursn, van know distortion
resulted, and I would have to get up
from my easy chair and tune the sta-
tion in properly. I put an end to this
by installing a visual tuning indicator
(sometimes known as a resonant tuning

meter) and now all members of the
fum)ly tune the set correetly.
You may not run into exactly the

same reasons for having a visual tuning
indicator. but the chances are if you
run across a receiver with A.V.C., and no
visual tuning meter, you might explain
what these meters will do. You will in
many cases get the job of installing the
meter,

The joh is really simple if yan study
the circuit dmgmm of the receiver you
are going to work on; and can locate
the tubes in the receiver, the C bias of
which are controlled by the A.V.C. tube.
When a signal is tuned in, the C bias on
the controlled tubes automfttlca]ly goes
up and their plate currents go down.

3M11238.UR
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Now if you connect a milhammeter, the
technical name for a visual tuning in-
dicator, in their common plate supply
lesds, you can tell when the set 1s
properly tuned; because when exact re-
sonance exists, the plate current is at
its minimum value.

Connecling the Parts. The parts you
need arc: A milliammeter (resonant tun-
ing meter) and perhaps o .1 mfd. (450
volts) non-inductive bypuass condenser.
The tuning meters may be obtained in
several different  milliampere sizes and
designs, as you will see in Fig. 1. When
one tube is under control us=e a § ma.
meter; when two tubes are under control,
use the 10 ma. =ize; when three or four
tubes are controlled use the 15 ma. size.
Although there are several designs, the
two more common ones which I would
suggest are shown. The most popular
type i1s shown at .. and may be illum-
mated from the buack or bottom. A pilot
light should be installed; if the light
from the tuning dial does not show
through. Figure IR shows the popular
shadow-graph design. Light irom the
rear lamp (shown) is interrupted by a
vane, casting a shadow on the scale.
The set is tuned for the narrowest
shadow. Use the oval escutcheon (panel
omament) for the needle meter. and
the rectangular  escuteheon  for e
shadow graph indicater,

Ist. RE

2nd RF or 15¢LF  13f or 2nd IF

(]
H
3
J

c
orriona {7, AN

-

Fi16.2

Connect the meter in series with the
plate leads of the controlled tubes as
shown in Fig. 2. The bypass condenser
is optional; it often prevents interaction
hetween cirenits. The condenser should
be mounted on the chassis at the point
where you break into the eircuit, and
the tuning meter tested with it in or
out before making the connection
permanent.

You may run into receivers where the
plate supply leads of the controlled and

Printed in U. S, A,
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uncontrolled tubes arc connected to a
cominon terminal before connected to the
main B supply. It is unwise to feed the
plate current of the uncontrolled tube
through the meter, as only small deflec-
tion changes will be obtained. This may
be remedied by wiring the indicator as
shown in Fig. 3, and in the circuit of
only one of the controlled tubes. In this
case the condenser must be used. In-
cidentally, many servicemen connect the
meter into the plate circuit of only one
controlied tube, using a 5 ma. meter. In
every case the leads from the tuning
indicator should be made so when no
station is tuned in an up-scale meter
reading (or a wide shadow) is obtained.
when ua strong signal is tuned the meter
needle moves in the direction of the
arrow (or a narrow shadow is obtained).
Otherwise. interchange the meter connec-
tions,

CONTROLLED OR UNCONTROLLED

CONTROLLED

I B8 SUPPLY

Fic.3

Mounting Problems. Mount the meter
on the tuning panel near the tuning dial,
covering the} cut-out with the proper
cseutcheon. If possible the indicator
should be located wvertically above the
tuning dial, as the operator can watch
both at the same time.

As you may find it difficult to mount
the meter in place, I will give you a few
suggestions. Turn the eabinet on its back
und draw an outline of the spaee re-
quired for the installation of the meter
on the panel of the cabinet. Then drill

a =eries of holes (A) into the cabinet as
shown in Fig 4. Use about a No. 32 or
a 1/16th inech diameter twist drill. Re-
member you are working on the face of

the cabinet so be careful and do not mar
the finish beyond the area that is not
covered up by the escutcheon. Then take
a sharp knife and cut along the line of
the holes, thereby starting the opening
for the meter. If necessary break the
center piece up into two sections, You
may do this by drilling the holes as
shown by B in Fig. 4. Having trimmed
the surface away between the holes below
the level of the panel, you may insert a
medium sized screw-driver and break the
two picees loose. Then pry the loose sec-
tions back and out. Incidentally many
servicemnen prefer to cut this hole out
with a kevhole saw.

Instructing the Customer. Instruct the
owner of the set properly. Explain that
the tuning dial should be set when a
station is tuned in so the tuning indicator
gives maximum deflection, or the smallest
shadow, depending, of course, upon the
type of resonant tuning indicator used.
Tell the set owner that strong or local
stations will give the greatest indication;
weak signals or stations wvery far away
will possibly give only a “quiver.” If the
set is of the all-wave type, no indieation
will be observed on distant short-wave
reception in some cases. After all, a tun-
ing indieator is intended to tune powerful
stations for best sound outputs.

Extra Receiver Revamping Hints

Now that T have you working on the
circuits of a radio receiver, it is worth
letting you in on a few extra hints on
how a receiver may be improved ; methods
that will help earn extra money. These
are not jobs that you would go out and
get. but rather things you can do when
u service job indicates their need. So
be on the lookout for them.

Getting Greater Selectivity. In a num-
ber of old receivers you will find the so-
called grid leak-grid eondenser detector.
These detectors are quite sensitive and
work well on distant weak stations: but
when locals or semi-locals are tuned in.
distortion and poor selectivity inevitably
results. Now this is easily remedied by
changing to a plate tvpe of detector, using
automatie or fixed C bias.

The circuits shown in Figs. 54 and 6B

[4
Huf. X
|'|'|7|1_¢.:T.,; -4©
Fia.5

are those of the grid leak-condenser de-
tector combination, A showing the fila-
ment and B the heater type of tubes.
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Their pluto cirenits are eliminated for
simplicity. Furthermore the grid leak
may be at the grid input instead of
across the grid condenser. The recom-
mended new connection for the A circuit
is shown in Fig. 5C; the required circuit
for the heater tube shown at B is given
in Fig. 6D. A C battery and the .1 mfd.
bypass condenser are used in one case;
o resistor and a 2 mfd. condenser in the
other. The proper value of the C bias
voltage, whether it is obtained from the

tion. The fact that you get stations in-
dicates that the R.F. section is O. K.
Nevertheless, I would realign the R.F.
system just to be on the safe side. This
procedure will be considered later in your
course. After all, I am now considering
jobs that you are about ready to do.
Assuming the chassis is in good order. let
us consider some of the revamping pro-
cedures. If it is a battery set and has a
12A type tube, replace it with a 38 type
tube; you will need a five prong socket

-~ +B

g+l ~=;gQrmE£~ B+{
: S

Fi1c.6
Note: Tube symbols and bottom views of socket connections

drop across the resister or from the but-
tery, must be determined by experiment.
Vary the bias voltage in the case of the
battery connection until the plate cur-
rent 1s approximately .2 ma. For the
heater cathode combination select either
a 30,000 or 50,000 ohm, 2 watt resistor
that gives you the required plate cur-
rent. Of course, the final test is the
quality of sound you get out of the re-
ceiver, and the bias should be further
adjusted if improved quality is possible.

Getting More “Swat” Quite often vou
will run across a receiver that picks up
all the desired stations, but the volume
is low, even when the volume control
is on full. Several changes in the chassis
can be made, but before making any of
them I would check up on the supply
voltages and the tubes in the audio sec-

and a screen grid clip with a flexible lead.

Mount the new socket in position in
place of the original and connect the
leads to it as shown in Fig. 64* the
connections for a battery receiver. Note
the grid clip is connected to the original
grid terminal. As you are working on a
battery operated receiver it is, therefore,
important that you apply the proper
battery bias. Apply a C battery voltage
of —9, —135, —18 and —25 volts for
plate voltages of 100, 135, 180 and 250
volts respectively,

In case you should find it desirable to
change the 71A type tube in a battery
operated receiver to the 42 type tube, you
should employ 180 volts of B battery

* All socket connections are shown as you would
see them from the bottom of the chassis, while
connections are being made.



voltage and —13.5 volts of C battery.
Connect the 42 type tube as shown in
Fig. 6B. The 42 type tube does not re-
quire a grid clip; however a six prong
socket will be necessary.

Now let us consider the A.C. operated
receiver. Figures 6C and 6D show the
proposed connections for the 38 and 42
type tubes when inserted.in an A.C.
operated receiver. Again you replace a
12A with a 38 and a 71A with a 42. Note
that there is a special size of resistor R,
for a 38 and a 42 type tube. The 25 mfd.
condenser may be a dry electrolytic of
the low voltage type. Connect its leads
with the polarity as shown.

PLATE GRID  PLATE INTERSTAGE 1 TRANSFORNER
" a‘/o
73000 OHM
,, A z WATT
l‘I(..l
Now if the set is of a more modern

design, having a single or push-pull 45
type tube, I, for one, would not change
it; for it is capable of giving good
quallty I would ratse the audio gain by
changing a resistance coupler to a two
to one turn ratio audio frequency trans-
former if a single tube were used, or a
higher turn ratio if push-pull were em-
ployed (your experimental outfits tell you
how to measure turn ratiod). Where a
single tube is used with an intermediate
audio transformer I would use one with
a higher turn ratio. Figure 74 shows you
the resistance coupler connections be-
tween two tubes in a radio recciver.
Figure 7B shows you the change-over to
an inter-stage transformer. Note the 8+
mfd., 450 volt electrolytic condenser con-
nected between the B plus terminal of the
transformer and minus B, and the 25,000
ohm, 2 watt resistor eonnected to the
plate of the tube. This combination of
resistor and condenser is excellent for the
elimination of motorboating in a re-
ceiver. It increases the stability of the
amplifier. Remember this circuit and use
it in AF. stages that motorboat. Do not
use it on the last audio stage of the
recetver.

Replacing Old Screen Grid Tubes.
While T am on the subject of changing
tubes, I want to consider one more case,
namely replacing the older screen grid
tubes with super R.F. pentodes; that is,
using 58 type tubes in place of the 24A
tubes. The change is not worth making
unless vou incorporate the grid bias tvpe

of volume control. This change will give
the receiver more life, less cross-modula-
tion (local stations riding in on distant
stations), and less tunable hum.

I have found that certain tubes should
not be changed; that is, never change
the first detector or oscillator tube of a
superheterodyne receiver. Nor do I change
the second detector or A.F. tubes except
as previously mentioned. You may
change the tubes in the preselector and
I.F. stages only.

If a radio receiver uses several type
24 or 24A tubes in its radio frequency or
I. F. sections remove them and insert
type 58 tubes. The job is quickly done
by replacing the five prong sockets used
for the 24 type tubes with six prong
sockets and ones of the same type or
general construction. Use a hot solder-
ing iron to pull off the feads from the old
sockets. Mount the new sockets in place,
and make the necessary connections.
Figure 84 shows the connections before,
and Fig. 8B the connections after the
change-over. The socket connections differ
somewhat. Sce Fig. 8C. Note there is an
extra prong, the suppressor. Conneet the
suppressor socket terminal to the cathode
socket terminal as shown in Fig. 8B. In
addition, a new 50,000 ohin tapered wire
wound volume control is used and con-
nected In series with the bias limiting
resistor K, Furthermore, these two items
are shunted with a 25 mfd. condenser.

+ BEFORE

éééb

BOTTOM VIEW
OF SoCKEY (””NE(‘I' (A

Fia. R

The value of the resistor R, is easily
found. Use a 2 watt, 300 ohm resistor
when one type 58 tube is connected in
the circuit. Then if you replace more
than one tube; divide the number of
tubes used into 300 and you will have
the resistance in ohms of R:. That is, 3
tubes will require (300 — 3 = 100) a 100
ohm resistor.

Don’t alter the lengths of the grid and
plate leads unless absolutely necessary.
Insert the new high gain tubes and realign
the receiver for best over-all results.
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Getting Customers Through Advertising

ADIO servicing is a business as well

as a profession. In addition to know-
ing modern servicing techniques, the Radio-
triclan must be able to get radio repair
business and must know how to convert
this business into profit. Advertising need
not be cxpensive; start with a small amaunt
and build up gradually, checking results to
make sure you are not wasting any of your
advertising money.

Telephone Directory Advertising. When
a radio set fails, the uwner will invariably
use the telephone to call a serviceman. You
wilt thereforc need a telephone sooner or
later, with some one tn answer calls and
take messages while you are out. Later,
when business warrants or you begin full-
time servicing, you can adopt a firm name
like Brown’s Radio Service, so you will be
listed by this name under Radio Servicing
in the classified section of the telephone
directory ; remember, however, that you will
have to pay business telephone rates i order
to secure this listing.

A small display ad in the classified sec-
tion of the phone directory is well worth
considering right at the start. The more
attention you give to the planning of this
ad, the more effective it will be. In gen-
eral, an ad should tell who you are (business
name or your name, your qualifications and
‘raining, etc.), where you are (location and
telcphone number), and what you have to sell
(radio service work, antenna installations,
public address service, etc.); any space re-
maining can be used for a slogan, a special
offer, an illustration or anything else which
will attract favorable attention to your ad.
Avoid crowding too much into the ad. A
telephone directory ad used by one Radio-
trician for a space one column wide and
214" deep is reproduced actual size in Fig. 1;
this has just about the maximum permis-
sible amount of copy for an effective ad.

Calling Cards and Tube Stickers. If you
do good work and present a pleasing appear-
ance, you can reasonably expect that custom-
ers will think of you when next in need

Job Sheet No. 27

of radio service work. But human memories
are short, particularly as regards names,
addresses and telephone numbers; you must
leave this information with the customer, in
a readily accessible location, if you want
each successful service call to be a free
advertisement for future jobs. Either call-
ing cards or tube stickers, or both, can be
used for this purpose.

As soon as you are ready to solicit radio
service work, have a suitable business card
printed. Samples of cards used by Radio-
tricians are shown in Fig. 2; use these as
guides in planning your own card. A simple

e e

NATIONAL
t RADIO SERVICE

W. L. Carey, Radiotrician

Formerly of 29 Sycamore Ave.
‘rakoma Pk., Md.

Quallty Service on All Makes
Minimum Service Charge $1.00
QUR AIM: To Give the People of
this Vicinity the Best in Radio Service

INTERCOMMUNICATING AND PUBLIC
ADDRESS SYSTEMS
M INSTALLATIONS — SALES — SERVICE

Sundays and Holidays until 1 P. M.

Call SH epherd 2519
] 1317 Flower Ave.  Silver Spring, Md.

-

.

e
“ssTasasessvescssTAeVveTs st aned

FIG. 1. E ple of teleph directory ad,

card giving only your name, address, tele-
phone number, a statement indicating that
you do radio service work, and possibly a
short slogan, should prove highly effective.
N. R. 1. students and graduates often place
also on their cards one of the following
statements : “Radiotrician,” “Authorized Ra-
diotrician,” “Member National Radio Insti-
tute,” “Graduate of National Radio Insti-
tute,” or “Expert Radiotrician.” Your ini-
tial order should be for at least one thousand
cards. Some tube manufacturers will print

Copyright 1939 by National Radio Institute, Wash., D. C. Printed in U. 8. A



special two-color cards with your name, ad-
dress and telephone number at a lower price
than would he charged by a local printer;
these cards contain a small tube ad which
often improves the appearance without
detracting from the efficiency of the card.
Each time you finish a service job, attach
one of your cards to the inside of the radio
cabinet with a thumb tack and direct the
attention of your customer to it.

Many tube manufacturers supply gummed
stickers imprinted with your name, address
and phone number, at reasonable prices; one
sticker can be placed on each new tube
which you install, and on all tubes which
you test.

Home Signs. You need an outdoor sign
mounted on the porch railing or below a
front window of your home, to indicate that
you are mn the radio service business. Have
this sign made by a commercial sign painter,
on a piece of sheet metal or plywood; it
should be dignified, impressive and easy to
read, and should be illuminated at night if
possible,

Automobile Signs. If you use a car for
radio service work, have the sign painter
place an attractive ad on the spare tire cover
or directly on the rear of the car. You can
also have signs painted on pieces of heavy
cardboard or 14" plywood which are cut to
fit exactly into the rear side windows of your
car. These signs should give your business
name, your address, phone number, and the
words “Expert Radio Service,” *“Guaranteed
Radio Service,” or a similar slogan indicat-
ing your business. The car should always
be spotlessly clean, for it reflects the type
of work which you do.

Posters in Stores. Placards or posters
placed in local drug stores, hardware stores,
filling stations, garages, electric shops and
general stores will often bring in jobs which
you would not otherwise secure. Have a few
of these painted on stiff cards approximately
12” x 18” in size, and place them in simple,
inexpensive picture frames. You may want
to make arrangements with the owners of
the stores to pass on service calls to you
on a commission basis, in which case the
signs might carry the wording “Leave Calls
for Radio Service Work Here,” along with
the same copy as your auto signs. Ordi-
narily the commission which you give should
not be more than 10 per cent of your service
charge. Do not overlook the possibility of
arranging to do auto radio installation and
service work for local garages on this same
basis.

Printed Cards, A simple and convincing
message which can be printed on a plain
card the size of an ordinary postal card to

' . .
announce the start of a new radio service

business is shown in Fig. 3; you can have
five hundred or one thhusand of these pre-
pared by the local printer and can deliver
them yourself during your spare time. Slip
them in the door jamb or under the front
door; never place them in mail boxes, for
postal regulations prohibit this. Circulars
advertising your business can be distributed
in the same way.

If you do not have time to distribute cards
yourself and cannot secure dependable boys
to do this for you, consider having your
message printed on regulation one-cent Gov-
ernment cards. In this case you will have
to address each card: names and addresses
of prospective customers in your vicinity
can be obtained either from a city directory
or from the special names-hy-streets direct-
ory which is usually available at the local
telephone office. Any one who has a tele-
phone will usually have a radio. You can
have the cards delivered to every home on
a particular mail route to avoid the work
of addressing each one; ask your postmaster
for full details before having the cards
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F1G. 2. Examples of business cards used by
Radiotriclans. These are greatly reduced In size;
business cards are usually about 2/ x 333",

printed. Personally addressed cards are gen-
erally more effective than cards addressed
to “box holder,” however. You can get
ideas for your circulars and cards from radio
magazines and from tube manufacturers.
Some tube manufacturers will even print
ads on Government postcards for you, charg-
ing only for postage.

Special Suggestions. Newspaper advertis-
ing will not be taken up at this time, for
it is very difficult to use successfully, requires
much experimenting, and can be quite costly.
Avoid newspaper advertising until such time
as you can afford to run ads regularly for
several months.

You will occasionally be asked to purchase
space in programs for school, church and
community affairs. This type of advertising
does not pay quite as well as other forms,
but there will be times when you cannot



afford to stay “out.” If the sponsors of the
event in question are good customers of
yours, they may feel cfended at a refusal
of a direct request. Consider these ads more
in the sense of good-will ads than as imme-
diate business-getters. When purchasing
space in a program, offer to furnish a radio
for entertainment purposes, even if it can be
used only for a few minutes before and after
the program. Place an attractive poster on
this radio receiver, lettered something like

“Radio Entertainment Furnished by Brown's
Radio Service”; in this way you will get a
little more for your money in the way of
advertising.

Ask each new customer how he happened
to call on you, and make a record of this
when you return to your shop. Go over
your records regularly to find out which
tvpes of advertising are bringing the most
business, and concentrate your advertising
allowance on these.

How Much To Charge The Customer

Any estimate or bill for radio service work
should theoretically be based upon four sep-
arate items: 1. The list prices of all parts
used on the job, or your cost plus a rea-
sonable mark-up to pay for the time and
expense involved in getting the parts; 2.
A charge for labor, at an hourly rate which
will give you a fair monthly salary; 3. A
portion of your overhead expense; 4. A fair
profit on the joh. The average person does
not appreciate the significance of overhead
expense and profit, however, so these last
two items should always be combined with
the labor charge when making out a bill.

Charges for Replacement Parts. If a part
has a widely established list price, charge
that price regardless of the discount which is
allowed you; radio tubes and all-wave receiv-
ing antenna systems are typical examples.
For other parts, start with your actual whole-
sale cost and add a definite percentage:; the
equivalent of a wholesale discount of 40 per
cent is a fair mark-up, and is figured as
follows: Divide your total cost by 6, then
multiply the result by 10 to get the custom-
er's price. For example, suppnse that van
pay $3.60 for a power transformer, including
transportation costs. Dividing this by 6
gives you $.60; multiplying $.60 by 10 gives
$6.00 as the customer's price for the power
transiormer. Here is another example: a
replacement loudspeaker cone is delivered to
you at a price of $96; carrying out the
same calculations you arrive at a customer’s
price of $1.60 for the part.

Charging For Labor. To determine your
final hourly rate for labor, you must first
estimate these things: 1, the number of hours
per week which you will actually spend on
radio service jobs; 2, the total weekly cost
of operating your business (your weekly sal-
ary plus the weekly overhead expense): 3,
your profit. An example will best illustrate
how this is done.

Figuring Your Useful Weekly Time. Sup-
pose that you plan to be on the job 8 hours
every day for 5}4 days a week, giving a total

1132 Broad St.

of 44 hours. Naturally you wiil not spend
all of this time on work for customers; it
takes time to give estimates, to pick up and
deliver radio sets, to keep business records,
buy parts, keep the shop clean, order adver-

Announcing
a new radio service shop right in
your own neighborhood.

Offering

personalized, honest repair of any
radio set, new or old. No guess-
work; no parts unnecessarily re-
placed; workdone right inyour home
whenever possible; prices fair; all
work guaranteed; no extracharge for
evening calls,

Qualifications: .
Authorized Radiotrician and Tele-
trician, trained in radio theory
and modern servicing techniques by
National Radio Imstitute.

#hen your radio fails,
call Sycamore 7371 for e thorcugh
inspectionand a test of each tube.

Mow do this:
Slip this card into the back of
your radiocabinet, where it will be
handy when you need service in a
hurry.

Dick Brown

BROWN'S RADIO SERVICE

Sycamore 7371
FIG. 3. Suggested copy for a card announcing
that you are starting up a radio servicing busi-
ness. It can be mimeographed, multigraphed or
printed, as you prefer. Other side of card may be
blank, may carry additional advertising copy, or

may have stamp and address if card is to be
mailed.

tising, etc. Let us say that 22 hours of each
week are spent on work not directly asso-
ciated with service jobs. This leaves 22
hours a week for actual service work.



Figuring Your Weekly Operating Expense.
First of all, how much do you expect to
earn each week as a Radiotrician? Do you
want $25 a week or $45 a week? Be fair;
what do other skilled men in your locality
earn? Consider also that as a beginner
you may spend more time on the job than
would an experienced Radiotrician. Start
your weekly salary low, and revise it each
six months if necessary. For purposes of
illustration, let us say that you expect a
salary of $30 a week for full-time service
work; this will be one item in your weekly
expense. (For spare-time work, figure the
average number of hours you will work each
week, and adjust your expected salary pro-
portionately.)

Next comes an allowance for overhead
expense; naturally this will have to be a
rough estimate at the start, but after you
have kept records for a year or so, you will
be able to predict quite accurately what it
will be. Suppose that you have invested a
total of $300 in tools and equipment during
your training period and while doing spare-
time service work, with this equipment re-
quiring replacement about once every three
years. You thus have an expense of $100
a year for equipment, or about $2 per week.
Your shop occupies a spare room in the
house ; what would you charge for this space
if you were to rent it to an outsider? Let
us assume it is $12 a month, which makes
about $3 a week. The telephone bill may
be $4 a month, advertising $12, car main-
tenance and operation $16, and incidental
items about $4 a month during your first
year of full-time service work—a total of
$36 per month or about $9 per week. The
total weekly overhead expense will thus be
$2 plus $3 plus $9, or $14. Adding $30 for
salary to this gives $44 as your total weekly
operating expense.

Dividing $44 by 22 (the saleable hours of
work) gives $2 per hour as your basic rate
for labor. Let us say that you will be sat-
isfied with a profit of approximately 10 per
cent. Adding this to the $2 rate gives you
$2.20 as your fixed hourly charge to cus-
tomers for labor. This is not unreasonable
for radio service work. Your minimum
charge for any service job should not be
less than your fixed charge for one hour
of labor.

Example of a Charge. Suppose you have
completed a job which required two resistors
costing you $.10 each and one paper con-
denser costing you $.30, making a total parts
cost of $.50. The time you spent on the
job was 174 hours. Your bill might be
prepared as follows:

LY b 0000000000000000003 00000000 00 $ .83
Labor.......cooiiiiiieiiiininnnnn, 2.75
TotalCharge...................... $3.58

Never indicate on the bill your fixed hour-
ly rate, your time, or the mark-up in the
price of parts. Some Radiotricians prefer
to make the price a convenient even figure,
such as $3.50, $3.60 or $3.75. When the cost
of parts is very small in comparison to the
labor charge, it is best to submit a single
price, as follows:

or
Installation of 2 new resistors and one
new paper condenser..............
Estimating Service Charges. When the
customer wants to know beforehand the
charge for a job, estimate the time required
to locate the defect, estimate what new
parts will be needed and how long it will
take to install them, then figure your service
charge in the usual manner. To be on the
safe side, always add about 25 per cent more
to the estimated charge to take care of
unexpected trouble,
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How To Service A Dead Receiver

N ordinary radio receiver has four essen-

tial sections: I, the R.F. section, which
selects and amplifies the desired modulated
R.F. carrier signal after it is picked up by
the antenna system; 2, the detector, which
separates the audio signal from the R.F. car-
rier signal; 3, the A.F. section, which ampli-
fies the audio signal; 4, the loudspeaker,
which converts the amplified A.F. signal into
sound waves. These processes of amplifi-
cation and detection are made possible by
vacuum tubes, and these tubes can operate
only if their cathodes are properly heated and
their other electrodes are supplied with the
proper D.C. potentials. The various cir-
cuits in a receiver therefore divide into two
distinct groups, the signal circuits and the
power supply circusts.

Causes of Dead Receivers. A radio re-
ceiver which will not bring in any programs
whatsoever is said to be dead. There are
only four fundamental causes for a dead re-
ceiver: 1, a defective tube; 2, an open con-
nection or part in the signal circuit or in the
supply circuit; 3, a shorted part, which either
blocks a signal circuit or prevents -applica-
tion of a D.C. voltage to a tube electrode;
4, a defective part which has changed in char-
acteristics sufficiently to cause blocking of a
signal circuit. A Radiotrician who is con-
fronted with a dead receiver immediately
makes a check for these defects. He knows
that they may occur in parts which are
either above or below the chassis, and since
it is oftentimes a bit difficult to remove the
chassis, he first makes certain that there are
no defects above the chassis.

The Professional Technique for Dead Re-
ceivers. If a check for surface defects above
the chassis fails to reveal the trouble, the
Radiotrician removes the chassis from its
cabinet and quickly checks the parts under-
neath for obvious defects. He then begins a
systematic and speedy procedure for locating
the defective stage, followed by an ohmmeter
test to locate the defective part in that stage.
Finally, he replaces or repairs the defective
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part. The steps in the professional service
technique for repairing a dead receiver are,
therefore :

1. Check for surface defects above the chagsis
and test all tubes.

.l2. Check for surface defects beneath the chas-
8.

3. Locate the defective atage.

4. Locate the defective part.

5. Repair the defect.

Checking for Surface Defects. Although
this subject has already been thoroughly cov-
ered, it is so important in the case of dead
receivers that I will review it briefly here.
Check the antenna system to be sure it is
up and in good condition. Make sure that
the receiver is being supplied with power
by noting whether the pilot lamps light and
whether the tubes heat. Look for tubes
which are not properly seated in their
sockets; oftentimes tube prongs may not be
making good contact with socket terminals.
Be sure there are no loose parts above the
chassis. Inspect tube shields and tube top
cap connections. Finally, test each tube with
a tube checker, and check the loudspeaker.

Next comes removal of the chassis and an
inspection for open connections, broken parts,
and charred parts underneath the chassis.
If you find an obviously defective part, be
sure to inspect other parts which are asso-
ciated with it. For example, a shorted by-
pass condenser may cause large currents to
flow through a resistor, giving the resistor
a charred appearance. Although the resistor
is defective, the shorted condenser is the
true cause.

Locating the Defective Stage

Any method for locating the defective
stage in a dead receiver should begin with
a check of the power pack. Connect a high-
range D.C. voltmeter between the chassis
and the plate terminal of the last audio tube
(or between the chassis and one terminal of
the loudspeaker field coil) ; the meter should
indicate a reading somewhere between 180
and 250 volts if the power pack is producing
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the correct D.C. voltage for the receiver. If
this reading is secured, you can assume that
the power pack is cleared of suspicion.

The Signal Generator Method. The most
conclusive procedure for isolating the defec-
tive stage in a dead receiver is the signal
generator method, also known as the dy-
namic stage-by-stage elimination procedure.
It should be mastered and used whenever a
check for surface defects fails to reveal the
cause of a dead receiver.

The oprinciple underlying this method is
quite simple. In a superheterodyne receiver,
as you know, the signal from a desired sta-
tion enters the receiver at the carrier fre-
quency of that station; at the output of the
mixer-first detector stage there is a change
to the frequency of the LF. ampllﬁer and at
the second detector there is another change,
this time to the A.F. signal frequency. Au-
dio signals then exist right up to the loud-
speaker, where they are converted into sound
waves. By introducing into certain stages,
with an ordinary modulated R.F. signal gen-
erator, a signal which duplicates that which
would exist if the receiver were performing
correctly and were tuned to a station, we can
locate the defective stage.

An essential requirement of this method is
familiarity with the signal generator. You
should know how to change its frequency
band, how to adjust it to the desired fre-
quency and how to control its output. De-
termine whether it has a condenser in series
with its output, to block the flow of direct
current; if the condenser is absent, insert a
.002 mfd. condenser and a .1 megohm resistor
in one of its leads, as shown in Fig. 1. The
resistor is optional but the condenser is
necessary.

The receiver is always turned on while the
defective stage is being isolated with a signal
generator (S.G.). The procedure begins
at the second detector; connect the S.G.
ground lead to the chassis of the receiver,
and connect the other S.G. lead or probe
(known as the free probe) to the input of
the second detector stage. If this stage uses
a triode or pentode, connect to the control
grid; if a diode, connect to the plate of the
preceding tube (the last ILF. tube). Set the
S.G. to the LF. value of the receiver and
advance the control on the S.G. to maximum
output. If the second detector and the
audio system are free from defects, you
should now hear the S.G. tone.

If no tone is heard, a dete¢tor or audio
system defect is indicated. We could use a
special audio signal generator and advance it
stage by stage toward the loudspeaker until

its tone was heard, but an R.IF. signal gen-
erator will serve just as well if used with
the headphone and control system shown in
Fig. 2. You can easily assemble this your-
self. The ground probe is connected to the
chassis of the receiver, and the free probe
is connected first to the output of the sec-
ond detector (to the plate in the case of tri-
ode or pentode tubes, or to the load resistor
in the case of a diode detector). The R.F.
signal generator connections are not changed.
If a tone is heard in the phone, you can as-
sume that the second detector is okay. Now
move the free probe from the detector out-
put to the plate of each audio tube in turn,
working toward the loudspeaker; when you
reach a plate terminal at which no tone is
heard, you know that you have just passed
through the defective stage. If there are
two tubes in the output stage, apply the

R.F. SIGNAL
GENERATOR

1 MEG,
002 MFD,
FREE PROBE
V :51 =2 [2nD
' o HEP | DET.
\Bﬁ[]

FIG. 1. Block diagram of a superheterodyne re-
celver, showing a signal generator connection to
the first detector for locating a defective stage.

probe to the plate of each in turn. Always
adjust the volume control in the control box
after making each new connection, to secure
normal volume without overloading the
phone.

If the tone is heard in the loudspeaker
when the S.G. is connected to the input of
the second detector, you assume that the
detector and audio systems are good, and
omit the headphone test. Advance the free
S.G. probe to the plate and then to the grid
of the preceding LF. tube; if the tone is
heard, repeat for the other LF. tubes until
you arrive at the grid of the first detector.
As long as all stages between the S.G. con-
nection and the loudspeaker are good, the
tone will be heard from the loudspeaker ; the
tone will no longer be heard when you have
passed through the defective stage.

Assuming you have not yet located the
defective stage, your S.G. will now be con-
nected as shown in Fig. 1. With this con-
nection, you can determine if the local oscil-
lator is functioning. Tune the S.G. to the
frequency to which the receiver is tuned;
if the tone is not heard when this is done,
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either the oscillator or its connection to the
mixer-first detector is defective. If you like,
you can make an additional check for a de-
fective oscillator by tuning the receiver to a
local station, then tuning the S.G. (without
changing its connection) to a frequency .
which is above or below the local station fre-
quency by the I.F. value of the receiver. For
example, if the receiver is tuned to a 1,200
ke, station aud the LF, value is 460 ke., set
the S.G. either to 1,660 kc. or 740 kc. If
you now hear the program of the local sta-
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FIG. 2. Handy headphone unit for locating a

defective stage.

tion from the loudspeaker, mixed with S.G.
tone, you know that the local oscillator is
defective and that the -stages ahead of the
first detector are good.

If the local oscillator is functioning, set
the S.G. at the same frequency as the re-
ceiver, then advance the free S.G. probe to
the plate and then to the grid of the R.F.
amplifier stage, and finally to the antenna
terminal of the receiver. The tone in the
loudspeaker should stop for one of these
points, if you have come this far without
locating the defective stage.

If you use a series resistor in the S.G.
lead as indicated in Fig. 1, the loudspeaker
tone should become louder as you move the
S.G. probe toward the antenna terminal;
when the tone becomes excessively loud, turn
down the control on the S.G. until you secure
normal output. Without the series resistor,
the detuning effect of the S.G. on an R.F
stage may offset the gain of that stage.

Circuit Disturbonce Test. A quicker but
less dependable method for isolating the de-
fective stage after the main D.C. supply
voltage has been checked is that known as
the circuit disturbence test. This test is
based upon the fact that each stage in a re-
ceiver is one link in a chain extending from
the antenna terminal to the loudspeaker; any
sudden plate current interruption or change
along this chain will cause a surge of power
to be relayed on to the loudspeaker (where
it is heard as a click), if there are no de-
fective stages between the loudspeaker and
the point at which the disturbance was
created.

There are a number of ways to produce a
disturbance in a stage: 1, pull a tube from its
socket, then replace it (two clicks are usu-
ally heard when this is done) ; 2, touch the
control grid of a tube, or remove and replace
the top cap connector. The Radiotrician
uses whichever method is easier to apply to a
particular tube.

A circuit disturbance test begins at the
second detector tube when this tube is a tri-
ode or pentode; in the case of a diode sec-
ond detector either the preceding or the
following tube is removed. If a click is
heard, you know that all stages between the
Joint of the disturbance and the loudspeaker
are good; if no click is heard, proceed to-
ward the loudspeaker, introducing a disturb-
ance in each stage in turn. (A howl rather
than a click is often heard when a grid is
touched.)

If the circuit disturbance test indicates that
there are no defects in the audio system and
second detector, work toward the first de-
tector; pull out tubes or remove grid cap
connections, remembering that there should
be an indication of some sort from the loud-
speaker each time this is done. The circuit
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FIG. 3. Typical I.F. amplifier stage and its con-
nections to the receiver power pack. VTI is the
L.F. amplifier tube; its cathode is I; control grid
is 2; acreen grid is 3; suppressor grid is 4; plate is .

disturbance test will not reveal the condition
of the local oscillator, however; no click
will be heard when this tube is removed, but
if a background noise and hissing are heard
when the volume is turned up, indicating a
“live” receiver even though no broadcasts
are received, you can assume that either the
local oscillator or a preselector (R.F.) stage
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is defective. If a circuit disturbance test on
the R.F. tube indicates it is good, then the
local oscillator will undoubtedly be defective.

The chief advantage of the circuit dis-
turbance test is that it can be carried out in
a few minutes, working from the top of the
chassis. A signal generator test of the sus-
pected stage will then verify the results of
the circuit disturbance test and also tell
whether the defect is in the input or output
circuit. A typical LF, amplifier stage is
shown in Fig. 3: if a tone is heard when
the free S.G. probe is connected to point 5
(the other S.G. probe being on the chassis),
we know that parts C2, L3, L4 and all fol-
lowing sections are good. If the free S.G.
probe is moved from point 5 to point 2, and
no output tone is now heard, we have con-
clusive evidence that there is trouble in the
tube, that C1 or L2 is shorted, or that the
tube is not receiving its proper electrode
voltages.

Locating the Defective Part
With an Ohmmeter

Before considering how the defective part
can be located with an ohmmeter once its
approximate location has been determined,
let us consider the fundamental rules for
checking continuity with an ochmmeter. - The
circuit in Fig. 3 will be used as our exam-
ple.

RULE 1. There should be continuity be-
tween the cathode of the rectifier tube and
all tube electrodes which are supplied with
positive D.C. potentials. This rule therefore
applies to screen grid and plate electrodes.
Thus, in Fig. 3 you can trace from the plate
of the tube (point 5) through coil L3, re-
sistor R2 and choke coil L5 to point x, which
is at the cathode of the power pack rectifier
tube.

RULE 2. There should be continuity be-
tween a plate terminal of the rectifier tube
and all tube electrodes which are supplied
with negative D.C. potentials. This rule
applies to control grids and suppressor grids,
and also to cathodes. Thus, in Fig. 3 you
can trace from the control grid (point 2)
through L2 to ground (the chassis), through
the chassis to point y, and through either
half of the power transformer secondary
winding to a rectifier tube plate.

It is generally true that all tube electrodes
trace to the chassis, but there will be a few

exceptions. For example if resistor R4
were omitted from the circuit in Fig. 3 (as it
often is), this general continuity-to-chassis
rule would not hold true for the plate and
screen grid electrodes (5 and 3).

The procedure for isolating a defective
part with an ohmmeter can be best explained
by using Fig. 3 as an example. With the
receiver power plug out of its wall outlet,
connect the ohmmeter probes in turn to
points 5 and x, 3 and x, 1 and z (or the chas-
sis), 2 and z, and finally to 4 and z. In each
case a definite reading of the chmmeter clears
that circuit of suspicion; an open circuit in-
dication (no ohmmeter pointer movement)
indicates a defect, and we then concentrate
on the circuit between the two points to
which the ohmmeter probes are connected.

Suppose that we found no continuity be-
tween points 3 and x. We would then move
the ohmmeter probe from 3 toward point z,
one part at a time. If we secured a conti-
nuity reading for 7 and » but not for 6 and z,
we would then know positively that resistor
R3 was open.

If the defective stage is definitely located
but continuity tests with an ohmmeter do
not indicate an open circuit, the next step can
be an ohmmeter check of each part in the
suspected stage. A study of the circuit dia-
gram will reveal the parts which are most
likely to cause a dead receiver, and these can
be checked first. For example, shorting of
condenser C5 in Fig. 3 would prevent appli-
cation of a D.C. voltage to the screen grid;
an ohmmeter ¢heck across either R4 or C5
would reveal this short, and the parts would
then be checked individually to determine
which one was at fault.

The procedure described here for using
an ohmmeter to locate a defective part in a
dead recelver applies equally well to im-
properly operating receivers. In the latter
case, however, the values of individual re-
sistors or combinations of resistors in series
should be checked against the values speci-
fied on the circuit diagram. Changes in re-
sistor values occasionally can cause a dead
receiver, but more often the result will be an
improperly operating receiver. Once you
master radio circuits and become familiar
with the paths for direct current flow, the
actual location of a defective part will pre-
sent no difficulties.
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SERVICING THE ATWATER KENT
A. C. RECEIVERS

For convenience Atwater Kent stage of straight audio is followed
I receiving sets up to and including by a stage of “double audio’” using
Model 52 can be classified in two two tubes of the power type. A
main divisions. One division can special step-down output trans-
be quite readily serviced by refer- former is employed to connect the
ring to Figures 1 and 2 of this output of the set to the diaphragm
“ervice manual which shows the coil of the speaker. The 125-volt
7iring diagram of Model 43 and I+)EA SA required by the field magnet
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FIG. 1—SHOWING CONNECTIONS AND API'ROXIMATE POSITION
SEALED CONTAINER IN MODEL 43 POWER UNIT.

In the early tvpe of power unit for Model 43, two brown leads from the primary-shunt
condenser eonneet to the - B, 2A terminal and to the brown P2Aa lead, respectively, In
later models, these eonnections are made internally.

also the connections of the power of the speaker is supplied by sub-
'I stituting for one of the filter chokes
in the power unit filter, the field

coil of the speaker. This coil serves

nit used in this receiver.
The Model 43 receiver is designed
to operate in connection with the

22-BF5M 12930

Atwater Kent Type F dynamic
speaker and for this reason a dif-
ferent type of audio amplifier from
that used in the other A. C. sets is
used. In this receiver the single

to create a strong magnetic field
and at the same time functions as
part of the power unit system.
The connection between the
power unit and speaker field is
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Fig. 2—Diagram of Model 43 Set and Power Unit. The output transformer is sealed In the power unit.




made through two prongs of a four-
prong plug on the end of the
speaker cord. The other two
prongs connect the output of the
set to the floating diaphragm coil of
he speaker. This plug is of special
'lesign and fitted into special sockets
in the set mounted in the rear of
the cabinet. IT IS VERY IMPOR-
TANT NOT TO REMOVE THIS
PLUG FROM ITS SOCKET WHEN
THE SET IS IN OPERATION, AS
THIS WILL PUT AN EXCESS
VOLTAGE ON CERTAIN PARTS
IN THE POWER UNIT.
The Atwater Kent Models 40, 42

will decrease its resistance, so that
the voltage across the primary of
the transformer is maintained at a
constant value.

The circuit of each receiver has
three stages of radio frequency am-
plification, the first stage acting as
a coupling tube in order to elimi-
nate the detuning effect of the dif-
ferent antenna sizes (which would
otherwise disturb the synchronism
of the three tuned circuits). There
is a tuned detector and two stages
of audio frequency amplification.

The volume control consists of a
resistance connected across a sec-
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Fig. 3—View of Power Unit used in AK Models 40, 42, 44 and 52, showing connections from
sealed container tu pancl assciably, rectifier eonket and rerulating resistance.

and 52 are 6-tube single-dial A.C. re-
ceivers with a complete power unit
(sealed in a single metal container)
incorporated in the metal cabinet
that houses the set. The power
unit supplies complete filament,
plate and grid voltages to the set
from the 110-volt A.C. power line.
Models 42 and 52 are equipped
'vith an automatic voltage regula-
tor in series with one side of the
A.C. line. This device is so de-
signed that owing to the heating
effect, a voltage above normal
(110) will increase its resistance
value, and a voltage below normal

(V]

tion of the antenna coupling trans-
former. A slider on this resistance
connects to the ground and the an-
tenna is connected to one side of
the resistance. By adjusting the
slider, more or less of the antenna
current may be shunted to the
ground, thus decreasing or increas-
ing the volume.

The schematic wiring diagram of
Models 40, 42 and 52 is shown in
Fig. 4. Model 52 does not have the
shielded antenna lead. In that set,
two 20-ft. leads are connected to
the volume control, black for an-
tenna and black-green tracer for



ground. The outside end of the
antenna coupling transformer is
connected to the grid contact of the
first R.F. socket.

Servicing Receivers and A.C.
Power Unit.

The main tests to be applied to a
set when not operating properly
may be classified as follows, ap-
plied in order named.

No. 1, Visual inspection. No. 2,
Continuity test, with voltmeter.
No. 3, Voltage test.

The conducting of these tests
will now be outlined.

Visual Inspectlon

In order to make a satisfactory
visual inspection of the wiring and
condition of the parts in a receiver,
it is necessary to remove the set

7. Grid resistances-—note if in-
tact and tightly riveted on.

8. R.F. transformers — examine
for loose or damaged coils, or bad
connections at terminals.

9. Variable condensers — che
for foreign particles between plat
and note spacing between rotary
and stationary plates.

10. Rheostats or volume control
—must operate smoothly.

11. Power supply cable—note
condition of insulation on lead and
condition of terminals at power
end.

12. Power unit-——cable connection
panel must be bolted down tightly.

13. Supply cables — note if cut
by power unit lid.

from the cabinet. This

presents no particular
difficulties, and can
be accomplished in a
minimum of time.

CREEN 7

Points For Inspection
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The following fea-
tures should be given
special attention in
making the general
visual inspection.

1. Soldered joints—
examine for firmness.
A poor physical joint
means a poor electrical
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connection. Note especially ground
lug connections.

2. Screws, bolts and nuts—must
be all tight.

3. Insulation on wiring—must be
perfect and not cut or frayed
through where it passes metal
edges of tubes, contacts, etc.

4. Tube socket fingers—should
be clean and tight.

5. Switches — switch blades
should be clean and make good
contact.

6. Dials—should not scrape on
panel.

Continuity and Voltage Test

After the receiver has been
thoroughly checked by visual in-
spection, the next step toward lo-
cating possible defects will be to
apply the series of circuit con-
tinuity tests. These tests shoye
be made with a low range D‘
voltmeter, zero to 50 volts, cor-
nected in series with a 45-volt B
battery.

It will be necessary also to check
the voltages supplied to the various
circuits by the power unit.



TABLE 1
VOLTAGE TEST CHART—ATWATER KENT A. C. SETS
(Measnrements made while set is in operation)

Model 36

Model 37

Fil, Voltages Test Terminals Model 27 | Serial No. Model 37 odels
(Use 0-5 AC (Colors of cable to Serfal | 1,265,001 Serial No. | Model 38 40, 42, 44
meter) sleads) No. to ,385.00 | and
1,265,000 1,385,000 |
R Approximate Voltaee
ector . Red-white tr. to black- | l
white tr. ____ | 2.2 2.3 23 | 235
avea's AF.__ |Red toblack 1.45 1.3 1.3 1.45
|Power (2nd AF )- | Red-green tr. to black- | | | |
green tr. __ . _ i 4.7 4.8 4.8 4.8
Plate Voltages | i
(Use high resist- |
ance DC meter) | | |
Detector _ .. ged -white tr. to yellow 30 25 30 48 44
RPFP d to any R.F. tube | [
‘P" contact (thru eye-
' let) — .| 135 165 170 | 180 | 160
AF. | Red to black-red tr.._ | 110 136 160 160 155
JPower (2nd A.F.)_ | Red-green tr. to brown | 120 145 175 | 180 | 180
Bias Voltages
(Use high resist- | ! |
ance DC meter)
On Power tube___ | F to G (socket 24, thru |
eyele ) ————— 25 30 45 45 45
On R.F. and 1st | F to G (socket 1A, thru | |
tubes evelets) | 13 12 13 | 13 13 ’
1 | | !
of tubes in order to de-
S R CaeEniro snos termine if it is normal.
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Table I gives the
filament, plate and
bias voltages on At-
. water Kent A.C. sets.
| Gee ™ | This table should be
A very helpful to Radio-

Tricians servicing all
models of A.C. At-
water Kent Receivers.

Figure 3 shows the
connections from the
power unit used in
models 40, 42, 44 and
52. This view shows
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A high resistance voltmeter
should be used for testing B volt-
ages, one having several ranges,
such as 0 to 10, 0 to 100 and 0 t
200, any one of which can be
used by changing connections on
the meter.

or testing filament voltages on

e tubes, a low range A.C. volt-

meter is used having a scale read-
ing of 0 to 5 volts.

A milliammeter can be used for
checking the amount of plate cur-
rent being drawn by one or a group

the approximate position of leads
from the field container. In
Models 40, 42 and 52, a hole is
cut in the rectifier socket mount-
ing angle and the two black leads
are brought up through the hole
and connect to the regulating re-
sistance, which is mounted upright
at the left hand end of the field
container,

Table II gives the contmulty test -
for power unit used in Models 40,
42, 44 and 52. For following test,
remove table connection panel from
unit.



Test

Across 2nd A. F.
filament Supply.

Across R. F. 1st
A. F. Filament
Supply.

Across Detector
Filament Supply.

From +B R.F. to
+B 2nd AF.

+B 1st A.F.
+ B Detector.

Ground.

F1 (on Rectifier
Tube Socket).
From Ground to
+ B Detector.

One Side of 2nd
A. F. Filament
Supply.

One side of R.F.-
1st A.F. Filament
Supply.

One side of De-
tector Filament
Supply.

+B 1st A.F.

P1, P2 (on Recti-
fier Tube Socket)

Each Terminal of
A.C. Plug.

Other Tests
Across terminals
of A.C.Plug. (Tog-
gle Switch “On”.)
F1 to F2 (on
Rectifier Tube
Socket).

One side of 2nd
A. F. Filament
supply to speaker
return terminal.

Correct
Reading

Full

Full

Full

Partial
Small
Very Small

None
Partial

None

Partial
Partial
Full
None
Nearly

Full
None

Full

Full

Full

TABLE II
Wrong Reading
Indicates
None—open 2nd A.F.
fil. winding and open
2nd A.F. filament shunt
resistance.

None—open R.F. 1st
A.F. fil. winding and
open RF. 1st AF. fil.
shunt res.

None — open det. fil.
winding and open de-
tector filament shunt
resistance.

None — open
(output) choke.
None—open 1st A. F.
plate cir. res.
None—open det. plate
cir. res.

Shorted filter condens'r.
None—open plate sup-
ply filter choke.
Shorted by-pass con-
denser.

None—-open 2nd A. F.
grid bias res.

speaker

None—open R.F. 1st
A.F. grid bias res.

Open connection to cen-
ter tap of detector fila-
ment shunt res.
Shorted by-pass
denser.
None—open high volt-
age sec. winding.
Grounded primary of
power transformer.

con-

Open primary of trans-
former or open cable
or switch leads.

Open rectifier filament
winding or connections.

Open connection to cen-
ter tap of 2nd A. F.
filament shunt resist-
ance.

6

Remarks and Further
Possibilities
Nearly full—open fila-
ment winding. (Unsol-
der one fil. winding

connection and tes;
winding and fil. shun
resistance separately.)
Nearly full—open fila-
ment winding. (Un-
solder one fil. winding
connection and test
winding and fil. shunt
resistance separately.)
Nearly full—open fila-
ment winding. (Un-
golder cne fil. winding
connection and test
winding and fil. shunt
resistance separately.)
Full—shorted speaker
choke.

Full—shorted bias res.
Full—shorted bias res.

Examine connections
under panel assembly.

Inspect A.C. cable and
switch leads for acci-

dental grounds.



A comparison chart is shown in
Figure 5 which shows the relation
of the various receivers to each
other. By studying the chart, you
will readily see that all the receiv-

1z circuits are fundamentally the

ame as the Model 37 chassis rep-
+2sented in the extreme right-hand
of the chart.

Models 38, 40 and 42 are develop-
ments and improvements on Model
7.

From Model 42 the three prin-

between the antenna and ground
post of the set.

MODEL 38 is a 7-tube receiver
having the same circuit diagram
as Model 37 with the exception that
an additional stage of Radio fre-
quency amplification is used.

MODEL 40 is a 6-tube receiver
in a metal cabinet with a black dial
and volume control and other minor
differences. It has practically the
same wirlng diagram as the Modael
37.

MOOEL 38
DOUBLE RF. COUS|—

MooeL 37
CHASSIS

I

] 4 ITAGES RF
MODEL 45 MODEL 44
MO VOLTAGE |— OOUBLE RE CONS—
RESULATOR 4 STAGES RF
MODEL 47
DOUBLE AF COns|
A3vrags av
CHASSIS SAME ——— —
AS Not 44 845 MODEL 46 SR G MODEL 42 ———
NO VOLTAGE | lp5upie auDIo [—pmt AVTORATIC DIFFERENCE
LI SLLS 1124 TYPE TUBES voLtace N CABINET
MODEL 53 ITIA TYPE TuBEs REGULATOR
DIFFERENT
CABINET
DYNAMIC SPLAKEA
MoDEL S6 MooEL 57 MODEL 52

DIFFERENT
CABINET

NO VOLTAGE
REGULATOR

|

CONSOLE
CABINET

Fiz. 3—Comparison chiart showliz relationshin of varions models to each other.

ciple Models 43, 44 and 52 were
developed, which were further
modified into the remaining models
shown in the chart. The following
descriptions of the various models
when studied in connection with
the chart will enable the student to
readily understand the different
10dels.

MODEL 37 is a 6-tube single-
dial receiver having three stages
of Radio frequency amplification,
the first stage being untuned. The
volume control consists of a vari-
able resistance connected directly

MODEL 42 is the same receiver
as Model 40, but with an automatic
voltage regulator.

MODEL 44 has the same wiring
diagram as Model 42 with an addi-
tional stage of Radio frequency
amplification.

MODEL 45 is the same receiver
as Model 44, but with no voltage
regulator.

MODEI, 43 is a 7-tube receiver
similar to Model 42 but with a
“double audio” second A.F. stage
of 112-A type tubes. This receiver

adio Histor




is used with an electro-dynamic
speaker.

MODEL 46 is similar to Model
48 but uses F¥17{A type tubes in the
second A.F. stage and it does have
a voltage regulator.

MODEL 47 is similar to Model
46 but has four stages of Radio
frequency amplification making
chassis similar to Models 44 and 45,
but with brass trimmings on vari-
able condensers.

MODEL 53 is the same set as
Model 46 but placed in a different
cabinet with a built-in clectro-
dynamic speaker.

MODEL 52 is a console type of
receiver using the same chassis as
used in Model 42.

MODEL 57 is a 6-tube receiver
the same as Model 52 but no volt-
age regulator. Antenna and
ground posts instead of twenty-
foot leads.

MODEL 56 is the same receiver
as Model 57 with the exception that
the cabinet is four inches lower.

Power Units

POWER UNITS FOR MODELS
40, 42, 44 and 52. Figure 3 shows
the wiring diagram for the power
supply unit in the early receivers
for the above model numbers. Dur-
ing the latter part of 1928, a single-
container-type of power unit used
in Model 44 was modified by design-

ing the condensers and speaker
choke as a separate replaceable as-
sembly in the power unit container.
The same diagram can be used for
testing as used for the first models.

THE POWER UNIT FOI
MODELS 40 AND 45 has alsC
been modified by designing the
condensers and speaker choke as
separate replaceable sections. The
circuit diagram is practically the
same as given in Figure 3.

POWER UNITS FOR MODELS
46, 47 AND 53 are similar to Model
43 except that the power unit is
enlarged to provide adequate sup-
ply for the 171-A type tubes used
in the double audio second A.F.
stage. Also the voltage regulator
is not used and the condensers in
the power unit are contained in a
separate replaceable section.

THE POWER UNIT IN
MODELS 47 and 38 is pra¢
tically the same as the powe.
unit used in Models 40, 42, 44 and
52 with the exception that it does
not have the regulating resistance
in series with the primary circuit.
Figure 3 shows the various connec-
tions on this power unit. How-
ever, the COLOR SCHEME ON
MODELS 37 and 38 IS NOT THE
SAME AS SHOWN IN THIS
FIGURE. The circuit diagram
will enable the Radio-Trician to
successfully test the unit.
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THIS data sheet gives practical examples of

the important tadio laws which you have
studied in connection with resistors. Of
course. in ordinary radio work you will
rarely have to figure out more than one
thing at a time; here we show several ex-
amples for each circuit only 1n order to
emphasize the maximum possible number of
basic radio principles.

EXAMPLE 1

A resistance load regiires 40 volts and
draws 10 milliamperes. It is to be con-
nected into a circuit having a 90-volt source.
with a series resistor being used to get rid
of the undesired voltage. What ohmic value
and wattage rating should the series voltage-
dropping resistor have?

SOLUTION: First we draw the sche-
matic diagram of the circuit, and place on
it all known information, as follows:

R=9 I=10 MA.
S )
= —VR—— ; 3
e R .  Ziomo
= sovouTs 40vVOLTS ERy

Since we are to find the ohmic value of
series resistor R by means of Ohm's Law.
we must first know the values of E and 1
for this resistor (R = E +— 1). We already
know that I is 10 ma. because this is a
series circuit, and the load current must flow
through series resistor R. To change this
10-ma. current value to amperes, we move
the decimal point three places to the left,
and thereby get .01 ampere as the value of I.

To find the voltage drop V. across R,
we make use of Kirchhoff's Voltage Law. It
says that the voltages dropped across the
load and the series resistor must add up to
the source voltage. The only voltage value
for R which will meet this zundamental re-
quirement is a value equal to the difference
between the source voltage of 90 volts and
the load voltage of 40 volts. Therefore,
voltage drop V| is equal. to 90 — 40,
which is 50 volts.

DATA SHEET No. A(5FR)

RESISTOR EXAMPLES

Knowing that V,, is 50 and I is .01. we
can now usethe Ohm’s Law formula.

R = E = I to give us the ohmic value of R:
R =V, = I 5000.
.01.]50.00.
R = 50 = .01 5
R = 5000 ohms 600
NOTE: Division with decimals is ex-

plained near the end of this data sheer.

Series voltage-dropping resistor R must
therefore have an ohmic value of 5000 ohms.
But can we use any 5000-ohin resistos?
No. We must be sure that the resistor we
use will be able to handle the amount of
power which is lost in it as heat. That is
why we figure out this power loss before
choosing a resistor.

The power formula, you will recall, says
that the power in watts is equal to the
voltage drop across the resistor multiplied
by the current flowing through the resistor

(P = E X I). Thus:
P = V“ X 1
P =50 x .01
P = .5 wartt

If series resistor R is located in open air,
a 500N-nhm resistor having a wattage rat-
in, of 13 watt will serve the purpose. If
the resistor is mounted underneath a chassis

RESISTOR FORMULAS

OHM'S LAW POWER
FORMULAS FORMULAS
E=1xR P=E x I
R E -1 P=1XxXxIXR
I = E =R P=E X E -R

PARALLEL RESISTANCE FORMULA
R, X R,

R, 1 R,

E — VOLTAGE in VOLTS

I = CURRENT in AMPERES

R = RESISTANCE in OHMS
= POWER in WATTS

R =

Lithographed in U.S.A.




where air circulation is limited, we should
provide an ample margin of safety by using
a resistor h.ving a considerably higher watt-
age rating than the computed power value.
In other words, we should use a2 5000-ohm
resistor having a l-watt or even larger
rating.

EXAMPLE 2

The load resistance in our first example
was 4000 ohms (R = E = 1 = 40 = .01
= 4000 ohms). Instead of a resistor, this
load could be a vacuum tube which varies
considerably in resistance during certain op-
erating conditions. The load voltage, how-
ever, should remain constant at 40 volts.
Will the tube still get 40 volts if the tube
resistance drops to 1000 ohms?

SOLUTION: According to Ol a's Law,
the load voltage will be equal to the load
current multiplied by the load resistance
(E = 1 X R). When the load resistance
drops to 1000 ohms, the total circuit current
changes. the resistance changes, and hence the
load current changes. Here is how we can
figure the new load current value.

In our circuit now, we have 2 5000-ohm
series resistor and a load resistance of 1000
ohms. These two resistances are in series,
so their values add. This means that the
total resistance which the source ‘‘sees”” in
this circuit is 5000 4 1000, or 6000 ohms.

With a source voltage of 90 volts acting

on a total resistance of 6000 ohms, the
circuit current will be:
I=E =R
I = 90 = 6000
I = .015 ampere.
Now we can figure out the load voltage:
Vy, =I X Ry, (same as E =1 x R)
L = 015 x 1000
= 15 volts

L

This load voltage vaiue of 15 volts is

certainly considerably lower than the re-

quired value of 40 volts. This demon-

strates that in a simple series circuit, a change

in load resistance will have considerable effect
upon the load voltage.

EXAMPLE 3

By connecting a shunt or bleeder resistor
across the vacuum tube load in the previous
example, we can make the load voltage more
nearly constant when the load resistance
changes in value (improve the voltage regu-
lation).  What should be the ohmic values
and wattage ratings of the series and shunt
resistors. and how much will the load vol-
tage change now when the load resistance
d ops from 4000 ohms to 1000 ohms?

SOLUTION: For the purpose of this
explanation. we will fiest draw our circuit

ha

o "‘\

diagram and place on
as follows:

AAAAAAAAAAAAAAAA
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To begin with, we want the resistance of
bleeder resistor Ry, to be many times smaller
than the ohmic value of load Ry, because
this is one requirement for good voltage
regulation. Stated in another way, we want
Rp to carry several times as much current
as the load. Let us say that we will make
Rp carry 10 times the normal load current:
this is 10 times .01 ampere, or .1 ampere.

We know that R;, will get the same vol-
tage as the load, because it is in parallel with
the load. Thus, knowing both the current
and voltage of Ry, we can determine its
resistance value by Ohm's Law:

Ry =V, =+ 1, (sameasR = E = 1)
Ry = 40 = .1
n = 400 ohms
The ohmic value of Ry should thus be
400 ohms. Its power loss will be P = E
X I = 40 X .l1. which is 4 watts. The

nearest standard-size resistor readily available
is 5 watts. and this would be considered the
minimum safe size. Ordinarily a radio man
would use a 10-watt resistor in this loca-
tion to give ample margin of safety.

Now let us figure the ohmic value of series
resistor R.  We know that this resistor must
drop 50 volts. because we still need 40 volts
across the load. We must figure out, how-
evgr, what the new current value through the
series resistor is.

Kirchhoff's Current Law says that the
current flowing through this resistor will be
the sum of the currents flowing through Rp
and R;. This means that the series resistor
current will be .1 4+ .01, or .11 amp.

Now we can use Ohm’s Law to compute

the ohmic value of series resistor R:
R = 50 = .11
R = 454 ohms

It would be quite difficult to secure a
resistor having an ohmic value of exactly
454 ohms. Furthermore, such an exact
value is not neces:ary in radio work. In-
stead, we use the nearest standard-size re-
sistor. In this case. it would be a 450-ohm
resistor.  The power loss is 50 X .11, or
5.5 watts. hence a 10-wartt resistor is the
logical choice.

Now let us see what happens to the load
voltage in this circuit when the load re-
sistance drops to 1000 ohms. We first draw

ve



the circujt diagram in schematic form and
put in all of our known values for this new
condition, as follows:

-
0 r-450 0Hus
= Rg E8
=90 voLTS 4002 V=? 2000
g MMS | Fonus

If we know the combined resistance of
Ry and Ry, in parallel, and ais6 know the
current which would flow through this com-
bined resistance value (this is the same as
the current through series resistor R), we
can figure out the load voltage by means of
Ohm's Law.

First we figure the combined resistance
(let us call it Rg) of Ry and Ry, in parallel,

as follows:
R, = Ry X Ry,
Ry + Ry,
400 X 1000 400,000
Ry =

~ 400 + 1000 — 1,400

Ry = 286 obms, combined resistance

This combined resistance of 286 chms is
in series with the 450-ohm value of R,
insofar as the source is concerned. The total
circuit resistance is then 450 4 286, which
is 736 ohms. A source voltage of 90 volts
acting on 736 ohms makes circuit current
I, equal to 90 + 736, which is .12 ampere.

To find the load voltage now, all we
bave to do is multiply circuit current 1, by
combined resistance R,. This gives us .12
X 2B86. or 35 volts as the load voltage
under the condition whereby the tube re-
sistance has dropped to 1000 ohms. This
is not at all far off from the desired voltage
value of 40 volts, clearly proving the value
of the bleeder resistor in keeping the load
voltage reasonably constant.

We found in EXAMPLE 2 that the load
voltage dropped to 15 volts under similar
conditions but without the bleeder resistor.
Thus we see that a shunt or bleeder resistor
improves the voltage regulation of a circuit.
The smaller the change in load voltage when
the load resistance vaties, the hetter is the
voltage regulation.

REVIEW OF DECIMAL NUMBERS

ECIMALS are merely a convenient

short-hand method of specifying frac-
tional values. Since we encounter decimals
occasionally when we read a meter or do a
hit of figuring for radio circuits, the simple
fundamental rules for handling decimal num-
bers are presented here in condensed form to
refresh your memory. Read them once now,
and refer to them whenever in doubt about
a decimal problem.

We will start off this review with ex-
amples of a few decimal numbers and their
fractional equivalents.

1 = I_IO = one tenth
.0‘3 = T(3)_0' = three hundreths
.001 = —l— = one thousandth
1000
o 7 seven ten
007 = 10,000 _ thousandths
- 7 __ reven hundred
0007 = 100,000  thousandths
000001 =—1__— gne millionth
1,000,000
- 25 twenty-five ten
0025 = 10,000 — thousandths

Any number of zeros can be added after
a decimal number without changing its
value. Thus, .03 is the same as .030 or

.03000; 1.405 is the same as 1.40500; 7
is the same as 7.0 or 7.000.

Reading decimal numbers is easy when
done the radio man's way. He does not
ordinarily bother to use the fractiopal pro-
nunciations; instead, he calls off the decimal
point, zeros and numbers from left to right
in their respective order. If a radio man
walked into a store to buy a .25-mfd. con-
denser, he would simply ask for a ““point
two five microfarad condensée.”” To him,
.025 would be “point oh two five”; .0025
would be “point double oh two five”;
.00025 would be “point triple oh two five.”
With a number like 25.079. he would say
“‘twenty-five point oh seven nine.’”” Corre-
spondingly, if speaking of a current of .75
ma. which is being measured by a milliam-
meter in a circuit, he would say and think
there is point seven five milliampere flowing
in the circuit,” instead of saying and think-
ing “‘seventy-five hundreths of a milliam-
pere.”’

In radio work, it is often necessary to
multiply or divide both whole numbers and
decimal numbers by such values as 10 100,
1000, or 1,000.000. This is necessary
when changing values in milliamperes to
amperes and vice versa, or when changing
values in ohms to megohms and vice versa.
On the next page are simple rules for doing
this.




MULTIPLICATION RULES

To multiply by 10, move the decimal
point ONE place to the RIGHT.

10 X 7 = 70

X .7=70=17
10 X .01 = 0.1 = .1

X .0035 = 0.035 = .035

10 x 15.79 = 157.9

To multiply by 100. move the decimal
point TWO places to the RIGHT.

100 X .01 = 01. = 1

100 X 15.798 = 1579.8

To multiply by 1000, move the decimal
point THREE places to the RIGHT.

1000 x .01 = 010. = 10

1000 X 1.75 = 1750

To multiply by 1,000,000, move the
decimal point SIX places to the RIGHT.

1.000.000 X .00025 = 250

1,000.000 x 2.5 = 2.500.000

DIVISION RULES

To divide by 10. move the decimal point
ONE place to the LEFT.

.0035 = 10 = .00035

125.7 = 10 = 12.57

To divide by 100. move the decimal point
TWO places to the LEFT.
.5 = 100 = .005

To divide by 1000, move the decimal
point THREE places to the LEFT.
5.7 = 1000 = .0057

To divide by 1.000.000. move the deci-
mal point SIX places to the LEFT.

750.000 = 1,000,000 = .75

3,500,000 + 1,000.000 = 3.5

MULTIPLYING DECIMAL NUMBERS

Decimal numbers are multiplied in the
same way that ordinary numbers are multi-
plied in simple arithmetic. The number of
decimal places in the answer is the SUM of
the decimal places in the two numbers being
multiplied together.

EXAMPLE: Multiply .0025 by 43

.0025 —<—4 decimal places

43 ~<—0 decimal places

75
100 Total is 4 decimal places
1075 so the answer 15 .1075

EXAMPLE: Multiply .025 by .0043

.025 —-<—3 decimal places
.0043 —~—4 decimal places
75
ﬂ Total is 7 decimal places.
1075 so the answer is .0001075

DIVIDING DECIMAL NUMBERS

A decimal can be divided directly by a
whole number. The decimal point in the
answer is placed directly below (or above)
the decimal point in the decimal number,
and empty places after the decimal point in
the answer are filled in with zeros.

EXAMPLE: Divide .012 by 6

Set up the problem 6 | .012
in the usual way:

Place the decimal point 6 | .012
for the answer: K

6 won'tgointoOorl, 6 | .012
so put down 00 .00
6 goes into 12 two

times. so put down a 2: 6 | .012
The answer is .002 ©.002

To divide a whole or decimal number by
a decimal number. first set up the number
for division. Start with the number you
are dividing by, and move its decimal
point enough places to the right to change
the decimal into a whole number. Next.
move the decimal point for the other number
the same number of places to the right, and
put zeros in the empty places. Now you can
divide in the usual manner as if work:
with whole numbers:

EXAMPLE: Divide 140 by .0025

.0025 | 140. ~ Note that in the

first step, a decimal

——=— -~ point has b een

0025. | 140 0000. R

whole number. Al-

5 600(_)_‘ though a decimal

25| 140 0000. point belongs after

125 every whole num-

15 0 ber, it is shown

15 0 oniy when needed

000 for division pur-
poses.

EXAMPLE: Divide .25 by .0014

.0014 | .25 .
You could increase the

0014, I‘ 2500, accuracy of the answer
by adding more zeros

after 2500. and carr

178.5 ing out the divisi
14 1+ 2500.0 further, but a practi
14 cal radio man would
110 rarely add more than
98 one zero in a problem
120 like this. In fact. he
112 would be more likely
—= to stop with 178, or

8 0

70 even call the answer

about 180.

—
o
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How To Service A Dead Receiver

N ordinary radio receiver has four essen-

tial sections: I, the R.F. section, which
selects and amplifies the desired modulated
R.F. carrier signal after it is picked up by
the antenna system; 2, the detector, which
separates the audio signal from the R.F. car-
rier rignal; 3, the A.F. section. which ampli-
fies the audio signal; 4, the loudspeaker,
which converts the aniplified A.F. signal into
sound waves. These processes of amplifi-
cation and detection are made possible by
vacunm tubes. and these tubes can operate
only if their cathodes are properly heated and
their other electrodes are supplied with the
proper D.C. potentials. The various cir-
cuits in a receiver therefore divide into two
distinct groups, the signal circuits and the
power supply circuits.

Causes of Dead Receivers. A radio re-
ceiver which will not bring in any programs
whatsoever is said to be dead. There are
only four fundamental causes for a dead re-
ceiver: 1, a defective tube; 2, an open con-
nection or part in the signal circuit or in the
supply circuit; 3, a shorted part, which either
blocks a signal circuit or prevents -applica-
tion of a D.C. voltage to a tube electrode;
4, a defective part which has changed in char-
acteristics sufficiently to cause blocking of a
signal ctrcuit. A Radiotrician who is con-
fronted with a dead receiver immediately
makes a check for these defects. He knows
that they may - occur in parts which are
either above or below the chassis, and since
it is oftentimes a bit difficult to remove the
chassis, he first makes certain that there are
no defects above the chassis.

The Professional Technique for Dead Re-
ceivers. 1f a check for surface defects above
the chassis fails to reveal the trouble, the
Radiotrician removes the chassis from its
cabinet and quickly checks the parts under-
neath for obvious defects. He then begins a
systematic and speedy procedure for locating
the defective stage, followed by an ohmmeter
test to locate the defective part in that stage.
Finally, he replaces or repairs the defective
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part. The steps in the professional service
technique for repairing a dead receiver are,
therefore:

1. Check for surface defects above the chassis
and test all tubes.

2. Check for surface defects beneath the chas-
s

3. Locate the defective atade.

4. Locate the defective part.

5. Repair the defect. .

Checking for Surface Defects. Although
this subject has already been thoroughly cov-
ered, it is so important in the case of dead
receivers that I will review it briefly here.
Check the antenna system to be sure it is
up and in good condition. Make sure that
the receiver is being supplied with power
by noting whether the pilot lamps light and
whether the tubes heat. Look for tubes
which are not properly seated in their
sockets; oftentimes tube prongs may not be
making good contact with socket terminals.
Be sure there are no loose parts above the
chassis. Inspect tube shiclds and tube top
cap connections. Finally, test each tube with
a tube checker, and check the loudspeaker.

Next comes removal of the chassis and an
inspection for open connections, broken parts,
and charred parts underneath the chassis.
If you find an obviously defective part, be
sure to inspect other parts which are asso-
ciated with it. For example, a shorted by-
pass condenser may cause large currents to
flow through a resistor, giving the resistor
a charred appearance. Although the resistor
is defective, the shorted condenser is the
true cause.

Locating the Defective Stage

Any method for locating the defective
stage in a dead receiver should begin with
a check of the power pack. Connect a high-
range D.C. voltmeter between the chassis
and the plate terminal of the last audio tube
(or between the chassis and one terminal of
the loudspeaker field coil) ; the meter should
indicate a reading somewhere between 180
and 250 volts if the power pack is producing
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the correct D.C. voltage for the receiver. If
this reading is secured, you can assume that
the power pack is cleared of suspicion.

The Signal Generator Method. The most
conclusive procedure for isolating the defec-
tive stage in a dead receiver is the signal
generator method, also known as the dy-
namic stage-by-stage elimination procedure.
It should be mastered and used whenever a
check for surface defects fails to reveal the
cause of a dead receiver.

The principle underlying this method is
quite simple. In a superheterodyne receiver,
as you know, the signal from a desired sta-
tion enters the receiver at the carrier fre-
quency of that station; at the output of the
mixer-first detector stage there is a change
to the frequency of the I.F. amplifier, and at
the second detector there is another change,
this time to the A.F. signal frequency. Au-
dio signals then exist right up to the loud-
speaker, where they are converted into sound
waves. By introducing into certain stages,
with an ordinary modulated R.F. signal gen-
erator, a signal which duplicates that which
would exist if the receiver were performing
correctly and were tuned to a station, we can
locate the defective stage.

An essential requirement of this method is
familiarity with the signal generator. You
should know how to change its frequency
band, how to adjust it to the desired fre-
quency and how to control its output. De-
termine whether it has a condenser in series
with its output, to block the flow of direct
current; if the condenser is absent, insert a
.002 mfd. condenser and a .1 megohm resistor
in one of its leads, as shown in Fig, I. The
resistor is optional but the condenser is
necessary.

The receiver is always turned on while the
defoctive stage is being isolated with a signal
generator (S.G.). The procedure begins
at the second detector; connect the S.G.
ground lead to the chassis of the receiver,
and connect the other S.G. lead or probe
(known as the free probe) to the input of
the second detector stage. If this stage uses
a triode or pentode, connect to the control
grid; if a diode, connect to the plate of the
preceding tube (the last LF. tube). Set the
S.G. to the LF. value of the receiver and
advance the control on the S.G. to maximum
output. If the second detector and the
audio system are free from defects, you
should now hear the S.G. tone.

If no tone is heard, a dete¢tor or audio
system defect is indicated. We could use a
special audio signal generator and advance it
stage by stage toward the loudspeaker until

its tone was heard, but an R.F. signal gen-
erator will serve just as well if used with
the headphone and control system .shown in
Fig. 2. You can easily assemble this 'your-
self. The ground probe is connected to the
chassis of the receiver, and the free probe
is connected first to the output of the sec-
ond detector (to the plate in the case of tri-
ode or pentode tubes, or to the load resistor
in the case of a diode detector). The R.F.
signal generator connections are not changed.
If a tone is heard in the phone, you can as-
sume that the second detector is okay. Now
move the free probe from the detector out-
put to the plate of each audio tube in turn,
working toward the loudspeaker; when you
reach a plate terminal at which no tone is
heard, you know that you have just passed
through the defective stage. If there are
two tubes in the output stage, apply the
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FI1G. 1. Block diagram of a superheterodyne re-
celver, showing a signal generator connection to
the first detector for locating a defective stage.

GROUND
PROBE

probe to the plate of each in turn. Always
adjust the volume control in the control box
after making each new connection, to secure
normal volume without overloading the
phone.

If the tone ts heard in the loudspeaker
when the S.G. is connected to the input of
the second detector, you assume that the
detector and audio systems are good, and
omit the headphone test. Advance the free
S.G, probe to the plate and then to the grid
of the preceding LF. tube; if the tone is
heard, repeat for the other LF. tubes until
you arrive at the grid of the first detector.
As long as all stages between the S.G. con-
nection and the loudspeaker are good, the
tone will be heard from the loudspeaker; the
tone will no longer be heard when you have
passed through the defective stage.

Assuming you have not yet located the
defective stage, your S.G. will now be con-
nected as shown in Fig. I. With this con-
nection, you can determine if the local oscil-
lator is functioning. Tune the S.G. to the
frequency to which the receiver is tuned;
if the tone is not heard when this is done,




either the oscillator or its connection to the
mixer-first detector is defective. If you like,
you can make an additional check for a de-
fective oscillator by tuning the receiver to a
local station, then tuning the S.G. (without
changing its connection) to a frequency
which is above or below the local station fre-
quency by the LF. value of the receiver. For
example, if the receiver is tuned to a 1,200
ke. station and the LF, value 1s 460 kc., set
the S.G. either to 1,660 kc. or 740 kc. If
you now hear the program of the local sta-
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Handy headphone unit for locating a
defective stage.

FIG. 2.

tion from the loudspeaker, mixed with S.G.
tone, you know that the local oscillator is
defective and that the stages ahead of the
first detector are good.

If the local oscillator is functioning, set
the S.G. at the same frequency as the re-
ceiver, then advance the free S.G. probe to
the plate and then to the grid of the R.F.
amplifier stage, and finally to the antenna
terminal of the receiver. The tone in the
loudspeaker should stop for one of these
points, if you have come this far without
locating the defective stage.

If you use a series resistor in the S.G.
lead as indicated in Fig. I, the loudspeaker
tone should become londer as you move the
S.G. probe toward the antenna terminal;
when the tone becomes excessively loud, turn
down the control on the S.G. until you secure
normal output. Without the series resistor,
the detuning effect of the S.G. on an R.F.
stage may offset the gain of that stage.

Circuit Disturbance Test. A quicker but
less dependable method for isolating the de-
fective stage after the main D.C. supply
voltage has been checked is that known as
the circuirt disturbance test. This test is
based upon the fact that each stage in a re-
ceiver is one link in a chain extending from
the antenna terminal to the loudspeaker ; any
sudden plate current interruption or change
along this chain will cause a surge of power
to be relayed on to the loudspeaker (where
it is heard as a click), if there are no de-
fective stages between the loudspeaker and
the point at which the disturbance was
created.

There are a number of ways to produce a
disturbance in a stage: I, pull a tube from its
socket, then replace it (two clicks are usu-
ally heard when this is done); 2, touch tHe
control grid of a tube, or remove and replace
the top cap connector. The Radiotrician
uses whichever method is easier to apply to a
particular tube.

A circuit disturbance test begins at the
second detector tube when this tube is a tri-
ode or pentode; in the case of a diode sec-
ond detector either the preceding or the
following tube is removed. If a click is
heard, you know that all stages between the
point of the disturbance and the loudspeaker
are good; if no click is heard, proceed to-
ward the loudspeaker, introducing a disturb-
ance in each stage in turn. (A howl rather
than a click is often heard when a grid is
touched.)

If the circuit disturbance test indicates that
there are no defects in the audio system and
second detector, work toward the first de-
tector; pull out tubes or remove grid cap
connections, remembering that there should
be an indication of some sort from the loud-
The circuit

speaker each time this is done.
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FIG. 3. Typlcal I.F. amplifier stage and its con-

nections to the recelver power pack. V71 is the
L.F. amplifier tube; its cathode Is I; control grid
is 3; screen grid is 3; suppressor grid is ¢; plate is 5.

disturbance test will not reveal the condition
of the local oscillator, however; no click
will be heard when this tube is removed, but
if a background noise and hissing are heard
when the volume is turned up, indicating a
“live” receiver even though no broadcasts
are received, you can assume that either the
local oscillator or a preselector (R.F.) stage



is defective. If a circuit disturbance test on
the R.F. tube indicates it is good, then the
local oscillator will undoubtedly be defective.

The chief advariaze of the circuit dis-
turbance test is that it can be carried out in
a few minutes, working from the top of the
chassis. A signal generator test of the sus-
pected stage will then verify the results of
the circuit disturbance test and also tell
whether the defect is in the input or output
circuit. A typical LF, amplifier stage is
shown in Fig. 3: if a tone is heard when
the free S.G. probe is connected to point 5
(the other S.G. probe being on the chassis),
we know that parts C2, L3, L4 and all fol-
lowing sections are good. If the free S.G.
probe is moved from point 5 to point 2, and
no output tone is now heard, we have con-
clusive evidence that there is trouble in the
tube, that CI or L2 is shorted, or that the
tube is not receiving its proper electrode
voltages.

Locating the Defective Part
With an Ohmmeter

Before considering how the defective part
can be located with an ohmmeter once its
approximate location has been determined,
let us consider the fundamental rules for
checking continuity with an ohmmeter. The
circuit in Fig, 3 will be used as our exam-
ple.

RULE 1. There should be continuity be-
tween the cathode of the rectifier tube and
all tube electrodes which are supplied with
positive D.C. potentials. This rule therefore
applies to screen grid and plate electrodes.
Thus, in Fig. 3 you can trace from the plate
of the tube (point 5) through coil L3, re-
sistor R2 and choke coil L5 to point x, which
is at the cathode of the power pack rectifier
tube.

RULE 2. There should be continuity be-
tween a plate terminal of the rectifier tube
and all tube electrodes which are supplied
with negative D.C. potentials. This rule
applies to control grids and suppressor grids,
and also to cathodes. Thus, in Fig. 3 you
can trace from the control grid (point 2)
through L2 to ground (the chassis), through
the chassis to point y, and through either
half of the power transformer secondary
winding to a rectifier tube plate.

It is generally true that all tube electrodes
trace to the chassis, but there will be a few

exceptions. For example if resistor R4
were omitted from the circuit in Fig. 3 (as it
often is), this general continuity-to-chassis
rule wotuld not hold true for the plate and
screen grid electrodes (5 and 3). _

The procedure for isolating a defective
part with an ochmmeter can be best explained
by using Fig. 3 as an example. With the
receiver power plug out of its wall outlet,
connect the ohmmeter probes in turn to
points 5 and x, 3 and x, I and = (or the chas-
sis), 2 and z, and finally to 4 and 2. In each
case a definite reading of the ochmmeter clears
that circuit of suspicion; an open circuit in-
dication (no ohmmeter pointer movement)
indicates a defect, and we then concentrate
on the circuit between the two points to
which the ohmmeter probes are connected.

Suppose that we found no continuity be-
tween points 3 and x. We would then move
the ohmmeter probe from 3 toward point x,
one part at a time. If we secured a conti-
nuity reading for 7 and . but not for 6 and x,
we would then know positively that resistor
R3 was open.

If the defective stage is definitely located
but continuity tests with an ohmmeter do
not indicate an open circuit, the next step can
be an ohmmeter check of each part in the
suspected stage. A study of the circuit dia-
gram will reveal the parts which are most
likely to cause a dead receiver, and these can
be checked first. For example, shorting of
condenser C5 in Fig. 3 would prevent appli-
tation of a D.C. voltage to the screen grid;
an ohmmeter c¢heck across either R4 or C5
would reveal this short, and the parts would
then be checked individually to determine
which one was at fault.

The procedure described here for using
an ohmmeter to locate a defective part in a
dead receiver applies equally well to im-
properly operating receivers. In the latter
case, however, the values of individual re-
sistors or combinations of resistors in series
should be checked against the values speci-
fied on the circuit diagram. Changes in re-
sistor values occasionally can cause a dead
receiver, but more often the result will be an
improperly operating receiver. Once you
master radio circuits and become familiar
with the paths for direct current flow, the
actual location of a defective part will pre-
sent no difficulties.

World Radio Histo




PEULAN

NATIONAL RADID INBSTITUTE -

=

WASHINGTON, D.C. »

: .i
iy S .
ks U K, J

PRACTICAL JOB SHELT

Uses For Circuit Diagrams and Pictorial Layouts
In Servicing

TIIE Purpose of This Job Sheet. In the
previous job sheet, I have shown you
how you would service a dead receiver. As
you will recall, isolation of the defective
stage was followed by a general continuity
test. If this did not reveal the defect, a test
was made for opens, leaks or shorts in the
parts in the defective stage.

It is generally known that manufacturers
issue service manuals or bulletins to aid the
serviceman in making these tests. These
bulletins give circuit connections in the form
of schematic circuit diagrams; they often in-
clude tube layout and pictorial layout dia-
grams, all highly useful for making these
basic tests on a dead receiver. These dia-
grams are even more important for servicing
an improperly operating receiver, as you will
shortly see.

It would be impossible to show in this job
sheet all the different forms in which sche-
matic circuits are prepared; likewise [ can-
not tell how to trace circuits or tell how
various stages operate. All this is fully cov-
ered in your regular Course. The real pur-
puse of this jub sheet is to show you the
types of diagrams which are found in serv-
ice manuals, to point out how these diagrams
can help you in servicing receivers, and to
emphasize the value of your regular Course
in radio servicing.

Any one watching a Radiotrician at work
cannot help but be impressed by the speed
and ease with which he carries out the pro-
fessional servicing procedures and locates
the defective part in a radio receiver. To
many his ability seems uncanny, and yet the
tests which he makes are remarkably sim-
ple, once their principles and purposes are
clearly understood. Speed in applying the
tests depends, however, upon knowing where
to find the various stages, parts and terminals
involved.

For example, in isolating a defective stage
you should know what stages are used in the
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receiver and where they are located; you
should be able to point to the mixer-first de-
tector stage, the R.F. preselector stage, the
output stage, the power rectifier tube, etc.,
on the chassis. Omnce you have isolated the
defective stage in a teceiver, you should be
able to identify the terminals on the tube
sockets in that stage. Furthermore, you
should be able to locate the various parts
which make up the continuous path from any
positive tube electrode to the cathode of the
rectifier tube. Later, after you have become
more familiar with radio receiver circuits
and have learned that therc are special con-
trol circuits_such as automatic volume con-

Typical tube socket connection diagrams; the

small numbered circles indicate the positions of

the socket terminals as they appear when you

look at the bostom of the socket. To a Radio-

tririan thass tell which termlual un a purticutar

tube socket goes to the cathode, which goes
to the piate, etc.

trol (A.V.C.), automatic bass compensa-
tion (A.B.C.), and automatic frequency con-
trol (A.F.C.), you should be able to recog-
nize the parts associated with these circuits
and either include or eliminate them from
your test as required. All this information
is obtained most easily by referring to the
circuit diagrams and pictorial layouts which
are prepared by receiver manufacturers for
the convenience of servicemen. In this job
sheet we will first consider the various types
of diagrams which are available, and then
take np the veas for these diagranis in actual
servicing work.

Schematic Circuit Diagrams. No radio
serviceman, not even an expert, can look at
a radio receiver chassis and immediately
identify each part and its purpose in the re-

Copyright 1939 by National Radio Institute, Wash., D. C. Printed in U. S. A.
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ceiver. Of course, the expert could trace
each and every wire and then draw up a cir-
cuit diagram for the receiver, but this would
take hours of tedious work. When a Radio-
trician finds that a knowledge of the circuit
connections in a particular receiver is neces-
sary, he secures a service manual containing
the circuit diagram of that receiver. In a
radio service shop where one or more men
are servicing sets on a full-time basis, a com-
plete set of service manuals for all receivers
is kept on hand as a part of the shop equip-
ment, and is considered just as essential as
the iultimeter, signal generator and tube
tester. (N. R. L. maintains a file of receiver
circuit diagrams. If you have a receiver to

repair or experiment with, but do not have a
service manual for it, write in to N. R. L
giving the make and model number of the
receiver and a list of the tubes used in it,
and the circuit diagram for it will be loaned
to you.)

This particular type of pictoriai iayout diagram,
showing locations of parts on the chassls but
omitting all wiring, is typical of those found in
the service manuals for some Pniico receivers.

Another point I want to emphasize is that
a serviceman is never required to read a com-
plete receiver circuit diagram while servic-
ing any receiver. He may have to analyze
the particular section of the diagram in
which the defect is located, in order to figure
which parts might, if defective, cause the
observed trouble, but the professional serv-
icing technique makes it unnecessary to
study more than that one section at a time.
Careful study of your regular Course will
give you this ability to analyze circuit dia-
grams.

Tube Layout Diagrams. With the infor-
mation given in a circuit diagram, the Radio-
trician can determine the function of each
tube on the receiver chassis and can carry
out a dynamic or circuit disturbance test for
locating the defective stage in the case of a
dead receiver. When there are two or more
tubes of the same type on a chassis, how-
ever, it is considerably more difficult to de-
termine the function of each tube without

additional information. In a case like this,
the Radiotrician will refer to the tube layout
diagram which generally accompanies the
circuit diagram. This tube layout diagram
not only tells what tubes are used, but shows
exactly where they will be found on the
chassis, and indicates the stage in which
each tube is employed. A tube layout dia-
gram generally indicates tube positions as
viewed from the top of the chassis, but with
a little experience you can make this diagram
serve just as well when working on the bot-
tom of the chassis; a tube is readily identi-
fied by noting its relation to adjacent, easily-
recognized parts. As you acquire experience,
you will become familiar with socket connec-
tions for the more common tubes and will be
able to work on these tubes without referring
to a tube chart.

Tube Charts. When you turn over the
chassis of a receiver in order to get at the
socket terminals for a particular tube, you
are confronted with the problem of identify-
ing the various socket terminals. Sometimes
this information is provided right on the
circuit diagram, by using a combination pic-
torial and schematic diagram for each tube
in place of the usual schematic symbols.
Some manufacturers give tube socket connec-
tions on the tube layout diagram, while
others give the connections on the pictorial
layout diagram. You can identify tube socket
terminals even without these diagrams, how-
ever, for tube manufacturers prepare special
charts for servicemen which show the socket
connections for all tubes. When you are
ready to begin actual work on radio receiv-
ers, 1 suggest that you secure one of-these
tube charts from your local radio parts dis-
tributor.

Pictorial Layouts. In a few service man-
uals you will find, in addition to the diagrams
just described, a pictorial layout diagram
which shows the approximate position of
each part on the chassis and which may also
show the actual wiring. A brief review of
the professional servicing technique for dead
receivers will serve to show you how a pic:
torial layout can be used to advantage when
available.

The circuit diagram and the tube layout
diagram give you all the reference informa-
tion which is necessary for locating the de-
fective stage in a dead receiver. After
the defective stage is isolated, you will
make continuity tests with an ohmmeter;
these involve locating the cathode and a
plate of the rectifier tube, as well as identifi-
cation of tube socket terminals for other
tubes, and hence you must refer to tube con-
nection diagrams or tube charts. When the
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“I'hese dlagrams are typical of those found In radlo recelver service manuals. At A ls the most im-
portant of all, the schematic circuit diagram; you should eventually be able to service recelvers with
this diagram alone. At B is a tube and chassis parts layout as viewed from the top of the chassis;
oftentimes this diagram will also show the positions of the adjusting screws or nuts. At Cisa plc(orhi
layout diagram showing the actual position of each part derneath the chassis; the part numbers
on this diagram correspond to those in the circult diagram. The connecting wires are shown here,
but some manufacturers omit all wiring from pictorial layout diagrams. NOTE: These diagrams are
presented here simply to give you a general ides of the types of diagrama which are available to service-
men; no attempt has been made to make these diagrams essy to read in this job sheet.
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defective circuit 1s lozated, you check con-
tinuity through each of the various parts
which make up this circuit.

In checking an electrode circuit for con-
ti.uity, une ohmmeter probe is connected to
the common terminal for the electrode, cir-
cuit uider test (either the cathude or a plate
of the rectifier tube), and the other or free
piobe is moved f{rom poiut to point along
the circuit. The parts in the circuit may
be checked individualiy or in combinations;
for each measurerient. the ohmmeter reading
is compared with the values specified on the
circuit diagramm in order to determine
whether the parts are normal or defective.
Finally, the defective part may be checked
by itself with the ohmmeter. The ability
i interpret properly the ohmmeter readings
which are secured is highly essential in this
procedure, and this ability in turn depends
upon mastery of the fundamental radio prin-
ciples presented in your regular Course.

The location of specific parts in a circuit
may be speeded up considerably, however, by
referring to a pictorial layout diagram. Use
the circuit diagram to determine what parts
are in the circuit under consideration, note
their identifying numbers, and refer to the
pa-ts layout diagram to determine the loca-
tion of each of these parts. It is then a sim-
p’e matter to locate the parts un the actual
radio chassis. Oftentimes you can locate
a part on a pictorial diagram more quickly
by noting the tube socket terminal to which
the part is connected on the circuit diagram,
then locating that same terminal on the pic-
torial diagram and tracing the wiring from
that terminal until you comne to the desired
part.

Use of Circuit Diagrams in Servicing an
Improperly Operating Receiver. The same
diagrams which are used in servicing a dead
receiver are made use of in servicing an im-
properly operating receiver. For example,
if an observation of the receiver perform-
ance and a study of its circuit diagram lead
you to believe that certain parts in a definite
stage can logically be suspected, the tube
layout diagram will enable you to identify the
position of the tube belonging to that stage.
The circuit diagram will give valuable clues
as to where to find the suspected part, for
the diagram will indicate other parts which

are connected directly to it and which may
be more readily identified. If the pictorial
layout diagram is available, it of course pro-
vides an easier way for locating the suspected
part. If you suspect that a certain condenser
is open, you can test it by shunting it with a
good condenser while the set is in opera-
tion; if the original trouble was a squeal,
and this stops when the good condenser is
tried, you know that the original condenser
should be replaced.

The circuit diagram is again brought into
use in the final step, the replacement of the
defective part. In the case of resistors and
condensers the diagram gives you the correct
electrical value of the part in question, There
is no need to get an exact duplicate resistor
or condenser from the receiver manufacturer
if you can secure from your local radio dis-
tributor a part having the correct electrical
value. You must, of course, get a resistor
with the same or higher wattage rating, and
for a condenser the voltage rating should be
the same as that for the original part or
higher, but these ratings can easily be esti-
mated once you master circuit theory.

Appraising Receiver  Performance by
Means of Diagrams. A quick survey of a
circuit diagram will give you sufficient infor-
mation to appraise the performance of a radio
receiver, This appraisal will tell you
whether you can expect good distant recep-
tion or whether the set is intended only for
local and semi-distant reception; it will also
tell you what to expect in the way of fidelity
and selectivity. Customers sometimes de-
mand receiver performance far beyond the
original intentions of the set designer; you
should know when a receiver is performing
as well as can be expected of it, and this
ability to appraise receiver performance by
means of a circuit diagram will come to you
almost automatically as you progress with
your Course.

Use of Diagrams in Aligning Receivers.
A circuit diagram reveals the various cir-
cuits which must be adjusted during a re-
ceiver alignment or tune-up procedure. With
this information, the Radiotrician can gen-
erally locate the various adjustments on the
chassis and carry out the alignment. Some-
times the locations of the adjusting screws
are indicated on the tube or pictorial dia-
gram.
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PRACTICAL JOB SHEET

How To Service A Radio Which Distorts

O RECEIVER has been made which

is free from distortion. Up to 5%
distortion is considered acceptable by re-
ceiver designers, and even 10% distortion
cannot readily be recognized by the average
radio listener. It is distortion way in excess
of this maximum acceptable value which
brings a call for a serviceman; the distortion
has then reached the point where programs
sound raspy, garbled, or even unintelligible.
This distortion is due to a defect in a tube
or part rather than to the limitations of re-
ceiver design,

Possible Causes of Distortion. There are
a number of loudspeaker defects which can
cause distortion; these include lack of field
excitation, weak magnetic field, an off-center
voice coil which is rubbing against the pole
pieces, loose voice coil wires, warped or torn
cones, soft or hard cones and iron particles
or dirt in the air gap around the voice coil.
In each case the defect prevents the voice

variations in the sound signal, with the re-
sult that the reproduced sound wave has a
different wave form from that of the sound
signal.

Another very common cause of distortion
is averloading of a tube when the receiver
is tuned to a strong local station (making
the tube handle more R.F, LF. or A.F.
signal current than it was originally designed
to take). If the distortion occurs only when
the volume control is advanced, the defect
is in a stage following the volume. control;
if the distortion occurs on a local station
even at the minimum setting of the volume
control, the overloading is in a stage ahead
of the volume control.

Weak or gassy tubes are also common
causes of distortion. A tube with weak
emission no longer has a linear grid voltage-
plate current characteristic, with the result
that a sine wave signal fed into the stage
will come out distorted. A gassy tube can
upset the operating voltages in any stage
having a resistor in its grid circuit, moving
the operating region off from the linear
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portion of the characteristic curve and thus
causing distortion.

By far the most common cause of distor-
tion, however, is an improper D.C. operating
voltage on an electrode in an R.F., LF,, de-
tector or A.F. stage. For example, too low
or too high a plate voltage on a tube can
change the linear Eg-Ip characteristic to a
curved characteristic; a low or high screen
grid voltage can do the same thing. An
improper C bias voltage may move the op-
erating region from a linear to a curved part
of the characteristic curve, causing ditortion.

Once you locate the cause of distortion in a
receiver, the job can be completed in a jiffly by
unsoldering the leads of the defective part,
putting a new part in its place, and soldering the
joints for the new part.

Checking of the D.C. operating voltages
therefore assumes an important position in
the procedure for servicing receivers which
distort. When an improper voltage is
found, a logical process of reasoning tells
you what circuit defects could cause the in-
correct voltage. For example, the main D.C.
supply voltage could be lowered by a leaky
power pack filter condenser,

Although it is customary to connect screen
grid and plate by-pass condensers to the
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chassis, in some receivers they may be con-
nected to the cathode instead. If one of
these by-pass condensers should become
leaky, in the case of a cathode connection, it
will “bleed” current through the cathode-
to-chassis C bias resistor, driving the control
grid of the tube more negative than normal
and moving the operating region of the tube
to a non-linear portion of the characteristic
curve; distortion is the result. A leaky
coupling condenser or an open grid resistor
in an audio stage having resistance-
capacitance coupling to its input can also
change the C bias voltage enough to cause
distortion,

When servicing a receiver for distortion,
study of the circuit diagram will reveal many
possible causes for the observed trouble if
you will ask yourself this simple question:
“Which parts could, if defective, cause wave
form distortion when a sine wave signal by
itself is passing through the audio stages,
or when a sine wave signal modulated on a
carrier is passing through the R.F. and L.F.
stages and the detector?”

Distortion Test For Loudspeakers. To
determine whether or not distortion is orig-

inating in the loudspeaker, connect your
phone test unit across the primary of
the output transformer (to the input

terminals of the loudspeaker if no output
transformer is present). Tune the receiver
to a station and adjust the potentiometer for
normal volume in the phone. If distortion
is less in the phone than in the loudspeaker,
or if there is no distortion at all in the phone,
the defect is in the loudspeaker.

Systematic Service Technique. If the

loudspeaker test indicates that distortion is-

in a receiver stage, test all tubes; some
servicemen prefer to test tubes even before
making the loudspeaker test. After this,
measure the voltage which is applied to the
plate-cathode of the power output tube. In
A.C. receivers the plate voltage on this last
tube should be about 250 volts, in universal
A.C.-D.C. receivers it should be about 80
volts, in auto radio receivers about 200
volts, and in battery receivers it should ap-
proach the maximum B battery voltage. If
the voltage is below normal, look for a
power supply defect.

Next in order is a defective stage isola-
tion procedure for the audio amplifier sys-
tem. Starting at the output stage and work-
ing toward the second detector, connect your
phone test unit to the plate and chassis of
each single-tube stage in turn (to the two
plates in the case of a two-tube output
stage) and listen for distortion while a signal
is coming through the receiver, The defec-
tive stage will be between the points where

you hear and do not hear the distortion.
This stage should then be carefully analyzed.
Check each electrode supply voltage, then
study the circuit for the stage to determine
what part could, if defective, cause the
distortion. If the stage employs a grid re-
sistor, be sure to test for a gassy tube and
a leaky coupling condenser in the input to
the stage. These two tests can be made
with a high-resistance voltmeter. A simple
vacuum tube voltmeter will serve just as
well; use its d.c. voltmeter section, starting
with the highest voltage range and switch-
ing to lower voltage ranges if you can safely
do so. You will find these tests quite easy
to make.

To check for a gassy tube, connect the
test clips of the vacuum tube voltmeter
across the grid resistor terminals, then turn

Loudspeaker servicing accessories. A—

®

FIG. 2.
Radio repair cement for cementing speaker
cones, with can of thinner which can be used for
loosening cemented wires and removing dust
caps from cones. B—Cone cement in handy
metal tube. C—Celluloid shims for re-centering
voice coils, in convenient carrying case. There
are four shims in each thickness: .005", .0075",
.010” and .0125".

on the set. If the vacuum tube voltmeter
indicates a d.c. voltage when this is done,
you know that the tube in the stage is gassy
or the coupling condenser is leaky. Pull out
the tube; if the meter reading returns to
zero, the tube is gassy; if the meter reading
is unchanged, the coupling condenser is
leaky.

If the audio system is found to be in
good order, the next step is a defective stage
isolation procedure for the R.F. and LF.
stages. No one technique is universally used
for this purposc; some servicemen prefer to
use a special test LF. and R.FF. amplifier
which can be tuned from about 100 kc. to
1,700 kc., making it serve the same purpose
as the phone-potentiometer unit which you
used in the audio system. This special
amplifier may contain two stages of LI
amplification followed by a detector which
feeds into a phone unit. The input of the
test amplifier is connected in turn to the
plate and chassis, and then to the grid and
chassis of cach LF. and R.F. stage in turn,
starting at the sccond detector and working
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back to the antenna terminal; for each con-
nection the test amplifier is tuned to the
frequency of the signal reaching it. The
defective stage will be between the points
at which distortion is and is not heard.
This special test instrument is quite costly
in commercial form, and cannot readily be
constructed in the average radio shop; for
these reasons I do not recommend its use by
a heginner,

The procedure which is favored by most
servicemen is that involving a check of the
electrode voltages for each tube in the R.F.

How To Re-Center A

Practically all of the loudspeaker defects
which cause distortion will be obvious to you
as you learn more about loudspeakers from
your regular Course and as you acquire
practical experience with different types of
loudspeakers. Troubles which can occur in
dynamic or moving-coil loudspeakers will
now be considered, along with the causes
and the remedies; re-centering of the voice
coil is a part of the remedy in practically
every case.

1. A rattling sound will occur if one of the
screws which holds the spider becomes loose.
Tighten the screw.

2. Chattering or rattling will occur if:
a, the seam in the paper cone opens; b, one
of the spokes in the spider breaks; ¢, the
edges of the cone break away from the rim
of the loudspeaker, or become loose; d, the
voice coil leads break away from the cone.
It is sometimes possible to re-cement a seam
on the cone, to re-cement the cone to the
metal rim, or to re-cement the voice coil
wires to the cone hy using a special loud-
speaker cement like that shown at 4 and B
in Fig. 2, but there will be cases where re-
placement of the entire cone is necessary.
A broken spider or a tear along the edge of
the cone cannot very well be repaired, so
replacement is necessary. Replacement cones

“can be secured from radio supply houses or
directly from the manufacturer of the re-
ceiver; always give the model number and
make of the receiver, the diameter of the
rim of the loudspeaker, and any other avail-
able information pertaining to the loud-
speaker, when ordering a new cone.

3. A scraping, raspy sound which is ac-
companied by distortion of bass notes and
which is especially noticeable on voice pro-
grams may be due to a warped voice coil
or spider, an off-center voice coil, or iron
particles or dirt in the air gap surrounding
the voice coil. All these defects cause the
voice coil to rub against the pole pieces. If

amplifier system, the LF. amplifier system,
and the serond detertar. The measured
voltages are checked against the values
specified in the service manual when this
information is available, and in other cases
they are compared with the expected voltage
values for the various stages; when an im-
proper voltage is found, the circuit diagram
is studied to determine which parts should
be suspected. A vacuum tube voltmeter can
be used to check for gassy tubes in stages
having a resistor in the grid return circuit.

Loudspeaker Voice Coil

the voice coil or spider is badly warped,
replace the entire cone-voice coil-spider as-
sembly. To get dirt out of the air gap,
remove the entire cone assembly, and either
blow the dirt out or remove it with a -pipe
cleaner which has been coated with a little
vaseline so particles will stick to it. Wipe
out all vaseline when you have finished.

4. Distortion and al;sence of bass notes,
accompanied by sizzling or buzzing sounds,

SPIDER

FIG. 3. Re-centering a loudspeaker voice coil

with the aid of celluloid shims.

may indicate loose wires on the voice coil.
It may be possible to re-cement the wires,
but it is better to replace the entire cone
assembly,

5. A prouounced bassy output (a lack of
high frequency notes) will occur if the paper
cone becomes soft and loses its stiffness.
Replace the cone assembly.

6. Rattling, with absence of high frequency
notes will occur if the paper in the cone
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becomes hard. The entire cone system
should be replaced. When a cone has been
in use for over five years, softening or
hardening should be suspected.

7. Some cones are surrounded by a soft
leather ring which is attached to the rim
of the loudspeaker; this leather ring may
dry out and harden, producing a buzzy
sound accompanied by poor bass response,
for the cone will be unable to move the
distance required for faithful reproduction
of bass notes. If the leather ring is badly
cracked or torn, replace the cone assembly;
if it is merely stiff, try softening the leather
by applying mineral oil or Neatsfoot oil
(a leather softener).

How to Re-Center the Voice Coil. Loud-
speakers may have either an internal or an
external spider, as you will learn in your

FIG. 4.
that the voice coll is attached to the center of

Left—typical replacement cone. Note

the cone. The voice coil leads emerge from the

cone end of the coil, and are fastened to the cone

with cement 80 no strain is placed on the delicate

colf wires. Right—typical replacement loud-
speaker fleld coll.

regular Course. The procedure for the re-
centering in the case of an internal spider
is shown in Fig. 3; the single screw in the
center of the spider is loosened, flexible
celluloid shims are inserted through the slots
in the spider to center the voice coil, the
screw is tightened, and the shims are re-
moved. Sometimes the voice coil will center
itself when the screw is loosened, eliminating
the need for shims.

Servicemen generally prefer flexible cellu-
loid loudspeaker shims like those shown in
Fig. 2C, but you can cut suitable shims
yourself from stiff paper for temporary use.
The shims used on any one voice coil should
all be the same thickness, and just thick

enough to go in snugly without forcing.
After you have re-centered the voice coil,
test for rubbing by moving the cone care-
fully in and out with your fingers, being
sure that you do not push it to one side
during this test.

Loudspeakers having an external spider
around the voice coil are centered in much
the same manner, except that there will
usually be two or three screws holding the
spider in place. Loosen the screws, then
tighten them again, for often the voice coil
will automatically re-center itself when this
is done. If this fails, insert shims between
the voice coil and the central core in the
manner just described. If a dust cap covers
the inside of the voice coil, remove it, and
cement in position again after the job is
done.

Replacing the Cone Assembly. When the
cone system of a loudspeaker is to be re-
placed or is to be removed in order to clean
out the air gap, the following procedure is
recommended; first of all, unsolder the two
flexible leads which go to the cone. Slip a
knife under the cardhoard ring which is
cemented to the front edges of the cone,
and run the knife around the entire rim so
this cardboard ring can be removed and
saved for use with the new cone. Now slip
the knife under the back edge of the cone,
to free it from the steel rim. Remove the
spider screws, and the entire cone-voice coil-
spider assembly will come out.

When installing the new cone assembly,
like that shown in Fig. #, rotate it so that
the voice coil leads are near the terminals
to which they connect. At the same time,
the holes in the rim of the cone should line
up with the holes in the steel rim of the
loudspeaker.

Sometimes the cone which is supplied you
as a replacement will be longer than the
original cone, and one or more cardboard
rings will be supplied with the cone. Cement
these rings to the steel rim of the loud-
speaker, then place the cone in position, cen-
ter the voice coil with shims, tighten the
spider screws, cement the edges of the cone
to the spacer rings, and cement the original
cardboard outer ring to the front of the
cone.

®
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How Improperly Operating Receivers are Serviced

HEN you are confronted with a re-

ceiver which plays but gives unsat-
isfactory performance, your ability to ana-
lyze the situation and reason out the proper
approach to the problem is of great im-
portance. You are looking for a defective
tube, a defective part, a poor connection, or
a change in an adjusting condenser, and
everything you do must lead you closer to the
defect which is causing the trouble. Some-
times it will be possible to go directly to
the defect, while at other times you may be
able to locate the defect by a logical pro-
cess of elimination supplemented by a few
simple tests. In the majority of cases, you
will first determine which section of the re-
ceiver contains the defect; next you will
locate the defective part or connection. This
job sheet will give you the professional tech-
nique for servicing improperly operating re-
ceivers when the only test instruments avail-
able are a signal generator, a multimeter, a
tube checker, and a phone with potentiome-
ter control.

Obvious Indications. In servicing an im-
properly operating receiver, what you hear
and what you see while the receiver is in
operation may be a direct clue to the defect,
eliminating the need for stage and circuit-
isolating procedures. A few examples will
illustrate what I mean. If a radio program
as reproduced by the loudspeaker seems to
be distorted, with the distortion most notice-
ablc when a man is speaking, and occasion-
ally a br-r-r-ing sound, you can immediately
concentrate upon the loudspeaker, for the
voice coil will very likely be rubbing against
the pole pieces. You can check for this
by shutting off the receiver power and
pushing the outer edges of the come in care-
fully and uniformly with your fingers; if you
can feel the voice coil rubbing when this is
done, there is no need to go any farther.
You have located the trouble.

If hum is heard along with a program,
and a glance at the chassis reveals a blue
glow between the electrodes of the rectifier
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tube (not on the glass), a gassy tube has
been located. From your knowledge of radio
circuits, you know that this condition in
the rectifier tube can be caused by a defect
in the filter system, so before inserting a new
rectifier tube you would check all parts in the
filter system, especially the filter condensers.

There are two importan i

carefully to the customer’s complaint: 1, because

the customer often gives valusble clues to the

location of the defect; 2, to find out exactly what
the customer expects you to do.

THE LOCALS COME IN FINE,
BUT ) CAN'T GET WOR OR
WLW ANY MORE/
THAT MEANS I'LL HAVE
TO LOOK FOR A DEFECT

INTHE
R. F.

t r for Hst

Indirect Indications. It is only rarely
that the observed effects in an improperly
operating receiver are a direct clue to the
defect; in the majority of cases you will
have to figure out what the probable causes
can be, then check those parts which are
logical suspects. For example, if you hear
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distortion, you should immediately think of
the various causes for distortion in a receiver.
First of all, improper electrode voltages on
any tube could produce distortion. Imme-
diately you think of the main power pack
in the receiver, which provides all electrode
voltages, and you check its output voltage.
Next in your list of suspects should be im-
proper C bias for some tube; you ask your-
self, “How can the C bias be changed from
its normal value?,” then resort to basic cir-
cuit theory to answer this question and se-
cure new suspects.

Suppose that you are dealing with an audio
amplifier circuit like that shown in Fig. I;
in this circuit the flow of plate current
through resistor R¢ produces a voltage drop
which is applied to the grid through Rg to
serve as the normal C bias. If congenser Ce
becomes totally conductive, it will short out
the voltage across Rc¢ and thereby bring the
C bias to zero, causing distortion on high-
level signals.

WILL CAUSE

WILL CAUSE
ST R
AKY, IF GASSY
TO
PLATE
WILL CAUSE
DISTORTION
IF SHORTED
Rp.
cp

B+

F1G. 1. Typical audlo amplifier stage; several
different defects in it which can cause distortion
are indicated.

Leakage in coupling condenser Ck may
also cause distortion. Under this condition,
the D.C. plate voltage on the preceding tube
will send direct current through Ck and Rg
to ground, making the grid end of Rg posi-
tive with respect to the chassis as indicated
in Fig. 1. This positive voltage otfsets the
normal negative C bias on the grid, causing
the tube to operate with a positive grid bias.
As a result, grid current will flow and dis-
tortion will occur. A gassy tube will also
allow grid current to flow, causing distor-
tion. Once a circuit analysis like this is
made, simple tests of the suspected parts
should reveal the defect.

As another example, let us suppose that
the customer complains of a squeal when
tuning to any staticn. Certain above-the-
chassis surface defects should immediately
come to mind; a tube shield may be missing
or out of position, or a connection to the
top cap of an LF. tube may be defective
in some way. These surface defects can be
quickly checked and eliminated.

Ii the complaint is squealing but no sur-
face defect can be located, you would look
for a circuit defect. A very common cause
of squealing is a defective screen grid by-pass
condenser in a screen grid or pentode LF.
amplifier circuit like that in Fig. 2. In your
Fundamental Course you learn that the
screen grid is placed between the control
grid and the plate of a tube to provide a
path to ground for feedback currents which
would otherwise travel from the plate to
the control grid and cause oscillation. The
screen grid must be fed with a positive D.C.
voltage; this is usually applied by means
of a voltage divider like RI-R2 in Fig. 2, and
condenser C6 is placed across RI to place
the screen grid essentially at ground poten-
tial for the R.F. feedback signals. If con-
denser C6 opens, the screen grid no longer
provides a low-reactance path to-ground for
feedback currents, and oscillation occurs in
the stage; the oscillation signal combines
with the incoming radio signal to produce
a beat note which is heard as a squeal when
the receiver is tuned to a station. If the
squeal stops when condenser C6 is shunted
with a good condenser, we know that the
condenser is defective and should be re-
placed.

One more example—if a receiver blasts
and distorts on local programs, and has an
A.V.C.-controlled L.F. circuit like that shown
in Fig. 2, we immediately suspect that the
A.V.C. control for this stage is ineffective.
The stage cannot reduce its gain automatical-
ly as the strength of the incoming signal
increases, with the result that the amplifier
and possibly also the demodulator are over-
loaded, causing distortion and blasting, With
a thorough knowledge of circuit theory, you
can look at the circuit in Fig. 2 and reason
out that this condition could be caused by a
shorting of condenser C35.

Importance of Fundamental Training. The
ability to reason from an observed effect to
possible causes: is highly essential in the
servicing of improperly operating radio re-
ceivers. As you have just seen, this effect-
to-cause reasoning is based upon a com-
plete knowledge of radio theory, of how cir-
cuits work, and of the purpose of each and
every part in the circuit. With this training
and with a certain amount of actual experi-
ence you will soon find yourself able to asso-
ciate observed effects with one or more
causes. However, when studying your reg-
ular Course, do not attempt to memorize
that an open screen grid by-pass condenser
can cause oscillation or that a leaky coupling
condenser can cause distortion; try to learn
wwhy these and other defects can cause cer-
tain observable symptoms.
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I also want to point out at this time that
you are just beginning to learn the profes-
sional radio servicing technique and that you
still have a great deal of fundamental circuit
theory to study in your regular Course; for
this reason I suggest you refer frequently
to the reference text book you now have,
“Radio Receiver Troubles, Their Cause and
Remedy,” when practicing the servicing of
improperly operating receivers. This book
lists a great many possible causes for the
usnal trouble symptoms. When you have
completed your Course and acquired a cer-
tain amount of experience in your own home
in the manner recomimended ln a later jub
sheet, you will find that the material in this
reference book is no longer necessary.

Defective Stage Isolation. You can readily
see that the defects discussed in connection
with Figs. I and 2 could exist in any one of
a number of different stages in a radio re-
ceiver. It is highly desirable that the defect
be isolated” to a particular stage; unfor-

IF SHORTED. IF OPEN,

WILL CAUSE WiLL CAUSE

DISTORTION e SQUEALING
AVC. = B+

FIG. 2. Typical 1.F. amplifier stage.

tunately, there is no simple procedure for
isolating the defective stage in an improp-
erly operating receiver. Each symptom calls
for a more or less different procedure. Al-
though these procedures will be considered
in detail in later job sheets and in your regu-
lar Course, I will briefly review the pro-
cedures here for three common symptoms:
hum, noise, and weak signals.

Hum. To isolate the defective section or
stage when the complaint is hum, remove
the output tube or tubes temporarily and
listen for the hum. If it is heard now, it
is originating in the loudspeaker or in the
power pack filter; the hum-bucking system
in the loudspeaker may be defective, but
more than likely the input filter condenser
ar some other part in the power pack filter
system is defective. If removal of the out-
put tube stops the hum, replace the tube
and remove the tube from the preceding
stage. If this does not stop the hum, it is
very likely originating in the output stage.
Continue pulling out and replacing tubes,
one stage at a time, working toward the

antenna input circuit until you reach a tube
which, when pulled out, has no effect upon
the hum; you have then isolated the defect
to the stage following that from which the
tube is removed. You can now refer to the
circuit diagram, study the circuit for that
stage, and reason out what defects in that
stage could possibly cause hum. (Instead of
pulling out a tube, you can short i:s con-
trol grid to the chassis; this is an equally
effective procedure for preventing the hum
signal from passing through that stage.)

Noise. The procedure for isolating a
stage which is causing noise is much the
same as that for hum, except that you defi-
nitely must pull tubes in this case. Noise is
caused by a poor connection in a part, by a
poor soldered joint, or by a make-and-break
shorting connection. If noise originates in a
signal circuit, it will be relayed through the
receiver stages which follow the defect; if
noise originates in a part or connection
which is carrying direct current, it will
cause changes in the main power supply and

. these in turn will react upon all stages.

Pull out one tube at a time and then re-
place it, starting at the receiver input and
progressing to the loudspeaker. You have
located the defective stage when you come to
a tube which, when pulled out, will stop the
noise. If no tube will stop the noise, it is
undoubtedly originating in the power pack.
Having located the defective stage, you can’
then check each connection and each part by
wiggling it with a stick of wood while the
set is turned on; if the noise mcreases or
stops when a particular part of lead is
moved in this manner, you have located the
defect.

I'eak Signals. Any complaints that sig-
nals are too weak to give the desired loud-
speaker volume require a special stage-iso-
lating technique. Keep in mind that careful
observance of the symptoms, particularly as
they are described by the customer and rea-
soning out of the prebable defective section
or part comes ahead of any test procedure.

If local stations are heard satisfactorily
but favorite distant stations are weaker than
normal or cannot be heard at all, you would
look for a defect in the R.F. system. It
may be a poor antenna (in which case a
hissing noise will accompany distant pro-
grams) or a defect in an R.F. stage. Thls
trouble may also be duc to improper align-
ment; you can check this very easily by
vacying the settings of the alignment adjust-
ments while the set is tuned to a weak
station, to see if a change in setting will
increase the signal intensity ; if these changes
give no improvement, restore the original
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settings and look for an R.F. or L.F. circuit
defect.

To locate the defective stage, connect the
signal generator to the input of each stage
in turn, starting at the second detector and
working back to the antenna terminal. Use
a 100,000 ohm resistor in series with one
signal generator lead to prevent detuning
of the stage to which the connection is made.
As you progress toward the receiver input,
the tone heard in the loudspeaker should
increase in volume, making it necessary to
reduce the signal generator output level in
order to maintain a constant tone level. If,
while doing this, you pass through a stage
which does not give this increase in loud-
ness or even gives a decrease in loudness,
you have passed through the defective stage.

On the other hand, if favorite distant sta-
tions are weaker than normal but all of
them can still be picked up along with locals,
you would naturally assume that the R.F.
system was working and that the defect was
in the audio system. If the receiver has
automatic volume control, you know imme-
diately that the manual volume control will
be in the input of the audio system, and can
make a simple test to determine whether
the volume control circuit is at fault. If
the volume of a program changes when this
manual volume control is adjusted, you
know definitely that the trouble is in the
audio system proper; if the setting of the
volume control has no effect upon the
volume, you can be pretty sure that the
trouble is in the volume control circuit it-
self.

If an audio system defect is indicated, you
can check the system by tuning in a local
station and connecting your phone test unit
to the plate and chassis of each stage in turn,
working from the second detector toward the
loudspeaker. Failure to hear a louder signal
in the phone each time you advance one
stage indicates that you are passing through
the defective stage.

The General Technigue. The primary pur-
pose of this job sheet is to indicate that there
is a clearly defined procedure for isolating
the defect in any receiver which plays unsat-
fsfactorily. I do not expect you to apply
the professional servicing technique to an
improperly operating receiver until you
have mastered the fundamentals of radio cir-
cuit operation as presented in your regular

Course, for the specific techniques required
for each type of complaint require consider-
able reasoning which is based upon this
knowledge. The techniques will be presented
in detail later, but we can summarize the
general procedure for an improperly operat-
ing receiver as follows:

1. Listen carefully to the customer’s com-
plaint, then verify it by trying out the re-
ceiver yourself and observing the defects or
troubles very carefully. Tune in a number
of local and distant stations and adjust each
receiver control; very often this will reveal
to you an effect which was completely over-
looked by the customer and which neverthe-
less is a direct or indirect indication of the
nature of the defect. With a clear under-
standing of the customer’s complaint and the
actual condition of the receiver, you will be
better able to satisfy the customer.

2. Consider all of the observed effects
carefully to see if any of them will lead you
immediately to the defective section or part.

3. Check for surface defects, making sure
that the antenna and ground systems are in-
tact and are properly connected to the re-
ceiver, that all tubes are in place, that all
tube shields are in place, and that there are
no misplaced top cap connections.

4, Test each tube carefully with a tube
checker, not merely for the good-bad indica-
tion, but also for leaks and for shorts be-
tween elements of the tube.

5. Reason from the observed effects to
the most likely causes, utilizing your knowl-
edge of radio fundamentals and radio cir-
cuits. Refer to the circuit diagram while do-
ing this, and use the diagram also to help
you locate on the chassis any parts which
might cause the observed trouble.

6. Carry out the correct defective stage
isolation procedure for the effects observed,
in order to limit the defect to a smaller por-
tion of the receiver.

7. Check the output voltage of the power
pack and the D.C. electrode voltages in the
defective stage or. section; this is especially
important when distortion is present.

8. Test the parts in the defective stage,
starting with those which are the most likely
offenders.

9. Replace the defective part or repair
the defective connection.
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How to Service a Receiver Which Hums

simply involves tightening the part in ques-
tion so it cannot vibrate.

NY receiver which operates from an
A.C. source will have a certain
amount of hum current in the output of the
receiver. Complete elimination of this hum
current is not possible nor is it necessary,
for in a normal radio receiver in good con-
dition, the hum will hardly be mnoticeable
even when the receiver is tuned between sta-
tions. If you will listen carefully, you can
hear this hum on practically any receiver.
By listening for this hum in a number of
new receivers, you will become familiar with
the amount of hum which is considered ac-
ceptable to the average radio listener, and
you will realize that there is no need to
waste time in trying to eliminate hum which
normally would be unnoticed by a listener.

Hum is always more pronounced when the
radio chassis is in its cabinet, for the cabi-
net serves to improve the response to low
frequency notes. Each time you work on a
receiver, listen carefully for the amount of
hum when the chassis is still in the cabinet
and when the chassis is out of the cabinet:
in this way you will learn to determine how
loud the hum can be in the chassis alone
without making it annoying to the customer
when the chassis is returned to the cabinet.

Three Types of Hum. When the hum in
a receiver increases to the point where it
becomes annoying to the set owner, the cus-
tomer will call in a serviceman and ask him

“get out that hum.” Actually, however,
there are three different forms of hum, with
a different servicing procedure for each.

1. Hum Due to Mechanical Vibration.
When a hum is heard but it does not come
out of the loudspeaker, you can be sure that
some part on the receiver is vibrating. To
check this, place your fingers on the voice
coil or cone to prevent it from moving; you
should still hear the hum, but will not be able
to feel it with your fingers. By listening
carefully to various parts, you should be
able to locate the one which is vibrating.
The procedure for eliminating this vibration
was covered in a previous job sheet, and
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2. Tunable Hum. This type of hum is
heard only when a station is tuned in. If
the hum is heard only on one station, it is
more than likely originating in the station
transmitter. The trouble will undoubtedly
be corrected in a few days by the station
operator. You can check for this by tuning
in the station on other receivers; the same
hum should be heard on each set. Tunable
hum which is heard on all local stations,
however, is due to a receiver defect; the
ripple voltages in the power pack are getting
into the R.F. system and modulating the car-
rier of the station which is tuned in. The
trouble may be due to inadequate power
pack filtering, to misplaced grid wires, to
ineffective shields of tubes which are located
near power transformers or iron core choke
coils, to a direct electrostatic pickup of ripple
voltages by the grid leads of R.F. tubes, or
to a cathode-to-heater short or leak in an
R.F. tube.

3. General Hum. When hum is heard
from the loudspeaker at all times, regardless
of the setting of the receiver tuning dial, it
is definitely originating in the receiver. If
the intensity of the hum varies with the
manual volume control setting in an A.V.C.-
controlled receiver, the hum is probably orig-
inating in the second detector circuit. If the
volume control has no effect upon the hum,
it is originating somewhere in the audio
system or in the loudspeaker; it may be due
to a defective tube, to a circuit filter sys-
tem defect, or to a power pack defect.

Common Causes of Hum. In the major-
ity of cases, hum in a receiver is due to one
of two common causes: 1, a defective tube;
2, a defect in the power pack. The wise
serviceman usually checks these two causes
before even attempting to isolate the trouble
to a particular section or stage.

When hum is the complaint, your first

step can well be a check of all tubes with a
good tube checker. Allow each tube to
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warm up for a minute or so, then check for
leakage between the cathode and the fila-
ment, for this leakage can allow A.C. volt-
ages in the filament circuit to get into the
signal circuit and produce hum. At the
same time, check each tube for emission in
the usual manner; the indicating meter on
the tube checker will indicate whether the
tube is good or bad. A bad tube, having
low emission, can cause hum trouble. Be
sure to make a thorough test of the full-
wave rectifier tube; both diodes of this tube
should show about equal emission, for the
average filter system in a receiver loses its
effectiveness when the rectifier diodes be-
come unbalanced.

The power pack filter system should be
checked next, for any defect here can relay
the hum voltages to any of the stages in the
receiver or directly to the loudspeaker, pro-
ducing either tunable hum or ordinary hum.
Locate the power pack filter condensers, and
while the receiver is in operation, shunt each
one of them in turn with an 8 mfd., 500-volt
electrolytic condenser. Be sure that you
connect this test condenser with the proper
polarity (its red or plus lead should go to
the positive terminal of the condenser being
tested). If the hum stops or is greatly re-
duced when a condenser is shunted in this
manner, that condenser has either opened
up or has lost its capacity, and should be

DEFECTIVE STAGE

When checking the power pack, be on the
lookout for tuned chokes in the filter system.
A small-size condenser (about .1 mfd.)
shunting a choke coil, or a 1 to 2 mfd. con-
denser connected to a mid-tap on a choke
coil, indicates that a tuned circuit is being
used to filter the output current of the recti-
fier tube. The air gap in the core of the
choke coil may have changed, causing the
resonant frequency of the filter circuit to
change. Try different condensers which
are rated at about the same value as that
used, in order to locate one which will be
sufficiently different in capacity to retune
the circuit to the hum frequency and thereby
eliminate the hum trouble.

If the preceding checkup of tubes and the
power pack filter system fails to reduce the
hum sufficiently, the next step is a systematic
procedure for isolating the defective stage.
It is well to start this by shorting the pri-
mary terminals of the loudspeaker input
transformer ; this prevents any hum voltages
from reaching the loudspeaker through this
transformer. If hum is heard when this is
done, you know that it is either getting into
the loudspeaker through the field coil leads
(in which case you would look for a defect
in the filter system associated with the
loudspeaker field coil or for a defect in the
loudspeaker field supply if that is separate
from the receiver supply) or hum is getting

PULLING PULLING PULLING PULLING PULLING PULLING PULLING
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FIG. 1.

Example illustrating the professional procedure for isolating the defective stage in an

improperly operating receiver when hum is the compliaint,

replaced. This shunting procedure will not
test for leakage, however; to do this you
must unsolder one lead of the electrolytic
condenser in the receiver and then measure
its resistance with an ohmmeter. Take
two readings, reversing the ohmmeter probe
for one; if the higher reading is below
50,000 ohms, the condenser is leaky and
should be replaced. Some servicemen pre-
fer this simple test for leakage: allow the
receiver to heat up for a few minutes, then
feel the sides of each electrolytic condenser;
if any are warm, they should be unsoldered
and checked for leakage with an ohmmeter.
Condensers which remain cool have negli-
gible leakage, and need not be checked.
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into the loudspeaker by magnetic induction
from some nearby part. Remove the short
after this test has been made. If the loud-
speaker has a hum-bucking coil (a small coil
mounted on the central core of the loud-
speaker and connected in series with the
voice coil), and you suspect that some one
may have reversed the cennections to this
coil. try reversing these connections tem-
porarily. Use whichever connection gives
the least hum.

If the preceding tests fail to locate the
trouble, you can be pretty sure that the hum
is originating in one of the stages of the
receiver. If the chassis is still in its cabinet,
you can isolate this stage by pulling out the




tubes one at a time, working from the out-
put stage to the R.F. input stage, as de-
scribed in the previous job sheet, and as il-
lustrated in Fig. I in this job sheet. If the

chassis is on your work bench, it may be
easier to short the grid of each tube in turn.
In either procedure, . when you come to a
stage which, even though placed out of ac-
tion, allows the hum to exist, you know that
the trouble is in the following stage.

Check

PULLING

tween the tube and the power pack, allow-
ing this metal to touch the chassis; if this
reduces or eliminates the hum, try another
tube; if this fails, install a shield.

Quite often, tunable hum is due to R.F.
current in the power line; it may be pro-
duced there by a faulty power line connec~
tion which causes rectification and modula-
tion of the A.C. current on the R.F. This

DEFECTIVE STAGE

PULLING PULLING PULLING PULLING PULLING PULLING
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FIG. 2. Exzample illustrating the professional procedure for isolating the defective stage in an

improperly operating receiver when noise is the complaint.

the by-pass condensers in that stage first of
all by shunting each in turn with a good con-
denser of the correct size. Try moving the
grid lead away from tube filament leads, to
see if this will reduce or eliminate the hum.
Check for open grid circuits, as a tube
having a “floating” or open grid is very sus-
ceptible to hum pickup.

If the receiver in question is an older
model having a grid leak-condenser de-
tector, try placing a metal shield around this
tube if you have traced the trouble to this
stage. These tubes are easily affected by
the hum field set up by power transformers
and choke coils. For a preliminary test,
you can simply place a sheet of metal be-

hum-modulated R.F. current enters the re-
ceiver through its power cord, and causes
tunable hum when it gets into the R.F.
stages.

This trouble is chiefly encountered in lo-
cations where power lines are on poles rather
than underground.

Try this when you encounter tunable hum:
Reverse the receiver power plug in its out-
let to see if this will eliminate the hum;
if it has no effect, connect two .05 mfd.,
600-volt condensers in scries between the
two power line leads, and ground the com-
mon terminal of these condensers. If hum
is getting in through the power line, these
condensers will by-pass it to ground.

How to Service a Receiver Which is Noisy

As you already know, noise in a receiver
may be due to a make-and-break connection
which intermittently causes a circuit to open
or a part to become shorted. The defect
may exist in a tube, inside a part, or in an
exposed connection. The slightest jarring of
the receiver causes the connection to make
and break, with the result that we hear
noise. This defect can occur in any section
of the receiver, as well as in the antenna
system. Fortunately, the noise will be most
severe when the defective part itself is

jarred; this simplifies locating the trouble. .

When you are called in to service a noisy
radio receiver, make sure that the noise in
question is actually receiver noise and not
atmospheric noise (static) or man-made in-
terference. Check the antenna system next
by shaking the antenna and ground leads.

If this does not increase the noise, remove
the leads and short the antenna and ground
terminals of the receiver; if the noise is still
heard, you know that it was not coming in
over the antenna system. Now insert a line
filter in the receiver power cord; if the
noise is still heard now, you are sure that it
is internal noise. If a line filter stops the
noise, however, you know that it is coming
in over the power line. As soon as you have
serviced a few noisy receivers, you will find
yourself able to detect internal noise almost
immediately without making all these checks,
simply by slapping the chassis; if noise re-
sults, the chassis has a defect.

Before removing the chassis from its cabi-
net, be sure that there are no surface defects.
Carefully examine the chassis for loose parts,
wiggling them to see if any one will pro-
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-duce noise. See that all tube shields are in
place and that top cap connections make firm
contact with tube caps but not with shields.
Tap each tube to see if any one has loose
internal connections which may be causing
the noise, Inspect the loudspeaker connec-
tions, for if the defect is here there will be
no need to remove the chassis. Make this
inspection while the receiver is turned on,
using a wood stick or bakelite rod to move
the wires and jar suspected parts.

Quite often this preliminary checking of
a noisy receiver is not necessary. For
example, if the noise occurs only when the
volume control is adjusted, you know that
the volume control potentiometer is defec-
tive and should be replaced. The same is
true of a noisy tone control. If the noise
occurs when the wave band change switch
is wiggled, you know that there is a defect
in the switch. If noise occurs only when
you are rotating the tuning dial, you suspect
immediately that the rotor and stator plates
of the variable tuning condenser are touch-
ing or that there is poor contact between
the rotor and the condenser frame. One of
the rules of professional servicing is to try
first of all to make the effect reveal the de-
fect to you directly or after simple tests.

If the foregoing tests do not locate the
defect, take the chassis out of the cabinet.
Now make an inspection for surface defects,
moving each part and wire with your in-
sulated rod while the receiver is turned on;
in the majority of cases, this simple pro-
cedure will locate the defect. Give special

attention to the power pack system; wiggle
all parts in it, including chokes, filter. con-
densers, voltage dividers, power transform-
ers, fuses, etc. Do not be afraid to apply
pressure to transformers and chokes when
doing this.

The tube-pulling procedure for isolating
the defective stage comes next. Proceed to
pull out tubes one at a time, starting at the
receiver input and working toward the loud-
speaker as indicated in Fig. 2. The first
stage which stops the noise is the defective
stage. Once the defective stage has been
isolated, try shorting its grid to the chassis
after you have replaced the tube. If the
noise is in the input of this stage, this test
will very likely stop the noise; if this grid-
shorting test has no effect on the noise, the
trouble is very likely in an electrode supply
circuit. Measure the D.C. plate and screen
grid voltages; if either one fluctuates each
time the noise exists, you have located the
defective circuit.

Having found the defective stage or the
defective circuit, push each lead and part in
it vigorously. Shielded parts having internal
connections should be tapped and jarred in
an attempt to open a concealed connection.
If you prefer, you can turn the receiver off
and connect an ohmmeter across each part or
connection in turn while moving the part,
noting whether any change in the chmmeter
reading occurs. It will be best to use alli-
gator clips on your test probes while doing
this, so you will have your hands free to
move the part. This procedure should re-
veal the defective part or connection.
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PRACTICAL JOB BHEELT

How To Align An All-Wave Superheterodyne

ATURAL aging of the coils and

condensers in the tuned circuits of a
superhieterodyne receiver, or changes in the
electrical values of these parts due to vibra-
tion and fluctuating temperatures, are the
most common reasons for misalignment.
You can suspect this trouble if the receiver
has poor selectivity along with poor sensi-
tivity. If sensitivity is poor but selectivity
is good, however, look for a circuit defect.
You can verify the need for alignment by
tuning first to a distant station at the high-
frequency end of the band; if you can get
increased volume now by changing the set-
ting of any high-frequency trimmer or LF.
trimmer. the set requires alignment. Now
tune to a distant low-frequency station and
rock the dial while adjusting the oscillator
low-frequency padder; if volume can be in-
creased, the set requires alignment.

There are a number of other symptoms
in superheterodyne receivers which point
directiy to misalignment. I the receiver has
poor sensitivity or is completely dead in the
middle of a band, with sensitivity gradually
improving as you tune toward either end
of the band, there is poor “tracking” be-
tween the preesclecter and the oscillator. If
the receiver will pick up distant stations
satisfactorily at -one end of the dial but
poorly or not at all at the other end, you
likewise have "tracking” trouble. If the dial
readings do not correspond to the frequencies
of the stations tuned in, the oscillator is mis-
aligned with respect to the station dial.

The Alignment Problem. Every super-
heterodyne receiver has three separate sec-
tions which require perfect alignment with
each other: 1, the I.F. amplifier; 2, the oscil-
lator; 3, the preselector (this includes the
mixer-first detector and the R.F. amplifier
stage if used). An all-wave superhetero-
dyne has an extra preselector section and
an extra oscillator section for each short-
wave band.

The 1. F. Amplifier. In general, the I, F.
amplifier should be aligned at the frequency

Job Sheet No. 23

recommended by the manufacturer. A change
is sometimes necessary to eliminate inter-
ference from a local low-frequency station
which is operating at the original I.F. value
of the receiver, or to eliminate squealing on
stations whose frequencies are some multiple
of the LF. value.

You can safely assume that 999 receivers
out of 1000 have peaked LF. amplifiers.
Only when a super has three or more L.V,
transformers does the question arise as to
whethier the LF. amplifier should be band-
passed or peaked, and even for band-pass

Suggested assembly of standard signal generator
coupling unit. Cover exposed resistor and con-
denser leads with friction tape after soldering the
connections. The mica condenser used here hae
mounting holes to which soldering lugs can be
bolted to anchor the leads, but any other arrange-
ment of parts which follows out the circult in
Fig. 1 will serve equally well.

circuits you must first make a peak adjust-
ment. (I am assuming in this job sheet that
you have mastered the fundamental prin-
ciples of the superheterodyne receiver as pre-
sented in your regular Course, and hence am
not explaining technical terms pertaining to
supers.) If peaking a receiver causes oscil-
lation (squealing), but all tube shields are
in place and all electrode voltages are nor-
mal, it is very likely that the receiver was
intended for a band-pass adjustment. Band-
passing involves decreasing the capacity
across one winding of an LF. transformer
and increasing the capacity across the other
winding, to give a flat-top response curve;
the alignment procedure for flat-top I.F.
amplifiers is covered in your regular Course.
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The Preselector. The preselector for a
broadcast band super or for one band of an
all-wave super may consist of a simple tuned
antenna transformer, a single R.F. amplifier
stage, or a band-pass R.F. circuit feeding
into the first detector. The preselector is
tuned by one or two sections of the variable
tuning condenser, and must therefore follow
the tuning dial readings for that band. If
the I.F. amplifier is band-passed, the pre-
selector must either tune broadly (if a
single tuned circuit) or be band-passed (if
a double-resonant circuit).

The Oscillator Stage. The oscillator stage
in a superheterodyne invariably operates at
a frequency which is above the frequency of
the station being received by an amount
equal to the LF. value. There must be one
oscillator coil section for each band, and
each oscillator coil section must track with
its corresponding preselector section.

Other Adjusiments. Occasionally you will
encounter receivers which have additional
adjustments. For instance, you may find an
I.F. trap in the antenna circuit; you may
find wave traps or image-rejecting circuits
in the preselector. The service manual or
circuit diagram for the receiver will indi-
cate how these should be adjuvsted.

Identifying Alignment Trimmers. In a
broadcast band super the LF. trimmers will
usually be inside the LF. transformer shields,
with either one or two adjusting screws or
nuts visib.e at the top, side or bottom of
each shield. Occasionally the I.F. trimmers
may be on the chassis near each trans-
former; you can identify them by tracing
their leads to an LF. transformer. Still
considering the broadcast super, the oscil-
lator and preselector high-frequency trim-
mers will be found on the variable condenser
gang, and the oscillator low-frequency padder
will be on the chassis along with any trim-
mers which may be used for wave traps or
other special tuned circuits.

In an all-wave receiver the LLF. trimmers
will be in essentially the same locations as
for a broadcast band receiver. Your greatest
difficulty will be in locating and identifying
the preselector and oscillator trimmers. If
the R.F. coils for a given stage are all
housed in a common shield, the preselector
high-frequency trimmers will either be inside
the shield, with the adjusting screws showing
at the side, or will be ganged together on
a bakelite or ceramic strip located near the
group of coils. The oscillator coils for all
bands may also be mounted in a common
shield in this manner. The oscillator low-
frequency padders are always on the chassis,
and always have more plates than the high-

frequency trimmers. Each R.F. coil should
have one high-frequency trimmer for each
band, and each oscillator coil should have
one high-frequency trimmer and one low-
frequency padder for each band; if this does
not hold true, refer to a circuit diagram to
determine which are omitted. The trimmers
belonging to any one band can readily be
identified by tuning the recetver to that band,
then touching each trimmer screw in turn
with a metal screwdriver; a change in the
operation of the receiver will be noticed
when you touch a trimmer belonging to that
band.

Identifying Stages. Before you can con-
nect the signal generator to a superhetero-
dyne receiver for an alignment, you must
identify the various stages and tubes in the
R.F. section. Inasmuch as this subject was
covered in a previous job sheet, it will not
be repeated here. Locate the preselector
(R.F. amplifier) stage, the oscillator stage,
the mixer-first detector stage, and the va-
rious L.F. amplifier stages.

Apparatus Required for Aligning. The
same apparatus which was used for aligning
T.R.F. receivers is suitable for aligning
supers, provided that the signal generator
can be tuned to the I.F. value of the receiver
and to any frequency on any band in the
case of an all-wave super. All commercial
signal generators meet these requirements.
Practically all multimeters have a suitable
output meter for alignment work.

In aligning a super, it is necessary to
make signal generator (S.G.) connections
directly to the input of a stage rather than
to the antenna and ground terminals of the
receiver. The connection used must not ap-
preciably affect the tuning circuit of the
stage; this requirement can be met by in-
serting the standard coupling unit shown in
Fig. 1 between the signal generator and the
control grid of the tube.

Order of Aligning Stages. In any super-
heterodyne alignment procedure, the LF.
system is aligned first; after this, the pre-
selector and oscillator are made to track,
first on the broadcast band and then on the
short wave bands; finally, any special tuned
circuits, such as an A.F.C. circuit, are
aligned. Although alignment procedures may
vary in minor details, the main steps in
aligning an all-wave super will generally be
as follows:

A. Align the LF. stages.

1. Connect S.G. to Input of firat detector,
using standard coupling unit.
. Connect output meter to output stage
or across load resistor of dlode detector.
3. Set S.G. at L.F. value of recelver.



4. Adjust I.F. trimmers for maximum
gain, repeating adjustmenta once.

B. Align preselector and oscillator for broad-
cast band,

1. Connect S$.G. to antenna and ground
terminals of receiver.

2. Tune receiver and S.G. to 1400 kc.

3. Adjust oscillator high-frequency trim-
mer for maximum output indicator reading.

4. Adjust preselector high-frequency trim-
mers for maximum output.

5. Tune S.G. and recelver to 600 kc. and
make rocking adjustment of osclilator low-
frequency padder. (If the recelver does not
have this padder, proceed to step C.)

6. Realign the osciliator high-frequency
trimmer at 1400 kc. -

7. Realign the oscillator low-frequency
padder at 600 kc., then repeat step 6.

C. Align preselector and oscillator on short-
wave bands.

1. Set the band-change switch on the re-
ceiver to a short-wave band.

2. Tune receiver and S.G. to a fr
near the high-frequency end of the ban
aligned.

3. Adjust the osciliator high-frequency
trimmer associated with this band for maxi-
mum output.

4. Adjust the preselector high-frequency
trimmers associated with this band for maxi-
mum output.

5. Tutie S.G. und receiver to a ireyuency
slightly higher than the lowest R.F. frequency
in the band, then make a rocking adjustment
of tl';e oscillator low-frequency padder for this
kand.

6. Repeat adjustments 2, 3, 5 and 3 again.
S.G. Output Level. When aligning an

A.V.C.-controlled super with the aid of an
audio output indicator, the S.G. output level
must be kept below the threshold point to
prevent A.V.C. action, but if a tuning indi-
cator or the vacuum tube test circuit
described in a previous job sheet is used
across the diode detector load as a guide for
alignment adjustments, any S.G. output level

may be used.

Peaking the L.F. Amplifier. With the sig-
nal generator cunnected tu the fuput of the
first detector fur an LF. adjustincit, sct the
S.G. to the LF. value recommended by the
rzceiver manufactuter. Using an aligning
tool, adjust the I.F. trimmers for maximum
output, working from the input of the second
detector to the output of the first detector.
Reduce the signal strength of the S.G.
whenever necessary, in order to keep the
output meter reading below half-scale.
peat the entire alignment procedure once,
for there is a certain amount of interlock-
ing between the various LF. circuits, and
one adjustment may detune a previous cir-
cuit slightly,

uency
being

-
ne-

Preselector-Oscillator Adjustments for the
Broadcast Band. Having peaked the LF.
amplifier, connect the S.G. to the antenna
and ground terminals of the receiver, and
tune both the S.G. and the receiver to 1400
kc.  Adjust the oscillator high-frequency
trimmer for maximum output. (You may

find two settings which give maximum out-
put; choose that one which has the least
capacity.) Preselector high-frequency trim-
mers are then adjusted for maximum output.

Rocking Adjustments for Oscillator Low-
Frequency Padder on Broadcast Band. 1
the rotor plates for the oscillator and pre-
sclector sections of the tuning condenser
have exactly the same shape, the receiver
will very likely have an oscillator low-fre-
quency padder: this requires a special rock-
ing adjustment during alignment. Set the
receiver and the S.G. both to 600 kc. Now
tune the receiver back and forth through
600 kc. (rock the tuning knob), while turn-
ing the oscillator low-frequency padder slow-
ly in. Watch for a sudden high point in
the swing of the output meter, because at
that point the tracking is correct. If the
reading of the output meter gets less as
you make this adjustment, turn the low fre-
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FIG. 1. Standard coupling unit, used for mak-
ing a signal generator connection to a control
grid lead of an R.F. tube (in modern R.F. tubes
the control grid invariably goes to a top cap). The
grounded S.G. lead goes to the receiver chassis;
the other S.G. lead, commoniy calied the hot
lead, goes to the battery clip on this coupling unit.

quency padder out until you secure maxi-
mum swing. With a little practice, you
will find this rocking adjustment quite
easy to make.

After completing the rocking adjustment,
realign the oscillator high-frequency trim-
mer at 1400 kc., and realign (by rocking)
the low-frequency padder at 600 kc. Al-
thouzh other high and low frequencies in the
broadcast band may be used for this aa-
justment, 1400 kc. and 600 kc. are recom-
mended by most manufacturers.

Preselector - Oscillator  Adjustments  on
Short-1Vave Bands. An all-wave super may
haveé as many a5 five bands, éach with its
high-frequency trimmer and low-frequency
padder adjustments. IFor each band the high-
frequency trimmers are adjusted with the
tuning condenser set near minimum ca-
pacity, in the same manner as is done at
1400 kc. in the broadcast band. Next, with
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the tuning condenser near maximum capac-
ity, the rocking adjustment is carried out
for the oscillator padder. Finally, realign
the oscillator high-frequency trimmer by
rocking the condenser gang, and repeat the
oscillator low-frequency padder rocking ad-
justment. After you have adjusted one band,
proceed with the next band. The dial read-
ings of the band under adjustment will sug-
gest suitable S.G. settings at the high and
low frequency ends of the band.

Be on the lookout for all-wave receivers
which do not have low-frequency padders,
for these padders are quite often omitted.
In a case like this, it is best to refer to the
service manual for alignment instructions,

A.F.C. Circuit Alignment. In some oi
the newer superheterodyne receivers you will
find an automatic frequency control circuit
which requires alignment; the action of this
circuit is thoroughly covered in your regular
Course. The alignment procedure is like-
wise given in your regular Course, and will
therefore be covered here only briefly.

DISCRMMATOR . 2ND DETECTOR
AND AVC CRCUT
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OSCILLATOR CONTROL
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FIG. 2. Section of a typical automatic frequency
control circuit showing the parts involved in an
A.F.C. alignment job.

A typical A.F.C. circuit is shown in Fig.
2. Strictly speaking, there is only one ad-
justment in this A.F.C. circuit, involving
condenser C which is connected between
the plates of the 6H6 double-diode tube for
the trimmer condenser across the primary
of discriminator transformer T is adjusted
for maximum output beforehand as a part oi
the I.F. amplifier peak alignment. Connect
your vacuum tube amplifier test circuit (de-
scribed in a previous job sheet) between the
cathodes of the double diode tube (to points
1 and 4 in Fig. 2, with the input condenser
in your test circuit shorted, and the poten-
tiometer fully advanced to secure maximum
transfer of voltage). Note the reading of
the test circuit meter before making this
comection, then adjust condenser C in the
A.F.C. circuit until the meter pointer exactly
returns to this original position. This ad-
justment for zero D.C. voltage between
points I and 4 is very critical. Be sure that
the final adjustment is correct when the

adjusting tool is removed. This completes
the A.F.C. circuit alignment.

General Data on Superheterodyne Align-
ment. The general superheterodyne align-
ment procedure described in this job sheet
gives exactly accurate tracking for only two
dial settings in each band. If the variable
condenser in a super has slotted end rotor
plates, tracking can be made more accurate
on the most-used band (the broadcast band)
by bending these rotor plate segments. After
completing the conventional alignment pro-
cedure for the broadcast band, rotate the
tuning condenser until the first segment of
each rotor plate meshes completely with the
stator plates. Note the tuning dial reading
for this condition, and set the S.G. exactly
to this frequency. Now bend each of the
meshing rotor segments in turn one way
or the other for maximum output. Repeat
for each additional segment on the rotors,
resetting the S.G. and bending each segment
in turn for maximum output. This will give
vou the best possible alignment on that par-
ticular band, the broadcast band; now pro-
ceed to align the short-wave bands, without
touching the rotor plates again.

H removal of the chassis from the cabinet
makes it impossible to set the receiver accu-
rately to a desired frequency, tune the
receiver to 1000 kc. (using the dial escutch-
eon as a guide), remove the chassis without
changing the dial setting, then attach a
simple indicator (a length of stiff wire) to
the chassis or condenser frame and bend it
s0 it ponts exactly to 1000 kc. on the dial.
This wire thus replaces the indicator on the
recetver cabinet,

If a squeal is heard when aligning the 1.1,
amplifier and this is not the modulation tone
of the S.G., simply change the receiver tun
ing dial to a position where no squeal is
heard. If it is impossible to secure correct
tracking between preselector and oscillator,
look for a defective part in the oscillator cir-
cuit.

Double spot (image) reception may be
obtained on the highest frequency range of
the receiver. Example: The set has an LF.
of 460 ke, and you are tuning in an 18
megacycle (18,000 kc.) signal from the S.G.
The oscillator in the set should be at 18,000
ke. + 460 kc. (18,460 kc.) to bring in the
signal.  However,~ with the S.G. still at
18,000 kc. you may be able to hear a signal
when the receiver is set to 17,080 ke, (18-
000 — 460 — 460). Adjustments should be
made with the receiver set at the higher of
the two frequencies.
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How To Align A Tuned R.,F. Receiver

HEN Is Alignment Needed? When

the observable symptoms in an im-
properly operating receiver are poor sen-
sitivity accompanied by broad tuning (poor
selectivity), one of the first things a Radio-
trician will suspect is lack of alignment.
This cain be yuickly Jicched by tuning the
receiver to a weak or distant station and
using an alignment tonl (a special insulated
screwdriver having a minimum of metal) to
change each of the aligning adjustments
about one-quarter turn in <ither direction;
restore the original setting each time before
proceeding to the next trimmer. If volume
increases in any case, the set should be re-
aligned; if that clears up the trouble, there
will be no need to look for other defects.
Tampering with the R.F. system, constant
vibration and shock, changes in weather con-
ditions, and general aging will throw tuned
circuits out of line, causing poor selectivity
and poor sensitivity.

In an earlier job sheet I pointed out that
whenever a receiver is brought to your
work-bench for general repairs, it should be
given a complete overhaul, after the defect
has been repaired, as a part of the service
procedure. This overhaul includes tighten-
ing all loose parts, resoldering all poor
joints, checking tubes, cleaning the chassis
thoroughly, cleaning the plates of the va-
riable tuning condensers, then aligning the
R.F. system. The alignment part of the
overhaul procedure is particularly important,
for it will in practically all cases restore
the original performance of the receiver and
thereby create customer satisfaction. In this
job sheet I will consider the alignment pro-
cedure for a tuned R.F. receiver; super-
heterodynes will receive attention in a later
job sheet.

Egquipment Required, Only twe instru-
ments are required for aligning either a
super or a tuned R.F. receiver:

1. Anaccurately calibrated R.F. signal genera-
tor (S.G.) which can be tuned to any of the R.F. or

I.F. frequencies which may be present in the radio
recelver. The S.G. should have a control for
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varying its output voltage, and there should be
means for modulating its output with a tone sig-
nal when desired. .

2. An output indicator having a number of
different voltage ranges or means for controlling
its sensitivity. ‘This output indicator can well be
a part of an ordinary multimeter.

Signal Generator Connections. The signal
generator is very easily connected to a tuned

R.F. receiver for alignment purposes.
Simply remove the antenna lead-in con-
nection from the receiver, connect the

shield on the cable of the S.G. to the ground
terminal of the receiver (leaving the ground
wirc connected), and connect the other S.G.
lead to the antenna terminal of the receiver.
In other words, feed the output of the signal
generator directly into the antenna and
ground terminals of the receiver, as indicated
in Fig. 1.

T.R.F. RECEIVER

e

DISCONNECT ¢
ANTENNA
WIRE

Lo
o,
‘.

-

CONNECTED

FIG. 1. Signal generator connections for align-

ing a T.R.F. recelver.

Output Indicator Ceonnections. These are
exactly the same for either a T.R.F. or
superheterodyne receiver. A number of dif-
ferent connections are possible; in each case
use whichever is the easiest to make.

One connection which is satisfactory for
any receiver is that shown in Fig. 2, involv-
ing an output indicator connection to the
input of the loudspeaker. Actually you are
connecting the output indicator in parallel
(in shunt) with the voice coil when this con-
nection is used for a dynamic loudspeaker.

Since the voice coil connection shown in
Fig. 2 requires that the output indicator have
a low A.C. voltage range, and this is not
always provided on a multimeter, the con-
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nections shown in Figs. 3 and 4 are more
widely used. In Fig. 3 is an output indicator
connection for a single-tube audio output
stage, while in Fig. 4 is the connection for a
two-tube audio output stage. An output indi-
cator always has a condenser in series with
its meter circuit, in order to prevent direct
current from flowing through the A.C. volt-
meter. In other words, an output indicator
is simply an instrument for measuring the
audio output voltage of the A.F. amplifier in
a receiver.

Radiotricians who have had considerable
experience with tuned R.F. receivers will
often align them “by ear” without using an
output indicator or signal generator; they
do this by tuning the receiver to a station
and varying each adjustment for maximum
volume as heard from the loudspeaker. This
procedure is not recommended for beginners,
however, for it is difficult to detect small
changes in loudness. Far more reliable re-
sults are obtained with an indicator. An

TUBE
‘“ spggicn b ~ &
Q .

1

FIG. 2. Output indicator connections to the
voice coll of a dynamic loudspeaker. A multi-
meter Is here being used as an output indicator.

exception is the universal T.R.F. receiver,
which can be aligned by ear just as well as
with an S.G. and output indicator.

When a receiver is provided with a visual
tuning indicator, no output indicator connec-
tion is needed. The alignment can be car-
ried out by watching the tuning indicator.
With receivers employing a diode detector,
the vacuum tube amplifier circuit described
in a previous job sheet may also be used as
an output indicator. Merely connect the in-
put resistor or potentiometer of the unit
across the diode load resistor in the receiver.

Types of T.R.F. Receivers. Alignment is
required in a T.R.F, receiver whenever the
variable condensers in the tuning system do
not all tune exactly to the same signal. The
procedure for aligning a tuned R.F. receiver
therefore centers around the construction of
the ganged variable condensers. The pro-
cedure itself is quite simple; it involves feed-
ing into the receiver an R.F. signal having

the same frequency as that to which the
receiver is tuned, then adjusting each section
of the variable condenser for maximum
audio output voltage as indicated by the out-
put indicator. Three types of construction
will be encountered in the variable con-
densers of T.R.F. receivers, each requiring
a different type of adjustment: 1, variable
condensers which are not equipped with
trimmer condensers; 2, variable condensers
having trimmer condensers; 3, variable con-

densers having trimmer condensers and
slotted rotor end plates.
Receivers Without Trimmers. Although

tuned R.F. receivers which are not equipped
with trimmer condensers are now quite rare,
you may run across onhe of them from time
to time. Do not spend too much time align-
ing such a receiver, for the customer really
needs a modern set which will give better
station separation. If the customer insists
upon a complete service job, connect the S.G.
and output indicator, set the S.G, at the fre-
quency of the customer’s favorite local sta-
tion, tune the receiver to this frequency for
maximum output, loosen the set screws
which hold the rotors of the gang tuning
condenser in position, then rotate each rotor
section in turn for maximum output. When
this adjustment has heen completed, tighten
the sct screws again. Sometimes it is not
possible to move the condenser rotor sections
individually: in this case you can secure
some sort of alignment by bending the
variable condenser leads away from or
toward the chassis to secure maximum out-
put.

Receivers Having  Trimmers. When a

tuned R.F. receiver is provided with tuning
circuit trimmers (small adjustable con-
densers in parallel with the tuning con-

denser sections), alignment is carried ont by
adjusting the capacity of each of these
trimmers in turn for maximum output while
the receiver is tuned to the customer’s favor-
ite high-frequency station. If no station
is indicated, align at a higher broad-
cast band frequency, about 1,400 kc. These
trimmer condensers will usually be mounted
directly on the variable condenser gang.
Reception at the lower broadcast band fre-
quencies can be improved by bending the
rotor plates.

Receivers Having Trimmers and  Split
Rotors. A receiver of this type is intended
to be selective over the entire broadcast
band: when it gets out of alignment, it is
the duty of the Radiotrician to see that the
set is properly realigned in order to restore
its original performance. Tune the receiver
and the signal generator to 1400 kc., set
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the receiver volume control at its normal
setting for a local station, then adjust the
otitput of the 5.G. until the output meter
gives about one-third of full-scale deflection.
Now adjust the trimmers on -the variable
condensers for a maximum output meter
reading (no special order is required) ; re-
duce the S.G. output whenever necessary to
prevent the output meter from going off-
scale.

To adjust the split rotor plates of each
variable condenser section, rotate the receiver
tuning knob until the first split sections on
the tuning condenser rotors mesh completely
with the stator sections. Retune the S.G. to
give maximum output under this condition,
adjusting its output if necessary to make the
output meter read about one-third of full-
scale. Now bend the first split sections (the
meshed sections) on the rotor of each con-
denser section in the direction which gives a
maximum deflection on the output meter.
Turn the tuning knob again until the second
rotor segments are completely meshed, re-
tune the S.G. for this new setting, and repeat

TO PLATE LEAD OR PLATE

TERMINAL OF SOCKET
£ ,
cOonw

OUTPUT
TuBe

ago |
—
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= TO ANY POINT ON CHASSIS

FIG. 3. Output indicator connections to the
plate and chassis of a single-tube output stage.

the adjustment When all of the split cog-
ments have been adjusted in this manner for
maximum output, retune the receiver and
th S.G. to 1,400 kc. and readjust the

How To Neutralize A

Thousands of “neutrodyne” receivers, pop-
ular in the rarly days of radio and famous
for their abiiity to tune in stations ..ithout
“squealing,” are still in existence. When
these receivers get out of balance, ".c wever,
they will squeal. It is important that you
know how to neutralize or rebalance a
squealing neutrodyne receiver.

The neutrodyne circuit employ< triode
tubes as R.F. amplifiers, with special coils
and condensers to balance or neutralize the
R.F. voltage which, if it were allowed to
feed backward through the plate-to-grid path
inside each R.F. tube, would cause regener-
ation or squealing. General aging of parts,

trimmers, for this plate-bending procedure
may have affected the previous adjustments.
The receiver is now correctly aligned.

General Alignment Data. When a tuned
R.F. receiver has been aligned, you may find

TWO-TUBE
OUTPUT

7

FIG. 4. Outputindicatof connections to the two
plates of & two-tube output stage.

that music and speech no longer sound natu-
ral. This will be particularly noticeable in
receivers having more than three tuned
stages. It is due to the fact that the receiver
is now too selective for broadcast band
reception, and is cutting off the higher audio
frequencies (cutting the side bands). This
fault is very easily corrected; simply change
the trimmer condenser adjustment for one
of the R.F. stages slightly. If this does not
give sufficient correction, repeat for another
trimmer ; if you turn the adjusting screw in
on one trimmer, turn the screw out on the
other, moving each a little at a time until
the quality seems normal again.

T.R.F. Alignment Don’ts. Don’t try to
align an old T.R.F. receiver until you have
given it a thorough overhauling, cleaning
out all dirt and grime from the R.F. coils
and the tuning condensers. Don’t adjust any
trimmer condenser until you know its
purpose. Don’t align a receiver unless ail
shields and shield connections are tight and
properly in place.

Neutrodyne Receiver

placing of new tubes in the receiver, or
changing the position of wiring will often
change the neutralizing adjustment, with the
result that sharp hissing noises and squeals
are heard when stations are tuned in.

Always be sure that you have a n~eutro-
dyne receiver before attempting to make any
neutralizing adjustments. Identifying char-
acteristics are triode R.F. tubes, with one
neutralizing condenser for each tuned R.F.
stage. These neutralizing condensers will
be mounted on the chassis or on a small
insulating panel. Do not confuse alignment
trimmer condensers (which are mounted on
variable condensers) with neutralizing con-
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densers. On very old neutrodyne receivers,
the neutralizing condenser may consist
simply of two metal rods mounted  a short
distance apart in a glass or fiber tube, with
1 metal sleeve fitting over the tube; the
position of this sleeve is changed in order to
var the capacity.

Midget trimmer condensers (sometimes
called book condensers) are actually provided
for neutralizing adjustments; the connections
of these condensers are covered in your
Fundamental Course. Once you locate the
neutralizing condenser for each stage, you
can carry out the neutralizing procedure
given below regardless of the type of neu-
tralizing circuit employed.

Neutralizing Procedure. Always neutral-
ize a squealing neutrodyne receiver before
aligning; a second neutralizing procedure
may perhaps be necessary after alignment.
Of course, if the set is originally way out
of alignment, it may be wiser to align before
neutralizing, and repeat both adjustments at
least once again. The general neutralizing
procedure is as follows:

1. Tune the receiver to d local broadcast sta-
tion operating on a frequency somewhere near
1,500 kc., or connect a modulated signal genera-
tor to the antenna and ground terminals of the
receiver and tune the S.G. to 1,500 kc.

2. Open the filament or heater circuit of the
tute in the last R.F. stage, either by unsoldering
the lead to a filament terminal, by slipping a
short length of soda straw or a pill capsule over
one tube filament prong, or by inserting a stand-
ardkneutrallzlng adapter between the tube and its
socket.

3. Turn the receiver on. With no filament
emission, plate current will not normally flow
through a tube. If the signal to which the re-
celver ia tuned can be heard from the loudspeaker,
we know that this signal is passing from the grid
to the plate (Inter-electrode capacity) inside of the
cold tube; this stage therefore needs neutralizing
in order to cancel the undesirable feed-back

signal. If signals can flow through the cold tube
in this direction, they can also flow in the opposite
direction when the tube is operating, producing
annoying oscillations or squeals.

4. Adjust the neutralizing condenser in the
stage until the signal is at minimum volume or
cannot be heard, then retune the receiver dial for
maximum volume and readjust the neutralizing
condenser for minimum volume. This completes
the neutralizing adjustment for that stage. Once
a stage has been neutralized, do not make any
more changes in that stage, and above all, do not
change the tube in that stage. Proceed to neu-
trallze all other R.F. stages In the same manner,
one by one, working toward the antenna.

The mere fact that the complaint is squeal-
ing when stations are tuned in does not mean
that you have a neutrodyne receiver. If you
cannot locate any neutralizing condensers,
the set is definitely not a neutrodyne. Many
receivers which use triode R.F. tubes aré not
neutrodynes; these usually have grid sup-
pressors (resistors) connected between each
control grid and tuning circuit to drop R.F.
feed-back voltages and prevent squeals.
When other means for eliminating squeals in
receivers of this type fail, try increasing the
sizes of these grid suppressor resistors.

If a neutrodyne receiver squeals at some
other frequency, say at 800 kc., after you
have eliminated the squealing at 1,500 kc.,
repeat the neutralizing adjustment at this
new frequency. If this produces oscillation
again at 1,500 kc., it will be necessary to
reduce regeneration in -some other way, pos-
sibly by reducing the plate voltages. On
receivers having line voltage switches or
taps, simply move the switch to a higher-
voltage setting; this will reduce the voltage
applied to the power pack and thus reduce
all plate voltages. Before making any
change in the power supply system, however,
be sure that there are no receiver circuit
defects which could be causing regeneration.
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PRAGTICAL JOB SHEKLT

What To Do When A Receiver Plays Intermittently

INTERMIT’I‘ENT reception presents per-

haps the most perplexing of all problems
which confront the Radiotrician. The com-
plaint is easily recognized, for the receiver
will play satisfactorily for a time, cut off
entirely or play improperly for a while,
then return to normal again, with the process
repeating itself at regular or irregular inter-
vals. Sometimes the set will perform satis-

’ factorily for days at a time, then begin its
cycle of intermittent operation again. There
is no way for the serviceman to tell whether
it will take ten minutes or ten days to find
the trouble,

Because of this difficulty in estimating be-
forehand how long it will take to locate the
defect, intermittent receivers should rarely
if ever be serviced in the customer’s home.
Make an inspection for surface defects above
the chassis, check the antenna system, then
, take the chassis and loud-speaker to your

work-bench, place the set in operation, and
proceed with other work while waiting for
the intermittent condition to develop. Make
as many tests as you can each time the inter-
mittent condition occurs.

When intermittent reception is the com-
plaint, the customer can often give valuable
clues which will speed up the isolation of the
defect. If the following questions are care-
fully answered by the customer and are
properly interpreted, short-cuts in the pro-
fessional servicing technique for intermittent
receivers will often be obvious.

1. Does intermittent operation begin as soon

as the set ls turned on, or after it has been in
operation for a number of hours?

2. How long does the period of improper opera-
tion ordinarily last? s normal reception restored
immediately, or does reception remain poor in-
definitely once the recelver cuts off?

3. WIll touching a tube, slapping the cabinet,
or turning the power switch off and on restore re-
ception during the period of improper operation?

| 4. 1f the set cuts off at regular intervals, how
long does the receiver play properly? How long
does it play lmpropﬂ‘lyg

5. Is the receiver entirely dead when cut-off

occurs, or does it play Improperly, with reduced
volume, hum, noise, squealing, etc.?

Job Sheet No. 21

Remember that you will have to turn on
the receiver and wait for the intermittent
condition to occur before you can do any
testing. If the trouble occurs only about
once a day, and can then be cleared up by
jarring the receiver or flipping the power
switch off and on, it would be wise to sug-
gest that the customer wait until the trouble
becomes more severe; otherwise the _time
spent in waiting for the defect to occuf””may
run the service charges up as high as $30.
When the intermittent condition occurs often
enough and lasts long enough to be seriously
annoying, however, there are definite pro-
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A simple, easy-to-use vacuum tube voltmeter
like this is ideal for locating defects which cause
intermittent operation a receiver. Man

different ranges are provided for A.C. and D.C.
voltage measurements, direct current measure-
ments and resistance measurements. Aursal
listening tests with this unit are made by re-
moving the jumper wire from the two right-hand
PHONE jacks and plugging a phone unit into
these jacks. The range-selecting switch is set at
100 x V, the red probe of the test leads is placed
in the left-hand A.C. jack, and the black probe
is placed in the other A.C. jack. If greater phone
vorume is required, change to a lower voltage
range. Always place the black clip on the chassis
or on the terminal closest to ground potential.

cedures which can be used for locating the
trouble; these will be taken up in this job
sheet immediately after we consider common
causes for intermittent defects.
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Common Causes of Intermittent Reception.
Thermal shorts or opens (produced by heat)
account for a great many intermittent de-
fects. A metal part in some circuit may be
almost touching another part or the chassis;
when the receiver is turned on, the chassis
and parts on it become warm, and the metal
parts expand enough to touch and produce a
short. If the short is in a high-voltage
circuit, such as a plate supply lead, a spark
and a slight noise may occur each time the
parts touch.

Poorly soldered connections may have a
thermal open circuit. Expansion of a wire
with heat may cause it to move slightly
away from a soldered joint, breaking the
connection. The heat may be produced by
current flowing through the wire and joint,
or by general heat which is always present
in a chassis when the receiver is in operation.

Thermal defects are often traced to tubes.
Electrodes will touch each other or electrode
leads will open; oftentimes the open circuit
may be incomplete, giving rise to noise. A
thermal defect in a tube can also cause hum,
oscillation, distortion, lowered sensitivity, or
a dead receiver, depending upon which elec-
trode is affected. A tube checker will not
always reveal a thermal defect, hence you
must depend upon other means for locating
the trouble. As a last resort, you can advise
the customer to secure a complete new set
of tubes; if this clears up the intermittent
trouble, you know that one of the old tubes
was the cause,

If it is the current flowing through a
joint which produces a thermal open, the
source of heat will be removed as soon as
the open occurs, cooling will take place, and
the comnection will be made again. Under
these conditions there will be a regularly
recurring intermittent condition, with the
time interval being determined essentially by
the amount of current flowing and the size
of the part. For example, when the break
is in the filament of a tube, the filament will
heat quite rapidly when the connection is
made and will cool equally as fast when the
break occurs, with the result that the inter-
val of time between intermittent conditions
will be short. In power transformers,
however, there is so much metal in the vicin-
ity to be heated and cooled, that the inter-
val between intermittent conditions will be
considerably longer. The interval of time
between one cut-off and the next can there-
fore serve as a clue to the trouble. The fol-
lowing table indicates probable causes of
trouble when cut-off occurs regularly at
definite intervals of time,

Time Probable Cause

0-3 minutes —Tubes or poor connection.

3-5 minutes —Resistors, especlally cathode
biss resistors which heat up
after tubes are warm, and other
par::“’ wlhl::. dlulpl:lt:id.hent
rap! ; loudspeaker are
in this classitication.

3-5 minutes —Series filament resistors and

(Universal heavy duty bias resistors which
AC-DC sets) sag and touch the chassis.

Over 5 minutes—Power transformers and large
resistors.

When a thermal defect is due to general
heat from the chassis, it will usually take
quite a long time after the receiver is turned
on before the intermittent condition occurs.
Furthermore, since the various power cir-
cuits which ordinarily heat the chassis will
not be affected by the thermal contact, the
changed condition will usually continue once
it starts. Normal operation can be restored
only by turning off the receiver and allow-
ing it to cool for a few minutes. This type
of intermittent condition is much easier to
repair, for the usual isolation tests can be
made while the receiver is operating im-
properly.

You will also encounter intermittent con-
ditions in which there is no regular interval
of time between cut-offs and there is mno
logical explanation for the cut-off. One day
the cut-off may occur qQuite often, another
day it may occur only every few hours, and
the trouble may clear up entirely for a few
days. Such trouble is usually due to open-
ing up of a by-pass or coupling condenser.
Oftentimes, you can make the intermittent
action occur by wiggling the condenser, thus
proving that the condenser is defective. High-
resistance carbon volume controls, if noisy
when rotated, are also possible causes of
intermittent reception. The remedy obviously
is replacement of the defective part.

Another intermittent condition you may
encuunter is that in which there is an ex-
tremely small break in a signal or supply
circuit, with a tiny arc (often not visible)
developing across it most of the time to give
normal operation. The arc may fail at
irregular intervals for various reasons,
causing a signal circuit to open or interrupt-
ing the power in a supply circuit. For
example, an open control grid or screen grid
lead (either inside or outside a tube) will
often stop reception. Snapping the power
switch off and on, touching a control grid,
or pulling out and returning any tube to its
socket is generally sufficient to send through
the receiver a surge of current which will
restore normal operation.

Service Technique for Intermittents. The
clues obtained from the customer’s answers
to your questions may not lead you directly
to the defect, but they will usually give you
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a good general idea of what the trouble is,
and will allow you to concentrate on one
section of the receiver,

When the clues point to tube trouble, and
the receiver has glass tubes, note if any of
the filaments cease glowing during the inter-
mittent condition. With metal tubes, this
is of course impossible, but you can wiggle
and tap each tube in turn; oftentimes this
will force the development of the open or
short, thereby locating the defective part
immediately.

Go over the tap of the chassis carclully,
looking for loose or poor contacts. Wiggle
each part vigorously or try to move it out of
position ; this may lead you directly to the
trouble. If noise or clicks are heard or
there is any other change in receiver per-
formance when one particular part is moved,
and all leads to it have been checked, replace
the part.

Check the loudspeaker next, by wiggling
each output transformer and field coil lead
vigorously with your long-nosed pliers while
the set is in operation and tuned to a sta-
tion; also squeeze the field coil and tap it
with the insulated handle of a screwdriver
(The plier handles should preferably be
taped, to eliminate chances of a shock.) In-
spect the voice coil leads carefully, but do
not apply force to them.

Next comes a thorough inspection for sur-
face defects underneath the chassis. First
look for visible arcing joints, then begin a
systematic probing of all parts and connec-
tions, starting at one corner of the chassis
and working back and forth until you have
tested every connection and lead by pulling
and by shaking. Do not be afraid to pull a
lead away from its jeint while making this
inspection, for any joint which will separate
so easily is not worth having. Be on the
lookout for poorly soldered joints, where
solder is rough and there is excessive rosin
over the joint. Before resoldering a sus-
picious joint, apply extra force to it in an
attempt to cause cut-off, so you will know
when you have located the defect. If clues
indicate that you are dealing with a thermal
contact, give special attention to current-
carrying leads and their connections, concen-
trating on those parts which can logically
be suspected because of the time interval
observed. If there is no regular interval
between cut-offs, then all parts must be tested.

The servicing procedure up to this point
might really be called a thorough inspection
for surface defects. If this fails, a procedure

for isolating the defective stage becomes
necessary. A simple vacuum tube voltmeter
(v.tv.m.) can be used effectively for iso-
lating the defective stage when the com-
plaint is intermittent reception. It can be
used for measuring either D.C. or signal
voltages. Furthermore, some instruments of
this type have provisions for plugging in
headphones 3o as {0 pertit aural ,istening
tests at any point in the receiver. The
tube in the instrument provides rectification,
and hence serves to demodulate a modulated
R.F. or LF. signal.

Tu listen to the output of a diode detec-
tor in a receiver, prepare your v.t.v.m. for
aural listening tests (phone tests) and con-
nect it between the negative end of the diode
detecor load resistor and the chassis.

To listen to the output of any audio stage,
prepare your v.t.v.m. for aural listening tests
and connect it between the plate terminal
of any A.F. tube and the chassis.

To check for a leaky coupling condenser
or a gassy tube, use your v.tvm. as a
D.C. voltmeter and connect it across the
grid resistor in the stage under suspicion.
A D.C. voltage across the resistor means
that current is flowing through the resistor
due to one of these defects.

During receiver alignment (considered in
later job sheets), the v.t.v.m. can be used
as an output indicator by connecting it te
measure the D.C. voltage developed across
the load resistor of the diode detector.

In general, the v.t.v.m. should be used
with a headphone for aural listening pur-
poses when checking far noise or distortion,
and should be used in a conventional man-
ner as a D.C. voltmeter when checking D.C. .
voltages or aligning tuned circuits.

Now let us see how a vacuum tube volt-
meter can be used for isolating the stage
or at least the section which contains an
intermittent defect. First of all, you will
want to know whether the defect is in the
audio system or in the R.F. and detector
system. To do this, listen to the output of
the second detector by using the v.t.v.m. as
an aural indicator. In the case of a diode
detector, connect tae v.t.v.m. across the diode
load resisto:; in tie case of a triode or any
asher detector tube, counect the v.iva be-
tween the plate of the detector tube and the
chassis. Keep the v.t.v.m. leads and the
paone leads aw1y from chassis parts as much
as possible.

When you hear the intermittent condition
from the loudspeaker, pick up the phone
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carefully and listen to it. If the audio out-
put has gone down, you have an indication
that the trouble is in a previous stage (an
R.I. stage, LI°. stage or the second de-
tector). It the response in the phone is the
same as before, you know that the trouble-is
in an audio stage, following the phone con-
nection.  Lf you are in doubt as to whether
a change in phone volume occurred, force
the receiver back to normal while listening
to the phone; a sudden change in volume
can then be recognized.

When working with an A.V.C.-controlled
receiver which is equipped with a visual
tuning indicator, there is no need to make
this test for isolating the defective section;
it the break occurs in the R.F. or diode
detector circuit, the tuning indicator will
show a change each time it occurs, whereas
if the break is in the audio system, there
will be no change in the tuning indicator
reading before and after cut-off.

If your vacuum tube voltmeter indicates
the presence of an audio circuit defect, iso-
late the defective stage by connecting the
v.itv.m. (still set for use as an aural indi-
cator) to the plate and chassis respectively
of each single-tube stage in turn, working
wward the loudspeaker (connect to the two
plates in the case of a 2-tube output circuit),
and wait for cut-off each time. The first
stage you come to for which a change in
phone volume occurs during cut-off wnl be
the defective stage.

If your test circuit indicates the trouble
is ahead of the second detector load, advance
the v.t.v.m. one stage at a time trom the
second detector toward the antenna, making
a connection to the plate and chassis in each
case.

While the receiver is performing prop-
erly, set the v.tvm. to tne highest D.C.
voltage range which gives a clearly audible
signal in the phone, then place the phone on
your work-bench and proceed with other
work until intermittent operation again oc-
curs. The use of a high voltage range
keeps at a minimum any detuning of re-
ceiver tuned circuits due to the input capac-
ity of the v.tv.m.

In the case of a receiver which does not
have A.V.C., when you reach a connection
at which there is no change in phone volume
during cut-off, you have just passed through
the defective stage. If the receiver has
A.V.C, as is usually the case, the defective
stage and all stages following it will show

a decresse in phone volume during cut-off,
and all stages ahead of it (toward the an-
tenna) will show an incresse in phone vol-
ume during cut-off. Turn off the v.t.v.m.
after you have finished, in order to con-
serve battery life. IMPORTANT: Do not
touch metal parts of the ungrounded test
clip while the receiver is on, for high vol-
tages exist at the plate terminals on which
you place the clip during this test.

You are able to secure an audio output
from any R.F. or L.LF. tube simply because
a vacuum tube voltmeter which measures
A.C. voltages also acts as a detector in recti-
fying the modulated R.F. or L.F. signal. This
audio signal will become weaker as you move
toward the input of the receiver, but you can
increase the phone volume, if you desire, by
setting the v.t.v.m. to a lower voltage range.
Tests made in the N.R.I. laboratory indi-
cated that it is often possible to hear audio
signals in the output of the R.F. preselector
stage, but in general you will not be able to
secure satisfactory volume at points between
the antenna and the output of the mixer-first
detector stage. Always tune to the strongest
local signal when isolating a defective stage
in this manner. If there is no broadcast
station in your locality which provides a
sufficiently strong signal for this defective
stage isolating technique, it will be necessary
for you to use a signal generator as your
signal source for this test. Connect it to
the antenna and ground terminals of the
receiver, and set it for a modulated R.F.
output signal. Of course, if the intermit-
tent operation occurs only occasionally, you
would not want to use a battery-operated
signal generator for this purpose, because
its batteries would be run down.

Once you have lucated the defective stage,
try replacing the tube in that stage first of
all.  After this, push on all enclosed
(shielded) parts, wiggle all condensers and
resistors in the stage, pull on all leads and
do anything else which might possibly force
the open circuit or create the short circuit
which is causing trouble. If this fails, re-
move the shields from R.F. coils and exam-
ine the internal parts, giving especial atten-
tion to the leads going to the coil terminals.
These may be too tight, with the result that
changes in temperature loosen the leads at
the terminals and cause an open inside the
soldered joint where it is not readily visible.
If all these tests fail, begin replacing coup-
ling and by-pass condensers, and finally re-
place resistors and signal circuit transform-
ers. This last procedure will invariably bring
results when everything else fails.
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PRACTICAL JOB SHEET

Replacing The Antenna In A Better Location

HEN your inspection of a radio instal-

lation during a service call reveals an
obsulete, inadequate antenna. you have an
excellent opportunity to sell a modern all-
wave antenna svstem (at the regular list
price) and install it in a better location than
the existing antenna (charging your hourly
rates for labor). Furthermore, many stores
which sell radios do not have service depart-
ments; vou can boost your income consider-
ably by contracting with these drug, hard-
ware. furniture and general stores for the
installation of new receivers and the erection
of modern antenna systems. Your greatest
problem will be in providing supports which
place the horizontal pick-up section of the
antenna high enough above the ground and
above surrounding objects to give good sig-
nal pick-up: this job sheet will be devoted
exclusively to this important problem.

Locating The New Antenna. The follow-
ing factors, listed in the order of their im-
portance, should be considered when choos-
ing a location for a new antenna: I. The
existing supports or those which you provide
should be the required distance apart for
the type of antenra being installed. and
should be high enough to give ample clear-
anice over all objects in the line of the anten-
na; 2. The antenna should he easy to erect
in the chosen location; if supports are re-
quired, simple and inexpensive masts should
be adequate; 3. One support should be above
a window near the receiver location; 4. The
location should permit a neat installation; 5.
If the owner is anxious to receive certain
distant stations. an L-type antenna should
be pointing toward those stations; if a
doublet antenna (with transformer at cen-
ter) is used instead, it should be pointing
at right angles to these stations for max-
imum signal pick-up.

Sclecting The Antenna Kit. For antenna
erection work. two types of systems are gen-
erally used: 1. A Tee, doublet or dual
antenna system in which the transmission

«'ne connects at or near the center of the
horizontal pirl:-up w 2. An L-type sys-
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tem in which the transmission line or lead-in
connects to one end of the horizontal aerial
wire. For broadcast antennas the lead-in
will usually connect directly to the hori-
zontal wire, while for all-wave antennas the
connection will usually be through an anten-
na transformer. [Ease of erection will gen-
erally govern the type of antenna you will
choose. Four typical antenna installations
will now be analyzed.

Eaample No. 1. Suppose that you are to
install an all-wave antenna on a suburban
or country home like that shown in Fig. I,
which has a brick chimney extending about
5 feet aboye the ridge of the roof ; there is

Wy e

FIG. 1. All-wave antenna installation employ
ing » chimney and a tree as supports.

one large tree about 100 feet straight back
of the house, and another large tree about
the same distance to one side of the house.
The customer wants to locate the radio in
the living room, which is at the front right
side of the houge.

You examine the location carefully, and
decide that the chimney is in an ideal loca-
tion for one antenna support, since it will
permit dropping the lead-in wire directly
down to a window of the living room if an
L-type antenna is used. The tree at the
right is obviously ideal for the support. (If
the customer had specified a receiver loca-
tion at the rear of the house, a doublet type

Printed in U. 8. A.

maiidy



U
antenna extending from the chim
other tree would be better.) = |

Start work by placing a metal band (cut
from heavy galvanized sheet metal) around
the chimney near the top. Pull the ends of
the band together with one or two long
stove bolts, then anchor the transformer end
the band, then anchor the transformer end
of the antenna to this band with guy wire.
If you loop guy wire around the chimney in
place of the band, be sure to use metal
brackets at each corner to prevent the wire
from cutting into the mortar between the
bricks. Never fasten an antenna to the tile
lining in a chimney, for the top tile may not
be firmly anchored.

Now get an extension ladder and place it
against the tree. Thread guy wire through
a section of an old bicycle tire or tack the
wire over a section of a wooden hoop (to

-

"to the

FIG. 2. All-wave antenna installation empioy-
ing two self-su iron masts on a house

prevent the wire from cutting into and
choking the tree), then loop this around the
tree trunk at the correct height. and twist
the ends together; leave ample room inside
the loop for future tree growth. (A long
galvanized lag screw with hook, such as is
used for clothesline poles, may be screwed
into the tree and used as an anchorage for
the antenna). Use a pulley, rope and win-
dow sash-weight at the tree to allow for
motion of the tree during winds; the weight
need not be more than a foot or two below
the pulley.

Exaemple No. 2. An all-wave antenna is
to be installed on a home like that shown in
Fig. 2, having a steep slate roof which should
not be walked on, no trees in the vicinity,
no rear garage, and a maximum distance of
about 50 feet between house peaks. The
receiver is located in the living room, at the
left side of the house. The customer will not
permit erection of a tower or mast in the
vicinity of the house,

Y .
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Two iron pipes, each about 6 feet long
»and 34” or 1” in diameter, may be erected
at the extreme ends of the house and used
as antenna supports:; no guy wires will be
needed if the pipes are anchored as shown in
the detail sketch in Fig. 2. Start at the left
mast, which is almost directly above the
receiver location. Place a ladder against
the house, then fasten two short lengths of
1”7 or 2” thick wood to the side of the house
with wood screws (with lag screws in the
case of a brick house), placing one board a
few inches below the ridge and the other
about 18 inches below the ridge. Mount a
pipe flange on the lower board, insert in it
a nipple, then put on the elbow and insert
the pipe mast, after first placing a coupling,
nipple and cap on the upper end and attach-
ing the transformer end of the antenna. Fas-
ten the pipe to the upper block (or directly
to the projecting ends of the roof near the
peak) with a pipe clamp and wood screws.
Install the other mast in the same way, but
attach a pulley and rope to it at the top to
simplify tightening of the aerial wire. Use
an auxiliary rope to pull the antenna across
the roof.

If the antenna length exceeds the distance
between supports, three procedures are pos-
sible: 1. Cut off surplus wire if using a
broadcast antenna; an all-wave antenna may
be shortened not more than about 3 feet
with only a slight loss in effectiveness; 2.
Bring the free end of the antenna down along
the side of the roof to a dormer as indi-
cated by dotted line a in Fig. 2, or to the
chimney as at b; 3. Cut off the extra length
of wire, duplicate it with the same length of
about No. 18 enamel-covered wire, wind this
smaller wire on a long porcelain insulator,
cut the regular antenna near the trans-
former, fasten its ends to the insulator, then
bridge over the break with the coil just
formed, making soldered connections. In the
case of an unequal doublet system, cut the
surplus from the longer section and insert
a coil of equivalent length in that section
near the antenna transformer. For a bal-
anced doublet, cut half the surplus from each
end and insert one equivalent coil in each
section, near the transformer.

Example No. 3. An ordinary all-wave
antenna is to be installed on the roof of an
apartment house like that in Fig. 3. No
antenna supports are available on or near
the roof. Two masts, each about 10 feet
high, can be erected: use either 34" gal-
vanized pipe or 2” x 3” wood poles which
are free from knots. In many towns and
cities the use of iron pipe is compulsory,
since it does not present a fire hazard. For

each pipe mast yqumwill need a one-foot”
square baseboard i one «inch thick, a
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flanged base plate (or a 2” x 4” block with
a hole drilled half-way through for the
pipes. a coupling, a nipple, and a top cap.
Fasten the flanged base plate to the center
of the baseboard, then place the baseboard
on the roof at the selected location for the
mast nearest the receiver location; it is not
necessary to fasten the baseboard to the roof,
since the guy wires will apply sufficient down
pressure to prevent slipping. Place the coup-
ling nipple and cap on the top of the mast,
attach the antenna and the three guy wires,
then insert the mast in the flanged base plate
and anchor the lower ends of the guy wires.
Large lag screws, either of the hook type
or the cyc type. are ideal anchorages for
guy wires. With brick construction, use a
star drill or star chisel to make holes in
the bricks or mortar, and place expanding
sleeves (usually made of lead, and available
at most hardware stores) into these holes
before inserting the lag screws. Install the
other mast in exactly the same way, after
first attaching a pulley and rope to it for
tightening the antenna. Attach the antenna
and completc the installatlon in the wusual
manner.

dwelling having a flat roof, as shown in Fig.
4. The roof itself is nut large enough for
a two-mast antenna installation like that
used in Fig. 3. but there is a high clothes-
pole in the back yard, serving all floors of
the building. A 10-foot extension mast fas-
tened to the top of this pole will provide
an ideal antenna support: use either a 2”
x 3” wood pole or a l-inch diameter irnn
pipe, fastening it to the pole with strips of
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FIG. 3. All-wave antenna installation employ-

ing guyed iron pipe masts located on the flat roof

of an apartment building. Insulators are deslg-
nated as I, and turn-buckles as T.

If wood masts are used, drive a large
nail through the baseboard into the bottom
of the mast to prevent it from slipping off
the board, and drill a small hole near the top
of the mast through which guy wires can be
threaded after they have been wound around
the mast.

Example No. 4. An all-wave antenna is
to be installed on a two or three-story city

FICG. 4. All.-wave anienna instailation in which
an extension mast on a clothes pole in the back-
yard serves as one support.

galvanized sheet iron or with pipe clamps.
Allow the bottom of the pole to rest on a
spike or block so it will not slip down
through the clamps. Before fastening the
pipe permanently, place the coupling nipple
and cap on the upper end, attach a pulley
and one guy wire, and thread a length of
rope through the pulley.

The chimney of the building can well be
the other antenna support; generally it will
be necessary to anchor a short mast against
the chimney with bands of strap iron. Be
sure to use an iron pipe at this point, for
a wooden pole would present a fire hazard.
To erect the antenna, start at the chimney;
attach the transformer end of the antenna
here. Now attach a strong piece of cord
to the free end of the horizontal wire, and
drop both the cord and the wire to the
ground. Carry this cord up to the top of
the clothespole, then pull up the aerial wire,
and attach its insulator to one end of the
rope. Pull the aerial into position, and
anchor the rope to a cleat on the clothes-
pnle.

How To Erect An Antenna Mast When Required

When no antenna supports are available
and short masts are inadequate, a simple
full-length antenna mast like that shown in
Fig. 5 can be considered. The latticed lower
section is permanently installed, with a sin-
gle 10 or 15-foot lengtn of 2” x 2” wood

pivoted to its upper end in such a way that
this top mast can be lowered when neces-
sary. Assemble the lower section with two
twenty-foot lengths of 2” x 3” wood and
short lengths of 17 x 2” pine for cross brac-
ing as indicated in Fig. 5. Mount a grooved
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PULLEY

NOTCH FOR PULLEY
2% 6% 8!, LONG
BACKSTOP

FIG. 5.

wheel in a notch cut into the backstop, fas-
tening its shaft with staples or screw eyes;
now place four large screw eyes at the top
of the lower mast. Attach guy wires to
these, making each one about 4 longer than
the lower mast.

For the base of the lower mast, drive two
2-inch by 3-inch stakes into the ground 24"
apart, at the selected location for the mast.
The stakes should be at least 214 feet long,
should be pointed at one end, and should be
driven down far enough so that about 3
inches of each stake will project above
ground. Drill holes in opposite faces of
these stakes, then drill corresponding holes
in the lower ends of the latticed mast for
34-inch diameter bolts. Place the lower
mast on the ground with the holes lined up,
then insert the bolts. Attach two of the
guy wires to anchoring stakes located about
10 feet away from the base, then pull on the

GROCVED
FASTENED TO
BACKSTOP -

Suggested design for a thirty-foot high wooden mast.
turn-buckles as T.

WHEEL - 2% 6% 8 I/; BACKSTOP

GUY WIRE

TOPMAST. PIVOT

ON A 347 8°BOLT

1%8% 85 FRONT
sTOP

Insulators are designated as I, and

other two guys to raise the mast into posi-
tion. The mast will tilt backward and re-
main up. Anchor the other two guys, then
adjust all guys until the mast is vertical.

For the upper mast, select a 10 to 15-foot
length of 2-inch wood which is free from
knots and flaws. Drill a bolt hole about
18 inches from the lower end; attach screw-
eyes at the top for the aerial wire and for
three additional guy wires. Attach this to
the lower mast with a 34-inch by 10-inch
pivot bolt. Attach guy wires and the an-
tenna, place the rear guy wire in the
groove of the pulley wheel, pull up the
mast, and either bolt or tie its lower end
to the front stop. Anchor the guy wires to
the same stakes used for the lower section,
or to separate stakes set farther away from
the base. Proceed to attach the antenna to
its other support and complete the installa-
tion in the usual manner.
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PRAGTICAL JOB SHEET

Restoring Marred and Broken Radio Cabinets

OPPORTUNITIES for extra profit will
often suggest themselves tu an alert
Radiotrician when making a service call.
Youu have an excellent opportunity to find
out whether the customer needs a new main
radio or a tabie-model radio for the kitchen
or bedroom. You can make recommenda-
tions for these new radios, then arrange with

FIG. 1
Left—RCA refi kit, containi cleaning
oli, rubbing oll, abrasive powder, sandpaper, an
assortment of stick sheilac, two packages aniiine
stain powders, one touch-up brush, one spatula,
one rubbing biock and an instruction sheet in a
leatherette case. Right—Goiden Star touch-up
kit, a similar but larger unit in a carrying case.
Furniture polish, cheese-cloth and an alcohol
lamp are included with this kit.

Typlml_ radio cabinet touch-up kits.

a local radio dealer to complete the trans-
action, giving vou a commission. Service-
men and radio dealers very often work
together in this way, with the serviceman
domng all radio work for the dealer. Inci-
dentally, this will give you excellent trains
ing i the merchandising branch of radio
if yoy eventuaily plan to open a retail radio
store.

Mare imiportant yet are extra-money jcbs
involving an application of your radio train-
in{f’,‘ such as restoring the finish on the radio
~abinet, installing a hetter antenna system,
-:ding a tuning indicator or other special
@, it feature to the receiver, installing a

- push-button tuner, adapting ihe receiver for
=lectric phonograph and public address con-
succions, and installing headphones, pillow
loudspeakers, extension loudspeakers, rcmote
control switohes, time switches, photoelectric
~ontrols, inter-communicating systems, farm

ceivers and wind-driven power supplies.

® remainder of this job sheet will deal

P

following job sheets will show you how to do
other extra-money jobs.

Refimishing the Radio Cobinet. It is not
at all uncommon for a serviceman to put
from $5 to $15 worth of work into a chassis
in order to restore it to its original operating
condition, then install this chassis in a mar-
red or broken radio cabinet and consider the
job finished. To the customer the cabinet
is as much a part of his radio as is the
chassis, and the cabinet stil] locks old and
out of place. But it doesn’t take long to
clean the cabinet w'th furniture polish and
fill in any scratches and gouges once you
learn the correct procedure. If on your
first visit to a customer it is obvious that
the cabinet is in need of refinishing, ask
the customer as you leave: “Would you
like to have me touch up the cabinet after
I bring back your receiver?” If the answer
is ‘‘yes,”” you can bring your cabinet rcfin-
ishing kit along with the repaired chassis,
and do the work right in the home.

Cabinet refinishing is a profession in it-
self, and men trained in this work are
located in practically every large town. The

FI1G. 2. Typical scratch removers; these gener-
ally contain a solid stain at one emd (which is
rubbed into mtchﬁa snd siight defects) and &
brush or huffci at the other end *s sinooth the
applied stain. This is to be considered as ‘‘first
aid"’ for minor scratches such as sometimes occvr
when delivering radio cabinets, rathat titan as s
permanent repair.

ayerage housewife rarely thinks of calling
such a man, however, except when a general
refinishing of all furniture is contemplated.
Radio dealers likewise hesitate to call in a
professional cabinet refinisher; your ability
to restore the finish of new radio cabinets
(which are damagcd during shipmer’
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while displayed on the floor) and repair the
cabinets of trade-in radios will be a decided
asset in your transactions with radio dealers.
Furthermore, if you are in a small commun-
ity where there is no competent man for
this work, you can extend your activities to
other pieces of furniture as well.

In this job sheet we can only consider
the simpler refinishing jobs. If you want
to learn more about the subject of furniture
refinishing, particularly the refinishing of
entire cabinets, I suggest you get in touch
with the Golden Star Polish Mfg. Co., Kan-
sas City, Mo. This firm sells complete
refinishing kits with instruction books, as
well as all necessary supplies.

Tools and Materials Required. The sup-
plies required for filling in an ordinary
scratch, a deep scratch or a deep hole, for
repairing broken ornamental wood-work, for
refinishing a damaged surface and for pol-
ishing an entire cabinet are remarkably few
considering the fine work which can be done.
Remember that ‘“practice makes perfect;”
practice on old furniture in your own home
until you are confident you can do a neat
job. Know your limitations, so you can
turn down jobs which are heyond your abil-
1ty

You will need the following supplies :

1 pint of rubbing oil. Mix 3¢ pint linseed oil
with pint benzine and place in a tightly-
corked bottle.

1 tube or can of furniture glue, of a reliable
make.

14 pint of turpentine.

14 pint walnut stain (alcohol base).

14 pint h y stain (alcohol base).
14 pint wood alcohol.

1 small can of plastic wood.

3 pint quick-drying clear varnish.

14 pint high-quality furniture polish.

1 scratch remover.

1 stick of tmn:lparent burning-in shellac, and
assorted light and dark sticks of walnut and ma-
hogany stick shellac.

1 small can of 0000 pumice powder.

1 package each of medium, medium-fine and
fine sandpaper.

1 small camel hair artist’s brush.
3 or 4 yards of cheesecloth.

1 alcohol lamp (you can make tais by cutting
the spout off a small oil can so that only an inch
of jt is left, then rolling up about a 1-foot length
of cheese-cloth and pushing it through the spout
from the bottom so that about half inch of cloth
projects up. Ther inder of the ch cloth is
pushed into the can so that it is immersed in the
wood alcohol with which the can ig filled.)

1 spatula. (A grapefruit knife may be used
instead.)

Many of these items may be purchased
from a hardware store, and others can be
secured from a paint store. They are not
expensive. Keep them in a small wooden
box with a hinged cover, and place this box
in a location where it will be handy to find
when you want to take it out on a job. If

you prefer, you can buy a complete refinish-
ing kit which will contain all of the neces-
sary materials; these are obtainable from
your radio jobber or distributor. Typical
kits are shown in Fig. 1.

Removing An Ordinary Scratch. We will
now consider the procedure involved in re-
moving a simple scratch which is deep
enough so that it cannot be covered with
ordinary furniture polish or the simple
scratch removers shown in Figgd yet is not
so deep that the white of the wood shows at
the hottom of it. The photographs in this

and ¢
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SAND with fine grade of sandpaper

job sheet illustrate the procedure involved;
study them carefully, for they will help you
to develop a suitable technique. W

First of all, spread newspapers or cloth -
on the floor around the cabinet, and plac«
on the cabinet a sheet of cardboard for the¢
alcohol lamp, box of pumice powder, rub- ~
bing oil, spatula, stick shellac, and stain.

Heat the tip of the spatula by holding it

in the blue portion of the alcohol lamp ﬂan*. .
get the blade just hot enough so it will melt ‘
off a little of the stick shellac. The alcohol

lamp is essential, for any other flame will v

.
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discolor the shellac. Use the color of shellac
which most nearly matches the finish of the
wood; if the bruise merely presses down
the wood without breaking through the fin-
ish, it is best to use the transparent stick
shellac, for this will allow the original color
and grain to show through. Holding the
shellac near the scratch, transfer the shellac
to the scratch a little at a time, reheating
the spatula when necessary, until the depres-
sion is entirely filled. If the shellac is bub-
bling while on the spatula, allow to cool a
secund vr so until the shellac is smooth on

a 1 flame, fill indentation until shellac
ellac on it THEN comes above woodwork

il and -
%oclo.t?\ pum POLISH entire surface of cabinet

the blade. Smooth out well around the
edges with the slightly-heated spatula, being
careful not to burn the surrounding finish,
then remove surplus shellac with a razor
blade or fine sandpaper. Now form a small
wad with a piece of cheesecloth, moisten this
with the rubbing oil, dip the wad in the box
of pumice powder, then rub the wad care-
fully over the filled-in scratch, working with
‘the grain of the wood. For a brighter fin-
ish, repeat once using rotten-stone instead
of pumice. Finally, polish the entire surface
of the cabinet, including the scratch, with
furniture polish.

Filling In A Deep Scratch. When the
scratch is so deep that the white of the wood
shows, it will be necessary to apply stain
first if you plan to use transparent shellac.
With colored shellac, staining is optional
First trim the edges of the scratch smooth
with a sharp knife, removing all splinters:
in the case of an old scratch clean out dirt
thoroughly with a knife, cutting away morc
wuud if necessary. Now pour a small quan-
tity of stain into a small glass, then thin out
with wood alcohol until the desired shade is
secured. Always make the stain lighter than
you need, and apply enough extra coats
with the small brush to give the desired
match. Allow the stain to dry, then pro-
ceed to fill in the scratch with transparent
stick shella¢: smooth it out with a warmed
spatula, trim off surplus shellac with a razor
blade, rub down with a wad of cloth dipped
in oil and pumice stone, and apply furniture
pulish.

Filling in Gouges With Plastic 1Wood.
Deep bruises, gouges or holes should be
filled in with plastic wood rather than with
stick shellac. Broken wood ornaments can
be repaired with plastic wood in much the
same mamer. It is a good idea to enlarge
the bottom of the depression slightly, to
make the plastic wood hold better. There
should be no varnish, oil, dirt, or loose par-
ticles of wood in the depression, so clean out
thoroughly with a knife, then wipe out with
alcohol.  Apply the plastic wood with the
tips of your fingers or with the spatula, and
smooth the surface with the spatula. When
building out from a surface to rcplace an
ornament, shape with your fingers to match
the rest of the design. Allow the plastic
woud w dry thoroughly, then cut or sand
the surface down, or trim it to the shape
which you desire. Next, apply stain carefully
with the small brush until the plastic wood
matches the finish of the cabinet. Sand
lightly again, then apply a coat of clear var-
nish. Allow twenty-four hours for this to
dry, sand smooth with medium-fine or fine
sandpaper, then rub down with the oil wad
dipped in pumice stone, working with the
grain. Finally, finish the job with furniture
polish.

Regluing Broken Cabinets and Loose Ve-
neer. Clean out all foreign material such as
grit, dust and old glue from the break, so
that the broken parts can be fitted together as
closely as possible. Apply glue to both sur-
faces of the break, and allow the glue to
hecome tacky by keeping the surfaces apart
for five to ten minutes. Now bring the
broken parts together and apply pressure
either with a weight or a clamp, Alwz>e
protect the surfaces of the cabinet with wo
en blocks when doing this, as illustrated




Fig. 3. Allow about twenty-four hours for
the glue to dry, then remove the clamp and
cut away any surplus glue which has oozed
out of the joint; smooth with fine sand-
paper, then treat the exposed fracture just
as if it were a small scratch. If finishing
nails are used to hold the broken parts
together, drive the heads below the surface
of the wood, then fill the nail holes with
stick shellac or plastic wood.

Refinishing a Surface. A small section of
a radio cabinet sometimes becomes disfigured
due to spilling of hot water, coffee or alco-
hol, or becomes cracked and discolored due
to exposure to weather. In a case like this
it will be wise for you to refinish a complete
panel or section of the cabinet which includes
the defective region, so that any difference
in the color of that section will not be too
apparent. First of all, remove the finish from
the section until you are down to the bare
wood ; do this by securing a small can of
varnish remover and applying with a paint
brush. Allow it to stay on the surface until

Use one or more clamps like this when
regluing loose veneer on a cabinet.

FIG. 3.

the varnish begins to curl up, then scrape
or rub off the varnish with a putty knife
or scrubbing brush. If the first application
of the varnish remover is not sufficient, apply
a second and even a third coat. Finally,
wipe the surface of the wood clean with a
rag dipped in the varnish remover.

Allow the bare surface of the wood to dry
thoroughly, then smooth down carefully with
medium grade sandpaper. Be sure that the
entire surface is clean before proceeding
with the refinishing. Mix a quantity of stain
to a shade which will match the rest of the
cabinet, then apply carefully with a brush.
If this gives too dark a finish, wipe the
surplus stain off before it gets a chance to
dry. Allow the stain to dry, sand with med-
ium-fine sandpaper or with steel wool, wipe
with a tack rag (dip a rag in varnish, and
allow it to dry until it feels sticky but the
varnish does not come off the rag), and apply
clear varnish with a clean brush, working
with the grain of the wood. (Some cabinet
refinishers prefer to apply a priming coat of
shellac or special wood filler across the
grain, rubbing this in with a wood block,
after applying the stain.) Do not use too

much varnist; it is better to use less when
in doubt. Wipe off excess varnish around
the edges. After the varnish has hardened
(at least a day will be required), smooth
with medium-fine sandpaper or with 2/0 steel
wool, then dust off and clean with a tack
rag, and apply a second coat of varnish.
When the second coat is thoroughly dry and
there are no open pores which indicate the
need for a third coat of varnish, rub the
surface with a wood block which has been
covered with felt and dipped first in oil
then in the powdered pumice stone. Polish
until you get the desired finish. If you want
a high-gloss finish, repeat the rubbing pro-
cess, using rotten-stone powder this time
instead of powdered pumice.

The importance of using a clean brush
when applying either stain or varnish can-
not be emphasized too strongly. Further-
more, the surface being refinished must be
absolutely free from dust particles before
applying varnish. Work of this nature is
best done in a room which is practically
air-tight and free from dust, and ample
time should be allowed for the varnish to
dry before moving the cabinet.

Polishing. The final step in any cabinet
refinishing job is a polishing of the entire
cabinet. You can purchase excellent furni-
ture polish for this purpose from any rel-
able hardware store or drug store. If you
wish, however, you can prepare a suitable
polish yourself in a few minutes and at a
cost of only a few cents. Here is the for-
mula :

Mix together one part paraffin oil, one-
half part white vinegar, one-fourth part of
Johnson’s liquid wax, and two and one-half
parts water. Measure carefully with a grad-
uated measuring cup to be sure that the
proportions are correct. To each pint of the
completed polish add one-half teaspoonful of
powdered pumice stone and one-half tea-
spoonful of granular (flaked) Ivory soap.
Place all these ingredients in a bottle having
a small neck, and shake thoroughly. Be sure
that you shake this mixture before using.

Apply a thin coat of furniture polish to
one section of the cabinet at a time, using
a small pad of cheesecloth for the purpose.
Polish this section with a dry, clean picce
of cheesecloth before proceeding to the next
section; this picks up any dirt which has
been loosened by the soap and pumice in the
polish. Always work with the grain when
polishing a cabinet. Old wax may be re-
moved with a cloth dipped in turpentine. If
furniture having a natural dull finish is dirty,
clean with a cloth dipped in mild soapy suds
and wrung dry, then wipe with a clean, dry
cloth. Do not use a wax polish in this case.
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Planning Your Service Bench and Shop

SPECIAL workshop with an elaborate

service bench is not needed for carrying
out the laboratory experiments in connec-
tion with your regular Course, nor for
acquiring servicing experience, but sooner or
later, if you have chosen radio servicing
as your profession, you will want to have
a workbench and a special room for radio
work, to increase your efficiency. Further-
more, an efficient modern workbench in a

Location of Shop. A great many inde-
pendent servicemen have their shops right
in their own homes; this fact is recognized
by most radio set owners as a normal con-
dition in the radio servicing industry. As
a general rule, a store is profitable only for
large service businesses where two or more
men are employed, and where radio receiv-
ers and electrical appliances are sold. Don't
rush into the merchandising field; concen-
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Artist’s sketch of the ed workb

all the tools, instruments, supplies and power facilities you will n: for
scheme such as cream and dark green

in a dignified modern color

h for which plans are glv::;n this job sheet. It has room for

servicing radio sets; finished
1, it will i

pirc you to better

wor_k and hvmb_ly impress all who come to your shop. Later you can build shelves which can be set

the wall ide the b

carefully planned shop will create a good
impression when customers bring in their
radivs or cali for them, as they occasionally
do. These customers will tell their friends
about your fine shop, and this “mouth-to-
mouth” advertising is the very best you can
possibly secure.

Job Sheet No. 26

h. Two 75-watt lampes in refiectors will provide adequateillumination.

trate on you. radic servicing business at
first, working from your own home, s you
can build up vour capital in preparation for
future expansion.

Almost any available space in a home may
be converted into a service shop. Possibly
you have extra space in the basement which

Printed in U. S. A.




can be partitioned off with wood panels or
plywood. A bhasement location should be
near an outside entrance if possible, so you
can carry radio sets directly from your car
into your shop, and so your customers can
come directly into the shop. Later you may
want to rebuild the entrance to give it a
dignified, commercial appearance. Many a
serviceman is using the first room off the
front entrance of his home as a service shop,
just as dentists and doctors do.

Equipping Your Shop. By keeping in
mind the goal of a profitable full-time ser-
vice business, and making each step in the
equipping of your shop a part of the final
scheme, you can start your own permanent
business with very little capital. The most
important piece of furniture in your shop is
the workbench; this should provide a well-
lighted working space at the proper height,
with shelves for your portable test equip-
ment (an all-wave signal generator, an all-
purpose multimeter, and a tube tester) and
for the simple vacuum tube circuit analyzer
described in a previous job sheet. Later on,
you can purchase bench type test equipment
and mount it permanently on your work-
bench, reserving the portable equipment for
outside work.

Your workbench should have space for
your N. R, I. text-books in suitable bind-
ers, and for any tube charts, reference hooks,
radio catalogs and technical books which
you may have. There should be room for
the service manuals which are published
yearly and which you will want to acquire
as soon as your business warrants (N. R. L.
will gladly loan you service information on
any receiver while you are getting started,
but once you begin getting a reasonable
amount of business you will not want to
hold each job for several days while wait-
ing for our reply.) 'There should be a num-
ber of A.C. power outlets, one or perhaps
two antenna connections, a ground connec-
tion, and terminals for any other types of
power supplies which you may find advis-
able.

The tools which are essential for radio
service work are described in an earlier job
sheet ; these should be kept in your too! box
right on the bench, ready to be carried out
when you are called to a customer’s home,
until such time as you can get a duplicate
set of tools which can be kept on the work-
bench at all times.

Plan to build up a stock of tubes and parts
gradually ; the farther away you are from a
radio parts jobber, the more complete your
stock should be. A stock of carbon resist-
ors, wire-wound resistors, paper condensers,
mica condensers, and electrolytic condensers

can be made quite complete without a large
investment. You might also keep on hand
one each of standard 175 kc., 260 kc., and
456 kc. I. F. transformers, but do not at-
tempt to stock volume controls, R. F. coils
and oscillator coils since exact replacements
will usually be required for these parts. A
stock of tubes will involve the greatest expen-
diture of money. From a tube manufac-
turer get a list of the replacement tubes
which were most used during the previous
year, and order one or more of the first
twenty or thirty tubes on this list.

Workbench Plan. General construction
features of the modern service bench which
we recommend are shown in Fig. 1. The

FI1G. 1. Dimensioned sketch of a modern service

bench which you can build for your shop. Di-

mensions marked with an asterisk (*) areapprox-

imate, and depend upon the actual sizes of (he
finished lumber used.

working <urface of the bench is 3914” above
the floor, this being a convenient height at
which to work either while standing up or
sitting on a high stool. The working area
on top of the bench is six feet long and
two feet deep, with a one-foot deep shelf
unit at the rear. The bench top is support-
ed by a cabinet at each end, which provides
additional storage space.

Five-ply plywood is used extensively in
the construction of this bench; this usually
comes in 4 x 8 sheets about one-half inch
thick. One-inch thick finished lumber is
used for the shelves, shelf supports, the
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bench top supports, and for connecting pieces,
while 2”7 x 2" picces form a base for each
cabinet. If you anticipate difficulty in cut-
ting the pieces accurately to size, ask a
friend who is handy with tools to help you,
or have them cut to size by the lumber com-
pany or a local carpenter. The important
dimensions are given in Figs. I and 2; those
dimensions which are marked with an aster-
isk (*) should be checked carefully hefore
cutting any pieces, for finished lumber is
usually considerably thinner than the size
ordcred.

Construct the Cabincts First.  Construc-
tional details for the left-hand cabinet are
shown in Fig. 2. The two sides, the back,
the bottom, the 19” x 35” shelf (not shown)
and the 19” x 33” door (not shown) are
of five-ply plywood. The height of the inner
side is less than that of the outer side by
the thickness of the bench top (check this
thickness, for if the one inch lumber is
actually only 34” thick, vou will have to
add 14" to the specified height of tiie inner
side).  Cut notches in th. corneis of the
side pieces as indicated, for the ¢ long
lengths of 1” x 4” lumber which join together
the ‘two cabinets. make these notches
the actual size of thi lumber (usually 334’
x 34"). Fasten the sh 1t and top supports
to the plywood piec.. w.th 1,4” long flat-
head wood screws, l'eeping the heads on
the inside in each case File »ff any screw
points which come through the outside of
the plywood. Make the base next, using
2" x 2” wood and assembling either with
ordinary nails or with the special corru-
gated nails which are available in most hard-
ware stores. Fasten the base to the bottom
of the cabinet with glue and wood screws
keeping it flush with the back and the inner
cide; this 'vill liave a 2” space at the iront
and at the outer side for toe room and to
imp ove appearance.

As an aid in assembling the cabinet. secure
four 20” lengths of 1”7 x 4” wood; nail one
into each set of notches on the side nieces,
and one across the lower front corners to
hold the sides exactly 19” apart. Use small
nails, since you will remove these piec s
after assembly. Now fasten the bottomn nly-
~vood piece to the bottoms of the side pieces,
1sing glue and about 1” finishing nails or
" flat-head wood screws Next, fasten the
back piece between the two side pieces. Final-
ly. fasten the sheli in position with wood
screws, after applying glue to the top of
cach shelf support. The temporary boards
may now be removed. Before driving nails
or drilling holes for screws, draw a pencil
line as a guide, to make sure that the nail
or screw will go exactly into the middle of

the other piece. Countersink all screw holes,
and drive the heads of nails below the sur-
face of the wood with a nail punch.

Having finished the left-hand cabinet,
make another exactly like it but with the
inner and outer sides interchanged. The
hase will be flush with the inside and back
edges of the hottom board, just as before.
Assemble the picces in the same vrder and
follow the same procedure as for the left-
hand cabinet. Now place the two cabinets
exactly 32" apart and fastai the thice six-
foot lengths of 17 x 4” lumber into the
notches at the top front, top rear, and bot-
tom rear of the cabinets. If you tflan to
use the bench permanently in the location
of assembly, use glue and either nails or

»v o

| x4 NOTCH

TOP SUPPORT ¥
(MAKE 2)

=
CORRUGATER_NAILS

<3

FI1G 2. Detail sketches of the parts used In

bullding the left-hand cabinet. Dimensions

marked with an asterlok (*) are approximatz, and
depend upon actual sizes of luriber.

(DIVE HGENT FASTENINCS)

screws; if, however, it may be necessary to
take the bench apart in order to move 1t
into some other room, use only wood screws
here

The top of the workbench is made with
1” thick boards covered with a single sheet
of %4” plywood, The boards can be any-
where from 6” to 12" wide, and should
preferably be of the tongue and groove type.
Assemble the boards with corrugated fas-
teners to form a sheet 71”7 long and 34”
wide, then cut from five-ply plywood a
single picee of exactly this same size. Fasten
the boards to the plywood with wood screws,
working from the board surface so that
there are no screw heads in the plywood
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surface. If you prefer, you can use either
a solid green or a solid brown color of
linoleum in place of the plywood, provided
you change all dimensions on the work bench
to accommodate the reduction in the total
thickness of the top. The top, when fin-
ished, should fit exactly into the space pro-
vided by the 1” x 4” pieces and the outer
side pieces. Use small metal angle brackets
underneath the top to fasten it to the top
support pieces. Now round off the corners
of the workbench and shelf as indicated in
the sketch of the finished bench. Use a
plarre and wood file, and smooth down with
sandpaper.

For the horizontal pieces in the shelf
unit get two 70” and two 72" lengths of
17 x 12” finished lumber. Cut two 30” long
pieces of the same lumber for the end pieces,
four 12” long pieces for inside vertical sup-
ports and four 4” long pieces for inside ver-
tical supports. The panel for the antenna
and ground terminals and the power outlet,
located in the center of the lowest shelf, can
be 4” x 22", cut from 14” plywood. The four
drawers can likewise be made from 4" ply-
wood ; for each drawer you will need two
pieces 4” x 12", two pieces 4” x 11”7 and
one piece 11” square. Assemble the drawers
with glue and brads, then attach simple bar
handles of modern design.

Two 19”7 x 33” pieces of 14” plywood
serve as cabinet doors; mount with chrom-
ium-plated hinges after cutting notches for
each hinge, then install concealed latches
like those used on modern kitchen cabinet
doors.

A single piece of plywood approximately
32” x 72" can now be nailed to the back
of the shelf unit; this can either be 4"
plywood, ¥5” plywood, or any other similar
material. Now remove the two end drawers
in the shelf unit, and drill and countersink
holes for two wood screws which will hold
the shelf unit in position on the top of the
workbench, flush with the back of the bench.

Power connections can be made next. First
of all, install a two-wire porcelain fuse block
(also known as a two wire branch block)
somewhere on your bench, such as inside
one of the cabinets. Connect a heavy-duty
rubber covered appliance cord to this block,
attach an ordinary electrical plug to the
other end of the cord, then connect the fuse
block to the electrical outlets which are set
into the front of the workbench and mounted
on the center panel of the shelf unit. Use
chromium-finished plates on these outlets.

Finishing Your Workbench. First of all,
remove all hardware, including the drawer
and door handles, the door hinges, the elec-
trical outlet plates, and the antenna termi-

nal plate, then remove the top shelf and the
top of the workbench. If you are using
linoleum for the top, lay it aside until the
final assembly ; otherwise treat the top along
with the other pieces, as follows. Fill all
cracks, poor joints, and nail holes with plas-
tic wood or some other crack filler. Allow
to dry, then sand down any rough spots.

Apply a coat of flat white paint to bott
the inside and outside of each part of yom
workbench, including the top. Allow twc
days for this to dry, smooth any rough
spots in the paint with sandpaper or steel
wool, then apply a second coat and allow
two more days for drying. Repeat the
smoothing process if necessary, then wipe
off all dust carefully with a cloth moistened
with turpentine and apply the finishing coat
of high-grade enamel. Use an enamel which
will dry to the touch in four hours: this
is sold under such trade-names as Super-
Enamel or Nu-Enamel, and generally con-
tains a high percentage of tung oil. Here is a
suggested color scheme: Use dark green or
brown for the exposed portions of the base
and for the top of the workbench; use cream
or white enamel for the cabinets and the
entire shelf unit. If you like, you can paint
the inner surfaces of the shelves and the
fronts of the drawers the same color as the
base and bench top Apply one color at a
time, allowing it to dry before starting the
second color. Allow a few days for the
first coat of enamel to dry, then rub down
the entire bench lightly with fine steel wool
or fine sandpaper to remove irregularities
and dust particles on the surface. Wipe
carefully, then apply a second coat of enamel.
Allow at least a week for this to dry before
reassembling and using your workbench. For
the final step, apply several coats of ordi-
nary floor wax and rub each down briskly
with a soft cloth. Now you have a work-
bench of which you can well be proud; it
will justify every minute of the time spent
in constructing and finishing it.

Here are a few hints which will give
you a better paint job. Use a clean brush,
about 2” or 3” wide, with long bristles which
are set in rubber. Clean out the brush with
turpentine each time after you finish, then
suspend it in turpentine. Both the paint
and the enamel should have the consistency
of ordinary cream when ready to use. Stir
thoroughly after opening the can, and add
thinner only if absolutely necessary after
stirring for at least fifteen minutes. Always
paint in one direction on a single surface.
Never apply so much paint or enamel that
it begins to run. Before leaving the job,
go over all corners carefully with the brush
to remove any surplus paint.
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How to Install Farm Receivers

URAI. districts form an important

market for radio receivers. Althongh
clectrification of rural areas is progressing,
there are still many farm homes which are
not served by power lines; radio sets on
these farms must securc their power either
from batteries or from a farm power plant.
The only essential difference between farm
radios and ordinary A.C. receivers is in the
power supply; you should have no trouble
in applying ordinary radio techniques to the
installation and servicing of farm receivers.
If you are located in a town which serves a
farm area, rural customers can boost your
income considerably.

Farms With A.C. Power. When a farm
home is supplied with 115-volt, 60-cycle
power, the radio installation problem is no
different from that for any urban home. A
standard A C. receiver, guerally of the all-
wave type, can be used. If there is no
man-made interference in the vicinity, an
ordinary L-type antenna having a total
length of not more than 40 feet will give
as good results as the average simple all-
wave antenna on short-wave bands; use this
length if the owner desires the best possible
short-wave reception and fair broadcast re-
ception, but use an over-all length of over
100 feet if the owner desires the best possible
broadcast and only fair short-wave reception.
An outdoor ground will usually be necessary
for best results. A lightning arrester should
always be installed on any farm antenna sys-
tem, in order to comply with fire insurance
regulations.

Farms With 32-Volt D.C. Power. A 32-
volt farm power plant usually consists of a
gas engine-driven 32-volt D. C. generator
which charges a large 32-volt storage bat-
tery. For a home having this power, by all
means recommend a 32-volt farm receiver.

‘These will usually have the filaments of tubes.
connected i scries-parallel to keep the dram
on the power system as low as possible. A
special 32-volt vibrator-rectifier-filter pack
will usually be built right into the recciver
to supply the required D.C. voltages for the
other tube electrodes.

If the receiver to be installed 1s designed
for some other operating voltage, it may be
possible to adapt this receiver to 32-volt

Unit for reducing 32-volt

output of farm power

plant to 6 or 2 volts for

tube filaments of a bat-
tery recelver.

Thia self - rectifying
vibrator unit boosts
2,6,120r32volits D.C.
to higher D.C. values
for farm radios.

operation.  If the receiver is old and inade-
quate in performance, or if the cost of adapt-
ing it to the power system approaches that
of a new receiver, by all means recommend
a new set.

A 6-volt farm receiver using “B” and “C”
batteries may be adapted to 32-volt D.C.
operation by adding a voltage-limiting de-
vice and a 32-volt vibrator type voltage
booster. The voltage-limiting device will
usually have an inexpensive voltmeter to in-
dicate the voltage applied to the radio set.
Receivers designed for operation from 1.5-
volt and 2-volt filament batteries, with plate
supply requirements of from 90 to 180 volts,
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may also be adapted to 32-volt operation
i this manner, but there is considerabie
waste of power when psing this method.

A 1153-volt, 60-cycle receiver can be
adapted to a 32-volt D.C. power system by
employing a rotary converter consisting es-
sentially of a 32-volt D.C. motor which
is connected to the farm power plant and
which drives a 113-volt, 60-cycle A.C. gen-
erator ; the two units ordinarily have a com-
mon armature. A ripple and noise filter
must always be used with a rotary con-
verter; sometimes this will be mounted in

® the base of the converter.

Farwms ithout Power Supplics. Farms
which are off the main highways will seldom
have power line facilities. [f no independent

Batteries for farm radio receivers: A--Air cell
‘A" battery; 1.4-volt unit will give 1,500 hours
continuous service at current drain of 200 ma.;
2-volt units are available in various capacity rat-
ings; air cells cannot be recharged. B -2-voit
storage battery, rated at 150 ampere-hours for
radio use in sets having 1.4 or 2-volt tubes. All
storage batteries can be recharged. C -6-volt
storage battery, available with various ampere-
howr ratings. 1= Dry *A’" battery pack, available
with 3-volt output for 2-volt tubes (a voltage-ie-
ducing resistor is needed) and with 1,5-volt out-
put for 1.4-volt tubes.

power supply is present and a radio receiver
is to be installed, your recommendations
should be hased upon the factors now to be
discussed.

First of all, the farmer should consider
the installation of his own electric power
plant, to provide power for clectric lights
and home appliances as well as for a radio
receiver,  If there ix a possibility that an
A.C. power hne will eventuatly be brought
up to Ins farm. you should recommend a
115-volt, 60-cycle A.C. generator  system
driven by a gasoline engine, so that stand-
ard eleetrical appliances and an A.C. radio
can be used. When electrification is a remote
possibility, either an A.C. system or a con-

ventional 32-volt battery system charged by
a gas engine-driven generator can be con-
sidered.  Careful investigation should be
made of both systems, comparing initial in-
stallation costs and upkeep expenses.

Battery Receivers.  When the additional
cost makes the installation of a complete
farm power plant out of the question, a bat-
tery receiver must be considered. Give care-
ful consideration to the power consumption
of the receiver, for constant charging or
changing of batteries is a nuisance and can
be quite costly. IFilanient power consumption
and B supply drain are of almost equal im-
portance. A Dbattery receiver should have
only as many tubes as are nccessary to give
loudspeaker operation; four tubes can pro-
vide all the audio output required for the
average room. The loudspeaker should
he either of the magnetic or the permanent
magnet dynamic type, since these require
no excitation power. When higher audio
power output is desired, choose a receiver
having a class B push-push output stage,
for with this arrangement the power con-
sumption is high only while high volume is
required.

To conserve filament power, special low-
filament-current tubes are invariably used in
farm  battery receivers. Three series of
tubes are in general use: 1. Two-volt tubes,
designed to operate from dry cells or an air
cell battery: 2. 1.4-volt tubes, designed pri-
marily for operation from a 1.5-volt dry
cell; 3. Ordinary 6.3-volt tubes, for opera-
tion from a G-volt storage battery.

A 3-volt dry battery pack can be used
with a 2-volt receiver in place of an air cell
if a 10-watt wire-wound resistor of the
proper value is placed in series. To find
the correct value in ohms for the resistor,
divide 1 by the receiver filament current
drain in amperes.  Example: If filament
drain is .24 ampere, use a 4-ohm resistor.

One-Battery I'arm Keceivers. Many farm
receivers are designed to operate from a
single battery. Newest of these are the re-
ceivers employing  1.4-volt tubes and de-
signed to operate from a 1.3-volt dry battery
pack.  This one battery furnishes filament
power to the 1.4-volt tubes and furnishes
the correct D.C. electrode voltages by means
of an efhicient vibrator-rectificr-filter system.
Similar receivers operating from a 6-volt
storage battery are also available; these are
designed to have a very low battery drain.

Battery Chargers. A 6-volt farm receiver
installation is not complete unless some
means is provided for recharging the bat-
tery. Either a gasoline engine-driven gen-
erator or a wind-driven battery charger is
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suitable for farm use. A gas engine-driven
battery charging generator is ordinarily
placed it the basetnent under the receiver,
along with the storage battery. The battery
is connected to the output of the generator
through a cut-off relay. When the battery
is to be charged, the owner either presses
the engine-starting button or starts the en-
gine manually ; as soon as the engine reaches
normal speed, the cut-off relay automatically

Installing a Wind-Driven Power Supply

Wind-driven generators for battery-charg-
ing purposes are hecoming increasingly pop-
ular in farm radio installations. The initial
cost of a wind generator is ordinarily less
than half the cost of a gas engine-driven
generator, and a suitable high mounting for
the wind-driven unit can generally be
erected by the farmer at little expense.
Ready-made steel towers are also available.
With a wind-driven gonerator thore is prac-
tically no operating cost. With a gas engine-
driven generator the cost of charging a bat-
tery is likewise quite low; about 20 gallons
of gasoline a year should suffice for the
average radio. A gas engine-driven genera-
tor is a rcliable source of power; it will
operate at any time, whereas a wind-driven
generator requires a minitium wind velocity
before it will begin to charge.

A wind-driven generator usually consists
of a two-blade propeller mounted on the
shaft of a generator, with a vanec or tail at-
tached to the assembly to keep the propeller
facing into the wind when in use. A governor

Rotary converter for

Gas engine generator
unit with remote-con-
trol push-button starter,
for producing 110 volts,
60 cycles A.C. for ordi-
nary A.C. radios and for
farin lighting purposes.

changing 32 volts

D.C. to 110 volts, 60

cycles A.C. for ordi-

nary A.C. radios.

Line filter s In base
of unit.

is usually provided to keep the speed of the
propeller essentially constant; this governor
can either tilt the propeller at an angle, con-
trol an auxiliary speed-regulating propeller,
or decrease the efficiency of the main pro-

connects the battery to the charging gener-
ator.  Since the hattery is charged only
when the receiver is not in use, no inter-
ference problems are involved. A storage
battery used with a radio set should be
given the same attention as a battery in an
automobile; distilled water should be added
regularly, and the condition of the battery
should be checked regularly with a hydrom-
cter.

peller in some other manner. A mechanism
is also provided for locking the propeller
at right angles to the wind when not in
use or when the wind is too strong. The
generator is usually of the 6-volt, 3-brush
self-excited type. In addition, there will be
a control panel containing an ammeter to

Normal
wind

Typical wind-driven generator unit.

indicate the rate of charge and discharge,
and a relay which operates for both overload
and underload conditions. The recciver will
often be in operation while the battery is
being charged, and hence a filter is usually
incorporated in the charging system to elim-
inate juturfurence toise.  Instructions for
installing each type of wind-driven unit are
supplied by the manufacturer and should be
followed, but a few general hints will help.
you.

Wind generator units will ordinarily oper-
ate in wind velocities as low as 5 miles per
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hour, provided the opropeller receives the
direct force of the wind. If the propeller
is “pocketed” between trees or buildings, so
that wind is deflected around or above it, it
will be difficult to secure satisfactory oper-
ation even in strong winds. In open country,
height is not essential, but where there are
buildings or trees in the vicinity, the wind
generator must be mounted on a tower or
pole which will place it sufficiently above
surrounding objects.

Two wires must be run from the charging
‘generator to the control panel in the base-
ment of the home; sometimes this control
panel can be placed in a weatherproof box
mounted outside the house. If the generator
is less than 50 feet away from the battery,
use No. 8 B. & S. gauge copper wire with
weatherproof insulation; fur distances be-
tween 50 and 100 feet, use No. 6 B. & S.
wire; for distances of 100 to 200 feet, use

CONTROL_UNIT

prmmm e

[

TO RECEIVER'

FIG. 1. Circult diagram of typical wind-driven
battery charger installation.
No. 4 wire. Since battery charging will be

more or less irregular in a wind-driven in-
stallation, it is best to use a battery having
a high ampere-hour rating. Batteries de-
signed especially for radio use and rated at
between 160 and 300 ampere-hours will give
better performance than automotive storage
batteries.

Generator Dats. The generator unit will
be essentially like that used in automobiles.
The use of a 3-brush collecting system on
the commutator makes it possible to main-
tain approximately constant power output
for a considerable range of variation in
speed. The circuit diagram of a typical
wind-driven generator installation is shown
in Fig. 1; note that relay coil C and resistor
R are in series with the generator at all

. times. Resistor R limits the current flow
‘until sufficient generator voltage has been
developed to charge the battery; when this

voltage is reached, the current flowing
through relay coil C is sufficient to close con-
tacts A, connecting the battery and ammeter
in series directly across the generator. If
the battery voltage exceeds the generator
voltage after contacts K have closed, current
will flow through relay coil C in a reverse
direction, demagnetizing the core of this re-
lay and opening contacts K.

The battery should never be disconnected
from a wind generator installation without
first stopping the propeller or shorting re-
sistor R to place a heavy load upon the gen-
erator. It is possible to vary the position
of the third brush on the generator to change
the speed at which contacts K will close, but
the instructions of the manufacturer should
be followed closely when making this adjust-
ment,

Interference Problems. Any wind-driven
generator may produce interference. A
whining sound which changes in frequency
with variations in wind velocity will prob-
ably be due to arcing at the brushes. To
cure this, clean the commutator by wrapping
00 sandpaper over the end of a rectangular
stick and holding this against the com-
mutator while the generator is rotating.
Slide the sandpaper back and forth along the
commutator until the entire surface is
smooth and bright. To make the generator
act as a motor and rotate independently of
the wind while cleaning the commutator,
connect together terminals B and C in Fig. 1.
If the brushes require reseating, place a
strip of sandpaper around the commutator
with the cutting surface up, then rock the
armature by hand while all brushes are rest-
ing on the sandpaper; this will make the
brushes conform to the curved shape of the
commutator.

If interference is still present, try ground-
ing the frame of the generator to the tower
and grounding the tower to the earth.
Ground the control box if it is of metal
Place a .5 mfd. condenser between brushes
BI and B2 and a similar condenser between
brushes Bl and B3 on the generator to re-
duce sparking. Finally, try running the an-
tenna in a different direction or using a
noise-reducing antenna.

Clicking sounds can be identified as due
to the relay by listening to the receiver and
to the control box at the same time. The
trouble can ordinarily be cured by cleaning
the relay contacts if they are pitted or
rough, or by shunting the relay “contacts with
a .5 mfd. condenser in series with a 10 to
20-ohm resistor.
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PRADTICAL JOB BHEET

How to Install a Push-Button Tuner

AUTOMATIC tuning has met with public
approval, for it provides accurate tuning
with no effort on the part of the listenet,
and permits almost instantaneous change-
over from one station to another: manual
tuning, on the other hand, requires con-
siderable time and skill, and careless manual
tuning results in distortion which soon be-
comes irritating to listeners.

Automatic tuning is fairly new, and con-
sequently there are many older receivers in
existence which lack this modern feature.
These older sets are often performing
satisfactorily, and consequently their owners
can hardly be expected to purchase new
receivers simply to secure the automatic
tuning feature. QOwners of these sets are
ideal prospects for a push-button tuner. You
can install these tuners yourself, at a charge
which will insure you a fair profit and still
be reasonable to the customer considering
the fact that you have brought his receiver
up-to-date  Many different types and models
of push-button tuners are on the market;
standardize on one or two types and install
at least one of them on radio receivers
in your home for demonstration purposes.

Convertcr Type Push-Button Tuners. A
converter unit is the simplest type of push-
button tuner which you can add to a radio
receiver, but at the same time it is the most
costly. Briefly, the converter contains a
combination oscillator-mixer-first detector
stage which converts an incoming radio
signal to the fixed frequency to which the
broadcast receiver is set when automatic
tuning is desired. The outdoor antenna is
connected to the converter, and the output
of the converter feeds into the antenna and
ground terminals of the receiver. A typical
converter unit is shown in Fig. I, since this
has a self-contained power supply and is
provided with a 15-foot cable, remote con-
trol push-button tuning is perfectly possible.
The extra cost of this unit is quite justifiable
when the customer desires remote control
in addition to push-button tuning.

Job Sheet No. 32

The method of connecting a remote con-
trol converter to a receiver is shown in
Fig. 2. The connecting cable contains three
wires, with red, black and silver-colored
insulation respectively. Two of the wires
connect the antenna and ground terminals of
the receiver to corresponding terminals on
the remote control unit, while the third wire
connects the antenna to the third terminal
on the converter. Plugging the converter
A.C. power cord into a nearby wall outlet
completes the connections. If this converter
connection interferes with reception on short-

Meissner remote control sutomatic
unit, & converter-type unit which permits
r utton tuning of any one of seven stations

rom any point up to Messs fect away froin the
recelver. The eighth button restores manual
tuning at the receiver, and the knob on the cabi-
net controls volume. This unit may be used with
any T.R.F. or superheterodyne receiver.

FIG. 1.
tunln

wave bands, you can install a double-pole,
double-throw toggle switch on the receiver
panel and connect it as shown in Fig. 3;
for manual tuning on short-wave bands, the
switch is thrown to the left, disconnecting
the converter and connecting the aerial di-
rectly to the receiver.

With the converter connected, turn on the
receiver and tune to the lpwest possible broad-
cast frequency (somewhere between 530 ke.
and 560 kc.). No interference should be heard
at this setting; this is a test you should
make before considering a converter unit.
Turn on the converter unit and adjust it
for minimum volume, then advance the re-
ceiver volume control until a hiss is just
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- "heard.

Mark the setting of the receiver
volume control in some way now, as it will
be necessary to use this setting whenever
automatic tuning is desired. Allow both
receiver and converter to warm up for about
half an hour, during which you can make a
list of the seven local and near-local sta-

$40 To
820 ke

[

~0000000, ..
0000000

tions for installing are furnished with each
unit.

Trimmer - Type Push - Button Tuners.
When a receiver has only two tuned sec-
tions in its R.F. system (a two-section
variable tuning condenser), one of the in-
expensive push-button tuner units shown in

970 To

Recewer diol mus! be 38t 'o soma Ireguency, between 530 ond 360 KC,
soch time REMOTE CONTROL is used

FIG. 2. Connections for Meissner remote control tuner.

tions chosen by the customer, look wup
their frequencies, assign one to each button
while keeping in mind the range of fre-
(uencies controlled by each knob (indicated
in Fig. 2), and place station call letter tabs
on the buttons. When the set has warmed
up, advance the volume control on the
converter, push in a button, and rotate the
small knob above that button until the de-
sired station is heard with maximum volume;
if the receiver has a tuning indicator, use it
as a guide. Repeat for each other button.
Each adjusting knob controls two tuned
circuits in the converter, one for the oscil-
lator and the other for the R.F. input circuit.

Lower-priced converter units, designed to
be mounted on a superheterodyne chassis
and connected directly to the LF. section
of the receiver, are also available; one of
these is shown in Fig. 4. These units are
used when remote control is not wanted;

RECEIVER /D.P. DT, SWITCH
ANT, o BLACK _CAR!
GND.{]

-
2 7

FIG. 3. Special switch connection for discon-
necting Melssner remote control unit when tun-
ing short-wave stations.

they replace everything ahead of the LF.
amplifier, and can be used with any broad-
cast or all-wave A.C. superheterodyne hav-
ing an LF. value of between 456 kc. and
465 kc. Filament voltages and other elec-
trode voltages are secured by connections to
the proper points in the receiver. Instruc-
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Fig. 5 may very easily be installed to pro-
vide automatic push-button tuning. Con-
nections are simple; the chief problem is
in finding a suitable location for the unit
either on the receiver front panel or some-
where on the cabinet. The space required
is ordinarily about 3” x 7” on the front panel,
and there must be about 6” of room directly

FIG. 4. Meissner push-button converter unit
designed for mounting directly in a recelver.

behind the chosen location. Whenever pos-
sible, the tuner should be mounted directly
on the chassis, to simplify removal of the
chassis; metal brackets can be used for this
purpose. Connecting leads should be kept
as short as possible; in a broadcast receiver
a location near the variable tuning con-
denser- will be satisfactory, while in an
all-wave receiver the push-button tuner
should be placed as close as possible to the
band-changing switch.

The tuner units shown in Fig. 5 each have
two sets of trimmer type condensers, one
for the oscillator circuit and one for the
R.F. input circuit of the receiver. Each
push-button controls a switch which first
disconnects any other trimmers which may
be in the circuit, then inserts a pair of

|



trimmers which are preadjusted to tune
in the station assigned to that push-hutton,
(This mechanism is fully explained in your
regular Course.)

With one type of push-button tuner
installation, the main tuning condenser in

FIG. 5.
malil order radio

the receiver is automatically disconnected
from the receiver circuit when push-button
tuning is used; this is known as the full
automatic system. It is entirely satisfac-
tory for a broadcast band receiver, but is
not recommended for installation by service-
men fn all-wave receivers. In the other
type of installation, the trimmers in the
push-button tuner are in parallel with the
respective sectluns of the variable tuning
condenser in the receiver when automatic
tuning is used. This is known as the semi-
automatic system, because the main tuning
dial of the receiver must be turned to the
highest possible broadcast band frequency
when push-button tuning is desired. If
nroperly connected, this system will be satis-
factory for all-wave receivers.

Full-Automatic Operation. A schematic
circuit diagram for a full-automatic connec-
tion of a push-button tuner in a typical re-
ceiver is shown in Fig. 6.4. The general
procedure for making these connections is
as follows: 1. Disconnect all leads from the
two terminals which are on opposite ends of
the stator of the mixer section of the gang
tuning condenser, and solder these leads to-
gether (if some are above and some below
the chassis, make the connection with a short
length of insulated wire which is run through
a hole in the chassis) ; 2. Connect push-but-
ton tuner lead 2 (Fig. 6A4) to either terminal
of the mixer stator (use whichever is more
convenient) ; 3. Connect push-button tuner
lead I (Fig. 64) to the leads which you
disconnected from the stator. Make oscil-
lator circuit connections the same way, con-
necting lead 3 (Fig. 64) to the common
junction of the original oscillator stator
leads, and connecting tuner lead 4 to one
terminal of the oscillator stator. Keep all
leads as short as possible.

frame in all cases. Vi the manud
button on the tuner is depressed, thetw
gle-pole, double-throw switches in the tuner
connect lead I to lead 2 and connect lead 3
to lead 4, restoring the original receiver cir-

Tunq:. lead'5 goes® ~ii"e tuning:.

Typical trlmmer -type push-button tuners. These can be secured from radio jobbers and
complete with escutcheon, mountt
of printed call letters fyor U. S. broadcast stations, from which tabs for the desir

screws, and a sheet
stations can be cut.

cuit and permitting the receiver to be tuned
manually in a normal manner. When one of
the other push-buttons is pressed, these two
circuits are opened and one trimmer con-
denser in each section is connected into the
receiver circuit.

MIXER
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two-section variable tuning condenser.
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e for ‘r type Ui pusit button
p ,.“.5!' ‘a,m 1" avwn in  Flg. 4B,
teote 7iav tt. 2 are only three leac', :v the
push-button tuner. Pressing the MANUAL
push-button opens the two upper switches
marked M, disconnecting the tuner; pressing
’ any other button closes the switches at M,
and at the same time closes the switches for
the desired pair of trimmer condensers.

With broadcast receivers, lead 1 may be
connected to the oscillator stator section of
the tuning condenser, and lead 2 may be
connected to the mixer stator section. With
an all-wave receiver, leads I and 2 should be
connected to the oscillator and mixer coils
for the broadcast band rather than to the
stator sections of the variable condenser, so
that these leads are disconnected at the
receiver end when the MANUAL button is
pressed and the band-changing switch is set
to a short-wave band; this prevents any
capacity between the leads and the chassis
from affecting the receiver dial calibration
on short-wave bands. Since the contacts on
the band-changing switch connect directly
to these coils, it is usually simpler to make
connections to the switch contacts. The
switch will be under the chassis, so drill two
holes through the chassis for the leads.

Trimmer Adjustments. In push-button
tuner units, no one trimmer covers the en-
tire broadcast band. Trimmers having only
a few plates are used to tune in stations at
the higher broadcast band frequencies, while
trimmers having many plates are used for
the lower-frequency broadcast band stations.
This is done to prevent any adjustments
from being too critical. In a six-button
tuner the range of each adjustment will be
very much like that shown for the adjusting
knobs in Fig. 2.

Before setting up the trimmers for a tuner,
make a list of the stations which the cus-
tomer wishes to tune automatically. These
should be only local stations and nearby sta-
tions which are received reliably at all times.
Determine the frequency of each selected sta-
tion, arrange them in the order of frequency,
assign each station to a button having an
adjustment range which will permit its re-
ception, and insert the station call letter
tabs on the buttons or on the escutcheon.

After the tuner is installed, turn on the
receiver and allow it to operate for about
half an hour so that all parts reach normal
operating temperatures, then push in the

MANUAL button, tune in one of the se-
lected stations manually, note the nature of
its program, then push in the button for
that station and rotate the adjusting screw
for the oscillator trimmer {using an align-
ing screwdriver) until the same station is
heard. 1i the program is heard at two or
more settings, the loudest will invariably
be correct; the other settings will be for
distant stations on the same network. Ad-
just first the oscillator trimmer, then the
mixer trimmer for maximum volume; if the
receiver has a tuning indicator, use it as
a guide. Set up each other button in this
same manner.

A modulated R.F. signal generator can
be used for preliminary adjustments if de-
sired; set the signal generator to the fre-
quency of the station assigned to a button,
then adjust the trimmers for that button
until you hear the signal generator tone
with maximum output. Repeat for each
other button. This gives sufficiently ac-
curate trimmer settings so that the correct
stations will be heard when the receiver is
connected to an antenna. Repeat all adjust-
ments again, adjusting for maximum pro-
gram volume or by using a tuning indicator
as a guide.

If stations do not come in exactly at the
correct points on the dial during manual
tuning after a tuner is installed, adjust the
receiver trimmers to correct the calibration.
Usually it will be sufficient to adjust the
high frequency trimmers for each tuning
band. It is a good idea to call back in
