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A well-designed radio service bench has instruments, tools, and service data located
within easy reach along with ample illumination and a-¢ power outlets,
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RADIO RECEIVER TROUBLESHOOTING

No matter how well a piece of
equipment is constructed, sooner
or later certain components do
weaken or break down. Hence, re-
pairs and replacements must be
made to restore proper operation.
Since time is costly, to be success-
ful, a service man must search
for and repair these various de-
fects quickly and correctly.

Very likely you have seen some
rather complicated appearing test
equipment. The impression some-
times given by these instruments
is that it is only necessary to
learn how to manipulate the
equipment and it will do the trou-
bleshooting. This is not so. No
matter how elaborate, every in-
strument requires two things of
the serviceman: (1) a knowl-
edge of the techniques required
to get accurate information quick-
ly, and (2) a background of cir-
cuit theory with which to correct-
ly interpret this information.

Since the circuit theory for ra-
dio and television receivers was
thoroughly covered in earlier les-
sons, these lessons are devoted
entirely to showing how this
knowledge is used to locate and
remedy faults in the receivers.

In fact, for the first two les-
sons, we shall rapidly survey the
servicing field by showing how
the knowledge presented in the
previous lessons on receiver cir-

cuits, test equipment, static and
dynamic testing, and circuit trac-
ing can be combined for effective
troubleshooting of simple broad-
cast radio receivers. Then, with
these basic techniques in mind,
the remaining lessons will de-
scribe the entire servicing pro-
cedure step by step as it is used
by the successful television serv-
ice men.

Since many service calls re-
quire only the replacement of
tubes and other simple adjust-
ments which can be accomplished
without removing the chassis, it
pays to make a preliminary in-
spection to make sure whether
chassis removal is necessary or
not.

IDENTIFICATION OF TUBES
AND CIRCUITS

To make this preliminary
check, the serviceman must be
able to locate quickly the various
tubes such as the a-f output tube,
the rectifier, the i-f amplifier
tubes, etc. Fortunately, all tubes
are marked with their type num-
bers, and thus can be identified
readily. Usually, this marking is
about half way up on the bulb of
the glass type tubes, and in a
similar location on the metal
tubes; although in some cases the
type number is on the base of
the tube.
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Knowing the type number, one
can determine the function of any
tube by referring to a tube chart
or manual. As experience is gain-
ed, it will be possible to recognize
more and more tubes without re-
ferring to the chart. However,
with the large number of types
now in use, it is very difficult to
memorize all of them, and there-
fore, a good tube manual must be
considered an essential part of
your equipment.

A study of the tube types also
helps to identify the nature of
the circuit used in the receiver.
Practically all commercial radio
receivers employ either a tuned
radio frequency (trf) or a super-
heterodyne (superhet) circuit.
The superhet employs a converter
stage and one or more i-f trans-
formers in addition to the cir-
cuits used in the trf receiver.

As an example, inspect the top
view of the radio receiver chassis
shown in the drawing of Figure
1. The chassis contains five tubes,
marked 25L6, 6J7, 25Z6, 6KT7,
and W-46416. Reference to a tube
manual shows that the 25L6 is
classed as a beam power ampli-
fier, the 6J7 can be used as a de-
tector or audio amplifier, the
2576 is a half-wave rectifier or
voltage doubler, while the 6K7 is
classed as an r-f or i-f amplifier.
The W-46416 does not appear in
the ordinary tube table and actu-
ally is not a tube in the usual

sense of the word. Details on this
unit are given a little later in the
lesson.

The only tube with functions
including detection is the 6J7,
thus it can be concluded that this
tube is the detector. Also, as no
converter tube is included, the
6K7 can be assumed to be an r-f
amplifier. From this information,
we can reason that, insofar as
the tubes are concerned, the sig-
nal passes from the antenna
through the 6K7, the 6J7, the
25L6, and then to the speaker.

As the chassis of Figure 1 con-
tains no i-f transformers, oscil-
lator, mixer or converter tube,
the receiver cannot be a superhet.
It is evidently a trf. Also, since
no power transformer is used,
this receiver is likely an a-c/d-c
unit. A further check of the tube
table shows that all of the tubes
require a heater current of .3 am-
pere, and thus can be connected
in series as is in the a-c/d-c type
circuits. The table shows also that
the 25L6 and 25Z6 heaters each
require 25 volts for proper oper-
ation, while the 6J7 and 6K7
heaters require 6.3 volts.

Therefore, the total drop is
25 4 25 4 6.3 4 6.3 or 62.6 volts
for the four tube heaters. The
home lighting circuit is rated at
110 to 120 volts, but usually is
considered as being 117 volts for
calculations. Therefore, to make
up the difference between 117 and
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62.6 volts, a resistor must be con-
nected in series with the tube
heaters, and its resistance must
be such that the voltage drop
across it will be 117 — 62.6 or
54.4 volts with a current of .3
ampere.

For the receiver of Figure 1,
this resistor is mounted inside the
W-46416 tube, which is known as
a ballast. Once you become fa-
miliar with the regular tube
types, there is no difficulty in
identifying the ballast tubes, since
their numbers are entirely dif-
ferent. Thus, when an a-c/d-c
receiver contains an unusual tube
number, you can be reasonably
sure that this odd tube is a ballast.

As a second example, refer to
the top view of the receiver
chassis in Figure 2. For the tubes
shown, a tube manual gives the
recommended uses listed below:

formers generally is closely re-
lated to the path taken by the
signal as it passes through the
receiver. This fact further aids
servicemen in identifying the
tubes with regard to their re-
spective functions.

QUESTIONING THE OWNER

Generally, it is a good plan to
begin the troubleshooting by ask-
ing a few questions of the re-
ceiver owner. Many times the
owner gives certain essential in-
formation which aids a great deal
in determining the source of the
trouble. For example, the service-
man may ask, “Does the set play
at all?” If so, “In what way is
its operation objectionable?” If
not, “How did the set perform
just before it stopped?”

Frequently, the owner of a
radio prys into the mechanism in

Type No, Recommended Use
6V6 Output audio amplifier
6X5 Full-wave rectifier
6J5 Detector, amplifier or oscillator
6SA7 Converter
6SK7 R-f or i-f amplifier
6SQ7 Combined det, amp, and avc tube

Probable function in this receiver

Output audio amplifier
Power supply rectifier
Local oscillator

Mixer

I-f amplifier

2nd det, and 1st audio amp.

In Figure 2 the oscillator and
mixer tubes, as well as the i-f
transformer, immediately iden-
tify this receiver as being of the
superhet type. Animportant point,
which should be noted at this
time, is that the physical location
of the various tubes and i-f trans-

an effort to determine the trouble
before calling in a repairman. In
some cases, they may actually
have discovered the location of
the trouble without knowing the
remedy. For example, the owner
may remark, ‘“that big tube at
the end gets red hot”, and the
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serviceman, noting that this is
the rectifier tube, is well on his
way toward finding the faulty
component.

On the other hand, the owner
may have tried to fix his radio,
in which case the serviceman may
find the receiver now has more
troubles.

VISUAL INSPECTION

As his second step, the success-
ful serviceman employs what
usually is called a ‘“‘visual inspec-
tion” of the set. However, besides
his sense of sight, he also makes
use of his senses of hearing,
touch, and smell. For example, by
looking carefully at a receiver,
one should observe any broken
or bent components, glass tubes
in which the filaments are not lit,
a glowing rectifier tube, etc. Also,
the condition of the 117-volt a-c
line cord and plug should be
checked. By listening carefully
to the hum, squeals, noise, or lack
of sound in a speaker, often addi-
tional information on the nature
or general location of the trouble
can be determined. By feeling the
various parts (this must be done
cautiously), one can frequently
determine whether any are over-
heated or loose, and the sense of
smell will tell whether any parts
have been heated sufficiently to
burn or char the insulation.

Of the above checks, those
which can be made without the

power on should be made first.
Then, when the power is turned
on, the rectifier tube should be
watched closely for several sec-
onds. Should the plate or plates
of this tube turn red hot after a
few seconds of operation, the
power must be turned off imme-
diately. This glow indicates that
the tube is carrying an excessive
current, and therefore, either the
tube, the power transformer, or
both, are in danger of permanent
damage.

One of the first steps in o troubleshooting

routine consists of checking the tubes either in

a tube tester, such os the unit shown, or by
replocement with known good tubes.

Courtesy The Jockson Electricol
Instrument Co.

In the power supply circuit of
Figure 3, excessive current in
rectifier tube V,; can be caused
by a short between points X and
Y as illustrated by the dashed
line. Normally, the bleeder R;R;R;
and the plate and screen circuits
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of the other tubes of the receiver
form the total load which has a
resistance of several thousand
ohms. At all times, this resist-
ance plus that of choke L; and
one-half of the transformer high
voltage secondary winding are in
series with V,, and limit the cur-
rent to a safe value.

Should anything happen to pro-
duce a conductive path between
the circuit connected to the rec-
tifier filament and the chassis
(ground) as indicated at X and
Y, the short circuit produced
contains only the resistance of
the transformer winding and the
tube V,. With the high voltage
applied, this low resistance path
permits an abnormally heavy cur-
rent. Also, the low impedance of
the secondary of T, is “reflected”
to the primary, the applied 117
volts from the power line then
produces excessive current in the
primary winding, and this excess
may cause the primary to burn
out.

Hence, a short in the power
circuit must be corrected before
any other testing or inspection
of the set can be done with the
power on. However, a test can
be made to determine whether
such a short exists, by measuring
the resistance between the rec-
tifier socket filament contacts and
the chassis with an ohmmeter as
shown in Figure 4. These con-
nections are equivalent to placing
the ohmmeter test prods at points

X and Y in Figure 3. The meas-
ured resistance should be on the
order of 10,000 ohms or more.
Very often, a short in this part
of the receiver power supply is
due to a shorted input filter
capacitor, C,, Figure 8. Although
occasionally, a connecting wire
or a transformer or choke wind-
ding will make contact with the
chassis to create a short, in most
cases the trouble is a defective
capacitor.

When the operation of the rec-
tifier tube has been observed and
found to be normal, the power
may be left on for a further
inspection of the receiver. There
is a wide variation in the step-
by-step inspection procedure fol-
lowed by different servicemen.
Such things as personal prefer-
ence, the type of receiver, per-
sonality of the customer, and
general policies of the service
shop all affect the actual routine.

Included in all routines, an im-
portant check consists of deter-
mining whether all the tube
heaters or filaments are opera-
ting. With the receiver turned
on, the glow of the operating
heaters can be seen in the case
of the glass tubes, while touching
the metal tubes to see if they are
warm after a few minutes of
operation will provide the same
information.

In making tests of this kind,
it should be remembered that,
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while a heater may be lit, this
does not necessarily mean that
the tube is in working order.
Some of the elements may be
shorted, or the emission may be
low, etc., but at least the heater
and its circuit are known to be
in good condition.

The identification of the circuit
is of benefit here, because for the
series heater connection of the
a-c/d-c receiver in Figure 1, any
broken heater prevents all tubes
from lighting. On the other hand,
in the circuit of Figure 2 the tube
heaters are in parallel; and there-
fore, when one is defective, it
does not light, but the others do.

AURAL CHECK

For another test, the service-
man uses his ears to observe the
nature of the sound coming out
of the loudspeaker. Every re-
ceiver operating on a-c has a
slight hum in the speaker when
no signals are being received and
the volume control is turned all
the way down. Then, as the
volume is turned up, there is a
sort of “live” sound even when no
signals are being received. The
higher the volume control is
turned, the louder this sound will
be, until natural static and other
disturbances are heard. In mod-
ern receivers with ave, these dis-
turbances diminish greatly as
each broadcast station is tuned in.

With the set turned on and the
tubes warmed, place an ear close

to the speaker. If the set is ab-
solutely dead with no trace of
hum or live sound, it is safe to
assume there is trouble either in
the speaker, the output trans-
former, the plate circuit of the
output tube, or the plate voltage
supply. This diagnosis is made
because the speaker is coupled to
the plate circuit of the output
tube, and if the circuits and cou-
pling are in good order, at least
a slight hum is heard.

Replacement power tronsformers os shown
here ore ovoiloble in vorious sizes ond mount-
ings and with standard secondary voltoges.

Courtesy The Halldorson Company

If you hear a hum, but no live
sound or other noise when the
volume control is rotated back
and forth from low to high, it is
a good indication of trouble in
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the audio section of the receiver
circuit. On the other hand, should
the speaker have the live sound,
and the intensity can be varied
by operating the volume control,
the audio amplifier is working
and the signal is lost somewhere
between the detector and the
antenna.

Although these checks provide
definite indications in the case of
a receiver which is completely
inoperative, they can be used also
in a receiver which is operating
poorly. For example, a low signal
volume but high hum level indi-
cates defective filtering, usually
due to trouble in the filter capac-
itors. For example, in the power
supply shown in Figure 5, the
input filter capacitor, C,, exer-
cises an important control over
the d-c output voltage. Thus, if
the capacitance of this unit di-
minishes due to age or other
causes, not only is there less filter
action, resulting in increased
hum, but lower d-c output voltage
as well which causes reduced sig-
nal volume.

In the case of loudspeakers
which employ field coils, usually
proper field excitation can be de-
termined by placing an iron
screw driver near the pole piece
to observe whether any magnetic
pull or force is being created.

As another example, distortion
of the sound output can be caused
by the loudspeaker voice coil rub-

bing against the pole piece. This
possibility can be checked by
turning the volume down low so
that there is but slight tendency
for such rubbing to occur. Then,
if the distortion disappears,
chances are that the voice coil is
off center. However, if the dis-
tortion still exists, it is due most
likely to some electric defect in
the audio stages of the receiver.

SECTIONAL CHECKS

As mentioned, these prelimi-
nary tests are made in an attempt
to localize the trouble to a particu-
lar section of the receiver. The
following tests also follow this
same basic plan. For convenience,
a radio receiver can be divided
into sections identified by the fre-
quency of the signal in them.
Thus, a trf receiver contains an
r-f section and an a-f section,
while a superheterodyne receiver
in addition to these has an i-f
section.

The a-f section can be checked
by removing the first audio am-
plifier tube from its socket and
replacing it quickly. When this
is done, a loud click is produced
in the speaker when the a-f sec-
tion is active.

If the first audio tube has a
grid cap, the test can be made by
touching the finger to the cap. A
violent howl or click should be
heard if the a-f stages are func-
tioning properly. This test re-
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sults in a loud low frequency hum
in the speaker in any building
wired for a-c lighting if the a-f
circuits are operating properly.
If no sound is heard in the
speaker except the slight hum due
to the power supply ripple,
trouble is indicated in the audio
amplifier circuits.

proper condition. In this case,
the trouble can be assumed to lie
in the r-f section. If no click is
heard, the trouble probably is in
the i-f section.

In receivers in which the tube
heaters are operated in series,
the removal of any one tube

Self mounting electrolytic capacitors are available in a variety
of sizes for replacement purposes.

In the case of a trf receiver,
the trouble now has been isolated
to either the a-f or r-f section.
However, with a superheterodyne
receiver, generally it is desirable
to further isolate the trouble to
either the r-f or i-f section when
the a-f section is indicated to be
operating properly. This check
can be made by removing and
replacing the mixer or converter
tube in its socket. The procedure
should produce a click in the
speaker if the i-f section is in

Courtesy lllinois Condenser Company

opens the entire heater circuit.
The remaining heaters usually
remain hot long enough so that
the disturbance does cause the
desired click in the speaker. How-
ever, if a tube is left out of its
socket too long, or if several
tubes are pulled and replaced in
rapid succession, all the heaters
may cool down to a point where a
false indication of improper oper-
ation is obtained, although the
tube and stage being checked are
in good condition.
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A second method of making the
r-f/i-f check consists of touching
a screw driver blade to the stator
plates of the tuning capacitor
section which is connected to the
signal grid of the mixer or con-
verter tube. The fingers should
make contact with the metal
blade to obtain the full effect of
the body capacitance. A click is
heard in the speaker when the i-f
section is operating properly.

A-F Section

In the event that the preceding
sectional check has indicated
trouble in the a-f section, the next
step consists of further isolating
the defect, if possible, to either
the first a-f stage, the power am-
plifier stage, the loudspeaker or
output transformer, etc. As a
check has been made already at
the input of the first audio tube,
the second or output tube now
can be pulled and replaced. When
a loud click is heard in the
speaker, the trouble is most likely
in the first audio stage. If no
sound is heard, the defect prob-
ably exists in the output stage
or the speaker.

Except for a few of the older
types, the audio power-amplifier
tubes do not have grid caps. How-
ever, a test at this point in a
receiver can be made by remov-
ing the tube, winding a turn or
two of thin bare wire around the
control grid prong, and replacing

the tube in its socket, with the
free end of the wire projecting
outward. Then, when this wire
is touched, a loud hum or howl
should be heard. If the hum is
not heard, chances are that the
trouble is in the output tube or
circuit, rather than in the loud-
speaker. Care should be taken
that the wire does not contact the
chassis, as this would ground the
grid of the tube and give a false
indication.

Occasionally, the reception is
of an intermittent nature, that is,
the set may operate perfectly for
a while and then suddenly cut off
completely, after a short interval
it again resumes operation only
to cut off again. This trouble
is called “grid blocking” or
“choking”, and can be caused by
an open or break in the grid cir-
cuit of some stage. Such a con-
dition removes the grid return
path and therefore the bias from
the grid. Reception is heard until
sufficient electrons gather on or
near the grid to bias this ele-
ment negative to a point which
prevents the flow of electrons to
the plate. When this cut off oc-
curs, the tube becomes inopera-
tive and signals cannot pass
through the stage. The inopera-
tive condition remains until
enough electrons leak off the grid
to reduce the bias to a voltage
which again permits plate cur-
rent. This entire action con-
tinually repeats itself. In some
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cases the alternate intervals of
operation and silence are so short
that nothing is heard but a sput-
tering sound, and the receiver is
said to be “motorboating” or
“oscillating”.

This trouble is very common in
a-f stages, and usually is the re-
sult of an open grid resistor. To
check for this condition, place
one finger on the grid cap and an-
other finger on the same hand to
the chassis. This action completes
the grid circuit through the re-
sistance of the hand, and normal
operation should be restored. For
the tubes that do not have a grid
cap, the arrangement with a piece
of wire wound around the grid
prong can be used as explained
earlier, or this test can be post-
poned until later when the chassis
is removed from the cabinet.

I-F Section

If the sectional check indicates
the defect to be in the i-f section,
an attempt is made to locate the
exact faulty stage by removing
and replacing in its socket each
of the i-f amplifier tubes in turn,
beginning in the last i-f stage and
working toward the first stage.
In each case, a click should be
heard as the tube is pulled and
replaced if the stage is not defec-
tive. That is, a faulty stage is in-
dicated when the click is not
heard. If the click is heard when
the tube is pulled in the first i-f

stage, then the trouble can be as-
sumed to be in the mixer or con-
verter stage.

Generally, a large part af the traubleshaating

may be perfarmed with the use af a multi-

meter, The unit shawn measures valtage, re-
sistance, capacitance, and current,

Caurtesy The Hickak Electrical Instrument Ca.

An open or break in the grid
circuit of an audio amplifier re-
sults in grid blocking or motor-
boating as explained, when this
condition occurs in an i-f or r-f
stage, often the receiver contin-
ues to operate, but the volume is
considerably lower than normal,
and almost always the reception
is accompanied by oscillations
and tuning instability. However,
a reliable check for an open grid
circuit in the i-f section requires
pulling the chassis and the use of
test equipment, and therefore, it
is made at a later point in the
troubleshooting routine.

R-F Section

The r-f section of a receiver in-
cludes the antenna, the antenna
transformer, one or more r-f am-
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plifiers, the local oscillator, and
the input circuit of the mixer or
converter stage. When the defect
has been isolated to the r-f sec-
tion, often further localization
may be obtained by disconnecting
the antenna lead-in wire from the
antenna post and successively at-
taching it to the various tuned
stages until reception is heard. It
may be necessary to rotate the
tuning capacitor to pick up a sig-
nal from a powerful or nearby
broadcast station.

If no outside antenna is em-
ployed with the set normally, a
short portable one, or one installed
in the service shop, can be used
for this test. Often, the receiver
gain is sufficient to permit ob-
taining reception merely by touch-
ing the input circuits with a finger,
or with a screw driver as ex-
plained for the mixer test. For
example, one such point of con-
tact is the stator plates of the
tuning capacitor section to which
the r-f amplifier grid is connect-
ed. Other points are the un-
grounded ends of the antenna
transformer, and r-f transformer
secondary windings.

When a point is found at which
reception is obtained, it is then
known that the trouble lies ahead
of this point; that is, between
this point and the antenna. This
test forms a fairly quick method
of locating a defective antenna or
r-f coil, and is especially impor-

tant because such trouble is a
rather frequent occurrence in
many receivers.

If operation is being obtained
to some extent, this test can be
used also to determine whether or
not, the tuned r-f circuits are
properly aligned, since poor align-
ment may cause a drop in signal
strength. By applying the lead-in
first to the circuit following the
suspected stage, and then to the
input of this stage, the efficiency
of the stage can be estimated
roughly by noting the increase,
if any, in output volume from the
speaker. An r-f amplifier stage
can be tested by removing and
replacing the tube in its socket,
in which case proper operation
will be indicated by a click in the
speaker, as explained for the
tubes of the i-f and a-f sections.

The operation of a superhetero-
dyne receiver depends upon the
heterodyne action between the in-
coming carrier signal and the r-f
output of the local oscillator.
Therefore, if the oscillator is not
operating, the i-f signal is not
produced and the receiver is in-
operative. As mentioned for the
speaker listening tests, the live
sound may exist which can be
varied by the volume control, but
there may be no signals repro-
duced.

While a positive test for oscil-
lator operation requires test equip-
ment, a rough test can be made
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by placing a finger on the stator
plates of the oscillator section of
the tuning capacitor. This in-
creases the capacitance of the cir-
cuit, and detunes it sufficiently to
stop its normal operation. If the
oscillator is operating, placing a
finger on the stator of its tuning
capacitor should cause a ‘“soft”
click or “plop” in the speaker.
The term “soft” is used to dis-
tinguish this sound from the
rather sharp click which is heard
when the grids of the amplifier
tubes are touched.

TUBE TESTING

The various preliminary tests
described above are performed to
locate the particular stage which
contains the defective tube or
other component. Due to the wide
variety of troubles, these relative-
ly simple checks do not always
provide the information desired,
and even when the defective sec-
tion or stage is indicated, there
still remains the problem of lo-
cating the precise component
which is causing the trouble.
Thus, generally further tests are
necessary which require test
equipment, or tubes and other
parts for substitution, or both.

The tube test should be the first
made after the preliminary checks
are completed. The reason for this
is that the largest percentage of
troubles are due entirely to defec-
tive tubes. If the preliminary tests
above have indicated a certain

stage or section to contain the de-
fect, then the tube or tubes here
contained should be checked in a
tube tester. An alternative meth-
od consists of replacing each sus-
pected tube with one that is
known to be good.

While some replacement power transformers

have flexible color coded leads for making

connections others have numbered lugs which
alsa furnish mechanicol support.

Courtesy SNC Mfg. Co., Inc.

It is a good idea to check with
the service data for the receiver
to see if the tubes now being used
are the exact types for which the
receiver was designed. For exam-
ple, the types 6Q7, 6Q7-G, and
6Q7-GT are all very much alike
and any one of them may work
satisfactorily in most circuits.
However, since these tubes differ
as to internal shielding and inter-
electrode capacitances, they can-
not be interchanged for all cir-
cuits.
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Even though the receiver may
be restored to proper operation
by replacing one or more defec-
tive tubes, or by some other sim-
ple repair or adjustment, it is a
good plan to check all of the tubes,
because certain ones, though oper-
ating at the moment, may be old
and on the verge of failure. Re-
gardless of any ideas or hunches
you may have regarding the
cause of the trouble in a particu-
lar case, the law of averages has
shown that the greatest trouble-
shooting efficiency is attained by
testing the tubes first.

DYNAMIC TESTING

When the faulty stage has not
been located by the preliminary
tests described, the desired isola-
tion of the trouble may be at-
tained by means of the type of
tests known as dynamic tests.
These tests consist of the signal
tracing and signal substitution
tests which were described in de-
tail in earlier lessons. Also, as ex-
plained, these tests require a test
instrument which is capable of
either detecting or generating the
signals used for the tests.

Briefly, the method consists of
either checking for the presence
of or injecting the test signal at
various points, in the receiver.
The defect then is assumed to be
located in some circuit which is
beyond the last point at which a
satisfactory indication is ob-
tained.

Dynamic testing is employed to
reduce to a minimum the number
of static tests which must be
made. That is, with the faulty
stage located, generally it is un-
necessary to make voltage and
resistance tests in the other
stages of the receiver. Of course,
these dynamic tests are omitted
when the defective stage has
been located by the preliminary
tests explained above.

VOLTAGE AND RESISTANCE
TESTING

Also described in detail in a
previous lesson, measuring the
voltages at various points with
respect to a reference point such
as the chassis of the receiver, and
measuring the resistance of vari-
ous components or between dif-
ferent points in the circuit are
useful static tests. Generally, the
potentials at the electrodes of the
tubes are measured first, and the
readings obtained are checked
against the values specified in a
service data sheet for the receiv-
er. Ordinarily, tolerances of about
plus or minus 20% are allowed
in the readings because of varia-
tions in individual receivers of
the same model, line voltage dif-
ferences, and normal aging of
components.

When an electrode voltage is
found to be too low, too high, or
absent entirely, then further volt-
age measurements are made in its
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circuit at points between the elec-
trode socket terminal and the
power supply. Usually, these
checks indicate one or more com-
ponents or connections which, if
defective, could produce the im-
proper electrode voltage meas-
ured. Finally, with this informa-
tion obtained, the power is turned
off, and resistance measurements
are made of the suspected com-
ponents, wiring, etc.

In cases where the defect does
not produce changes in electrode
voltages greater than the usual
tolerances allowed, the resistance
must be measured between each
electrode socket terminal and a
reference point specified in the
service data sheet. Then the meas-
ured resistances are compared
with the readings given in the
data sheet and, as before, toler-
ances of about plus or minus 20 %
are allowed. Any incorrect resist-
ances obtained indicate faulty
conditions, and further resistance
tests must be made to locate the
specific defect.

In a vast majority of the cases,
the voltage and resistance tests
need be made in only the stage or
section which has been indicated
as faulty by the preliminary or
dynamic tests. However, in the
event that the previous tests do
not isolate the defect in any one
section or stage, it may be neces-
sary to make systematic static
tests of the entire receiver until

the troublesome unit or connec-
tion is found.

Voltage and resistance tests of
the complete receiver require a
lot of time. Therefore, the pre-
liminary and dynamic tests are
made to eliminate, if possible, the
making of static tests in the cir-
cuits which are not defective.

Finally, there are types of trou-
bles which do not produce consid-
erable changes, if any, in the volt-
ages or resistances in a circuit,
and therefore may not be located
by means of the static tests. In
such cases, the only means avail-
able is to isolate the faulty stage
if possible with dynamic type
tests, and then substitute suspect-
ed parts in succession with units
known to be good. This substitu-
tion method is the most time con-
suming and expensive of all, and
should not be employed except as
the very last resort.

TYPES OF RECEIVERS

Of the various types of radio
receivers, each is likely to develop
certain troubles that are common
to that particular type of set.
Therefore, from a servicing point
of view, it is convenient to iden-
tify the type of receiver before
beginning the troubleshooting
work. For the preliminary tests,
receiver circuits were classified
simply as trf or superhet. How-
ever, over 90 per cent of all com-
mercial broadcast receivers are
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of the superheterodyne type, and
usually it is desirable to classify
receivers further in accordance
with other characteristics.

| 2 T

This electrolytic copacitor is secured to the

chassis by means of the lorge mounting nut.

As shown, the leads are brought out through
the bottom.

Courtesy Americon Condenser Compony

For service work, a practical
basis for receiver classification
has been found to be the differ-
ences in the various types of
power supplies employed. Receiv-
ers grouped on this basis can be
sub-divided according to whether
they require a-c or d-c power, ac-
cording to whether or not a power
transformer is used, or according
to the voltage (2, 6, 32, 117, etc.)
which the source must supply. In
whatever way this is done, it will
be found that a few types of re-
ceivers fit into more than one
category. For the purpose of the

following explanations, receivers
are classed according to whether
their power supplies require an
a-c, a d-c, or either an a-c or d-c
input.

A-C Receivers

Almost all a-c receivers have
power supplies of the kind which
employ power transformers. This
form of power supply is illus-
trated in the diagram of Figure
5. The main units of the power
supply are: the power transform-
er T;; the rectifier tube Vj; the
filter consisting of capacitors C,,
C,, and the speaker field coil
which serves also as a choke; and
the voltage divider RgR;Rg, Which
supplies negative voltages for the
various control grids.

When radio was first introduced
commercially many years ago,
receiving sets were powered by
means of a number of batteries.
The battery used to supply the
tube filaments was called the “A
supply”, the one that supplied the
plates and screen grids was called
the “B supply”, and that from
which the control grid bias was
obtained was termed the “C sup-
ply”. With the exception of the
battery-portable type radios, mod-
ern receivers now contain other
arrangements for supplying the
operating voltage to the various
tube elements. However, the des-
ignations A, B, and C for the re-
spective supply circuits are still
in use as indicated in Figure 5.
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In the a-c receiver of Figure 5,
the A supply consists simply of a
power transformer secondary
winding having the required num-
ber of turns to provide the needed
heater voltage, and having suffi-
cient current carrying capacity
to accommodate the total of all
the individual heater currents.
As indicated, the various heaters
are connected in parallel, and
hence their individual current re-
quirements can differ. Being con-
nected to the same secondary
winding, however, they must all
have the same voltage ratings. In
receivers with tubes which oper-
ate at different heater voltages,
the power transformer must con-
tain more than one heater sec-
ondary winding.

The “B” supply” in the receiv-
er of Figure 5 is filtered by C,, C,
and the speaker field, and provides
a direct voltage output (B4 ) of
225 volts positive with respect to
ground. Actually, there is a total
of 275 volts as measured from the
heater of V; to the center tap of
the high-voltage secondary wind-
ing, that is, across C,. But, due to
the current through the speaker
field coil, there is a 50-volt drop
across this coil, and thus there
remain only 275—50 or 225 volts
between the ground end of the
field coil and “B4-". That is, out-
put capacitor C; is charged to a
potential of 225 volts, and the
plate and screen grid circuits of
the various tubes are connected

in parallel with this unit. Since
only the d-c¢ circuits are of con-
cern, most of the signal circuits
have been omitted.

Although not employed in many
receivers, the C-supply shown in
Figure 5 provides a fixed bias for
the control grids of the various
tubes, and for the delayed auto-
matic volume control diode of V;.
As mentioned above, due to the
IR drop across the speaker field
coil, the end of this coil which is
connected to the power trans-
former center-tap has a potential
of 50 volts negative with respect
to ground. By means of the volt-
age dividing resistors Rg, R+, and
Rs, the various desired voltages
are obtained by connecting to the
junctions between these resistors
as shown.

So far as obtaining bias from
the negative leg of the power sup-
ply filter is concerned, this could
be accomplished by the use of re-
sistors Rg, R; and R connected as
shown, but without the speaker
field in parallel. However, the
voltage divider resistors must
then carry the total B supply cur-
rent, have much higher wattage
ratings, and therefore add con-
siderably to the cost of the re-
ceiver. Thus, in the receiver of
Figure 5, the B supply current is
utilized to energize the speaker
field, and this field coil eliminates
the need of a regular filter choke.
When connected as shown, the
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field coil takes most of the B cur-
rent so that the voltage divider
resistors may be of the less ex-
pensive low wattage types.

A less common type of a-c re-
ceiver employs a voltage doubler
circuit rather than a power trans-
former to provide the high volt-
ages needed for the B circuits. A
power-supply circuit of this type
is illustrated by the diagram in
Figure 6. Here, the A or heater
circuit is connected directly across
the 117-volt input line, and a
ballast or series dropping resistor
R, reduces the voltage to the total
value of 74 volts required by the
five heaters in series.

At first glance, this set might
be mistaken for an a-c/d-c re-
ceiver because of the series heater
connection and the absence of a
power transformer. From the
physical appearance, there is
little to distinguish between the
two types. A tube table shows
the Vg tube is a double-diode
type which can be employed
either as a half-wave rectifier in
an a-c/d-c receiver, or as a volt-
age doubler. Therefore, it is
necessary to examine the wiring
and connections of any particular
circuit to determine for which
purpose a tube of this type is
employed.

As Figure 6 shows, when this
rectifier is used in a voltage
doubler, the plate of one diode
section is connected to the cath-

ode of the other diode. The filter
capacitors, C. and C; are con-
nected in series from the cathode
of Vi, to the plate of V. These
tube elements form the positive
and negative terminals, respec-
tively, at the input of the B sup-
ply filter. The complete filter
consists of C., C; the speaker
field coil, and C,. When a double-
diode tube like that in Figure 6
is used as a half-wave rectifier in
an a-c/d-c receiver, its two plates
are connected together, as well as
the cathodes, and a single unit
replaces the series capacitors C,
and Ci. For simplicity in Figure
6, all circuits have been omitted
except those which show the d-c
paths from B- to the plates and
screens of the various tubes.

D-C Receivers

The various types of radio re-
ceivers that are designed for d-c
operation include: (1) automo-
bile receivers, (2) battery por-
tables, (3) sets which operate on
117 volts d-c only, and (4) those
made to employ the output of
motor-generator equipment, such
as the 6 or 32 volt power supplies
found in aircraft, on farms, etc.
Of these, the automobile receivers
are the type encountered most
frequently by the serviceman
working with commercial broad-
cast equipment.

An automobile radio uses a
vibrator in its power supply, and
is contained in a metal case to
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shield the set from interference.
As the vibrator produces r-f in-
terference, usually the receiver
is further shielded by a metal
partition which separates the
power supply components from
the radio signal circuits.

A schematic diagram of a typical
automobile receiver power supply
is given in Figure TA. Again the
signal circuits are omitted, since
this explanation is concerned
mainly with the method by which
the A and B currents are sup-
plied to the various tube ele-
ments. The point labeled “6-volt
d-c input” is connected to the
“hot”” side of the car battery
(this may be either the - or —
terminal). The other terminal is
connected to the car frame by a
heavy bonding strap. The re-
ceiver chassis or case is grounded
to the dash by means of bolts, and
thus the car frame acts as the
common return lead.

This type of power supply
operates as follows: The direct
current from the car battery
passes through the fuse, L,, SW,,
and L. to the center tap of the
primary of vibrator transformer
T,. From this point, the path is
alternately through the upper
and lower halves of this winding,
and through the contacts of
vibrator V to ground. This cur-
rent induces an emf in the sec-
ondary of T,, the voltages here
being high because of the step-up

turns ratio of the transformer
windings.

Then this high alternating volt-
age is applied to a rectifier tube,
the d-c output of which is filtered
by C;, Ry, and Cs. The B-} out-
put terminal of the filter is ap-
plied to a voltage divider consist-
ing of resistors R,, R3, Ry, and R;.
Various points on this divider
supply the operating voltages for
the plate and screen circuits of
the r-f, converter, and i-f tubes,
the plate circuit and cathode of
the detector and 1st a-f tube, and
the screen grid of the output
tube. The plate of the output tube
is supplied from point B4+ at
the filter input.

Connected in parallel, the tube
heaters are supplied with d-c at
6 volts from the car battery. The
complete heater circuit consists
of the fuse, r-f choke L,, SW,,
heater choke Lg, and the parallel
heaters. Also supplied with d-c
is the speaker field coil, which is
connected from the junction be-
tween L, and Lg to ground.

Consisting of r-f energy gen-
erated by the ignition system of
the automobile, interference is
radiated from the wiring of the
car electric system. As mentioned,
the auto receiver is shielded from
this interference by its metal
case. To prevent the noise cur-
rents from entering the receiver
through the hot battery lead, a
filter network is employed at the
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input to the power supply. In the
circuit of Figure TA, this filter
consists of r-f chokes L,, L., and
Le, and capacitors C;, C,, C,,
and C,.

Capacitors C; and C, have very
low capacitance, and thus bypass
r-f currents only. Therefore,
noise energy of lower frequencies
is filtered out by means of C; and
C,. Although the latter units
have low reactance for r-f cur-
rents, their connecting leads
would serve as sources of r-f ra-
diation inside the receiver case if
these capacitors were depended
upon for r-f filtering also. To
prevent such radiation, C; and C,
are of a special leadless type
sometimes called “spark plates”.
A cross section of their construc-
tion is illustrated in Figure 7B.

As shown, the spark plate ca-
pacitor C; consists of a metal
plate insulated from the chassis
by a thin sheet of mica. The
piece of metal is one plate of the
capacitor, and the chassis is the
other. With a hole in its center,
the circular plate is mounted over
a corresponding hole in the chas-
sis, and the hot battery lead com-
ing through the opening, is
knotted to prevent strain on the
joint where it is soldered to the
insulated plate. Because of this
special construction, usually these
capacitors are indicated by the
symbols shown in Figure TA, and
the lower or chassis plate of each

is at ground potential as indi-
cated by the dash lines.

The continual making and
breaking of the circuit at the
vibrator contacts produces spark-
ing which is a source of r-f inter-
ference in the receiver. This in-
terference is known as ‘“vibrator
hash”, and to prevent it from en-
tering the signal circuits of the
set, various hash filters are in-
cluded in the circuit. In Figure
7TA, resistor Ry provides a low
resistance path for current dur-
ing the time the vibrator reed is
traveling between contacts. This
current reduces the intensity of
the back-emf across the primary
of T,, to decrease the amplitude
of the contact spark and, there-
fore, the amount of hash pro-
duced.

Connected to the center tap of
T,, chokes L, and L¢ and capac-
itor C, prevent hash from reach-
ing the heater circuits and
speaker field; while capacitors C;
and Cg absorb the high voltage
surges across the secondary wind-
ing of T,. The back-emf pro-
duced in the secondary during
rapid current changes is coupled
back to the primary circuit of the
transformer and also tends to
produce sparking at the vibrator
contacts. C; and Cg are called
“surge” or “buffer” capacitors.
Usually, these are of the oil filled
type, and have capacitance rang-
ing from .005 ufd to .03 pfd with
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a voltage rating of from 1,000 to
1,500 volts. In some cases, one
capacitor is connected in place of
C; and C, across the vibrator
transformer secondary. This
single unit must have a rating of
twice the above value, or 2,000
to 3,000 volts.

As shown in Figure 7TA, a rec-
tifier of the heater-cathode type
is required because, supplied by
the auto battery, the heater, is at
ground potential, while the cath-
ode is at the high potential of the
B supply output. In some auto-
mobile receivers, the power sup-

.'rn‘. ﬁhl' =
: ﬁ::’

The multimeter indicates the voltage at the termincl of the filter capacitor to which the test prod
is touched during the troubleshootirg of a radio receiver.

Courtesy The Jachson Electricol Instrument Co.

As the inductance of the sec-
ondary winding of T, and the
total capacitance of C,; and C,
form a resonant circuit, these
capacitors form an important
factor in the design of the power
supply. Therefore, their values
should not be changed when re-
placement is necessary in service
work.

plies employ rectifiers of the cold-
cathode type which do not con-
tain heaters or filaments. These
tubes contain a gas which ionizes
when a high alternating voltage
is applied, and thus permits the
passage of electrons through the
tube from cathode to plate. Cold-
cathode rectifiers also produce r-f
interference, and it is necessary
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that circuits containing them in-
clude additional r-f filter elements
to prevent this rectifier noise
from affecting the receiver.

A-C/D-C Receivers

A relatively simple power sup-
ply circuit is shown in Figure 8.
Employed in an a-c/d-c receiver,
this supply requires an input of
117 volts, either a-c or d-c. It
consists simply of a rectifier tube
and a filter. Usually, the plate
and screen current requirements
are low in this type of receiver.
Therefore, resistors R, and R,
are used in place of inductive
filter elements. The heaters are
connected in series directly across
the power line as shown. Since
the a-¢ type receiver is distin-
guished by its power transformer,
and the automobile receiver by
its vibrator, the a-c/d-c set gen-
erally can be recognized by the
absence of these units. Excep-
tions are certain voltage doubler
type a-c receivers. Representa-
tive ratings of the B supply filter
resistors and capacitors are in-
dicated in Figure 8.

A-C/D-C Battery Portables

The power supply of a typical
receiver designed to operate
either from 117 volts a-c or d-c,
or entirely from self-contained
batteries, is shown in Figures 9
and 10A. Considerable difference
in the circuit connections is
brought about by the changing

of power selector switch S;-S,
from a-c/d-c operation to bat-
tery operation. Therefore, Fig-
ure 9 shows the circuit connec-
tions when the switch is in one
position, and Figure 10A shows
the connections with the switch
in another.

Figure 9 shows the circuit con-
nections for battery operation, in
which case section S, of the
selector connects the plate and
screen circuits to the positive ter-
minal of the B battery. The
negative terminal of this battery
is connected to voltage divider
R;-R;. The voltage drop caused
by the B current in these resis-
tors provides negative bias for
the grids of the various tubes as
indicated.

The filaments are connected in
parallel and supplied through S,
by the A battery. Tracing the
individual filament circuits in the
direction of electron flow, the
paths are from the A battery
negative to ground, and then:
from ground through the 1S5
filament, to the right and through
the right segment of S, to the A
battery positive; from ground
through the left segment of S,
to the left and through the 1R5
filament, over and through the
right segment of S; to A} ; from
ground through S; as before,
through the 1T4 filament, and
through S, to A-; and from
ground through S, through the
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two halves of the 3Q4 filament in
parallel, by separate leads to S.,
and then to A-}-. This completes
the connections of the A, B, and
C supply circuits as they exist
when the receiver is battery
operated.

When this receiver is operated
on 117 volt a-c or d-c power, the
selector switch is set so that the
respective segments of S, and S,
are rotated to the positions shown
in Figure 10A. Now, the A and
B batteries are disconnected from
the receiver, while direct currents
for both the A and B circuits are
supplied by the rectified power
line input. The selenium rectifier
SR replaces tube V, of Figure 8.
The pulsating d-c in this circuit
is smoothed by the filter compo-
nents R,C, and R,C;. The junc-
tion between R, and R; is con-
nected through S; to C;, and thus
C; constitutes the output filter
capacitor so far as the B supply
is concerned.

For the A supply there is a
circuit from B-} (the junction
between R, and R;) through the
voltage dropping resistor R;, and
by means of S, through the tube
filaments in series to ground. On
tracing this circuit in detail, it is
seen that resistor R; connects to
the right segment of S,, from
which point there is a path
through the filaments of the 3Q4,
1T4, 1R5, and 1S5 tubes in series
to ground. To complete the circuit,
the lower wire (in the figure) of

the a-c power line is connected
through the left segment of S. to
ground.

With the positive lead opened
by S,, there is no current in the
B battery circuit, and therefore
no voltage drop across R, and R;.
Thus, connected to these resis-
tors, the control grids of the
various tubes are at d-c ground
potential. The required grid bias
voltages are obtained by virtue of
the d-c voltage drops produced
across the filaments by the fila-
ment current.

Shown here with the cover removed, a volume

control can be the cause of intermittent oper-

ation due to the accumulation of dirt and cor-

rosion between the sliding contact and the
resistance element.

Courtesy The Allen-Bradley Company

Since the filaments are in series
with the B circuits, the plate and
screen currents also pass through
the filament circuit. However, the
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total B current does not pass
through every filament, and un-
less properly compensated for,
this condition would result in
higher voltage drops across the
filaments which carry the most B
current. Therefore, to prevent
an unequal voltage distribution,
the resistances of some sections
of the filament circuit are de-
creased by means of the shunt
resistors R¢ and R.

This arrangement is shown in
Figure 10B. Here, resistor R;
shunts all the filaments except
that of the 3Q4, while Ry is in
parallel with the 1S5 filament. It
may simplify matters somewhat
to think of R; as providing a path
for the 3Q4 B current, and R; as
providing a path for the 1T4 and
1R5 B currents.

To maintain constant voltage
drops across the respective sec-
tions of the filament circuit, the
signal variations are absorbed by
filter capacitors C, and C;, Fig-
ure 10A. When the switch S;-S, is
set for battery operation, Figure
9, resistors R; and R; are merely
connected in parallel across the
A battery.

COMPONENT TROUBLES

Because of the many component
parts contained in most electron
devices, there are possibilities for
an almost unlimited number of
defects. However, on the basis of
the types of components which

form the sources of trouble, al-
most all defects can be classified
as being caused by :

1. Tubes

2. Capacitors

3. Resistors

4. Transformers and Chokes

Fortunately, most failures are
caused by a single defect, but
there are cases in which the orig-
inal defect produces circuit con-
ditions that cause a second and
perhaps a third.

For example, in the power sup-
ply shown in Figure 3, an open in
filter choke L, removes the load
and allows the voltage across C,;
to rise. If the voltage rises suffi-
ciently, the insulation of C, may
break down and cause the capac-
itor to short. Therefore, the first
defect could be the direct cause
of the second.

Going further, the shorted ca-
pacitor might allow sufficient cur-
rent to burn out the rectifier tube
V., or the high voltage secondary
of T,. Thus, the second defect
may be responsible for a third.

We mention this condition
mainly because often it is puzzling
to diagnose a case of trouble
which has several defects, any
one of which could prevent oper-
ation. However, the main job is
to find and remedy the trouble no
matter how many defects are
present.
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Tube Troubles

In general, tube troubles are low
emission, interelectrode shorts,
and microphonics. From earlier
explanations, it is known that the
action of an electron tube depends
on the emission or stream of elec-
trons thrown off by a heated fila-
ment or cathode. As the tube is
used, the electron emitting prop-
erties of the filament or cathode
decrease until there are not
enough emitted electrons to per-
mit proper operation. When this
condition is reached, the tube
must be replaced.

For proper functioning, very
close spacing is required between
the elements of the tube. Al-
though usually they are well sup-
ported, mechanical vibration may
cause one element to shift slight-
ly and touch another to cause an
internal short.

Microphonic tubes are those in
which non rigid supports permit
mechanical vibration of the ele-
ments which produces correspond-
ing variations in the output.
Some circuits are affected more
easily by microphonic tubes than
others. Therefore, often a satis-
factory repair may be made by
reversing the position of two
tubes of the same type. When re-
versing the positions of several
tubes of the same type does not
remove the trouble, the micro-
phonic tube must be replaced.

Capacitor Troubles

The main defects to be found in
capacitors are opens and shorts.
An open capacitor is one in
which a lead wire has been pulled
loose from one of the plates so
that there is no contact. A leaky
capacitor is one in which there is
a comparatively high resistance
conductive path between the two
plates inside the capacitor. When
the resistance of the conductive
path is low or zero, the capacitor
is said to be shorted.

A defect common to electrolytic
capacitors is loss of capacitance.
In an electrolytic capacitor, the
action takes place between a metal
plate and a conductive electrolyte,
with a thin oxide film acting as
the insulator or dielectric. For
proper operation, the electrolyte
must be moist, but as the capac-
itor ages, the electrolyte dries out,
and the capacitance decreases.

Power Supply Filter: In the
power supply circuit of Figure 3,
capacitors C; and C; and choke L,
form a filter for removing the a-c
ripple from the B4 voltage. If
either capacitor shorts, the output
voltage is zero. In addition, dam-
age to L;, V,, or T, could result.
An open capacitor at C, results in
lower B+ voltage and increased
hum. An open at C, results in
slightly lower B4 voltage, in-
creased hum, and sometimes low
frequency oscillation or motor-
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boating because of insuflicient fil-
tering.

Two types of electrolytic copocitors used in
power supply filters in rodio receivers. The
upper one is a dual unit with flexible leods.
The metal brocket around the middle or those
ot the end moy be employed for mounting.
The lower unit is supported by meons of the
stiff terminol wires projecting from the ends.

Courtesy Cornell-Dubilier Electric Corporotion

When a coupling capacitor is
open, very little or none of the
signal reaches the grid of the
next tube. As a result, the output
of the receiver is very low or
zero. If the coupling capacitor
shorts, the high plate voltage will
be applied to the grid, and gener-
ally the resulting heavy current
in the grid circuit prevents the
tube from operating. A leaky
coupling capacitor and the grid
resistor of the following tube
form a voltage divider across the
plate supply so that a positive
voltage is applied to the grid.
Depending upon the leakage re-
sistance of the capacitor and the

value of the grid resistor, usually
the receiver output is lowered
and distorted, or reduced to zero.

When a cathode bypass capaci-
tor shorts, it removes the bias
voltage from the tube, the plate
current increases, and usually the
output becomes distorted. On the
other hand, an open capacitor
leaves the cathode resistor unby-
passed, and the resulting degen-
eration reduces the amplification,
although the signal quality is un-
affected.

When a screen bypass capac-
itor opens, the variations in screen
grid current cause corresponding
variations in screen grid voltage.
A form of degeneration, this con-
dition causes a decrease in output
and, in some cases, oscillation or
distortion.

A shorted screen bypass capac-
itor reduces the screen grid volt-
age to zero and generally cuts off
the tube. Also, it connects the
screen dropping resistor across
the high voltage plate supply. The
resulting excessive current over-
heats the resistor and, in most
cases, causes it to become defec-
tive.

Often, plate bypass capacitors
are connected between the plate
and ground to bypass unwanted
high frequency signals. If, in the
a-f output stage, this capacitor
shorts, the primary of the output
transformer will be connected di-
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rectly across the plate supply,
from B4 to B—. Under these
conditions, the plate voltage of
the output tube is reduced to zero,
and damage to the output trans-
former primary may result from
the increased current,

In other output circuits, the
plate bypass capacitor is con-
nected between the plate and cath-
ode. If the capacitor shorts, there
is produced a conductive path
from B— through the cathode re-
sistor, the shorted capacitor, and
the primary of the output trans-
former to B+4. With this relative-
ly low resistance path, the heavy
current may damage the output
transformer, cathode resistor, or
both.

When a tuning capacitor shorts,
it places a low resistance path
between the coil terminals and
the signal voltage cannot be de-
veloped across the circuit. When
the tuning capacitor opens, it re-
moves capacitance from the tuned
circuit, and usually the resonant
frequency changes sufficiently to
make the circuit inoperative.

Resistor Troubles

Generally, defective resistors
are found to be open, changed in
resistance, or shorted. Resistors
may open because of mechanical
injury or electrical overload. Me-
chanical injury may break the re-
sistance wire of wire wound re-
sistors, crack the resistance ele-

ment of carbon resistors, or pull
the pigtail leads loose from the
resistance element of molded wire
wound or carbon resistors. Elec-
trical overload may cause the re-
sistance wire of a wire wound
resistor to burn out. Also, it may
cause the resistance element of
carbon or composition resistors
to change in chemical composi-
tion, because of excess heat, and
thus alter the resistance.

A resistor rarely shorts within
itself. A short may occur between
turns of some types of wire wound
resistors and thereby reduce the
resistance. Under some conditions,
an electric overload on a molded
insulated carbon or composition
resistor may char the inside sur-
face of the insulating covering so
that the resistance is less than
the original value.

A voltage divider consists of
two or more resistors connected
in series across a voltage source.
The resistances are chosen so
that the voltages at the junctions
are some desired fraction of the
total voltage available. If any of
the resistors become defective,
the voltages at the terminals
change and may cause unsatisfac-
tory operation of the circuits sup-
plied from the divider.

If a plate load resistor becomes
shorted, there is no resistance
between the plate and B+, and
the signal output is zero. An open
resistor prevents plate current,
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and again there is no output. Re-
duced output and distortion of
the signal result from an increase
or decrease in the plate load re-
sistor.

High wattage, wire wound resistors are em-
ployed as voltage dividers and bleeders, Opens
are produced in these units when farced to
carry excessive currents due to a short or other
defective condition in the circuits of a receiver.

Courtesy Clarostat Mfg. Ca., Inc.

Screen dropping resistors are
connected in series in the electron
tube screen circuits to provide the
proper operating voltage for the
screen grid. Here, an open resis-
tor reduces the screen grid volt-
age to zero and cuts off the tube.
If the resistance increases above
its normal value, the screen volt-
age is lower than normal and the
output decreases.

An open cathode resistor pre-
vents plate current and thus
makes the tube inoperative. An
increase in the resistance pro-
duces a higher bias which may
cause a reduction in the output
and, in some cases, distortion. If

the resistor shorts, the bias is
zero, and the output distorted.

When a grid resistor opens in
the a-f circuits, the receiver may
operate for a few moments after
it has been turned on, and then
stop. In other cases, the receiver
will not operate at all. The reason
for this action is that the signal
causes the coupling capacitor to
charge and, with the grid resis-
tor open, there is no path by which
the capacitor can discharge. The
charged capacitor applies a nega-
tive bias to the grid and cuts the
tube off. Turning the receiver off
for a few minutes and then turn-
ing it on causes operation for a
few moments before the tube is
cut off again. On the other hand,
a shorted grid resistor connects
the grid to ground and thus pre-
vents the signal from varying
the grid voltage.

Transformer and Choke
Troubles

All chokes and transformers
are subject to the same faults.
The windings may open, short, or
ground. For example, an open in
the primary of a coupling trans-
former prevents plate current in
the tube to which it is connected,
and no signal output is obtained.
Likewise, signal current cannot
be produced in the secondary if
this winding is open, and the out-
put is zero.
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In the case of a power trans-
former, an open in the primary
or any of the low voltage heater
windings prevents operation of
the electronic device in which the
transformer is employed. If either
half of the high voltage second-
ary is open, the B+ voltage is
lower than normal and improper
operation results.

A break in the winding of choke
coil L, of Figure 3 opens the sup-
ply circuit sc that no B+ voltage
is available. Therefore the cir-
cuits connected to the supply re-
main inoperative.

Usually, a short is encountered
in coils which have more than
one layer of turns. It occurs when
one or more turns of one layer
short together, or to one or more
turns of an adjoining layer, due
to the breakdown of insulation.
Depending on the number of turns
shorted, this condition may either
gounnoticed, cause improper oper-
ation, or cause operation to stop
altogether.

For example, in the power
transformer of Figure 3, a short
between two layers of either the
primary or high voltage second-
ary may allow sufficient current
to overheat the transformer or
blow a fuse in the power line. In

contrast, a short between two
layers of an output transformer
may not produce a noticeable
change in the operation of the
receiver. A partial short in an
i-f transformer may be compen-
sated by readjusting the trimmer
capacitors.

A partial short of the winding
of choke coil L, in Figure 3 re-
duces the filtering action so that
the B+ voltage has a superim-
posed a-c ripple. When L, be-
comes completely shorted, almost
all filtering action is removed,
and the B+ voltage has a large
a-c ripple component.

A complete short of any sec-
ondary of transformer T, in Fig-
ure 3 may allow sufficient current
to overheat the transformer or
blow a power line fuse. A com-
pletely shorted primary will cause
the power line fuse to blow in-
stantly. If any winding of an i-f
or output transformer becomes
completely shorted, no signal volt-
age can be developed, and the
operation of the circuit is stopped.

Iron core transformer and
choke coil windings may become
grounded because of the break-
down of insulation between the
windings and the core.

C=
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Radio Receiver Troubleshooting—Lesson TSM-1C 3 B lja_ge_35_
‘ 1 How many advance Lessons have you now on hand? == .. . .

Print or use Rubber Stamp.

Student

Name . . . No. .

Street SRR . Zone . .. Grade .. . .. ...

City State . . Instructor

Write yaur answers an the '‘Ans.’’ line belaw each questian. If mare space is needed use reverse side af this page.

1. List three types of d-¢ receivers.

......................................................................................................................................................................................

....................................................................................................................................................................
...........................................................................

'”d!het r;;-'c"tiﬁer tube plates glow red soon after a receiver is turned on, what general type of defect in the voltage supply is
indicated?

-1
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shorted?
Ans

10. What defect in the power supply choke coil results in no B+ voltage available at the supply output?
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Using a sweep generotor ond on oscilloscope to olign on FM receiver.

Courtesy Hickok Eiectricol Instrument Co.
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A great deal of the joy of life consists in doing per-
fectly, or at least to the best of one’s ability, everything
which he attempts to do. There is a sense of satisfaction,
a pride in surveying such a work—a work which is
rounded, full, exact, complete in all its parts—which the
superficial man, who leaves his work in a slovenly, slip-
shod, half-finished condition, can never know. It is this
conscientious completeness which turns work into art. The
smallest thing, well done, becomes artistic.

—William Mathews



RADIO RECEIVER ALIGNMENT

Insofar as electronic equipment
is concerned, it is generally
agreed that the important and
difficult part of service work is
in the location of the defect.
However, after this has been
done, the defective part must be
repaired or replaced. While this
part of the job is mechanical for
the most part, electrical condi-
tions must be preserved carefully
to provide good operation.

RECEIVER REPAIRS

Whenever possible refer to cir-
cuit diagrams of the equipment
being serviced. It saves time. Not
only do manufacturers publish
service data on their receivers,
but several organizations publish
service manuals which cover all
popular brands of receivers. Most
servicemen find that the time
saved more than pays for the
subscription cost for these
manuals.

However, occasions do arise
when the data is not available
and there isn’t sufficient time
available to procure it. In these
cases the serviceman must rely
solely on the location and appear-
ance of the various components
to determine their purpose and
values.

Resistors

For resistors, there are two
important specifications, the re-

sistance and the wattage. Usually,
resistors are color coded to show
their ohmic value, but seldom are
marked in respect to their watt-
age. However, with a little ex-
perience, an accurate estimate of
the power dissipating ability of
the common types of carbon re-
sistors may be made by observ-
ing their size.

While the dimensions vary
somewhat, the typical 1 watt re-
sistor is from 15 to 114 inches
long, with a diameter of about
V4 inch, and the half watt size
is from 34 inch to 54 inch in
length, with a diameter from 14
inch to 14 inch. With dimen-
sions proportionately smaller, 14
watt and 14 watt carbon resistors
are used in some types of equip-
ment. Although a few 2 watt
carbon resistors are used, it is
more common to employ wire
wound types for higher wattage.

Capacitors

The two important capacitor
specifications are the capacitance
and the voltage. Most capacitors
are marked with the capacitance
either by color code or printed
numbers. The paper and electro-
lytic types are marked with a test
or peak as well as the working
volts. For safety, the listed work-
ing volts should be about twice
the normal circuit voltage.
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For most bypass and filter cir-
cuits, both the capacitance and
voltage rating of a replacement
capacitor can be higher than the
values of the original unit, but
should not be lower. Exceptions
are found in the signal circuits
where an increase of capacitance
can cause a change in frequency
response. For example, a plate
bypass capacitor has the same
circuit location as a unit used for
tone control, and an increase in
its capacitance will cause a re-
duction of high frequency signals.

Transformers and Chokes

For iron core chokes, the speci-
fied inductance, current, and re-
sistance are important, while for
power transformers, the voltage
across and the current to be car-
ried by each winding should be
known. Usually the turns ratio
is of greatest importance in low
frequency transformers, although
the primary winding must pro-
vide sufficient impedance to load
the plate circuit of the tube prop-
erly. For output transformers,
the turns or impedance ratio and
the power capacity in watts are
the basic specifications. For high
frequency transformers, the prin-
cipal specification is the resonant
frequency of the circuit.

Wires

All the circuit wires should be
disconnected before dismounting
a part mechanically. When this

is not done, the dismounted part
hangs by the wires and its
weight may bresak some of the
connections.

To insure their rapid and cor-
rect replacement, all connecting
wires should be identified before
they are removed from a defec-
tive unit. Some men trust their
memory because many of the
wires have color coded insula-
tions or the circuit arrangement
may be quite obvious. However,
should the work be interrupted,
it may be difficult to remember
all the details when the job is
resumed.

A Dbetter plan is to tag each
wire as it is removed, using the
colors or positions as a method
of identification. Generally, time
is saved by checking the circuit
first and making a pencil sketch
of the parts when there are more
than three connecting wires.
Then, regardless of interruptions,
the work can be picked up at any
time with little chance of error.

Even when it is felt that a
sketch is not necessary, it is well
to identify the defective part elec-
trically. Think of it as, “The
plate resistor of the 1st a-f”’, “The
screen bypass of the second i-f”,
“The cathode resistor of the out-
put” or in similar terms which
make its electrical location de-
finite. This is a much easier and
better method than one which
depends entirely on mechanical
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location, such as, “The third re-
sistor to the left of the second
socket from the right when the
chassis is upside down and the
power transformer is at the lower
left as I face the bench”.

When installing replacement
parts, always complete the mech-
anical mounting first to provide
a solid and permanent support
for the electric connections. Of
course, there are a few excep-
tions. The arrangement may not
leave space to make these con-
nections after the part has been
mounted mechanically. In the
case of parts like resistors and
capacitors, the leads provide both
the electric connections and the
mechanical support. For these
units, all joints should be secure
mechanically before solder is
applied.

When the replacement part is
not an exact duplicate of the
original, other problems may
arise. For example, the windings
of the original power transformer
may be brought out to terminal
lugs which support the circuit
wires. The replacement unit may
have flexible wire leads instead
of lugs, thus eliminating the
mechanical supports for the con-
nections between the transformer
windings and the circuits.

It is poor practice to splice the
wires and allow the joints to
hang loosely. It is better to in-
stall terminal strips along each

side of the replacement trans-
former. Then the original circuit
wires are attached to the lugs of
the strip, together with the
proper lead wires from the trans-
former. To simplify future serv-
ice work, always make replace-
ments so as to retain the original
circuit arrangement as closely as
possible.

After a replacement is mounted,
the wires are reconnected, one
by one, in the reverse order to
which they were removed, and
only after each is checked against
a diagram or some other means
of identification. As the wires
are connected, a continuity test
of each should be made to make
certain it has not been broken.

Precautions of this nature may
seem to cause a needless delay in
the work, but there is nothing
more irritating than to find a
completed job which will not
work because one of the connec-
ting wires has broken. Often this
broken wire is difficult to replace
and may make it necessary to
remove other wires also.

To make sure of the replace-
ment part, as well as the connec-
tions, the continuity tests should
include more than one part of
the circuit. For example, when
a new output transformer is in-
stalled, include all of the plate
supply circuit between the output
of the power supply filter and
the plate of the output tube in
the test.
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Electricians tape does not work
well for insulating wire splices
in electronic equipment. Not only
is it bulky, but the increased
temperature of operation causes
it to dry out rapidly. When a
joint requires insulation, slip a
short length of insulated tubing
or spaghetti over one of the wire
ends, and then after the work is
done, slide the tubing back over
the joint.

Locating and replacing a de-
fective part doesn’t always com-
plete a repair. When a fuse
“blows” in a home lighting cir-
cuit, it may indicate trouble
which a new fuse won’t cure and
a larger fuse may make worse.
The proper procedure is to locate
the trouble, then replace the fuse.
The same general idea holds for
electronic service. The defective
unit, located by tests, may com-
pare to the fuse of the home
lighting circuit. Therefore, al-
ways analyze the conditions be-
fore proceeding with the repair.
Try to determine the cause of the
failure.

For example: “Did the defec-
tive resistor simply break down
from age or was it subject to
overload due to some other de-
fect?”, “Did the shorted bypass
capacitor absorb enough moisture
to weaken the dielectric or was
it operating at an excessive volt-
age?”, “Did the resistance strip of
the gain control just wear out or

did some other defect cause it to
carry excessive current?”.

Knowing the nature and loca-
tion of a defect, a rapid analysis
of the circuit indicates which
other components could have
caused the trouble if they were
defective. A careful test of these
components is good insurance
against “come back’ repairs, for
the replacement capacitor, resis-
tor, or other part will break down
quickly unless the cause is located
and corrected.

R-f signol generotor of the type employed for
oligning tuned circuits in rodios ond other
electron equipment,

Courtesy Superior Instruments Co.

ALIGNMENT

Tuned circuits are used in
radio and television receivers to
accept or reject energy at one
band of frequencies. In every
such circuit, there is a certain
amount of response to signals
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above and below the resonant
frequency. The response falls off
as the signal frequency increases
or decreases from resonance. In
practice, a tuned circuit is said
to have a “response band’” which
includes all the frequencies at
which the circuit response is
equal to or greater than some
given percentage of maximum.
The circuit has a CENTER FRE-
QUENCY which is that frequency
midway between the upper and
lower limits of the response band.
When the circuit has symmetrical
response (equal rate of fall above
and below resonance), then the
resonant frequency and center
frequency are the same.

In cases where the response
band limits have a frequency sep-
aration greater than 5 percent
of the center frequency, the cir-
cuit is called a BROADLY TUNED or
WIDE BAND circuit. A NARROW
BAND or SHARPLY TUNED circuit
is one in which the band limits
have small separation relative to
5 percent of the center frequency.

In the event either the capaci-
tance or inductance changes in a
tuned circuit, the resonant fre-
quency is altered accordingly. The
circuit no longer has maximum
response at the desired frequen-
cy, nor does it respond properly
to all of the original frequency
band. Also, with the response
band thus shifted in the frequen-
cy spectrum, the circuit has in-

creased response to frequencies
normally outside of its band.

When the L and C components
in a tuned circuit are such that
the circuit is resonant at the de-
sired frequency, it is said to be
ALIGNED, or in ALIGNMENT. Then,
its response band covers the de-
sired portion of the frequency
spectrum. When the circuit is
resonant to some frequency other
than the proper frequency, it is
OUT OF ALIGNMENT, or MIS-
ALIGNED, and it is necessary to
make the adjustments necessary
to bring the circuits back into
alignment. The term ALIGNMENT
is employed also to designate the
process of adjusting tuned cir-
cuits. It is this important process
that the remainder of this lesson
describes.

In this and other lessons on
electron circuit testing, the gen-
eral procedures and test instru-
ments employed apply to most of
the equipment used in the many
branches of the electronic indus-
try. However, in this lesson only
radio receiver circuits are used
for the various illustrative exam-
ples.

There are differences in the de-
tails of the procedures for align-
ing various makes and models of
any given type of receiver. Most
manufacturers supply the neces-
sary data for the alignment of
each particular model, and this
data should be used whenever a
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given unit is adjusted. Such align-
ment data may be obtained from
the manufacturer or from a ser-
vice manual such as those pub-
lished to aid the servicing of
radio and television receivers.

The basic arrangement em-
ployed for alignment is illustrated
in block form in Figure 1. A sig-
nal generator supplies a test sig-
nal of the desired amplitude,
wave-form, frequency, and mod-
ulation characteristics. For vari-
ous purposes, the test signal may
be either amplitude, frequency, or
pulse modulated ; or it may be un-
modulated. The test signal is ap-
plied to some appropriate point
such as the input terminals in the
unit to be aligned, and adjust-
ments made in the tuned circuits
to produce resonance at the fre-
quency of the test signal.

In some cases, the point of ad-
justment at which resonance is
obtained can be determined by
the nature of the output or the
operation of the unit. However,
usually some type of resonance
indicator must be employed as
shown in Figure 1.

For radio receivers, the signal
generator consists of an r-f gen-
erator with controls which per-
mit a choice of test signal fre-
quencies, amplitudes, modulation,
etc. The generator has a dial
calibrated in output frequency,
and usually an output attenuator
which provides either continuous

or step control of output ampli-
tude. Other controls permit vari-
ation of the percent of amplitude
modulation, or the frequency de-
viation when an FM signal is
used.

View of an AM/FM radio receiver shows the

i-f transformers and tuning capacitor trimmers

which are adjusted when the tuned circuits
are aligned.

Courtesy The Hallicrafters Co.

The resonance indicator may
be an ordinary service type a-c
voltmeter, a vtvm, a cathode ray
oscilloscope, or a tuning-eye tube
may be used as an indicator in
units which employ such tubes.

Indications of Misalignment

Although it is possible for one
or more of the tuned circuits to
become so far out of alignment
that the unit will not function at
all, such a condition is rare. Usu-
ally, the tuned circuits become
only slightly misaligned so that
the performance of the equip-
ment falls below its original level.
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Due to misalignment, a radio re-
ceiver loses sensitivity or pro-
duces a distorted output, or a
television receiver may have a
weak or smeared quality picture,
distorted sound, or both.

Pre-alignment Checks

However, these symptoms some-
times are caused by circuit de-
fects other than misalignment. In
some instances, some other defect
may exist along with misalign-
ment, while in other cases the en-
tire trouble may be due to an-
other type of fault and alignment
is not needed. Hence, in every
case the tubes should be checked
and all other types of repairs or
adjustments made first. Then, if
the symptoms persist, alignment
is needed.

Regardless of the type of elec-
tronic equipment or the method
of alignment to be employed, the
unit and all test equipment to be
used should be turned on and per-
mitted to warm up for 15 minutes
before beginning the alignment
procedure. This makes it possible
to align the receiver under nor-
mal operating conditions.

Provisions for Circuit
Adjustments

Most radio receivers include
variable capacitance or induct-
ance components which form part
of the frequency determining ele-
ments in the tuned circuits. Small

capacitors called trimmers are
connected in parallel with the
main tuning capacitors and de-
signed so they may be adjusted
with some type of alignment tool.

Usually having considerably
more capacitance than trimmers,
similar variable capacitors, called
padders, are connected in series
with the main tuning capacitor in
the tuned circuit. Some h-f trans-
formers have movable powdered-
iron cores, or slugs, the relative
position of which affects the per-
meability of the flux path, and
the permeability determines the
inductance of the coil. Tuning by
means of such adjustable cores is
known as PERMEABILITY TUNING.

ALIGNMENT OF A TRF
RECEIVER

As a typical example of the
alignment procedures, Figure 2
shows the schematic diagram of a
tuned-radio-frequency radio re-
ceiver of the type employed for
reception in the standard broad-
cast band. In this circuit, trans-
former T; couples the received
signal from the antenna to first
r-f amplifier V,, transformer T,
couples the signal from V, to sec-
ond r-f amplifier V,, and T forms
the coupling unit between V, and
detector tube V3. From the plate
circuit of the V; stage, the audio
ig coupled through C,;, to the grid
of output tube V4 Finally by
means of output transformer Ty
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the signal reaches the voice coil
of the speaker.

Tube V; is the power supply
rectifier, and dial lamp D func-
tions as an on-off indicator. Lo-
cated in the negative leg of the
power supply, resistor R; pro-
duces a voltage drop to supply the
negative bias needed for the grid
of tube V.

In the r-f coupling circuits, a
three-section tuning capacitor is
connected so that sections C;, C,,
and C; resonate the secondary
coils of T,, T, and T; to the car-
rier frequency of the desired sta-
tion. To permit alignment adjust-
ments, trimmer capacitors C,, Cs,
and C4 are connected across these
tuned circuits. In the V3 grid cir-
cuit, capacitor C; prevents short-
ing the negative grid-bias voltage
to ground, but due to its large
capacitance it offers very little
reactance to signal frequency cur-
rents.

To align the receiver of Figure
2, the antenna is disconnected
and the signal generator output
leads connected to the receiver
antenna terminals such that the
“hot” lead connects to point A
and the ground lead to point G.
However, to simulate conditions
of normal operation with an an-
tenna, the manufacturer may des-
ignate that a system of compo-
nents known as a DUMMY ANTEN-
NA be inserted in series with the
hot lead of the signal generator.

The components of the dummy
antenna vary in number and in
values as specified by the manu-
facturers of different receivers,
and in some cases consist of but
asingle capacitor. Wherea dummy
antenna is specified but the cir-
cuit and values are not given, the
standard RTMA arrangement of
Figure 3 may be used. Here, coil
L is 20 microhenries, mica capac-
itor C; is .0002 microfarads and
C, is .0004 microfarads, and the
composition type resistor R is 400
ohms.

When an a-¢ voltmeter is em-
ployed as the resonance indicator,
it is referred to generally as an
OUTPUT METER. Alternative con-
nections for the output meter are
shown in Figure 4. The method
of Figure 4A is probably the most
convenient so far as making con-
nections are concerned, and when
this system is used, the a-c volt-
meter should be set on a low range
because the voltage is low across
the voice coil of the speaker.
When the output meter is con-
nected from the output tube plate
to ground as shown in Figure 4B,
the blocking capacitor C, equal
to about .1 ufd, 600 wv, is required
to protect the meter from the B
voltage in this circuit, and to in-
sure meter readings which are
directly proportional to the signal
voltages. In many commercial
multimeters, a blocking capacitor
is inserted in the internal meter
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circuit when the selector switch
is placed in the “output” position.

Compared to the secondary volt-
age, the voltage across the pri-
mary winding of the output trans-
former is quite high, and an out-
put meter must be set to a higher
scale when connected as in Fig-
ure 4B. In general, the meter
range used should read as high as
about 50% of the d-c operating
voltage on the plate of the receiv-
er output tube. A third way in
which the output meter may be
connected is in series with a
blocking capacitor from the plate
of one to the plate of the other of
the two tubes of a push-pull out-
put stage. In this case the meter
range used should read about as
high as 100% of the d-c operating
voltage on one tube.

With any of the above arrange-
ments, the meter range used
should be high enough so the
pointer does not deflect off scale,
but otherwise should be as low as
possible so that changes in read-
ings can be observed easily. That
is, a change of 5 or 10 volts causes
very little movement of the meter
pointer on the 500 volt range, but
results in a considerable change
in pointer position when the 50
volt range is employed. Hence,
when used on a lower range, the
meter provides a more accurate
indication of resonance.

With the output meter connect-
ed in the audio circuits of a radio

receiver, it provides a reading
proportional to the demodulated
output of the detector, since with
a given percentage of modulation,
the amplitude of the detector out-
put is proportional to the strength
of the r-f test signal at its input.
With a given amplitude modu-
lated r-f test voltage applied to
the receiver antenna terminals,
the intensity of the test signal
reaching the detector input de-
pends upon the alignment of the
various tuned circuits. Therefore,
the meter indicates to what degree
the circuits are in proper align-
ment.

That is, when all circuits are
aligned, maximum signal passes
from point A to the grid of V;,
Figure 2, and the resulting large
audio signal in the a-f amplifier
circuits causes maximum deflec-
tion of the pointer of the output
meter. Since each r-f and a-f am-
plifier stage amplifies the signal,
the test voltage applied to the re-
ceiver input must be very much
smaller than the value indicated
on the output meter. However,
only the adjustments which pro-
duce the peak indication are of
concern here, the actual voltages
being unimportant so long as the
input signal is maintained below
the amplitude at which the ampli-
fiers overload.

With the signal generator and
output meter connected as ex-
plained, the receiver is turned on
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and volume control P advanced
to its maximum clockwise posi-
tion. The tuning capacitor is set
at or near the high-frequency end
of the band, that is, with the
plates completely out of mesh. A
precise dial setting is not impor-
tant, but should be one at which
no station can be heard.

The signal generator is set to
provide an amplitude modulated
r-f signal in the broadcast range,
and its frequency dial adjusted to
the same frequency as that indi-
cated on the receiver dial. Often,
the percentage of modulation is
fixed at some value such as 30%.
If variable, the modulation inten-
sity should be adjusted to give the
clearest tone in the receiver
speaker. The generator output
should be adjusted to give a me-
ter reading high on the scale used,
without causing distortion of the
tone in the speaker.

To make the alignment adjust-
ments, the various trimmer ca-
pacitors, C;, C;, and C; are ad-
justed for maximum reading on
the output meter. As the receiver
is brought into alignment, the
sound output from the loudspeak-
er increases also. However, these
changes in sound volume provide
only a rough indication, because
the ear is relatively insensitive to
the small changes in volume
which occur near the exact reso-
nance setting of each tuned cir-
cuit. Thus, the output meter

should be employed in every case
because of the greater alignment
accuracy which can be obtained.

AN
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Typical multimeter of the type employed as on
output meter for aligning AM receivers.

Courtesy Precision Apparatus Co., Inc.

A typical ganged tuning eapac-
itor is illustrated in Figure 5.
Here, the three main tuning ca-
pacitor sections consist of sets of
semi-circular rotor plates and
rectangular stator plates, and the
sections are separated from each
other by large partitions. The ro-
tor plates are all mounted on the
same shaft through which they
make electric contact to the frame
of the unit and thus to the chassis
of the receiver in which the unit
ts mounted. The stator plates are
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insulated from the frame of the
unit so that each set can be con-
nected individually to the grid of
the proper tube as shown in the
diagram of Figure 2.

In the unit of Figure 5, the
three trimmers are mounted above
the stator plates of each tuning
capacitor section, and as indi-
cated, adjustment screws are pro-
vided to change the capacitance
of the trimmers by varying the
spacing between their respective
grounded and ungrounded plates.
The trimmers are electrically in
parallel with the main tuning ca-
pacitor sections as shown in Fig-
ure 2. Therefore, when an adjust-
ment screw is turned in, it moves
the trimmer plates closer togeth-
er. The trimmer capacitance in-
creases to provide an increased
capacitance across the coil of the
corresponding tuned circuit. This
increase in capacitance results in
a lower resonant frequency. In
like manner, the tuned circuit
resonant frequency is raised due
to the decrease in total capaci-
tance when the adjustment screw
is rotated to move the trimmer
plates further apart.

The insulated aligning tools
should be employed for any type
of alignment work to minimize
the added capacitance effect due
to the proximity of the tool. For
the same reason, after each ad-
justment, the aligning tool and
hands should be removed from

the chassis before the output me-
ter is read.

The trimmers are adjusted in
turn, beginning with the one elec-
trically nearest the detector, and
working toward the front end of
the receiver circuit. That is, in
the receiver of Figure 2, trimmer
Ce is adjusted first, Cs next, and
C, last. As each circuit is aligned,
the deflection of the output meter
pointer increases, and it may be
necessary to decrease the test sig-
nal amplitude to prevent the
pointer from swinging off scale.
The strength of the test signal
should be reduced by decreasing
the output from the signal gener-
ator. Only when a point is reach-
ed where further reduction in
generator output causes distortion
of the tone in the speaker, should
the receiver volume control set-
ting be reduced. Then the genera-
tor output is increased to give a
suitable deflection on the output
meter scale.

When the trimmers are ad-
justed or peaked properly, the
output meter reading decreases
when the adjustment screw is ro-
tated in either direction from the
correct setting. As a general rule,
the trimmers should be adjusted
for the lowest possible capacitance
which provides the desired peak
condition. If a particular tuned
circuit is considerably out of
alignment originally, a commonly
used method consists of turning
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the adjusting screw all the way
in and then backing it off one full
turn before starting the more
exact or fine adjustments.

The final position of the adjust-
ing screws should never be very
tight, because in this position the
full capacitance of the trimmer is
added to the tuned circuit and
may prevent the receiver from
receiving signals in the high-fre-
quency end of the band. After all
trimmers have been peaked prop-
erly, final touch-up adjustments
of each should be made, begin-
ning with C; as before, to make
certain the exact correct settings
have been obtained.

When the tuning capacitor has
slotted end plates, after all trim-
mer adjustments are completed
the signal generator is set at
about 1000 k¢ and the receiver is
tuned to this frequency as indi-
cated by maximum sound output
from the speaker. With this set-
ting, the rotor is approximately
in the position shown in Figure 5,
with each end plate having a seg-
ment which is only partly in mesh
with the stator plates. Adjust-
ments are made by bending these
segments toward or away from
the stator plates to obtain maxi-
mum reading on the output me-
ter. Each end plate segment is
adjusted in turn, beginning with
the detector section of the tuning
capacitor and working toward
the front end of the receiver.

Remove the hands from the
plates each time a meter reading
is taken. First, the meter reading
is noted, and then the segment
bent slightly either way. A second
reading is made, and if higher
than the first, the segment is bent
further in the same direction, ete.
If the second meter reading is
lower than the first, then the
plate should be bent in the oppo-
site direction.

Two-section tuning capacitor used in super-

heterodyne receivers. Each section is equipped

with a screw driver-adjusted mica trimmer for
alignment,

Courtesy General Instruments Corporation

After the first set of segments
have been adjusted for each sec-
tion of the tuning capacitor, the
signal generator is set at about
800 ke and again the receiver
tuned for maximum sound vol-
ume. This adjustment brings the
next segment of each end plate
partly in mesh with the stator
plates, and as before, each of
these segments are bent in or out
as required to produce a maxi-
mum reading on the output meter.
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Finally, the signal generator is
set to about 600 ke, and the re-
ceiver tuned to this frequency to
bring the last set of segments
into position. Again the segments
are bent to give a maximum read-
ing on the meter as explained
above.

The above paragraphs have in-
cluded all of the alignment ad-
justments which can be made on
the simple trf receiver. How-
ever, usually the end plate adjust-
ments are not necessary except
where it is found that extreme
misalignment exists due to some
reason such as a segment having
become bent accidently to the
wrong position. The necessary end
plate adjustments usually are
made during the original align-
ment or phasing at the factory.
Ordinarily trf receiver alignment
consists of adjusting the trimmer
only.

When a receiver contains an
avc circuit, this circuit functions
to counteract changes in audio
volume due to variations in car-
rier strength at the detector in-
put. Thus, with an r-f test signal
of sufficient strength to cause
operation of the ave circuit, and
the output meter connected in the
receiver audio output stage as ex-
plained above, the trimmer ad-
justments are unable to produce
sufficient variation in r-f input to
the detector to provide enough
change in the audio output volt-

age so that the meter can defin-
itely indicate the resonance point.

Therefore, to align a receiver
containing ave, it is necessary to
modify either the connections or
the procedure given above for the
simple receiver of Figure 2. One
method consists of connecting the
signal generator and output me-
ter the same as explained, but the
generator output is kept below
the value required to produce ave
action. The percentage of modu-
lation is increased until a suitable
reading is obtained on the output
meter, and trimmer adjustments
are made as explained for Fig-
ure 2.

Another method consists of dis-
connecting the receiver avc lead
from the output point of the ave
circuit, and inserting a suitable
fixed bias source, such as a small
battery, between the ave line and
ground. Then an r-f test signal of
any satisfactory value may be
used and the alignment performed
the same as for a receiver with-
out ave.

For a third method, a high-re-
sistance voltmeter is connected
across the output of the ave cir-
cuit, and the ave voltage is used
to indicate resonance. Again, the
input signal need not be main-
tained at a low level, and adjust-
ments are made in the usual way.

Often the receiver dial is found
to be out of CALIBRATION. When
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the variation is small, it is cus-
tomary to turn the dial until it
reads the frequency of the signal
generator and then adjust the
trimmers for maximum output.
When the variation is great, usu-
ally it is more practical to first
tune the receiver to the test sig-
nal frequency as indicated by
maximum sound output, and
then, without changing the posi-
tion of the tuning capacitor, me-
chanically loosen and rotate the
receiver dial until its reading is
correct.

ALIGNMENT OF AM SUPER-
HETERODYNE RECEIVER

The majority of modern receiv-
ers used in communications,
broadcast, telemetering, and re-
mote control purposes are of the
superheterodyne type, and so for
a further example of the align-
ment procedure, the method of
aligning an AM superheterodyne
radio receiver is given in the fol-
lowing paragraphs. The method
congists of tuning all i-f tuned
circuits to the receiver interme-
diate frequency, and then tuning
the r-f stages so that the h-f os-
cillator TRACKS with the mixer
and r-f amplifier. That is, the
oscillator produces the i-f fre-
quency by beating with the in-
coming signals at each position
on the dial.

Most radio receiver i-f inter-
stage coupling circuits are ar-
ranged on the plan illustrated in

Figure 6. That is, both primary
and secondary coils of the i-f
transformers are tuned by means
of shunt capacitors, and to pro-
vide for alignment adjustments,
either the capacitors are variable
as shown in Figure 6A, or per-
meability tuning is used as in
Figure 6B.

Cut-away view of a 455kc i-f transformer suit-
able for general replacement purposes in AM
radio receivers.

Courtesy Stanwyck Winding Company

The cut-away view of Figure
7A shows the location of the
trimmer capacitor adjustment
screws just under the top of the
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shield can of a typical i-f trans-
former. In the top of the can,
two small holes permit insertion
of the alignment tool. In various
transformer designs, the adjust-
ment screw has either a slotted
or hexagon head, and thus re-
quires either a screw driver or
a socket wrench for making
adjustments.

To conserve space, other trans-
former designs have the slotted
screw for one trimmer placed
inside a hollow, hexagon-headed
screw for adjusting the other
trimmer. This arrangement is
quite common, and it is mentioned
because at first glance it appears
to be a single adjustment consist-
ing of a slotted screw with a
lock nut.

Some i-f transformers have
only one adjustment screw which
serves to adjust a single trimmer
across either the primary or the
secondary winding of the unit.
Still other designs have one ad-
justment screw on top and the
other below the transformer, and
then the alignment tool must be
inserted from below the receiver
chassis to adjust the lower screw.

An example of a permeability
tuned transformer is pictured in
the cut-away view of Figure 7B.
In the unit shown, a single slotted
screw permits moving the trans-
former core in or out of the
windings, and this screw is
reached by inserting the align-

ment screwdriver through the
hole in the top of the shield can.
In general, the mechanical ad-
justments are performed in the
same way, regardless of whether
trimmer capacitors or perme-
ability tuning is employed.

The receiver tuning capacitors
vary the tuning of the r-f and
oscillator stages, and are con-
structed with all rotors mounted
on a single shaft like the unit of
Figure 5. Trimmer capacitors
are included for r-f alignment
and for h-f oscillator tracking
adjustments.

In some receivers, the oscillator
circuit contains a padder capac-
itor to provide the required dif-
ference between the oscillator
frequency and the resonant fre-
quency of the r-f amplifier and
mixer circuits. Connected in
series with the oscillator tuning
capacitor, the padder reduces the
total tank circuit capacitance to
provide the required oscillator
frequency at any given tuning,
and is variable to permit TRACK-
ING adjustments.

In other models, a padder is
not used, and the reduced oscil-
lator tank circuit capacitance is
obtained by employing a main
tuning capacitor in which the
oscillator section is smaller than
the r-f sections.

The various r-f and i-f tuned
circuits of an AM superhetero-
dyne receiver are shown in the

1
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partial diagram of Figure 8.
Here, the secondary winding of
T, and tuning capacitor C, form
the tuned grid circuit of r-f am-
plifier V,; the secondary of T,
and capacitor C, are the tuned
LC circuit in the number 3 grid
circuit of converter tube V.; and
the oscillator tank circuit con-
sists of T3 and C;. As shown, the
three tuned circuits are shunted
by trimmers C4, Cs, and Cg. Per-
meability tuning is employed in
the three i-f transformers, T,,
T., and Tg, which couple the con-
verter, i-f amplifiers V; and V,,
and diode detector V.

Before starting the alignment,
the receiver tuning capacitor
should be fully meshed and the
position of the dial pointer ob-
served. If the pointer is not at
the proper reference mark as
specified in the service manual
for the particular receiver model,
the necessary mechanical adjust-
ment should be made to bring it
to this mark. Usually, the in-
struction manual tells how this
adjustment is made, such as by
releasing the pointer clip on the
dial or loosening the screws in
the pointer drive pulley, setting
the pointer to the mark, and re-
tightening the clip or screws.

The i-f stages are aligned first,
and to prevent unwanted beat
notes due to interference from
the receiver h-f oscillator, this
oscillator should be disabled tem-
porarily. A simple method con-

sists of connecting a .01 n.fd ca-
pacitor from the stator plates of
the oscillator tuning capacitor to
ground, across C; in Figure 8, to
“short” the oscillator tank circuit.

The connection can be made
readily if an alligator clip is
fastened to each lead of the short-
ing capacitor. Then one lead can
be clipped to a stator plate of the
tuning capacitor and the other
lead to a rotor plate or to the
receiver chassis. If the receiver
employs a separate oscillator tube,
this tube may be removed, thus
making the shorting capacitor
unnecessary.

An output meter is connected
across the speaker voice coil and
set to a low range as explained
above. Using the specified block-
ing capacitor (usually .01 to .1
pfd), a signal generator is con-
nected to the proper input point
as given in the alignment in-
structions in the service manual.
Referring to Figure 8, various
points at which the i-f test signal
may be applied are the antenna
terminals A and G, the control
grid of V, and chassis, or grid
No. 3 of V, and chassis.

The stator of the associated
tuning capacitor, C; or C,, forms
a convenient point on which to
clip the hot test lead. The gen-
erator ground lead should be
connected through a .1 ufd capac-
itor to the chassis when the re-
ceiver is of the a-c/d-c type.
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The receiver volume control is
set to maximum, and with am-
plitude modulated output, the sig-
nal generator is set to the inter-
mediate-frequency employed in
the receiver, such as 455 ke. To
prevent avc action, the generator
output should be kept low enough
so that the output meter never
reads higher than about 0.4 volts.

Wave trap resonant to 455 kc prevents radi-
ated i-f signals from passing through the input
circuits of a rodio receiver.

Courtesy Stanwyck Winding Co.

Beginning with the last i-f
transformer, T¢ in Figure 8, the
trimmer or core is adjusted to
produce maximum indication on
the meter. The peak indication
points are not difficult to locate,
since turning the adjustment
serew in one direction causes the
meter reading to increase until
the peak point is reached, after
which the reading decreases. Then
the screw is rotated in the other
direction until the peak reading
again is obtained.

After Tg is peaked, adjustments
of the iron cores of Ts and then
T, are made in the same manner,
reducing the signal generator out-
put whenever necessary to main-

tain the output meter reading
below the maximum mentioned.
After the i-f transformers have
been aligned individually, all ad-
justing screws should be given a
final touch up check to make cer-
tain the exact peak conditions are
obtained.

In a few cases, the i-f stages
are so badly out of alignment
that deflection cannot be obtained
on the output meter even with
maximum settings of all signal
generator and receiver output
controls. In this event, the test
signal may be applied to the input
of each individual i-f stage, be-
ginning with the last and work-
ing toward the front end of the
receiver.

That is, to align transformer
T, Figure 8, the signal generator
“hot” lead is connected to the
control grid of tube V,. If the
meter reading is still zero, even
with maximum output from the
generator, the generator fre-
quency should be adjusted slowly
above and below the i-f value
until a frequency is reached
which results in a reading on the
meter. Then, the generator should
be adjusted a few kilocycles at a
time, to the correct i-f, and each
time the test frequency is changed,
the i-f transformer is adjusted
for maximum output. In this
way, the transformer primary
and secondary circuits finally are
resonated at the desired inter-
mediate frequency.
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With T, aligned, the signal
generator lead is removed from
the V, grid and connected to the
grid of V; to permit adjustments
of T;. Finally, the test signal is
applied to grid No. 3 of V., the
slugs of T, adjusted for maxi-
mum output, and the touch-up
adjustments of all i-f trans-
formers made as mentioned above.

With the i-f section alignment
completed, the shorting capac-
itor is removed to restore the h-f
oscillator to operation. The signal
generator is connected through
the specified dummy antenna,
usually a .00025 nfd capacitor, to
the receiver antenna terminals,
and set to the specified frequency,
near the high end of the broad-
cast band, such as 1600 kc. The
receiver tuning control is set so
the dial pointer indicates this
test frequency, and the h-f oscil-
lator trimmer Cq is adjusted for
maximum reading on the output
meter. Next, the signal gener-
ator is set to a somewhat lower
frequency, such as 1400 k¢, and
the receiver tuning control ad-
justed to receive the generator
test signal, even though the re-
ceiver dial pointer may not in-
dicate the exact test signal fre-
quency. Then the r-f circuit
trimmers, C, and C;, are adjusted
for maximum indication on the
output meter.

Finally, if the receiver oscil-
lator circuit contains a padder
capacitor, the signal generator is

set to 600 kc and the receiver
tuned to this frequency as in-
dicated by maximum output of
the audio tone from the loud-
speaker. The padder is adjusted
while the receiver tuning capac-
itor is “rocked” back and forth
until a point of maximum output
is obtained as indicated on the
output meter.

This “rocking” procedure is
employed to find that combina-
tion of tuning capacitor position
and padder adjustment which
give maximum output regardless
of whether the receiver dial point
falls exactly on the 600 kc mark.

Instead of a padder capacitor,
permeability or slug tuning of
the oscillator coil may be em-
ployed, in which case the slug
adjustment is made at the 600 ke
test frequency. Again, the tuning
capacitor is rocked while the slug
is adjusted to obtain maximum
output.

When neither of the above
oscillator circuits are employed,
usually no check is specified at
600 kc. An exception is a receiver
in which the tuning capacitor has
slotted end plates similar to the
unit of Figure 5. In this case,
the tracking may be checked at
600 kc and, if necessary, cor-
rected by bending the r-f section
end plates to produce a maximum
indication on the output meter.

As with the i-f section align-
ment, the signal generator output
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should be kept low to prevent ave
action while all adjustments are
being made in the receiver r-f
section. However, if the ave cir-
cuit is opened and a fixed bias
substituted as explained for trf
alignment, the superheterodyne
receiver may be aligned without
the necessity of keeping the sig-
nal generator output at an ex-
tremely low amplitude.

A vacuum tube valtmeter aften is used as the
resanance indicatar when an FM receiver is
aligned.

Cavurtesy Sylvania Electric Praducts, Inc.

As another alternative, the sys-
tem may be employed in which
the direct voltage output of the
ave circuit is used to indicate
the resonance adjustment of the
various tuned circuits. In this
case, a high resistance voltmeter,
oscilloscope, or other voltage in-
dicator is connected across the
output of the receiver ave circuit
as mentioned for the trf, and the

alignment adjusted for maximum
avce bias.

Carried by the wiring of the
i-f section signal circuits, inter-
mediate frequency energy may be
radiated with sufficient strength
to be picked up by the receiver
antenna. Then, the i-f signal will
be amplified in the r-f amplifier
and mixer stages and re-applied
to the input of the i-f section.
This feedback action may result
in undesired oscillation in the i-f
circuits, and some receivers con-
tain tuned trap circuits to prevent
the i-f signal passing through the
r-f circuits.

Figure 9A shows series reso-
nant circuit, L,C,, connected
across the primary of antenna
transformer T, to illustrate one
arrangement frequently employed
for the i-f trap. Tuned to reso-
nance at the intermediate fre-
quency, this circuit offers very
low impedance and thus forms a
short circuit across the receiver
input so far as i-f energy is
concerned.

A second trap is illustrated in
Figure 9B. Here, parallel reso-
nant trap L,C, presents maxi-
mum impedance at the intermedi-
ate frequency. Therefore, prac-
tically all the i-f signal voltage
applied to the input appears
across the trap circuit, and very
little across the primary of an-
tenna transformer T,. A third
arrangement consists of a series
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resonant LC circuit which shorts
the converter input grid to ground
at the i-f, and is shown in Fig-
ure 9C.

During the alignment of a re-
ceiver containing an i-f trap, the
variable component of the trap
is adjusted just after the i-f
transformers are aligned, and
while the h-f oscillator is still in-
operative. Set to the i-f carrier
frequency, the signal generator is
connected through a dummy an-
tenna to the receiver antenna ter-
minal or r-f amplifier grid, de-
pending upon the location of the
trap, and the trap is adjusted for
minimum output meter reading.

ALIGNMENT OF FM SUPER-
HETERODYNE RECEIVER

In the case of an FM type
superheterodyne receiver, the sig-
nal generator is employed with
unmodulated output, and a high-
resistance meter is needed as a
resonance indicator. The general
procedure is very much like the
AM receivers except for a few
additional readings taken to check
the i-f bandwidth and the detec-
tor linearity.

The circuits of the last i-f or
limiter stage and a discriminator
type FM detector are shown in
Figure 10. The FM, i-f signal
is coupled by T, to the grid of
limiter tube V,, and from the V,
plate through T, to the plates of
the discriminator diodes, V, and

V.. From the discriminator out-
put, the audio signal is taken
from the slider on volume control
P and applied to the receiver a-f
amplifier.

AM GENERATOR ALIGN-
MENT PROCEDURE

To align a receiver employing
a discriminator detector, the sig-
nal generator is set to the receiver
intermediate frequency, often 10.7
me, and the hot test lead con-
nected through a .01 ufd capac-
itor to the grid of the limiter
tube at point A in Figure 10. The
generator ground lead is con-
nected to the receiver chassis,
point G.

With the high-resistance out-
put meter on its d-c range, its
test prod is connected through a
1 megohm isolating resistor to
point B, and the ground lead to
the receiver chassis. At this time,
the voltage at point B may be
either positive or negative with
respect to ground. The output
meter is set to a low range and
the signal generator output ad-
justed to supply a test signal of
about .1 volt to the grid of V,.

With the receiver tuning capac-
itor rotated so that the plates are
fully open, the primary circuit of
transformer T, is resonated at
the i-f by adjusting C, to produce
a maximum indication on the out-
put meter. Then C; is adjusted
for zero reading. As C; is ad-
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justed, the voltage at point B
reduces alternately from a posi-
tive value, through zero, to a
negative value, and then back
through zero to a positive again.
Therefore, a zero-center meter
will facilitate the adjustments at
this point. When such a meter is
not available, then the regular
d-c meter may be reversed each
time the voltage changes polarity
at point B.

A 5-inch oscilloscope of the general service

type svitable for application as a response

curve indicator for ‘'visval'' alignmenat of an
FM receiver.

Courtesy The Heath Company

Another method consists of
using the zero adjust control to
set the meter to some reference
point near or at mid-scale. This
setting may be made with the
meter in either the 4+DC or —DC
position. Then, when the voltage

at point B is positive, the meter
pointer is deflected to one side of
this reference point, and the
pointer is deflected to the other
side when the voltage at B is
negative. Regardless of the direc-
tion of deflection at any instant,
the secondary circuit of T, is ad-
justed to bring the meter pointer
to the selected reference point, at
which time the voltage will be
zero at point B.

If the meter does not contain
a zero adjust control, a voltage
source such as a 114 volt dry cell
may be connected in series with
one of the meter test leads to
make the meter read near the
midpoint of its 3 volt range when
the test prods are temporarily
shorted together. The reading
thus obtained then is employed as
the “zero” reference for aligning
the detector circuit. Any of these
meter arrangements may be em-
ployed for adjusting the primary
circuit trimmer, C;, of the detec-
tor transformer also, in which
case adjustments are made to ob-
tain maximum deflection away.
from the reference point—in
either direction.

To check the linearity of the
discriminator, a zero-center me-
ter is used or the meter set to a
mid-scale reference point as ex-
plained above and the readings
obtained noted when the signal
generator is set at frequencies
which are lower and higher than
the i-f by equal amounts. For ex-
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ample, with an i-f of 10.7 mec,
suitable pairs of check points are
10.675 and 10.725 mec, 10.650 and
10.750 mc, etc.

For each pair of check points,
the meter readings should be
equal and opposite with a zero
center scale, or should increase
and decrease by equal amounts
from the mid-scale reference
point. If this result is not ob-
tained, the detector is not linear,
and more careful alignment of
the detector transformer is nec-
essary.

There are three conditions un-
der which the voltage is zero at
point B: with the transformer
secondary tuned (1) far below,
(2) far above, and (3) exactly at
the i-f. It is this last condition
which must be obtained for prop-
er operation.

When the detector transform-
er is properly aligned, the signal
generator is returned to the exact
original i-f test frequency by ad-
justing the generator dial to ob-
tain a zero voltage indication at
point B.

To align i-f transformer T,,
the signal generator test signal is
applied to the control grid of the
preceding i-f amplifier tube, the
output meter set to read —DC
volts, and its test prods connected
to point C and ground. Trimmers
C, and C; are adjusted for maxi-
mum deflection on the output
meter.

Leaving the meter connected to
points C and G, the test signal is
applied to the grids of each i-f
tube in turn to permit alignment
of the other i-f transformers. Fi-
nally, the test signal is injected
at the signal input grid of the
mixer for alignment of the first
i-f transformer. As with T,, the
trimmers of each transformer are
adjusted for maximum indication
on the meter.

The last i-f stage and the bal-
anced type ratio detector circuit
of an FM receiver are shown in
Figure 11. The bias components
R, and C; are in the V, cathode
circuit instead of the grid circuit.
The secondary of T, connects to
the cathode of detector diode V,
and the plate of V, The audio
signal taken from the junction
between capacitors C; and C,,
passes through the de-emphasis
filter Ry and C,, and is applied to
the receiver a-f amplifier as indi-
cated. In this circuit, T, is perme-
ability tuned, the junction be-
tween resistors R, and R; is
grounded, and capacitor C; pre-
vents output variations due to
audio amplitude-modulation of
the i-f signal.

To align a receiver employing
an FM detector circuit like that
of Figure 11, the signal generator
is connected with its hot lead
through a .01 pfd capacitor to
point A, and its ground lead to
point G. The high-resistance volt-
meter is set to read —DC volts
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and connected to point B and
ground.

The signal generator is set to
the i-f (10.7 mc), and its unmod-
ulated output adjusted to give a
reading of about 2 or 3 volts on
the meter, as specified in the ser-
vice manual for the particular re-
ceiver model. At the specified out-
put, the ratio detector is opera-
ting at its normal level and will
give the best indication of correct
alignment.

The primary circuit of T, is
tuned to resonance at the i-f by
adjusting its slug to obtain maxi-
mum reading on the meter. Next,
the meter test leads are connected
to point C and ground, and the
meter set to read on its zero-
center scale, or operated with a
mid-scale reference point as ex-
plained above. Then, the second-

"ary circuit of T, is aligned by ad-
justing the secondary winding
slug to obtain the zero reading
which indicates the circuit is res-
onated at the exact i-f carrier fre-
quency.

In the unbalanced type ratio
detector circuit, a single, un-
grounded resistor replaces R; and
R; of Figure 11, and to permit
alignment of the detector second-
ary circuit, the detector output
must be balanced temporarily by
connecting two 100K ohm resis-
tors in series across the ampli-
tude limiting capacitor, and
grounding the junction between

them. This results in an arrange-
ment of components connected
like R, R3, and Cy of Figure 11.
The output meter is connected to
point C and ground, and the
transformer secondary circuit ad-
justed for zero reading in the
same manner as with the bal-
anced detector of Figure 11.

To check the linearity of the
ratio detector, the signal genera-
tor is set above and below the in-
termediate-frequency by equal
amounts as explained for the dis-
criminator circuit. If the detector
is linear, point C will be made
positive and negative by equal
amounts with respect to zero or
the mid-scale reference voltage,
for each pair of test frequencies
used.

To align the i-f stages in a re-
ceiver with a ratio detector, the
output meter is reconnected to
point B and ground, and the i-f
test signal injected at the grids
of successive tubes, i-f amplifiers
and converter, working toward
the front end of the receiver, and
adjustments made for maximum
deflection of the meter pointer on
the —DC volts scale.

To align the r-f and oscillator
circuits of the FM receiver, the
antenna lead-in is disconnected
from the receiver antenna posts,
and the signal generator is con-
nected through a dummy antenna
to these terminals. At this point,
a 300 ohm resistor forms the
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dummy antenna and is connected
in series with the hot test lead to
one antenna post. The other post
is connected by a jumper wire to
the ground post to which the gen-
erator ground lead also is con-
nected.

Another method consists of
leaving both antenna posts un-

grounded, inserting a 150 ohm re-
sistor in series with each gener-

The signal generator and re-
ceiver dials are set to a test fre-
quency near the high end of the
band, such as 107 mc for an FM
broadcast receiver. The genera-
tor output is set as specified in
the service manual, and the oscil-
lator coil, r-f transformer, and
antenna transformer trimmers
are adjusted for maximum meter
deflection.
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The various adjustments used in a receiver alignment can be located readily by means of a
label pictorial, Most manufacturers include one in their service manuals.

ator lead, and connecting the leads
to the antenna posts. The output
meter is connected to the FM de-
tector circuit, point C and ground
in Figure 10, and point B and
ground of Figure 11.

SWEEP GENERATOR
ALIGNMENT PROCEDURE

In their service manuals, some
FM receiver manufacturers in-
clude instructions for alignment
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of the i-f circuits with a cathode
ray oscilloscope and a sweep sig-
nal generator. The sweep genera-
tor is an r-f generator which pro-
vides suitable frequency modu-
lated test signals, and the oscillo-
scope produces a visual pattern
of the receiver response which
may be observed by the align-
ment technician while adjust-
ments are made. These instru-
ments require about the same
time to set up and connect as the
AM generator and output meter.

Some sweep generators provide
a sine wave or sawtooth time base
voltage for application to the CRO
horizontal input, while with
others, the scope internal sweep
is employed and synchronized by
the sync voltage output of the
generator. Thus, for the genera-
tor-to-scope connections in any
given case, consult the instruc-
tion manual for the specific sweep
generator used.

To align the detector trans-
former in the FM receiver, the
scope ground lead is connected to
the receiver chassis, and the ver-
tical input lead is connected to
point B in the discriminator cir-
cuit of Figure 10, or point C in
the ratio detector circuit of Fig-
ure 11. The generator ground lead
is connected to the receiver chas-
sis, and in series with a decou-
pling resistor of several hundred
ohms, the hot lead is connected to
the control grid of the i-f ampli-
fier or limiter tube immediately

preceding the detector stage. In
Figures 10 and 11 for example,
the generator leads are connected
to points A and G.

The sweep generator is set to
the receiver i-f and to produce a
total sweep range of about 200 to
300 kc. If the scope employs a
sine wave time base voltage equal
to the generator sweep frequen-
cy, such as 60 cycles, an “S” pat-
tern similar to the solid line curve
of Figure 12A appears on the
screen. In some cases, the curve
will slope in the other direction,
as indicated by the dashed line, or
when a sawtooth time base equal
to twice the sweep frequency is
employed, an “X” pattern results,
as indicated by both the solid and
dashed line curves of Figure 12A.

In the case of the discriminator
type of detector circuit, Figure
10, trimmers C, and C; are ad-
justed alternately to obtain either
an “S” or “X” curve having max-
imum size vertically, and maxi-
mum linearity over the “straight”
portion. With the “X” curve, ad-
justments are made also to make
the crossover point correspond
with the midpoint of each curve.

In the case of the ratio detector
circuit, Figure 11, the primary of
T, is first adjusted to obtain an
“S” or “X” pattern of maximum
height on the scope screen, and
then the secondary is adjusted to
obtain best linearity and to place
the “X” pattern crossover at the
center of both curves.
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Under chassis view af a multi-band cammunicatians type receiver shawing the mica
trimmer capacitars which are adjusted ta align the tuned circuits far the variaus bands
in which the unit aperates.

To align the receiver i-f ampli-
fier stages, the FM test signal is
applied to the signal grid of the
converter tube, and the oscillo-
scope connected to points C and
G, Figure 10, in a discriminator
receiver, and to point B, Figure
11, with C,; temporarily discon-
nected, in ratio detector receiv-
ers. Then, beginning with T,
(both types of receivers) and

Caurtesy The Natianal Campany, Inc.

working toward the front end of
the set, alignment adjustments
are made to obtain a pattern like
in Figure 12B. Depending upon
the CRO used, the observed pat-
tern may be “upright” like that
shown in the Figure, or it may be
inverted. However, in either case,
adjustments are made to obtain
maximum vertical deflection and
symmetry.
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Due to causes inherent in the
design, it is possible for a com-
mon service type sweep genera-
tor to produce an FM output in
which the center frequency is con-
siderably off the value indicated
on its dial. To take advantage of
the convenience provided by the
visual pattern on the CRO screen,
a sweep generator known to be
inaccurate may be used if a pre-
liminary rough alignment is made
with an ordinary r-f generator
and output meter as described
above, and then the sweep gener-
ator and scope employed for final
linearity adjustments.

When this system is used, the
sweep generator frequency is ad-
justed to place the center of the
response curve on the center of
the CRO screen, regardless of the

frequency indicated on the gener-
ator dial. Final adjustments of
the receiver detector and i-f trans-
former trimmers or slugs are
then made to obtain the desired
shape of the response curves, as
shown in Figure 12.

After the FM receiver detector
and i-f stages have been aligned
with the sweep generator and
scope, then an unmodulated r-f
generator and high-resistance out-
put meter are employed to align
the r-f amplifier and converter
stages as explained previously.

Although broadcast receivers
were used as examples in this les-
son, the same basic procedure ap-
plies to every radio receiver found
in communications, television, or
industrial electronics.
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1. What process is designated by the term alignment?
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10. Why are i-f wave traps used in a radio receciver?
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The modern television receiver is essentially two receivers thus providing simultaneous
reception of both sound and picture from the studio to the viewer's home. Pictured
above is a receiver indirectly viewed by meons of o mirror mounted in the top cover.

Courtesy The Sparks Withington Co.
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Television!

No word has ever been so filled with magic. Youngsters
in school dream big dreams of futures in the field, as
actors, as daring field cameramen, as powerful producers,
or as station executives. Advertising officials fancy tele-
vision as the final charge in saturating the market with
their merchandise. Educators visualize magnificent ad-
vances in education and culture as television grips and
molds the mentalities of our people. Idealists long for
television to serve as the champion of society, eradicating
interracial, international, and interreligious misunder-
standing. It will fill the voids in our lives more effectively
than does radio. Years of anticipation have whetted our
appetities for television. Its name is magic.

—Selected
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To serve as an aid in trouble-
shooting and other service work,
many manufacturers make avail-
able complete sets of diagrams
and data for each of their tele-
vision receiver models. As pre-
viously explained, the block type
diagrams are useful for deter-
mining the stages contained in
the various sections of the re-
ceiver, and therefore, are helpful
in locating the defective one.
Tube layout charts permit loca-
ting any tubes which the techni-
cian may desire to check. Pictorial
diagrams show the physical posi-
tion of the other components
and the various adjustment
screws, etc.

However, to determine the elec-
tric connections and relationships
of the various components in a
circuit or stage, and to permit
making systematic troubleshoot-
ing tests with a voltmeter, ohm-
meter, etc., the electrical plan of
the receiver is needed in the form
of a schematic diagram. In the
theory lessons of this course,
various partial schematics were
given to show the circuit connec-
tions in each of the receiver
sections.

To show the connections be-
tween the various sections of
complete receivers, and to illu-
strate the circuit diagrams fur-
nished by the manufacturers, this
lesson describes the complete

schematic diagrams of two com-
mercial television receivers. How-
ever, since the various circuit
actions were explained in detail
in earlier lessons, they are de-
scribed only briefly in this lesson.
If some point seems vague, refer
to the earlier lesson which de-
scribes that particular action in
detail.

Although the schematic dia-
grams used here are of Motorola
and Crosley receivers, the funda-
mental principles upon which the
various circuits operate are com-
mon to other makes and models,
any of which could have been
used equally well as examples.
These two receivers were chosen
for the purpose of showing the
major differences found in pres-
ent day television receiver design.
Most receivers are basically a
composite of some of the circuits
shown in these examples.

The one receiver uses channel
switching in the tuner, inter-
carrier i-f amplifiers, a ratio de-
tector for sound and a crystal
detector for the video, electro-
static sweep circuits, r-f high
voltage power supply, and a trans-
formerless voltage doubler for the
low voltage supply.

In contrast, the other receiver
has continuous tuning, dual chan-
nel i-f amplifiers, a Foster-Seeley
discriminator for sound and a
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conventional diode detector for
video, electromagnetic deflection,
a kick-back high voltage supply,
and low voltage supply with a
transformer.

MOTOROLA TELEVISION
RECEIVER

The Motorola Models VT-71
and VT-73 television receivers
employ the circuit shown in the
schematic diagram of Figure 1.
With the exception of its cabinet
and antenna system, the receiver
unit proper often is referred to
as a CHAsSIS. Thus, as indicated
at the upper right in Figure 1,
both of these Motorola models
employ chassis number TS-4J.
Differences in picture tube types,
component part numbers, and cir-
cuit arrangement are reasons for
different chassis designations of
a given receiver make.

Also, various units of a given
model may employ different chas-
sis. For example, the Motorola
Model VT-71 employs chassis
TS-4B, C, D, E, F, G, H, or J.
Therefore, when a particular tele-
vision receiver is to be serviced,
the technician should refer to a
schematic diagram and other data
which pertains to the correct
chassis as well as the correct
model.

A brief check of the block lay-
out of a television receiver facili-

tates location of certain circuits or
connections in the schematic dia-
gram. Given in Figure 2, the
block diagram of the TS-4J chas-
sis shows this receiver to be of
the intercarrier type and em-
ploying an r-f type high voltage
supply.

Since the blocks contain the
tube numbers corresponding to
the similar designations in Fig-
ure 1, the various tubes sharing
common envelopes can be located
fairly easily in Figure 2. For
example, the r-f oscillator and the
converter employ respective sec-
tions of V-17, while one section
of V-18 serves as an a-f amplifier
and the other section is used in
the deflection circuits. Finally,
Figure 2 shows that the 4.5 mc
sound i-f is separated from the
video signals at the output v-f
amplifier V-5 and from the same
point, the video signal is applied
to the picture tube and to the in-
put of the sync clippers.

In the schematic diagram of
Figure 1, the various sections
have about the same general loca-
tion as in the block diagram. That
is, the r-f section is at the upper
left in Figure 1, the sound chan-
nel is at the upper right, and the
picture channel is at the center.
From left-to-right across the bot-
tom are the low voltage supply,
sync circuits, deflection circuits,
and high voltage supply.
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R-F Section

The r-f section employs a type
6AG5 r-f amplifier, V-1, and the
two sections of a type 12AT7 for
the converter, V-17A, and the r-f
oscillator, V-17B. At the extreme
upper left of the diagram, the
antenna posts A, G, and A con-
nect to coil L-57 which provides
a 300-ohm input impedance when
the lead-in is connected across the
two A terminals, and a 75-ohm
input with the lead-in connected
to the G and the lower A ter-
minals, as indicated. Also shown
is a small cross-sectional drawing
of L-57 which indicates that a
blue color-coded lead connects to
the center tap at point 2.

The path of the incoming sig-
nal is from the upper end of L-57,
through C-2 and the antenna
coupling line to point A. To-
gether L-57 and C-2 form a high-
pass filter with a cutoff frequency
of about 35 mc, to prevent pas-
sage of r-f energy with frequen-
cies near that of the receiver i-f
band. Located in the r-f amplifier
grid circuit, sections A and B of
station selecter switch S-3 serve
to place the proper inductance in
the circuit for each of the 8 VHF
channels made available by the
tuner. Mounted on S-3, antenna
coils L-60, 61, 62, 63, 14, 15, and
16 provide channel selectivity and
also the correct impedance match
between the antenna input cir-
cuit and the r-f amplifier tube V-1.

With S-3 in the position shown,
the signal path is from point A
through L-60, through the con-
nected contacts of S-3A and S-3B,
through L-16, L-15, L-14, and
C-129 to the grid of V-1. Since
point B is grounded, and C-1
forms a low reactance path from
the center tap of L-57 to ground,
it might appear that the signal
voltage across L-57 is shorted out
through C-1 and C-2. However,
the connection between points A
and B consists of a wire several
inches in length which has appre-
ciable inductive reactance at
these VHF frequencies. Thus,
this inductance, L-AB, prevents
the shorting out of the signal.

To more clearly illustrate these
relationships, the circuit of tube
V-1is redrawn in simplified form
in Figure 3. Here, the inductance
of the wire from A to B is repre-
sented by a coil in dashed lines,
and the coils included between
C-2 and C-129 are those employed
when the station selector is in
the position shown in Figure 1,
as stated above. Other than the
length of wire between points A
and B, there are practically no
high impedances presented by the
connections between switch ter-
minals, because the respective
pairs of wafers are mounted back-
to-back as shown by the pictorial
side-view of S-3 in Figure 1.

In Figure 3, coils L-60, L-16,
L-15, and L-14 form a series reso-
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tuners with the associated circuit must be included in the schematic diagram.

nant circuit with C-2 and C-129
for the picture carrier on either
channel 2 or 3, as determined by
the setting of the adjustable core
in L.-60. As a series resonant cir-
cuit has low impedance at its
resonant frequency, resistor R-2
is effectively in parallel with L-57
at the frequency of the desired
carrier. However, the series LC
circuit presents higher impedance
to the frequencies of other chan-

rﬁ),-.

Thus, three

Courtesy Philco Corp.

nels, thereby preventing undesired
signals being applied across R-2.

In like manner, coils L-81,
L-30, L-31, L-32, and L-64 form a
parallel resonant circuit with the
output capacitance of V-1 at the
desired carrier frequency. The
core adjustment of L-64 permits
this circuit to be tuned to reso-
nance at the carrier frequency of
the same channel (2 or 3) to
which the grid circuit is tuned.
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Since the V-1 input and output
circuits are tuned to the two car-
rier frequencies, a resulting over-
all flat-topped wide-band response
is obtained for the r-f stage.

As indicated by the curved
arrows in Figure 1, the rotating
contact on S-3A turns clockwise
and that on S-3B counterclock-
wise when the receiver is tuned
to higher frequency channels.
Thus, when the station selector is
set for channel 4, the contact on
S-3A causes L-60 to be shorted
out, while the contact on S-3B
connects L-61 in series between
point A and L-16. In like manner,
coils L-62 and L-63 are substi-
tuted when the receiver is tuned
to channels 5 and 6, respectively.

When the switch is set to chan-
nel 7, S-3B disconnects L-63, and
couples L-16 through C-84 to
point Y near the grounded end
of wire AB. For Figure 3, this
arrangement would be equivalent
to opening the circuit at point X,
and inserting a capacitor between
points X and Y. In this case, the
series resonant circuit now con-
sists of C-2, the portion of L-AB
between points A and Y, C-84,
L-16, L-15, L-14, and C-129.

Referring to Figure 1, when
S-3 is turned to the next position
to receive either channel 8 or 9,
coil L-16 is removed from the
resonant circuit and capacitor
C-84 connects to the junction be-
tween L-16 and L-15. To tune to

channels 10 or 11 and 12 or 13,
coils 1.-15 and L-14 are removed
in succession. Thus, for the high-
est channel, for example, the in-
coming signal has a path from
the upper end of L-57 through
C-2 and L-AB to point Y, and
through C-84 and C-129 to the
grid of V-1.

Although there are only eight
switch positions, the receiver can
be aligned to receive signals from
all the stations that are assigned
in the VHF band in any given
locality. As only alternate chan-
nels are assigned in any area, and
some of the tunable coils are de-
signed so they can be adjusted
for either of two channels, the
receiver can be aligned to receive
whichever group of channels are
assigned to the area in which it
is to be used.

Located in the plate circuit of
the r-f amplifier, switch sections
S-3C and S-3D function to select
the proper coils in a way similar
to that explained for S-3A and
S-3B. Also, S-3E and S-3F select
any one of the coils L-68, 72, 73,
74, 75, 76, 77, or 78 in the r-f os-
cillator circuit. The oscillator coils
are provided with alignment ad-
justments for every channel, but
with the exception of L-81, the
coils in the r-f amplifier circuits
can be aligned only on the lower
channels. However, the remain-
ing coils are factory tuned for
resonance on the high band chan-
nels.
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The V-17B section of the type
12AT7 tube is employed in a Col-
pitts r-f oscillator circuit. The
respective coils are resonated by
the distributed and other circuit
capacitances as well as by trim-
mer C-169. Therefore, this capac-
itor and the movable cores of the
coil form the means by which the
oscillator may be tuned to the
proper frequency for each chan-
nel.

The grid-cathode interelectrode
capacitance and the plate-cathode
interelectrode capacitance in ad-
dition to C-122 form the voltage
divider across the tuned circuit,
instead of using actual capacitors
across the coil as is found in the
conventional Colpitts circuit.
Thus, the grid and plate have the
r-f potentials of the opposite ends
of the tuned circuit, while the
cathode is connected to the junc-
tion of the capacitance divider.

With the selector switch in the
position shown, oscillator coil
L-68 connects to the movable con-
tact on S-3F. As indicated in the
Figure, this contact is connected
to the contact on S-3E which, in
turn, connects to C-7, C-8, and
C-169. Therefore, for channel 2
or 3, L-68 is connected in parallel
with C-169, and the tuned circuit
is coupled through C-8 to the grid
of V-17B, and through C-7 to the
grid of the converter section
V-17A. On S-3F, the curved con-
tact serves to short out the high

channel coils to prevent undesired
oscillations at harmonics of the
low band frequencies.

A large screen table made! receiver. The same

receiver chassis may be used in variaus type

cabinets, hawever, the chassis number daes

nat change unless a change is made in the
receiver circuits.

Caurtesy Sentinel Radia Carp.

When the shaft of the station
selector switch is rotated to high-
er channel positions, the rotating
contact of S-3E and S-3F serve to
disconnect L-68, and successively
connect the other oscillator coils
into the circuit. On channels 2 to
6, the r-f oscillator operates above
the incoming carrier frequencies,
while on channels 7 to 13 it oper-
ates below the carrier frequen-
cies. This arrangement makes it
possible to employ much lower
oscillator frequencies for the high
channels than would be necessary
if the oscillator operated above
the carriers at all times, and thus
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permits oscillator stability to be
obtained more readily.

Labeled CONVERTER in the sche-
matic of Figure 1, the triode
V-17A serves to mix the output
of the r-f oscillator with the am-
plified carrier signals which are
coupled by C-6 from the plate cir-
cuit of V-1 to the grid of V-17A.
The resulting heterodyne action
produces the desired intermediate
frequencies which, present in the
plate circuit of V-17A, are cou-
pled by double-tuned transformer
T-1 to the grid of the 1st. i-f am-
plifier, V-2.

The 7JP4 electrostotic deflected picture tube
is the type used in most electrostatic deflec-
tion receivers.

Courtesy Notional Union Rodio Corp.

With the r-f oscillator operat-
ing above the carriers on the low-
er channels, a picture i-f of 26.2
mc and a sound i-f of 21.7 mc are
employed. On the higher channels
however, with the oscillator out-
put below the r-f carriers, condi-
tions are reversed in that the pro-
duced sound i-f of 27.4 mc is 4.5
mc above the picture i-f of 22.9
mc.

Picture Channel

Carrying both i-f signals, the
i-f amplifier consists of three
stages which contain tubes V-2,
V-3, and V-4, respectively. The
i-f interstage coupling circuits
contain coils L-82, L-36, and L-37
which are stagger-tuned to pro-
vide the desired bandwidth. The
over-all response is essentially
symmetrical about a center fre-
quency of approximately 24.6 mec.
The picture i-f is near the upper
limit of the i-f pass band for the
lower channels, and near the low-
er limit for the upper channels as
shown in Figures 4A and 4B.
Thus, symmetrical response is
necessary rather than the usual
type which falls off at the high
end such that it is reduced to 50 %
of maximum at the picture i-f
frequency.

In this receiver, the converter
output coupling transformer and
the i-f amplifier coupling circuits
are tuned so the over-all response
is as shown by the curves in Fig-
ure 4. Here, “M” represents the
maximum i-f response which is
flat approximately 1.5 mc above
and below the center frequency
of 24.6 mc. Figure 4A shows the
response is about .6 of maximum
to the picture i-f frequency, and
about .1 of maximum to the sound
i-f when the receiver is tuned to a
low-band channel. As shown in
Figure 4B, when the receiver is
tuned to a high-band channel, the
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same relative response relation-
ship is obtained, even though the
sound i-f is now above the pic-
ture i-f.

The output of the i-f amplifier
is coupled to the 2nd detector
stage which employs a type 1N34
crystal rectifier and a low-pass
filter composed of coils L.-38, 1.-39,
and capacitor C-24. The filter out-
put is terminated by load resistor
R-25 which carries the crystal di-
rect current. The i-f voltage vari-
ations across L-37 are coupled
through C-23 and C-119 to the de-
tector, and the short-circuit effect
of the crystal rectifier prevents
the positive alternations of the
signal voltage being impressed on
the load circuit.

However, during the negative
alternations of the signal, the
crystal offers high resistance and
permits these portions of the sig-
nal voltage to be impressed on the
filter input. The filter attenuates
the intermediate frequency com-
ponents of the signal so that only
the video frequencies are pro-
duced across R-25. From the up-
per end of R-25, the video signal
is coupled through C-163 to the
grid of the video amplifier tube,
V-5.

The direction of the pulsating
direct current in R-25 is such that
the upper end of this resistor is
negative with respect to B—. Fil-
tered by R-145, C-13, and C-112,
this negative voltage is applied to

the grid circuit of the 1st i-f am-
plifier V-2, to serve as automatic
gain control. To apply a very
small positive direct voltage to
the grid of V-2, a voltage divider
consisting of R-158, R-145, R-25,
and R-96 is connected from the
positive end of R-8 to B—. This
positive voltage serves to delay
the agc action so that the detector
negative d-c¢ output cannot affect
the V-2 bias until it is greater in
magnitude than the positive volt-
age at the junction between R-158
and R-145. Due to the drop across
R-143, the V-2 cathode is always
more positive than the grid so
that normal operation of this tube
is secured.

The picture and sound i-f’s het-
erodyne in the crystal detector
stage to produce a second sound
i-f equal in frequency to 4.5 mec.
Along with the v-f components,
the 4.5 mc sound i-f is coupled
through C-163 to the grid of V-5.

As explained, the detector d-c
output is negative. That is, in-
creases in the i-f amplitude causes
the upper end of R-25 to become
more negative with respect to
ground. Therefore, correspond-
ing to the lower i-f amplitudes,
the picture signal components are
positive with respect to the blank-
ing and sync pulse components of
the composite video signal. This
v-f signal polarity is known as
POSITIVE PICTURE PHASE. An ad-
vantage of a positive picture
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phase signal at this point in the
circuit is that high-amplitude
noise voltages drive the video am-
plifier to cutoff, thus providing
some noise reduction.

negative picture phase. This sig-
nal must be applied to the cath-
ode of V-15, as shown, so that the
reproduced image is a POSITIVE,
and the blanking pulses reduce

The under chossis view of o well known television receiver.

In the plate circuit of V-5, coils
L-79 and L-80, resistors R-138
and R-156, and the various cir-
cuit shunt capacitances form a
low-pass filter which has a cut-
off frequency of approximately 4
mec. Thus, the entire v-f band is
coupled through C-63 to the cath-
ode of the picture tube V-15, but
the 4.5 mc sound i-f is attenuated
by this filter.

In addition to amplifying the
signal, the v-f amplifier serves as
an inverter so that its output has

Courtesy Generol Electric Co.

the electron beam to cutoff dur-
ing the retrace intervals.

To provide for variation of the
bias for V-5, and thus control
its amplification, potentiometer
R-155 serves as the contrast con-
trol.

As the signal is applied to the
cathode of V-15, its control grid
is connected to B— as shown in
the Figure. Connected from B}
to B—, potentiometer R-100 serves
as the brightness control. From
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the variable arm on R-100, a pos-
itive voltage is supplied through
R-124 to the V-15 cathode, the
potential of which can be varied
from zero to the full value of
B-}4-. This is equivalent to pro-
viding a corresponding negative
bias for the grid of the picture
tube, therefore the raster bright-
ness can be controlled manually
to any desired level.

Sound Channel

Amplified by V-5, the 4.5 mc
sound i-f is coupled through the
sound trap C-170, L-43, and C-31,
to the grid of the limiter tube,
V-6. The filter is peaked at the
sound i-f by adjusting L-43 to
resonance with C-170 and C-31
at 4.5 mc. The V-6 stage operates
as an i-f amplifier and also as a
limiter.

Plate, screen, and grid bias
voltages are applied to V-6 such
that the input signal swings the
grid beyond cutoff and saturation.
The action causes the signal peaks
to be clipped, or removed, result-
ing in reduction in any existing
amplitude variations.

The output of V-6 is coupled by
transformer T-2 to the ratio de-
tector, V-16. In the detector cir-
cuit, resistors R-105 and R-106
and capacitor C-101 form a filter
which reduces the effect of am-
plitude variations of the input
signal on the detector output.
With frequency modulation of

the sound i-f, the a-f signal volt-
age variations are developed
across capacitor C-123, and there-
fore, also appear across R-91 and
R-92. From the sliding arm on
potentiometer R-92, the audio
signal is coupled through C-151
to the grid of audio amplifier tube
V-18A. As indicated, R-92 serves
as the volume control, while the
upper portion of this potentiome-
ter, resistor R-91, and capacitor
C-133 act as the high frequency
de-emphasizing filter.

From the plate circuit of volt-
age amplifier V-18A, the a-f var-
iations are coupled by capacitor
C-150 to the grid of the output
tube, V-12. The output transform-
er T-3 couples the audio signal
energy from the plate circuit of
the power amplifier to the voice
coil of loudspeaker SP-1.

Syne Circuits

The synchronization circuits
include sync clippers V-10A and
V-10B, transformer T-9, afc diode
V-11B, and the two-section inte-
grating circuit, R-44, C-47, R-45,
and C-48. From the junction be-
tween L-80 and R-138 in the video
amplifier plate circuit, the com-
posite video signal is coupled
through R-39 and C-44 to the grid
of the 1st. clipper which operates
with grid leak bias.

Since the applied signal has
negative picture phase, the posi-
tive-going sync pulses cause grid
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current in V-10A, and this cur-
rent charges C-44. Between pulses,
this charge leaks off through
R-147 to produce a negative bias
below the cutoff value so that the
tube is held nonconductive except
during the relatively positive sync
pulse portions of the input signal.
Therefore, plate current exists
during sync pulse intervals only,
to produce negative-going voltage
pulses at the plate of V-10A.

The television receiver circuits in this large
screen console receiver are designed to pro-
vide consistently good pictures.

Courtesy Sentinel Radio Corp.

The negative sync pulse out-
put of the 1st. clipper is coupled
through C-45 to the grid of V-10B
which operates at zero bias. To
provide wideband response to the
high-frequency sine wave compo-

nents of the rectangular sync
pulses, the relatively low value of
ten-thousand ohms is employed
for grid resistor R-42.

Amplified by V-10A, the sync
pulses have sufficient amplitude
to drive the grid of V-10B beyond
cutoff, thus clipping any irregu-
larities or noise variations from
the negative peaks of the pulses.
Inverted by V-10B, the pulses are
positive-going in the output of
the 2nd. clipper, and are applied
through R-43 to the primary of
T-9 as well as to.the integrating
filter in the grid circuit of the
vertical sweep oscillator.

Automatic control of the hori-
zontal sweep oscillator frequency
is provided by the action of the
V-11B triode operated as a diode.
The primary of T-9 and capacitor
C-153 form an LC circuit reso-
nant to the horizontal sweep fre-
quency, 15,750 cps. Shock excited
by the horizontal sync pulse out-
put of V-10B, this LC circuit de-
velops a circulating current of
sine wave-form, and the resulting
voltage induced across the second-
ary is applied to the plate of
V-11B. As shown, the cathode of
this tube is connected to the junc-
tion between capacitor C-159 and
resistor R-133 in the output cir-
cuit of the horizontal sweep oscil-
lator tube V-11A. When V-11A
conducts, the voltage across R-133
and that across the secondary of
T-9 are both of a polarity to cause



TV Receiver Circuits

Page 15

conduction of V-11B, and this
conduction charges capacitor
C-154.

The charge on C-154 consti-
tutes the negative bias on the grid
of V-11A, and therefore affects
the frequency of the oscillator.
That is, the greater the charge on
C-154, the greater its retarding
effect on the oscillator action, and
vice-versa. Determined by the
average conduction time of V-11B,
the magnitude of the charge on
C-154 depends upon the phase re-
lationship, and therefore, the fre-
quency relationship between the
incoming sync pulses and the hor-
izontal sweep oscillator output.

Deflection Circuits

The horizontal sweep oscillator
operates as a blocking oscillator
and produces a sawtooth voltage
which is applied in opposite phase
to the respective horizontal de-
flection plates of the picture tube.
Feedback from the plate to the
grid of V-11A is provided by
transformer T-8, and the oscilla-
tor free-running frequency is de-
termined by the time constant of
C-154, R-153, and R-154 in the
grid circuit. Horizontal hold con-
trol, R-154 permits adjustment of
the frequency for easy control by
the incoming sync pulses. As ex-
plained, final control is provided
by the afc diode circuit which
functions to increase or decrease
the charge on C-154 if the oscil-
lator drifts in frequency.

To permit oscillator response
to relatively slow changes in the
charge on C-154, but not to indi-
vidual sync pulses or noise volt-
ages, C-156 and R-130 are em-
ployed across C-154. For relative-
ly low frequency variations, the
reactance of C-156 is high so that
this capacitor and R-130 do not
appreciably affect the circuit time
constant.

However, at the high frequen-
cies of the sync pulses and noise
energy, the reactance of C-156 is
so low that, effectively, R-130 is
placed in paralle] with C-154. Be-
cause the resistance of R-130 is
so much lower than that of R-153
and R-154 in series, the circuit
time constant is determined es-
sentially by R-130 and C-154, and
as this time constant is relatively
short, the circuit bypasses the
high-frequency variations.

During the intervals that V-11A
is cut off, C-137 charges through
R-55 and the upper winding of
T-10. This charging current in
the upper winding induces a
voltage in the lower winding
which produces a currenttocharge
C-158. These capacitor charges
are such that the ungrounded
plate of C-137 is positive and the
ungrounded plate of C-158 is neg-
ative. When V-11A conducts, both
capacitors discharge in series
through the tube. The sawtooth
voltage thus produced across
C-137 is coupled through C-147
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to one of the horizontal deflection
plates of V-15, and that across
C-158 is coupled through C-148
to the opposite deflection plate of
the picture tube.

In parallel across C-158, resis-
tor R-133 and capacitor C-159
form an integrating circuit which
changes the sawtooth wave to a
parabolic wave for application to
the cathode of the afc diode. This
permits more uniform control ac-
tion on either side of the center
or correct frequency.

Although tube V-18B is labeled
VERTICAL SWEEP OSCILLATOR in
Figure 1, actually this oscillator
is a multivibrator containing both
V-18B and the upper section of
V-8, which is referred to in this
lesson as V-8A. The plate of
V-18B is coupled to the grid of
V-8A by capacitor C-55, and the
plate of V-8A is coupled by means
of C-57, R-125, and C-141 to the
grid of V-18B. The vertical hold
control, R-115, varies the time re-
quired for C-141 to discharge to
the voltage which permits V-18B
to begin conducting. Thus, this
variable resistor provides for
manual adjustment of the
free-running frequency of the
oscillator.

Coupled from the integrating
filter through C-140 to the grid of
V-18B, the 60 cps vertical sync
pulses initiate the conduction of
this tube at the proper instant for
each cycle. Thus the multivibra-

tor is locked into synchronism
with the field scanning frequency
at the transmitting station.

In addition to being part of the
multivibrator, tube V-8A serves
as a sweep voltage amplifier.
Capacitor C-56 charges slowly
through R-139 and R-53 and dis-
charges quickly through V-18B
when this tube conducts, thus
forming a sawtooth voltage. Ap-
plied through C-55 to the grid of
V-8A, this sawtooth is amplified
and coupled through C-166 to one
of the vertical deflection plates
in V-15.

From the plate of V-8A to B—,
C-57 and C-142 form a voltage
divider circuit, from the junction
on which a portion of the V-8A
output is applied through R-117
and R-58 to the grid of V-8B.
Amplified and inverted by V-8B,
the sawtooth voltage is coupled
through C-167 to the opposite
vertical deflection plate. Since
C-166 and C-167 are too small to
pass the sawtooth wave without
distortion, resistor R-148 is em-
ployed to pre-distort the wave in
the opposite direction so the re-
sulting wave applied to the de-
flection plates is linear.

High Voltage Power Supply

Shown to the right of the pic-
ture tube in Figure 1, the r-f
type high voltage supply contains
a type 25L6GT tube as the r-f
oscillator and a type 1B3GT/8016
tube as the high voltage rectifier.
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The lower section of T-7 and
capacitor C-68 form the oscillator
tank circuit, and are tuned to
produce a frequency of about 140
ke. T-7 is an autotransformer,
and the r-f tank voltage is stepped
up to approximately 6,000 volts
across the entire winding and
applied to the plate of the recti-
fier, V-14. Feedback is obtained
by connecting the grid of V-13
to a spring wound around the
rectifier envelope. This arrange-
ment provides capacitive coupling
between the plate of V-14 and the
spring, the location of which is
critical.

The rectified high voltage ap-
pears at the filament of V-14, and
the r-f variations are removed by
filter capacitor C-65. The high
voltage supply output is applied
across a voltage divider which,
from the high voltage end to B—,
consists of R-157, the two center-
ing controls R-107 and R-142 in
parallel, R-151, R-152, R-71, R-72,
focus control R-74, plate loag re-
sistors R-149 and R-150 in par-
allel, and the two sections of V-8
in parallel. The vertical sweep
output tube is supplied in this
manner because the low voltage
power supply output is insuffi-
cient to permit linear sweep
variation over the range which it
is necessary to swing the plate
voltages of this tube. With the
plate circuit serving as part of
the high voltage divider, approxi-
mately 900 volts are applied at

the junction between R-149 and
R-150.

\ Vs

Pictured is o toble model television receiver
with on indoor type ontenno to provide re-
ception of television signols.

Courtesy Motorolo Inc.

As shown in the Figure, the
potential at the left end of R-157
is applied to the second anode of
V-15. Through isolating resis-
tors, the sliders on R-107 and
R-142 connect to one vertical and
one horizontal deflection plate,
respectively, while the taps on
these controls are connected to
the opposite plates. The picture
tube focusing electrode is sup-
plied a somewhat lower voltage
from the slider on the focus con-
trol, R-74.
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Low Voltage Power Supply

Shown at the lower left in the
Figure, the low voltage power
supply is a half wave voltage
doubler employing two selenium
rectifiers, E-2 and E-3. Voltage
doubling is accomplished by rec-
tifier E-3 and capacitor C-164 to
provide a d-c voltage of about
260 volts across the input filter
capacitor, C-T7A. This voltage is
filtered by R-159C to provide a
d-c output of about 240 volts
across capacitor C-78A. All the
tube heaters are connected in
a series-parallel arrangement
across the a-c line, the current
being limited by ballast resistors
R-159B and R-159D.

The low voltage is divided by
two busses, one marked B4 and
supplying approximately half the
available voltage; the other
marked B+ 4 and supplying full
output voltage. The video ampli-
fier tube, V-5 receives a slightly
higher voltage from a connection
ahead of filter resistor R-159C.
The low voltage bus is obtained
by a series parallel arrangement
of the tubes. Tubes V-4, V-6,
and V-10B are connected from
B4+ to the B+ bus, while tubes
V-1, V-10A, and V-12 are con-
nected from B4 to B—. The 60
pfd capacitor, C-78B, connected
from the common connection
(B+4) of these six tubes to B—,
stabilizes the voltage from B4 to
B— and the voltage remains con-
stant at approximately 120 volts.

The tubes themselves serve as
a voltage divider and, therefore,
a high wattage voltage divider
network is unnecessary. The only
bleeder across the low voltage
power supply is the low wattage
network formed by resistors R-85
and R-87 (in the 2nd i-f stage)
to obtain bias. The first and
second i-f amplifiers, V-2 and V-3,
are both type 6 AG5 tubes and are
connected in series from B4}
to B—. Tubes V-114A, V-13,
V-17A, V-18A and V-18B are
connected from B+ to B— and
receive the full 240 volts except
for the drop due to the series cir-
cuit elements.

CROSLEY TELEVISION
RECEIVER

As a contrasting example of a
complete receiver circuit, the
schematic diagram of the Crosley
Models 9-403M and 9-413B re-
ceivers is given in Figure 5. Here,
the r-f section is shown at the
upper left, the low voltage power
supply at the lower left, and the
remaining sections are arranged
one below the other on the central
and right side of the Figure.

Arranged on the same general
plan as the schematic, a block
diagram of this receiver has been
drawn for Figure 6. As shown
here, the receiver is of the dual-
channel type, with the picture
and sound i-f signals being sep-
arated at the output of the com-
mon i-f amplifier, V1.

X
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R-F Section

Referring to Figure 5, the re-
ceiver R-F UNIT is enclosed by
dashed lines, and includes two
6J6 double triodes operating as
r-f amplifier and oscillator, respec-
tively, and a type 6AK5 pentode
as the mixer. In the r-f stage,
the two sections of V101 are
operated in parallel with the
grids grounded and thus this tube
is employed as a grounded-grid
amplifier. The antenna signals
are coupled through C101 to the
cathodes which provides a low
impedance match for the trans-
mission line.

From the plates of V101, the
signals are coupled by the double
tuned circuit to the control grid
of mixer V102. In this coupling
circuit, the coils L101 L102A and
L104 L102B tune to the desired
frequency with the respective
tube capacitances and capacitors
C105, C106, and C107. To pro-
vide the required wide band-pass,
resistors R102, R103, and R104
are employed in shunt with the
tuned circuits.

With one plate and one grid
grounded, the remaining elements
of V103 are employed in a Col-
pitts oscillator circuit, the tube
interelectrode capacitances being
used to couple the feedback energy
from plate to grid circuit. In
shunt with these capacitances and
trimmer C111, the oscillator tank
inductance consists of series coils

L102C and L105 in parallel with
L103. From the grid end of the
tank circuit, the oscillator r-f
voltage is coupled by C112 to the
grid of the mixer tube.

Continuous tuning over the
range of 44 to 216 megacycles in
the VHF band is provided by the
three-section variable inductance
arrangement consisting of L102A
and L102B in the r-f mixer
coupling circuit, and LL102C in the
oscillator tank circuit.

As the LC values are different
in the oscillator tank circuit, this
circuit tunes over a range 21.9
mc higher in frequency than the
r-f carrier band, or from 65.9 to
237.9 mc. All three variable ele-
ments are mounted on a single
shaft which is rotated by the
station tuning knob on the front
panel of the receiver.

Produced in the mixer stage,
both picture and sound i-f signals
are coupled to the first i-f ampli-
fier by means of the coupled filter
consisting of coils L1, L2, and L3,
the output capacitance of V102,
and the input capacitance of V1.
In this circuit, the coils serve as
an equivalent transformer of
which L1 and L2 are the primary,
L3 and L2 the secondary, and L2
is the mutual coupling inductance.
Capacitor C1 serves to place the
B-}- end of L2 and its loading re-
sistor R1 at r-f ground potential,
while C2 prevents the B-}- voltage
being applied to the grid of V1.
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Picture Channel

Following the common i-f am-
plifier V1, two additional picture
i-f amplifiers, V2 and V3 are em-
ployed in the receiver picture
channel. All three stages use type
6AG5, high gain, sharp cutoff
pentodes, and each of the picture
channel i-f coupling circuits con-
sists of two adjustable coils,
L4L5, L6L9, and L10L11 respec-
tively, which are resonant with
picture i-f at one side of center
frequency. Between tubes V2 and
V3, the coupling network consists
of an “M” derived band-pass fil-
ter, the series arm of which con-
tains parallel resonant traps
L7C10 and L8C12 to block pas-
sage of the used channel and ad-
jacent channel sound i-f’s re-
spectively.

The control grids of tubes V1
and V2 have d-c return paths to
the slider on contrast control
VR2, the ungrounded end of
which connects through switch
S2 (when 82 is in the TV posi-
tion) to the junction between
R62 and R63 in the negative leg
of the low voltage power supply.
Thus, with —14 volts d-c applied
across VR2, this control serves as
a means of varying the grid oper-
ating points, and therefore, the
gains of the V1 and V2 stages.

Present across coil L11, the
picture i-f signal is applied to the
plate of diode V4A. The rectified
diode current produced is in a

direction such that the left end
(in the Figure) of L13 is nega-
tive with respect to the cathode
of the diode. Since the cathode is
grounded for r-f by capacitor
C17, the video signal across load
components L13 and R17 has
positive picture phase, and is ap-
plied through L12 and R18 to the
grid of the first video amplifier,
the left hand section of V5. Coils
L13 and L12 serve as peaking
coils to improve the high fre-
quency response of the detector
output coupling circuit. R18 loads
L12 to prevent a sharp peak in
the response at some high fre-
quency.

The circuits of the two triode
sections of V5 form a two-stage
v-f amplifier. The signal is
coupled from the plate circuit of
the first stage through capacitor
C18 to the grid of the second
triode section. In the plate circuit
of the second stage, R22 and R23
form the total load resistance,
and high frequency compensation
is provided by peaking coils L14
and L15. Capacitor C19 forms a
parallel resonant circuit with L15
at 4.5 mc to reduce the possibility
of the beat frequency of the two
i-f’s being applied to the picture
tube.

The first v-f amplifier grid bias
is supplied in series with the de-
tector circuit from the —2.9 volt
point in the negative leg of the
low voltage power supply. With
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an i-f signal of normal strength
applied to the detector, an aver-
age direct voltage of .Tv is devel-
oped across the load, L13R17, to
provide a total of —3.6 volts with
respect to ground. As indicated,
this voltage is applied through
L12 and R18 to the grid of the
first v-f amplifier tube.

teristic curve. In similar manner,
an increase in i-f signal strength
increases the direct voltage across
.13 and L17 to cause the first v-f
amplifier grid to operate at a
lower point on the curve.

To hold the black level constant
at the grid of picture tube V6,
the grid circuit of the second v-f

The tap view af a TV receiver chassis with the picture tube remaved. The variaus
tubes may be quickly lacated when a tube layaut chart is available.

This arrangement provides
automatic control of picture con-
trast, since a decrease in i-f sig-
nals strength reduces the average
direct voltage across L13 and
R17, and therefore causes the first
v-f amplifier grid to operate at a
higher point on the I,-E. charac-

Caurtesy General Electric Ca.

amplifier contains a 1 meg re-
sistor R20 and coupling capacitor
C18. These have a relatively long
time constant such that grid leak
bias is produced across R20 and
varies in accordance with changes
in the peak amplitude of the posi-
tive going sync pulses.
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To retain the restored d-c com-
ponent, the output amplifier plate
is direct-coupled through peaking
coil L15 to the grid of V6. This
places the grid of V6 at the same
operating voltage of 4-96 volts
as the plate of the output tube,
and provides a bias of 105—96,
or 9 volts, between grid and
cathode of V6. With an operating
voltage of only 96 volts, the out-
put tube V5 plate would not be
able to swing over a sufficient
range to provide the required
video signal amplitude if the
cathode of this tube were at or
near ground potential. Therefore,
the cathode is operated at —88
volts as indicated, thus providing
an effective total plate voltage of
88 4+ 96, or 184 volts for this tube.
To obtain the proper negative
operating voltages, the grid and
cathode circuits of the v-f output
tube are returned to the —90 volt
point in the negative leg of the
low voltage power supply.

Depending upon the receiver
model, the picture tube is a type
10FP4 or a type 10BP4, both of
which employ magnetic deflection
and focusing. Connected to the
+225 volt point of the low volt-
age supply, series resistors R93,
VR1, and R24 form a voltage
divider to ground. As shown, the
V6 cathode is supplied --105 volts
from the slider on VR1 which
therefore functions as the bril-
liance or brightness control. Ca-
pacitor C20 forms a low react-

ance path from the cathode to
ground for all v-f currents.

Sound Channel

As mentioned, i-f amplifier V1
passes both picture and sound i-f
signals and, from the plate of this
tube, the sound i-f voltages are
coupled by capacitor C23 to the
primary circuit of T1. The sound
i-f amplifier consists of two
stages in which the tubes V7 and
V8 are type 6AU6 high gain
sharp cutoff pentodes. The cou-
pling transformers, T1 and T2,
have their primary coils tuned to
the sound i-f of 21.9 me by capac-
itors C24 and C31, respectively,
while the secondaries are reso-
nated to the same frequency by
capacitors C25 and C32.

As in the picture channel,
alignment is accomplishment by
adjustment of the movable cores
of the various windings. To re-
move variations in the i-f ampli-
tude, V8 provides limiting action
due to its being operated with
relatively low screen voltage, and
the grid leak bias developed
across R31 and C30 in the grid
return circuit.

To serve as automatic gain
control, the negative voltage
across C30 and R31 is applied
through the two-section RC filter
R30C33 and R26C26 to the grid
circuit of V7. Since the grid leak
bias voltage increases with signal
strength, the gain of the V7 stage
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is decreased due to the resulting
more negative grid operating
point when the signal strength is
high. Conversely, the gain is in-
creased when the signal strength
is low.

To prevent oscillations due to
undesired feedback in the sound
i-f amplifier, a limited degenera-
tive feedback is obtained by em-
ploying low resistance unbypassed
resistors R27 and R32 in series
with the cathode return leads,
and by coupling a small signal
energy from the high side of the
cathode of V7 back through C27
to the grid.

The output of the sound i-f am-
plifier is coupled by transformer
T3 to two diode plates of V9, a
type 6T8 triple diode, high-mu
triode which operates as a modi-
fied Foster - Seely discriminator
circuit, while connected to pin 9
is the plate for the triode section
of the tube.

Resistors R36 and R37 form
the detector plate load, from
across which the a-f signal is ap-
plied through de-emphasizing fil-
ter R38C40 and coupling capacitor
C41 to the volume control, VR3.
Connected to a tap on this control,
R92 forms a tone compensating
circuit with C78. From the slider
on VR3, the a-f signal is applied
to the grid of the triode section
of V9. This grid is supplied a
fixed bias of —1 volt from the
junction of R89 and R90 which

form a voltage divider from the
—3.5V point in the low voltage
supply negative leg to ground.
From the plate of the first a-f
amplifier, the signal is coupled
through C43 to the voltage di-
vider, R83R40, from the junction
of which the signal is applied to
the grid of output amplifier
tube, V10.

Syne Circuits

The sync circuits include the
sync amplifier and separator V11,
the sync limiter V4B, and the
horizontal control circuit which
employs the left hand triode sec-
tion of V13 in the Figure. In the
plate circuit of the v-f output
stage, the load resistance consists
of two sections, R22 and R23, and
the portion of the composite video
signal voltage across R23 is
coupled through capacitor C46 to
the grid of the left hand section
of V11. Employing a combination
of fixed and grid leak bias to ob-
tain a total negative grid bias of
—4 wvolts, this triode section
serves to amplify and invert the
v-f signal, so that the signal has
negative picture phase at the
plate of the tube.

This signal, with positive going
pulses, is applied through C48 to
the plate of sync limiter V4B and
the grid of the right hand sec-
tion of V11. Conductive during
the positive peaks of the applied
signal, V4B causes C48 to be
charged and, during the re-
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mainder of each cycle, this charge
leaks off through R46 to develop
a high negative bias which is ap-
plied to the grid of the sync
separator triode.

Because of this high grid bias,
this section of V11 is held at cut-
off at all times except when the
relatively high amplitude sync
pulses arrive and overcome the
bias to cause conduction of the
tube. With the sync separator
conductive during the sync pulse
intervals only, the plate current
has the form of the sync pulses
and causes corresponding voltage
pulses to be developed across the
cathode resistor, R45.

Any changes in the applied
signal strength cause correspond-
ing variations in the conduction
of V4B, and therefore, the bias
applied to the grid of the sync
separator tube. Thus, a principal
function of V4B is to limit to a
common level the amplitude of
the sync pulses produced across
the cathode load resistor, R45.

From the upper end of R45,
the sync pulses are applied to the
three-section integrating circuit,
R47C49, R48C50, and R49C51,
which develops the 60 cps inte-
grated vertical sync pulses to
control the frequency of the ver-
tical sweep oscillator. Also from
the upper end of R45, the sync
pulses are coupled through C60
and combined with the sawtooth
voltage from the horizontal oscil-

lator and negative going pulses
from the horizontal output circuit.

This combined voltage is ap-
plied to the grid of the left hand
or control tube section of V13,
the average plate current of which
depends upon the phase relation-
ships of the various components
of the applied grid voltage. In the
cathode circuit of this tube, the
average plate current produces a
corresponding charge on capaci-
tor C64. Appearing across R73, a
fraction of this voltage forms
part of the grid bias of the hori-
zontal oscillator. Capacitor C63A
determines the amplitude of the
combined voltages applied to the
grid of the control tube.

Ta abtain data an the TV receiver campanents,

such as the deflectian yake abave, reference

may be made ta the schematic diagram and

assaciated data sheets supplied by mast
manufacturers.

Caurtesy General Electric Ca.

Deflection Circuits

The type 6SN7GT double tri-
ode tube V12 serves as the ver-
tical oscillator, discharge tube,
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and output amplifier, as indicated
in Figure 5. The first and second
functions are served by the left
hand section, while the right hand
section provides sufficient deflec-
tion power to properly drive the
vertical coils of the picture tube
yoke.

In addition to the tube, the
blocking type vertical oscillator
circuit consists of transformer
T4, capacitor C52, resistors R95
and R96, vertical hold control
VR7, resistor R78, and height
control VR6. Developed across
C51, the vertical sync pulses are
inserted in series in the grid-
cathode circuit of the oscillator.
To produce a trapezoid voltage,
capacitor C55 alternately charges
slowly through R51, linearity con-
trol VR8, peaking resistor R53,
R78, and VR6, and discharges
rapidly through R53, C53D, the
oscillator tube, and the plate cir-
cuit winding of T4.

Thus produced across C55 and
R53, the trapezoid voltage is cou-
pled through C54 to the grid of
the amplifier section of V12. Car-
ried by the primary of T5, the
resulting trapezoidal plate current
induces a voltage in the secondary
which produces sawtooth current
in the vertical deflection coil wind-
ings, T6A.

In the cathode circuit of the
vertical output tube, C53D, VRS,
and R51 produce a low amplitude,
negative going sawtooth voltage
which, applied to the cathode, acts

to supplement the grid voltage
variations in such a way as to
reduce non-linearity of the saw-
tooth plate current. The exact
shape of the cathode voltage can
be varied by adjusting the linear-
ity control VRS.

Also a blocking oscillator, the
horizontal deflection oscillator cir-
cuit includes the right hand sec-
tion of V13, transformer T7,
resistors R69, R75, and R73, and
capacitors C63B and C66. This
section of V13 acts as the dis-
charge tube also, and its plate
voltage is supplied through the
upper winding of T7, R76, and
R82 from the cathode of damper
tube V15. V15 rectifies the volt-
age across the secondary of T8
and thus serves as a booster sup-
ply in series with the low voltage
power supply.

Considering the junction of R82
and C53A as the output point of
the booster supply filter, the saw-
tooth voltage is produced across
C67 which charges slowly through
R76 and discharges rapidly
through the right hand section of
V13 and the upper winding of T7.
The sawtooth frequency is con-
trolled mainly by C63B, adjust-
ment of which varies the bias on
the blocking oscillator grid. How-
ever, some frequency control is
provided also by hold control VR5,
which determines the operating
voltage applied to the plate of the
control tube section of V13.
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In series from the upper plate
of C67 to ground, capacitors C68
and C63C form a voltage divider,
and the portion of the sawtooth
voltage across C63C is applied
through R81 to the grid of out-
put tube V14, The amplitude of
the input to V14 may be varied
by adjustment of horizontal drive
control C63C which affects both
the linearity and amplitude of the
horizontal deflection current.

Carried by the primary of TS,
the V14 plate current induces a
voltage in the secondary which
produces sawtooth current in the
horizontal deflection coil windings
T6B. The complete path of the
deflection coil current is from the
upper end (terminal 4) of the
larger secondary winding of T8,
through T6B to the 4270 volt
point in the low voltage power
supply, through R97 to the }-280
volt point, to the tap (terminal 5)
on the T8 secondary and through
the upper portion of the winding
to the top end.

Adjustment of width control
L18varies the reactance presented
by the secondary circuit, and
therefore, the amplitude of the
sawtooth current in this circuit.
Serving to prevent oscillations in
the horizontal deflection coil cir-
cuit, damper tube V15 conducts
heavily immediately after each
flyback interval, and the diode
current is employed to charge ca-
pacitor C72 to provide a source

of higher direct voltage than is
obtainable at the output of the
low voltage power supply. As
mentioned, variations of this
higher voltage are smoothed by
filter components R82 and C53A
for the plates of V13, while hori-
zontal linearity control L19 and
capacitor C71 are connected as a
voltage divider across C72.

The portion of the booster out-
put (pulsating d-c) which exists
across C71 is applied through the
lower portion of the T8 primary
to the plate of V14. This same
voltage is smoothed by filter com-
ponents R80 and C53C, and ap-
plied to grid number 2 of the pic-
ture tube and through VR6, R78,
and T4 to the plate of the vertical
oscillator tube. Adjustment of
L19 varies the phase of the boost-
er output with respect to the de-
flection voltage cycle at the plate
of V14, and thus varies the linear-
ity of the sawtooth plate current.

The d-c voltages indicated at
the plates of V13 and the left hand
section of V12 are obtained when
measurements are taken between
these plates and the receiver
chassis, or ground. However, they
are not the total plate-to-cathode
operating voltages, because the
cathode and grid circuits of these
tubes and of V14 are returned to
the —90 volit point in the low
voltage power supply. For exam-
ple, the cathode of the horizontal
oscillator is at 90 volts below
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ground, while its plate is 47 volts
above ground, as indicated, for a
total plate-to-cathode difference
of potential of 90 -} 47, or 137
volts.

High Voltage Power Supply

The high voltage supply is of
the flyback type, with diode V16
employed to rectify the high am-
plitude pulses produced across
T-8 during the return sweep por-
tion of the deflection current
cycle. The primary of T-8 acts as
an autotransformer with the en-
tire winding as the secondary,
and the positive pulses at the
upper end of this winding are
applied to the plate of V16. The
negative pulses produced across
the deflection coil circuit winding
of T8 also are applied in series
with C76 to the filament of V16.
Thus, the two pulses are series
aiding to produce heavy conduc-
tion of the rectifier during the
flyback interval, and charge C76
to a high voltage which is applied
to the anode of the picture tube.

To show the various connec-
tions of the high voltage supply
circuit to the picture tube and
low voltage supply, the diagram
of Figure 7 has been drawn. Here,
coils T8, and T8, represent the
primary and secondary windings,
respectively, of transformer T8,
and R97, R64, VR4, R65, R93,
VR1, R24, R61, R98, R62, and
R63 form the voltage divider
across the low voltage supply.

For simplicity in Figure 7, the
low voltage supply output filter is
represented by C57B only.

The 10BP4 picture tube provides o smoll
screen with electromognetic deflection.

Courtesy Rodio Corporotion of Americo

As mentioned, when the deflec-
tion voltage pulses make the up-
per end of T8, positive, the upper
end of T8, is made negative, and
electrons flow from T8, to the
negative plate of C76, from the
positive plate of C76 through V16
and T8, to the positive plate of
C71, from the negative plate of
C71 to the negative plate of C57B,
and from the positive plate of
this capacitor through T8, to
complete the path. These short
duration current pulses do not
affect the charges on C57B and
C71 to any appreciable extent be-
cause of the relatively large val-
ues of these capacitors.
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However, C76 has a capacitance
of only 500 micromicrofarads
and, therefore, is charged to a
high voltage by the pulse current
of V16. Through filter resistor
R88, the potential of the positive
plate of C76 is applied to the
anode of picture tube V6, the
cathode of which is operated 105
volts above ground due to its con-
nection to the slider on VRI1 in
the voltage divider circuit.

In conjunction with the anode
coating, the grounded outer con-
ductive coating of V6 serves as
the high voltage supply output
filter capacitor. As explained
above, the first and second grids
of V6 are operated at 196 volts
and +130 volts, respectively.

Low Voltage Power Supply

Employing transformer T9 or
T11, and two type 5Y3GT tubes,
V17 and V18, in parallel, the low
voltage power supply is of the
conventional 60-cycle type. The
supply provides direct voltages of
280, 270, 225, 135, —2.9, —3.5,
—14, and —90 at various points
on the output voltage divider. Lo-
cated between the rectifier tube
filaments and the divider, the
main low voltage supply filter
components consist of capacitors
C56A, C57A, C56B, C57B, and

filter choke L16. Capacitor C58A
provides additional filtering for
the +225 volt output, while C59,
and C58B serve in a similar
manner for the 4-135v. and —90v.
outputs.

As shown, focus coil L17 forms
part of the low voltage supply
bleeder circuit, and is connected
across the divider components,
R64 and VR4. Adjustment of
focus control VR4 varies the
ratio of resistance in this branch
to that of the branch consisting
of L17 and, therefore, the pro-
portions of bleeder current car-
ried by the two branches. That is,
adjustment of VR4 results in
changing the current in L17 to
focus the picture tube beam.

As was done in the two typical
examples of this lesson, by “read-
ing” the schematic as furnished
by the manufacturer of any re-
ceiver to be serviced, an under-
standing of the specific function
of each circuit can be determined.
This knowledge is important if
efficient and satisfactory servic-
ing of the receiver is to be ac-
complished. It makes the differ-
ence between blind, random prob-
ing and a directed and effective
technique. That is, it can be the
difference between a ‘“‘fixer” and
a good service man.

=
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QUESTIONS
TV Receiver Circuits—Lesson TSM-3B Page 35

How many advance Lessons have you now on hand?

1

Print or use Rubber Stamp.

Student
Name ... Now —
Street. ... o Zone . Grade ... ...
City . TR State ... Instructor
Write your answers on the '"Ans."' line below each question. If more space is needed use reverse side of this page.

1. Give two reasons for the use of different chassis designations for a given receiver make.

Ans.

Ans.

3. In the picture channel of Figure 1, why are coils L-82, 1.-36, and L.-37 stagger-tuned?
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ing frequency of the oscillator?

Ans. . e

AS. L
7. In the high voltage supply circuit of Figure 1, how is feedback obtained between the r-f osclllatorandhlghvoltagerectlﬁer"
ANS.

response?

Ans. . e . . PSPPSR U RS SRPRORSPRRSRI

Ans.

10. In the horizontal deflection circuit of Figure 5, what is the total difference of potential”bet'ween the piate ind .;:Qi'hode of tube
V13B?

Ans. . . T
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Cavered by the name plate, the nan-operating cantrols are readily accessible on the
frant ponel of the felevision receiver when needed.
Courtesy Emerson Rodio & Phonograph Corp.
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CONTROL ADJUSTMENTS
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No field of endeavor ever proposed by man offers more
or demands more from its patrons than does the creation
and transmission of electronic pictures. If people engaged
in television work disregard the idea of associated profes-
sions, they might nullify possible contributions to the art.
No one person can feel that his knowledge of a specialty
is in itself sufficient or that knowledge of the potentiali-
ties and problems of his colleagues are not required. Tele-
vision is, in truth, a melting pot of the sciences, the arts,
and the populace.
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CONTROL ADJUSTMENTS

Regardless of some current ad-
vertising claims, every conven-
tional television receiver is pro-
vided with about twelve impor-
tant controls, all of which must
be adjusted properly to provide
the best possible reception. Some
of these require adjustment only
when the receiver is installed and
at infrequent intervals when tubes
are changed or other service
is needed. Others, which can
be identified as OPERATING CON-
TROLS must be manipulated by the
owner as he tunes the desired
programs.

All of these adjustments must
be made accurately when the re-
ceiver is installed and equally im-
portant are the instructions which
the technician gives the owner.
Many return service calls, due
only to the improper control ad-
justments by the owner, can be
reduced in number by more com-
plete and thorough instruction.
However, to make the adjustments
quickly and explain the actions of
the controls, the technician must
know the function of each and its
location on the various makes and
models of receivers.

In most cases, final adjust-
ments are made while a picture
is being received but the constant
movements in the scenes of most
programs make it extremely diffi-
cult to set some controls properly.

For this reason a few television
stations transmit a stationary
TEST PATTERN during certain
hours of the day. When used to
full advantage, these patterns not
only simplify the control adjust-
ments but aid greatly in diagnos-
ing operational defects.

TYPICAL TEST PATTERN

There is no standard in general
use at the present time, therefore
television stations have designed
their own test patterns. Although
differing somewhat in appear-
ance, these patterns consist mainly
of circles, arcs, wedges, and
shading blocks. A large number
of receiver operating conditions
can be checked by means of the
test pattern and, although the fol-
lowing explanations are based on
the NBC pattern of Figure 1, the
principles and methods apply
equally well to any of the others
currently in use.

In making control adjustments,
it is not necessary to follow any
certain sequence because the
starting point for adjustments is
dictated by the specific distortion
present in any particular receiver.

Centering and Picture Size

Two of the most easily dis-
cernible misadjustments of the
receiver are off-center picture
and incorrect picture size. In the
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test pattern of Figure 1, the
HORIZONTAL CENTERING and HORI-
ZONTAL SIZE are correct when the
two arcs of the large outer circle
just touch the sides of the mask
for receivers with rectangular
viewing screens. For receivers
with circular screens, the hori-
zontal centering and size are cor-
rect when the large inner black
circle touches the edge of the
mask.

In either case, VERTICAL CEN-
TERING and VERTICAL SIZE are
correct when the black circle just
fits in the screen from top to
bottom. Correct 4:3 aspect ratio
is indicated when the two arcs
and the black circle are perfectly
round.

Although the picture size may
be adjusted perfectly for one pro-
gram, occasionally a change of
station, or a change in the pro-
gram from the same station, may
cause the picture to reduce in
size and no longer fill the mask.
Often as much as 1% inch differ-
ence in picture height or width on
a 21 inch receiver screen occurs
when the station changes from
one sync generator to another,
or from a local to a relay pro-
gram. This is due to the varia-
tion in the horizontal and vertical
blanking time on different sta-
tions, or on different sync gen-
erators in the same station.

When the line voltage changes
at the receiver, it also causes cor-

responding changes in the deflec-
tion voltages and the high d-c
voltages, both of which affect the
picture size. For this reason, a
receiver adjusted for correct size
in the service shop may be found
to have a smaller or larger pic-
ture at the owner’s home. Also,
in some receivers the picture has
a tendency to ‘“‘grow’” in size, or
to drift in centering as the re-
ceiver warms up during the first
hour of operation.

While most of the customers
complain if the picture does not
completely fill the mask, very few
object if a small portion of the
picture is hidden behind the mask.
So, it is common practice to ex-
tend the picture slightly beyond
the mask so such fluctuations are
less noticeable. For these reasons,
the various control adjustments
should be made after the receiver
has warmed up. This procedure
will assure optimum adjustment
for normal operating conditions.

Linearity

In reproducing the picture, the
picture tube electron beam gen-
erates a spot of light on the face
of the tube. The action of the
deflection circuits is such that
this spot is moved across the face
of the tube from left to right and
from top to bottom in a motion
called scanning, as was described
in detail in an earlier lesson. The
video signal in turn, modulates
or varies the intensity of the
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beam, resulting in a changing
brightness of the spot.

Should its speed change during
the scanning of a line, the spot
produces crowded picture ele-
ments where it is moving slowly
and the elements are spread out
where the spot is moving more
rapidly. To make the spot move
from left to right at uniform
speed on the screen, the hori-
zontal deflection circuit must pro-
duce a linear sawtooth voltage or
current output.

Also, to provide equal spacing
between the horizontal scanning
lines, the output of the vertical
deflection circuit must be linear
so the spot will travel with con-
stant speed from the top to the
bottom of the screen. If the ver-
tical speed of the spot is not con-
stant, the scanning lines are
crowded where the spot is travel-
ing relatively slow and are widely
spaced where the spot is moving
downward fast.

Thus, poor LINEARITY of the
output wave of either of the de-
flection circuits results in distor-
tion of the test pattern or picture.
The effect is to pull the pattern
“out of round” so that the circles
become egg-shaped and the “bull’s
eye” is off center.

As an example, if in a certain
receiver the VERTICAL LINEARITY
control is misadjusted then the
pattern of Figure 1 may be re-
produced such that the top part

of the black circle is flattened,
and the bottom portion is drawn
out and pointed. The bull’s eye
is moved to some point above
center in the picture, and meas-
urement of the two vertical
wedges shows that the bottom
wedge is considerably longer than
the top. This means that the top
part of the picture is compressed
and the bottom part is expanded
or spread out vertically over too
great an area. In a scene dis-
torted in this manner, an actor’s
legs will appear lengthened and
the upper portion of the body will
appear shortened.

During an interval when no
test pattern is on, an alternative
method of checking vertical lin-
earity consists of advancing the
brightness control until the raster
lines appear, and observing the
spacing between the lines. For
example, if the spacing is greater
between the lines near the top
than at the bottom it indicates
that the picture is spread out at
the top and compressed at the
bottom. Linearity adjustments
should be made to obtain equal
spacings between all of the lines
on the screen.

Non-linearity of the horizontal
deflection circuit is recognized by
similar test pattern distortion.
The bull’s eye is pulled off center
horizontally, circles are flattened
on one side and drawn out to a
point on the other, and horizontal
wedges are not of equal length.
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In most receivers using mag-
netic deflection, there is consider-
able interaction between HORI-
ZONTAL WIDTH CONTROL, HORI-
ZONTAL LINEARITY CONTROL, and
HORIZONTAL DRIVE CONTROL. Ad-
justment of the horizontal size
may provide proper picture width,
but result in a non-linear test
pattern image. Then, adjustment
of either HORIZONTAL LINEARITY
or HORIZONTAL DRIVE CONTROLS,
or both, will improve linearity.
However, it also will change the
picture size, and therefore, it is
necessary to readjust each of
these controls several times be-
fore a good image is procured.

The number of linearity con-
trols and their circuit actions
differ with various receiver de-
signs. Consequently, the service
manual issued by the receiver
manufacturer should be studied
carefully, when available, for per-
tinent information regarding lin-
earity adjustments for any par-
ticular receiver. Non-linearity is
not always due to improper ad-
justment within the receiver, but
may be due to non-linearity on
the part of the transmitter.
Therefore before making final
adjustments, a good service tech-
nique is to check linearity on
several stations.

Focus

FOCUS is a word used to de-
scribe the clearness or distinct-
ness of the image. The focus of

the picture is dependent upon the
size of the scanning spot, and to
obtain a sharply focused picture
with clear and distinct fine detail,
the spot must be as small as
possible.

The top view of o receiver chossis showing
the deflection ond focus coil mounts. The
smoll lever to the right of the CRT bose is
the picture centering control.

Courtesy Motorolo Inc,

The test pattern of Figure 1
provides an excellent means of
obtaining proper adjustment of
focus. The procedure consists of
looking at the vertical and hori-
zontal wedges at points as far
inward toward the narrow end
as the lines are distinct, and ad-
justing the focus control until
the lines appear sharpest and
most clearly defined at the ob-
served points. This method tends
to bring the center portion of
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subsequent pictures into sharpest
focus. In the event the scanning
spot is not perfectly round, the
focus adjustment that is sharpest
for the vertical wedges may not
produce sharpest focus on the
horizontal wedges. When this is
the case, the adjustment should
be made for best focus on the
vertical wedges.

Resolution

Usually consisting of converg-
ing black and white lines as in
Figure 1, the vertical and hori-
zontal RESOLUTION WEDGES are
probably the most informative
parts of a test pattern. Com-
monly used interchangeably with
the word DEFINITION, RESOLUTION
is an indication of the fineness of
detail a receiver is capable of
resolving or reproducing. A pic-
ture in which small detail is clear
and distinct is said to have good
or high resolution. If the picture
is smeared, the small detail is
lost and the resolution is poor.

Due to the manner in which a
television picture is reproduced,
the resolving power in the ver-
tical and horizontal directions is
dependent upon different factors.
Usually expressed as so many
“lines”, VERTICAL RESOLUTION IS
THE NUMBER OF HORIZONTAL AL-
TERNATE BLACK AND WHITE LINES
WHICH THE RECEIVER IS CAPABLE
OF REPRODUCING distinctly when
the entire picture consists of

many thin horizontal black and
white lines.

In any receiver, the vertical
resolution depends upon the num-
ber of usable scanning lines and
the size of the scanning spot.
The phrase, ‘“‘usable scanning
lines”, refers to the fact that, of
the 525 scanning lines per frame,
approximately 7% occur during
the wvertical blanking interval,
leaving 490 lines which are usable
in picture reproduction. If the
spot size is small enough so that
there is no overlapping of ad-
jacent scanning lines, then the-
oretically, 490 lines can be re-
produced and represent the maxi-
mum vertical resolution.

The vertical resolution can be
checked on a test pattern by ob-
serving the horizontal wedges. If
the lines are clear and distinct
toward the center, the vertical
resolution is considered to be
satisfactory.

In Figure 1, for example, the
left-hand horizontal wedge is
composed of 31 alternate black
and white lines. We find by
measurement that at its wide end,
the width of the wedge is about
one-fifth of the picture height.
This point on the wedge then
corresponds to a vertical resolu-
tion of 5 x 31 or 155 lines. At
the narrow end, the width of the
wedge is slightly more than one-
twelfth of the picture height. If
the lines are clear and distinct
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The operating controls are shown at the right of the screen of this television receiver.
From top to bottom, these controls are the chonnel selector, contrast, brightness,
vertical and horizontal hold, and the on-off volume control.

and have the same contrast as
the rest of the wedge at this
point, it indicates a vertical reso-
Iution of 12 x 31 or 372 lines.

Suppose that the test pattern
of Figure 1 is observed on a pic-

Courtesy Westinghouse Electric Corp.

ture tube screen and, at some
point on the horizontal wedge,
the lines fade and are no longer
distinct from that point inward.
If, at that point, the width of the
wedge is one-tenth the height of
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the picture, then the vertical reso-
lution is 10 x 31 or 310 lines.

The dots along the side of the
wedges are markers of definite
resolution values. For the pattern
of Figure 1, the dots indicate
resolution values of 200 and 250
lines respectively and the large
and small ends of the wedge in-
dicate 150 and 375 lines, re-
spectively. When checking reso-
lution, remember that, VERTICAL
RESOLUTION IS INDICATED BY THE
HORIZONTAL WEDGES IN THE TEST
PATTERN,

In like manner, HORIZONTAL
RESOLUTION IS INDICATED BY THE
VERTICAL WEDGES IN THE PATTERN.
It can be expressed in terms of
lines also. However, the calcula-
tion of horizontal resolution is
different due to the 4:3 ASPECT
RATIO specified by the FCC. This
aspect ratio means that the pic-
ture width equals four-thirds of
the picture height, or its height
is equal to three-fourths of its
width.

It is desirable that there be a
direct comparison between ver-
tical and horizontal resolution,
‘as expressed in lines. For ex-
ample, 300 lines should indicate
the same resolving power in both
the vertical and horizontal direc-
tions. Therefore, horizontal reso-
lution is the total number of
vertical black and white lines
that would be reproduced in
three-fourths of the width of the

picture, that is, in a horizontal
dimension equal to the picture
height.

Suppose the test pattern of
Figure 1 is observed on a picture
tube screen, and black and white
lines of the vertical wedge are
clear and distinct in to a point
where the width of the wedge is
equal to one-tenth the picture
height. The vertical wedge also
contains 31 lines, so the hori-
zontal resolution is equal to 10 x
31 or 310 lines.

Resolution, either horizontal or
vertical, can be calculated for any
test pattern by the use of the
following relationship:

resolution in lines=—xN

where: H =picture height

W =width of wedge where lines
become indistinct

N =the total number of black
and white lines in the
wedge.

The dots alongside the top ver-
tical wedge like those on the
horizontal wedges are calibrations
of resolution in lines. Those near
the center indicate 250 lines while
the dots further out are for 200
lines.

So long as the spot size is small
enough, the HORIZONTAL RESOLU-
TION OF A RECEIVER IS DEPENDENT
ON THE FREQUENCY RESPONSE OF
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THE RECEIVER. For this reason,
sometimes horizontal resolution
is expressed in terms of the high
frequency response limit of the
receiver signal circuits.

The relationship between RESO-
LUTION IN LINES and RESOLUTION
IN FREQUENCY can be determined
as follows: The picture tube
beam traces 15,750 horizontal
lines per second, therefore, one
horizontal line is traced in
1/15,750th of a second, or in 63.5
microseconds. Of this time, 10.2
microseconds are consumed in
retrace. This leaves 53.3 micro-
seconds as the time required for
the beam to travel from the left-
hand side of the picture to the
right-hand side. As only three-
fourths of this entire line is used
for the calculation of horizontal
resolution, the time required for
the beam to travel this distance
is 34 x 53.3 or 40 microsezonds.

Now, assume that the picture
tube beam is reproducing a hori-
zontal resolution of 80 vertical
lines. This means that three-
fourths of the picture width will
contain 80 vertical black and
white lines which are being pro-
duced by the spot on each hori-
zontal trace.

Since the spot is the result of
the electron beam striking the
screen, to make the spot black the
beam must be cut off, while to
make a white spot the beam must
be of maximum intensity. Ap-

plied to the control grid, the
video signal modulates or con-
trols the beam intensity at any
instant.

15

Circular picture tube with deflectian coil, focus

coil, and beam bender. The focus coil is

positioned by means of thumb nuts and pic-

ture centering is adjusted by means of the
shart levers.

Courtesy Philco Corp.

Therefore to reproduce a por-
tion of the trace from black line
to white line to black line, the
video signal has to vary from
negative to positive and back to
negative. This means that there
must be one cycle of video signal
for each pair of the 80 vertical
lines, or 40 cycles during three-
fourths of one complete left-to-
right horizontal trace.

As mentioned, this portion of
the horizontal trace is accom-
plished in 40 microseconds.
Therefore, to produce a horizon-
tal resolution of 80 lines, there
must be 40 cycles of video signal
occurring in 40 microseconds. or
one cycle per microsecond, which
is the same as 1 mc per second.
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That is, a video signal frequency
of one megacycle is required to
reproduce a horizontal resolution
of 80 lines.

In like manner a signal fre-
quency of 2 me produces a hori-
zontal resolution of 2 x 80 or 160
lines, 3 me produces 3 x 80 or 240
lines, and 4 mc produces 320
lines. These facts can be summed
up in a general statement or re-
lationship, as follows:

f. (mc) X80 =r, (in lines),
or

r, (in lines)
—=f, (mc)
80

where: r,.=horizontal resolution in lines

f. =video frequency response
in mc.

Referring to the test pattern
of Figure 1, the VERTICAL WEDGES
not only INDICATE the horizontal
resolution of the television sys-
tem, but also serve as a quick
visible means of checking THE
HIGH FREQUENCY RESPONSE OF
THE RECEIVER. So, by means of
the dots along its sides, the bot-
tom wedge is *“calibrated” in
frequency in megacycles. The
wide bottom end of the wedge
corresponds to approximately 114
megacycles, and from this end
upward, the first pair of dots in-
dicate 2 megacycles, the second
pair 8 megacycles, the third
3.25 me, and the fourth indicates
3.5 megacycles. Finally, the nar-

row end of the wedge represents
4 megacycles.

In like manner the HORIZONTAL
WEDGES INDICATE THE LOW FRE-
QUENCY RESPONSE OF THE RE-
CEIVER. Since the wedge lines are
practically parallel to the scan-
ning lines, in fact the center line
of each wedge is horizontal, it
takes a relatively long time to
cross from one line to the ad-
jacent line of the wedge. Hence,
it is reproduced by low frequency
video signals. Therefore, good
reproduction of the horizontal
wedge is dependent on good low
frequency response.

As a rule, the low frequency
response of receivers is good, and
the wedges are normally distinct
to the center. So most interest
is concentrated on the high fre-
quency response indicated by the
vertical wedge.

Contrast

On a television receiver screen,
the entire picture is produced by
the CONTRAST between light and
shadow. The darker the shadows
and the brighter the light por-
tions, and provided the appro-
priate intermediate shadings are
present, the greater the contrast,
the more vivid and distinct the
picture.

To supply a means of deter-
mining the degree of contrast, the
test pattern of Figure 1 has light
and dark areas at the outer ends



Control Adjustments

Page 13

of the horizontal wedges, and a
series of shading rings which
vary from black through succes-
sively lighter shades of gray to
white around the “bull’s eye” at
the center. These shading rings
facilitate adjustment of the re-
ceiver contrast control.

Up to a certain point, the de-
gree of contrast is proportional
to the strength of the signal on
the picture tube grid. If the sig-
nal is increased beyond this point,
the black areas cannot become
blacker, but the dark grays be-
come darker and soon merge with
the black. Thus, some of the in-
termediate shading is lost. Prop-
er contrast is the maximum that
can be obtained without loss of
the dark gray shadings.

When the contrast control is not
advanced sufficiently, the signal
on the picture tube grid is too
weak, and the entire pattern has
a washed out appearance. That is,
the black areas are gray, and the
light gray areas blend with the
white areas. As the contrast con-
trol is advanced to provide great-
er signal strength on the picture
tube grid, the black areas of the
pattern become darker and the
light shading rings become more
and more distinct.

To adjust the contrast proper-
erly, advance the control until
the point is reached where the in-
crease of contrast makes the
darkest gray ring seem to blend

with the central black spot. Fur-
ther increase of contrast does not
improve the picture, but will in-
crease the over-all contrast at the
expense of the shading.

As determined by the test pat-
tern, proper setting of contrast is
the point at which all degrees of
intermediate shading are most
clear and distinct.

Two representotive television controls. The

top unit is used os on on-off volume control

while the lower "pot’” moy be used os con-
trost, brightness, etc.

Courtesy Internotionol Resistonce Co.

Brightness

There is a definite distinction
as well as a definite relationship
between contrast and brightness.
CONTRAST IS THE DIFFERENCE IN
THE DEGREE OF SHADING BETWEEN
THE LIGHT AND DARK PORTIONS OF
THE PATTERN. BRIGHTNESS IS THE
AVERAGE LEVEL OF ILLUMINATION
OF THE ENTIRE PICTURE. There-
fore, contrast can increase bright-
ness only to the extent of making
the light areas of the image
brighter.
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The function of the brightness
control is to vary the average
beam intensity. For example, as-
sume a raster is produced on a
screen, but no signal is applied to
the grid. In this case, the “pic-
ture” is an illuminated area made
up of all bright portions. The in-
tensity of the electron beam is
determined by the setting of the
brightness control, and therefore,
the bias between grid and cathode.

Now, assume the picture is the
test pattern of Figure 1. As the
brightness is increased, the vari-
ous areas become brighter due to
increase in beam intensity. This
improves the picture, but only to
the point where the light gray
shadings are not impaired. Here,
the shading rings of the test pat-
tern are of assistance again. As
the brightness is increased, the
shading rings should be observed
closely and when the light gray
and white areas tend to merge,
the brightness control should be
advanced no further. Further in-
crease in brightness reduces the
intermediate shading in the pat-
tern, and eventually causes the
black areas to fade so that the
whole pattern appears washed
out.

There is a considerable inter-
action between the contrast and
brightness controls, such that ad-
justment of one necessitates ad-
justment of the other. For exam-
ple, increase in the contrast may

make black areas darker and
more distinct, but the picture may
be lacking in light gray shading
because the brightness level is too
low. Then the needed adjustment
of the brightness may cause the
retrace lines to appear, making
further adjustment of contrast
necessary.

There is one precaution against
advanced settings of either bright-
ness or contrast. When the beam
intensity is increased beyond a
certain point, the scanning spot
tends to “mushroom”, or grow in
size. This action reduces the pic-
ture detail, for the fineness of de-
tail requires a small spot. If the
distinctness of the fine details is
improved by a reduction of con-
trast or brightness, it indicates
that the spot was enlarged by ex-
cessive intensity of the electron
beam.

Final adjustment of contrast
and brightness may vary with in-
dividual taste or preference. Some
receiver owners prefer extreme
brightness even to the point of
sacrificing contrast; while others
like a picture of less average
brightness but with more varia-
tion in intermediate shading.

THE RTMA RESOLUTION
CHART

Developed by the Engineering
Department of the Radio and
Television Manufacturers’ Asso-
ciation the test pattern of Figure
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2 is of primary value in testing
television transmitter operation.
While, at first glance, this pattern
seems to bear little or no resem-
blance to the one used by NBC,
closer inspection shows consider-
able likeness, and both patterns
contain parts which serve corre-
sponding functions.

The chart of Figure 2 was pre-
pared primarily for checking per-
formance of transmitting equip-
ment to reduce distortion to a
minimum by adjusting for proper
scanning, focus, shading, and to
minimize low-frequency phase
shift.

Useful to CRT manufacturers
are the small concentric circles at
the center of the chart and at the
center of the resolution wedges in
each corner. These small circles
are not reproduced properly when
the scanning spot is elliptical in-
stead of circular.

For the scanning action to be
correct, the equipment must be
adjusted for proper picture size,
linearity, and aspect ratio. To ob-
tain the desired size, the camera
is focused optically so that the
chart covers the entire area
scanned by the camera. The boun-
daries of the chart are indicated
by the triangular arrow heads,
two of which are located along
each edge.

Marked “200”, there are six
groups of short horizontal bars in
the pattern, and vertical linearity

is checked by comparing the spac-
ing of the bars in the groups at
the top and bottom of the pattern
with those midway between. The
“200” indicates that the vertical
resolution must be equal to at
least 200 lines for these bars to
be distinct. Proper linearity is in-
dicated by equal spacings in all
six groups. Marked 200 for the
same reason as above, the three
groups of longer vertical bars are
emploved in similar manner to
check horizontal linearity.

Forming a square which just
fits in the large white circular
area are strips known as gray
scales consisting of variously
shaded segments numbered from
1 to 10. If both vertical and hori-
zontal scanning is linear, and the
respective size controls are ad-
justed so that measurement shows
the gray scales to form a perfect
square, then the aspect ratio is
correct.

In the large white circle, the
four diagonal black lines are em-
ployed to check interlacing. These
lines appear jagged when the in-
terlaced scanning lines are
“paired”, not equally spaced.

Both the camera optical lens
and the camera tube scanning
beam are focused by adjusting
for maximum resolution of the
converging lines of the wedges.
The camera shading is adjusted
until the pattern background is
an even gray and a maximum
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number of shades can be ‘“read”
on all four gray scales.

Note that there are two heavy
black bars above the top gray
scale and below the bottom gray
scale. Low-frequency phase shift
is indicated by the presence of
streaking to the right of any of
these bars. After these various
adjustments are made, the reso-
lution of the system is deter-
mined by checking the horizontal
and vertical wedges, both the
large wedges in the central por-
tion of the chart and those in the
small circles in the corners.

An electromognetic focus coil. To permit
quick ond eosy odjustment of position, a
wing nut is provided for mounting the unit.

Courtesy Generol Electric Co.

As explained before, vertical
resolution is indicated by the
horizontal wedges, while the ver-
tical wedges indicate horizontal
resolution. To indicate resolution
in lines, there are numbers rang-

ing from 200 to 600 along the
large wedges in the center, and
on concentric circles joining the
small wedges in the corners. The
lower large vertical wedge is
marked off in megacycles as well
as lines as shown.

Labeled 50-300 and 350-600,
the two groups of single-line
width marks are included to pro-
vide an accurate means of check-
ing “ringing”, or high-frequehcy
oscillation in the equipment. If
for any reason, there is oscilla-
tion occurring at some frequency,
the frequency is indicated by one
of these marks being reproduced
several times to the right of its
regular position.

The lower group of marks rep-
resent horizontal resolutions of
50, 100, 150, 200, 250, and 300
lines, respectively, and the upper
group resolutions of 350, 400, 450,
500, 550, and 600 lines, respec-
tively. Thus, the oscillation fre-
quency can be determined by
means of the conversion equation
given above.

As an example, suppose ring-
ing is indicated to the right of the
fourth mark from the top in the
lower group. As this mark repre-
sents horizontal resolution of 200
lines, the oscillation frequency
must be in the neighborhood of
200 = 80 = 2.5 mc.

Any such ringing affects the
vertical resolution wedges also,
but the multiple lines produced in
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the wedge are rather confusing,
and it is more difficult to deter-
mine the exact resolution value to
which they correspond.

RECEIVER CONTROL
ADJUSTMENTS

There exists little standardiza-
tion among television receiver
manufacturers as to the name or
location of the various controls.
Some models include a large num-
ber of controls on the front panel
and only a few on the rear of the
chassis. In other models, the re-
verse arrangement is employed,
while still others have layouts
ranging between these extremes.
To present the appearance of a
minimum of front panel controls,
many receivers have a small re-
cess in front in which are located
some of the non-operating con-
trols and often a few of the sec-
ondary operating controls. This
cavity is located just above, be-
low, or between the exposed oper-
ating controls, and normally is
fitted with a spring mounted or
hinged cover to conceal these
extra controls.

Examples of the wide variation
in control locations are demon-
strated in Figures 3 and 4. The
controls on the front panel of a
typical television receiver are
shown in Figure 3A. At the left,
the VOLUME CONTROL ON-OFF
SWITCH and BRIGHTNESS CONTROL
are mounted on concentric shafts
so that the larger outer knob may

be rotated independently of the
smaller inner knob. The same
mounting arrangement is used
for the two controls at right.
Here, the BAND SWITCH selects
the upper or lower television
band, and the CHANNEL TUNING
control permits continuous tuning
over the selected band.

The controls at the rear of this
receiver are shown in Figure 3B.
The adjustment screws for CEN-
TERING and FOCUSING are on the
focus coil, and the HORIZONTAL
SIZE and LINEARITY coils are lo-
cated in the assembly beneath the
picture tube socket. From left-to-
right along the rear of the re-
ceiver chassis, the control adjust-
ment screws and shafts are avail-
able for adjusting AGC, HORIZON-
TAL DRIVE, HORIZONTAL HOLD, CON-
TRAST, VERTICAL LINEARITY,
HEIGHT, and VERTICAL HOLD.

As an example of a receiver
with most of its controls on the
front panel, Figure 4A illustrates
the front panel of a popular com-
bination receiver. Here, the radio
and television tuning controls
have large knobs located at each
end of the panel, while six oper-
ating controls with medium size
knobs are arranged in a row at
the lower center of the panel. Ex-
cept for the horizontal hold and
brightness controls, all of these
have the concentric mounting ar-
rangement explained for Figure
3A. The cover is removed to show
a recess at the upper center of
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the panel, which contains the VER-
TICAL LINEARITY, VERTICAL HOLD,
HEIGHT and FOCUS CONTROLS.

Only a few controls are located
at the back of this receiver, as
shown in Figure 4B. Here, the
HORIZONTAL LOCK adjusts a tuned
circuit which maintains the hori-
zontal deflection oscillator at con-
stant frequency. As indicated, the
other three controls are contained
in the horizontal deflection cir-
cuits, also.

As previously mentioned, there
is considerable variation in the
sequence used for control adjust-
ments, depending upon the condi-
tion of the raster or image in each
individual case. It would be next
to impossible to include specific
instructions for every possible
situation and receiver model.
Also, because such instructions
would be so voluminous as to be
unwieldy, they would be imprac-
tical.

Therefore, a single, generalized
sequence is given to indicate
roughly the order in which the
controls should be adjusted in the
extreme case where every control
is out of adjustment to begin
with. This extreme situation is
assumed in order to include all
controls, but in most instances at
least a few controls are found to
have correct settings, and there-
fore, the actual procedure em-
ployed will vary accordingly.

Before turning on a television
receiver for the first time, it is
advisable to rotate the contrast
and brightness controls toward
their minimum settings as this
helps to keep the surge currents
to a minimum throughout the re-
ceiver. Usually, the on-off switch
is incorporated with one of the
other controls, such as the vol-
ume, tone, or contrast control,
and, after being turned on, the
receiver should be allowed to
warm up for a few minutes.

The Ion Trap

An ION TRAP is an arrangement
employed to prevent damage to
the fluorescent screen due to ion
bombardment in picture tubes
employing magnetic deflection. In
electrically deflected tubes, the
deflection field causes the ions in
the scanning beam to spread out
over a greater area so that they
do not produce an ION SPOT. Also,
the magnetically deflected tubes
with metallized screens are not
damaged in this way because the
metal coating protects the fluo-
rescent material of the screen.
Thus, an ion trap is not employed
with either of the latter types of
picture tubes. However, it is ab-
solutely essential with the non-
metalized screen, magnetically
deflected types.

Briefly, the ion trap action is as
follows: Produced by a certain
configuration of the electron gun
structure, a specially shaped elec-

== al™
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tric field acts to deflect any nega-
tive ions in the beam from the
axis of the tube so they strike and
are collected by the No. 3 grid
(second anode) of the gun. Called
the ION TRAP MAGNET or BEAM

Should the tube be operated
with the ion trap magnet consid-
erably out of adjustment, damage
may result within a relatively
short time. Therefore, when a
receiver has just been installed

“.\
2|

A side view of the television receiver chossis. The focus coil of the preceding illys-
trotion is shown mounted in bock of the deflection yoke.

BENDER an arrangement contain-
ing one or two magnets is situ-
ated around the outside of the
tube neck, and its field or fields
serve to separate the electron and
ion beams so the electrons can be
returned to the tube axis and con-
tinue to the screen.

Courtesy Generol Electric Co.

and is to be operated for the first
time, the position of the beam
bender should be checked to make
sure it is in the approximately
correct position before the re-
ceiver is turned on. This approxi-
mate or initial position is indi-
cated by pole pieces, called FLAGS,
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projecting from the sides of the
2nd grid of the electron gun.
Different manufacturers specify
somewhat different procedures
for initial ion trap adjustment,
and the service manual instruc-
tions should be checked when pos-
sible for each particular receiver
make and model.

In order for the ion trap to
operate properly, the magnets
must be located at the correct
point along the neck of the tube.
In the two-magnet types, both are
assembled as a unit, and there-
fore are adjusted together. To
make the proper adjustment the
brightness should be turned up
until the raster is just visible.
With a turning motion, the unit
is pushed forward and backward
slowly to locate the point at which
the raster is brightest.

If the raster becomes exces-
sively bright, the setting of the
brightness control is decreased
and the ion trap magnet again is
adjusted for maximum bright-
ness. Never leave the magnet at
any setting other than maximum
brightness, for any other setting
will cause the beam electrons to
bombard and destroy the gun
electrodes.

In the case of the single-mag-
net units, it is possible to locate
two points at which the raster
becomes bright, one of which is
incorrect, and may result in even-
tual damage to the gun. This point

is nearer the bulb end of the tube
neck, while the correct point is
nearer the base end of the neck,
and usually the correct point will
produce a somewhat brighter
raster than will the incorrect
point.

Brightness and Contrast

With the BRIGHTNESS CONTROL
adjusted until the raster is just
visible, turn up the contrast con-
trol until a test pattern appears
on the screen. If all the controls
were out of adjustment originally,
as assumed above, the received
pattern will not have proper size,
centering, linearity, or focus at
this time. Since these adjust-
ments are made best with a test
pattern on the screen a channel
should be selected on which a pat-
tern is being transmitted.

As mentioned earlier in the les-
son, certain television stations
transmit test patterns during
specific hours of the day only. If
neither a pattern or a program
picture is received when the con-
trast control is first turned up,
there may be no station trans-
mitting on that channel, and other
channels should be tried in an at-
tempt to obtain a test pattern.

As a single tone audio signal
usually accompanies a test pat-
tern, reception of the latter can
be distinguished from a program
image, even when only a mean-
ingless jumble appears on the
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viewing screen. If no test pattern
is being transmitted, one of the
received program pictures must
be used for making the control
adjustments.

The CONTRAST CONTROL is a
variable resistance unit employed
as either a potentiometer or a
rheostat which controls the grid
bias on one of the video amplifier
stages or in one or more of the
stages in the r-f and i-f sections
of the receiver. This control of
the grid bias permits varying the
amount of signal amplification
obtained in the controlled stages,
and therefore, the strength of the
video signal ultimately applied to
the grid of the picture tube.

The positive portions of the ap-
plied video signal represent the
light parts of the reproduced pat-
tern, while the negative portions
represent the dark areas. There-
fore, the farther the contrast con-
trol is advanced, the greater is
the peak to peak voltage of the
video signal, and the greater is
the brightness difference, or con-
trast, between the light and dark
portions of the reproduced image.

Channel Selector

The channel selectors in cur-
rent use are the push-button, ro-
tary switch selector, turret, and
continuous tuning types. Funda-
mentally, all do the same thing,
that is, tune the resonant circuits
of the r-f, mixer, and oscillator

stages to the correct frequencies
for receiving the desired station.

Except for their mechanical
differences, the push-button and
rotary switch types are alike.
They serve to remove inductance,
capacitance or both from the re-
spective tuned circuits, as the re-
ceiver is switched to successively
higher channels. In turret tuners,
the entire set of tuned circuits is
replaced by a different set, as
each station is tuned in. In the
continuous tuning systems, vari-
able inductance or capacitance
elements are varied continuously
over an entire band of television
channels.

Fine Tuning Control

Generally, a variable capacitor
or inductor, adjusted by the FINE
TUNING CONTROL permits the re-
ceiver local oscillator to operate
at the exact frequency required
for the production of the correct
picture and sound intermediate
frequencies. For example, in a
receiver employing a picture i-f
of 45.75 mc, the local oscillator
must operate at 123 mc when the
set is tuned to receive channel 5,
(76 to 82 mc). Thus, the pro-
duced picture i-f is 123 — 77.25,
or 45.75 mc, and the sound i-f is
123 — 81.75, or 41.25 mc.

In a dual-channel type receiver
the sound i-f circuits are tuned
relatively sharply to the sound i-f
band, therefore the sound i-f sig-
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nals will fall outside this band if
the local oscillator frequency is
appreciably above or below its
correct value. In the dual-channel
receiver, the fine tuning control
is adjusted for best sound quality.

In an intercarrier type receiver,
the picture i-f and first sound i-f
both pass through a common i-f
amplifier, the tuned circuits of
which are aligned to give the
proper relative i-f response.

0 e
> ﬁ

A

p

The proper odjustment of the beom bender
or ''ion trop mognet'’ is the point on the
neck of the CRT ot which the roster is brightest.

Courtesy Clorostot Mfg. Co.

If the local oscillator is mis-
tuned so that the sound i-f ampli-
tude is greater than about 10%
of that of the picture i-f, then the
4.5 mc second sound i-f, produced
in the video detector, is frequen-
cy modulated by the video signal,
causing an undesirable YIDEO BUZZ
in the loudspeaker.

In an intercarrier receiver, the
fine tuning control is adjusted for
best picture quality but some-
times it may be necessary to ad-
just to a point of less than maxi-

mum Dpicture quality to reduce
the video buzz to an acceptible
level. Such a compromise adjust-
ment results in inferior quality
of picture and sound, and is not
necessary when the receiver is
aligned properly.

A few receivers do not use a
fine tuning control, but rely on
the stability of the local oscillator
and its pre-set adjustment to pro-
duce correct sound and picture
i-f’s. This arrangement permits
the manufacturer to advertise
one less front panel control, but
it may increase the number of
service calls for adjustments
which a fine tuning control makes
unnecessary.

After the channel selector
is set to receive the desired sig-
nal, the tuning is completed by
adjusting the fine tuning control
as explained above. In most cases,
a test pattern is now visible on
the receiver screen, although the
pattern may be distorted in one
or more ways as mentioned ear-
lier. In the event the viewing
screen contains a hopeless jumble,
then some adjustment of one or
both of the scanning frequencies
is necessary.

Hold Controls

The so-called ‘“hold” controls
permit adjustment of the deflec-
tion oscillator frequencies over a
limited range. The YERTICAL HOLD
controls the 60 cycle scanning
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frequency, and its misadjustment
results in loss of vertical syn-
chronism as illustrated in Figure
5A. The HORIZONTAL HOLD con-
trols the 15,750 cycle scanning
frequency, and Figure 5B illus-
trates the result when this con-
trol is misadjusted.

Notice that these and subse-
quent Figures show a number in
front of the title. This number
refers to the same Figure in les-
son TSM-5. For example, Figure
5A reads 11, POOR VERTICAL SYNC.
The “11” refers to Figure 11 of
TSM-5. Since the illustrations in
TSM-5 are larger, this reference
number makes it easy for you to
examine these larger pictures for
details.

To obtain proper synchronism,
the vertical motion of the pat-
tern is stopped first by adjusting
the vertical hold control. Usually,
this adjustment results in the pat-
tern being obtained with no ad-
justment of the horizontal hold
being necessary. This is due to
the fact that the line scanning ac-
tion is locked in synchronism by
the automatic sweep-frequency
control circuit employed in the
horizontal deflection system of
most receivers. However, should
the image continue to be a mean-
ingless jumble, or if a distorted
part of the test pattern is dupli-
cated a number of times, then
some adjustment of the horizon-
tal hold control is necessary.

Besides the horizontal hold con-
trol, most receivers contain one
or more additional controls for
correcting the horizontal deflec-
tion frequency. These additional
controls must be adjusted when
horizontal synchronism cannot be
obtained with the hold control
only. Before changing the set-
tings of these other horizontal
frequency controls, it is a good
plan to check whether synchro-
nism can be obtained on another
channel by means of the hold con-
trol only.

The procedure for making hori-
zontal oscillator adjustments var-
ies considerably with different re-
ceiver makes and models. There-
fore, when such adjustments are
required, reference should be
made to the service manual which
applies to the specific model being
installed or serviced.

Tilted Picture

After the deflection circuits
have been synchronized and a
test pattern obtained, it may ap-
pear rotated or tilted in either
direction from the normal posi-
tion as shown in Figure 5C. For
the magnetically deflected type
picture tube, this condition is cor-
rected by temporarily loosening
the deflection yoke and rotating
the yoke until the raster is square
with the mask.

For the electrostatic deflection
type picture tube, the entire tube,
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socket and all, must be rotated to
the correct position. In this case,
the socket is mounted with a set
screw adjustment which is tight-
ened to hold the tube in place.

Focus

The receiver may be focused by
adjusting the control and observ-
ing the fine details of the test pat-
tern or by checking the setting at
which the scanning lines are thin-
nest. Improper focus is illustrated
in Figure 5D. With magnetically
focused picture tubes, the setting
of the FOCUS CONTROL determines
the magnitude of the direct cur-
rent carried by the electromag-
netic focus coil, and therefore the
strength of the magnetic focusing
field.

In some receiver models, a PM
focus magnet is employed, in
which case adjustment screws or
some similar arrangement is pro-
vided to permit focusing by
changing the axial location of the
magnetic focusing field or by
varying an air gap in the mag-
netic field. For electrically fo-
cused tubes, the focus control de-
termines the voltage applied to
the focusing electrode of the elec-
tron gun. Some of these tubes re-
quire zero voltage on the elec-
trode, and since it is so non-crit-
ical, these tubes are referred to as
zero focus or self focus tubes.

It is desirable to obtain opti-
mum focus over the largest pos-

sible area of the screen, and the
resolution wedges of the test pat-
tern may be employed to check
horizontal versus vertical resolu-
tion as the focus control is ad-
justed. Maximum resolution will
not always be obtained in both
directions at the same setting at
which the horizontal scanning
lines are seen most clearly over
most of the picture area.

In the event satisfactory focus
cannot be obtained by adjustment
of the focus control with a mag-
netically focused tube, it may be
necessary to move the focus coil
backwards slightly, away from the
deflection coil, in order to achieve
satisfactory focus over the larg-
est area of the picture.

Interaction of Controls

Although properly rotated or
oriented so that horizontal lines
in the test pattern are parallel
with the upper and lower edges
of the receiver mask, the raster
may be off-center horizontally as
shown in Figure 6A, off-center
vertically, or both, as shown in
Figure 6B.

With receivers employing elec-
trically focused picture tubes,
centering of the raster sometimes
is accomplished by adjusting the
rotational position of the CENTER-
ING MAGNET around the tube neck.
In the case of magnetically fo-
cused tubes, some or all of the
centering screws must be adjusted
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on the focus coil until the desired
raster position is obtained. In
some cases, it may be necessary
to loosen the focus coil mounting
screws also.

Generally, loosening and ad-
justing the various screws will
permit the focus coil to be tilted,
moved slightly up or down, right
or left, forward or back, or ro-
tated about a vertical axis with
respect to the picture tube neck.

Since changing the position of
the focus coil affects the picture
focus, adjustments for uniform-
ity of focus should be made first
by moving the coil along the neck
of the tube, simultaneously ad-
justing the receiver focus control,
after which the coil is adjusted to
center the picture and the mount-
ing screws tightened.

Other receivers contain CEN-
TERING CONTROLS in the form of
potentiometers which determine
the magnitude and sometimes the
direction of direct currents car-
ried by the deflection coils, or the
direct voltages applied to the de-
flection plates, depending upon
whether magnetic or electric de-
flection is employed. These direct
currents or voltages add unidirec-
tional field components to the de-
flection field, thus determining
the vertical and horizontal center
lines about which the beam is
deflected.

Generally, it is possible to ob-
tain proper centering by the ad-

justment of these controls only.
If the raster cannot be centered
completely by means of the cen-
tering controls, or if a shadow
exists across the corner of the
picture, it may be necessary to
adjust the physical position of
the focus magnet or coil as ex-
plained above.

The size controls, HEIGHT and
WIDTH, determine the amplitude
of the sawtooth voltages on the
deflection plates, or the sawtooth
currents in the deflection coils,
respectively, and therefore, the
height and width of the raster
produced on the receiver screen.

It is difficult or impossible to
adjust the height and width con-
trols properly before the raster
is centered. Also, it may not be
possible to complete the centering
adjustments without making some
adjustments of height, width, or
both, especially when the height
and width controls have initial
settings which are too far ad-
vanced so that one or both of the
raster dimensions exceed those of
the mask.

The centering and focus adjust-
ments are interdependent, there-
fore each should be rechecked,
one or more times, until the best
possible image is obtained. After
the raster is centered and has ap-
proximately correct height and
width, final adjustments of the
focus control, or adjusting screw,
should be made carefully to pro-
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vide the optimum focus condi-
tions as specified in the service
manual for the particular receiv-
er. Finally, the adjustment of the
ion trap magnet should be checked
to see that the brightest possible
raster is obtained, as explained.

An inductance of the type used as horizontal

linearity and width coils in the television re-

ceiver. A powdered iron core is used to vary
the inductance over a small range.

Courtesy Merit Coil and Transformer Corp.

Insufficient height is illustrated
in Figure 6C, and poor vertical
linearity in Figure 6D. The ver-
tical linearity control determines
the curvature in the forward
sweep portion of the vertical de-

flection sawtooth wave-form.
However, this control has consid-
erable effect on the deflection volt-
age or current amplitude. Like-
wise, the vertical size or height
control has most effect on the de-
flection amplitude, but its adjust-
ment causes some change in the
linearity of the wave-form. There-
fore, when either of these con-
trols is adjusted, usually it is
necessary to adjust the other also.

The general procedure is as
follows: Adjust the HEIGHT CON-
TROL until the raster just fills the
mask vertically. Adjust the VER-
TICAL LINEARITY CONTROL until
the distances are equal from the
center to the top and bottom of
the reproduced test pattern. Re-
adjust linearity control, etc., until
both the proper height and best
over-all vertical linearity are ob-
tained. After or during these ad-
justments, some slight re-adjust-
ment of the vertical centering
may be necessary.

Figure 6E and 6F illustrate in-
sufficient width and horizontal
non-linearity, respectively. Simi-
lar to the vertical circuit controls,
the WIDTH and HORIZONTAL LINE-
ARITY controls each have effect on
both the amplitude and linearity
of the horizontal deflection wave-
form. The wave-form also is af-
fected by the horizontal drive
control which determines the am-
plitude of the deflection voltage
applied to the grid of the hori-
zontal deflection amplifier.
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In addition to the deflection
coils, the horizontal amplifier
drives the flyback high voltage
supply in many receivers. The
brightness of the scanning spot is
determined by the potential of
the picture tube anode which ob-
tains its positive voltage from the
high voltage supply. Therefore,
the raster brightness depends
upon the output of the horizontal
deflection amplifier, and this out-
put is determined by the setting
of the DRIVE CONTROL. However,
besides the brightness, the drive
control affects both the width and
horizontal linearity of the raster.
Advancing the setting of the drive
control causes increase in bright-
ness and width, while reducing
its setting improves the linearity.
Thus, all three are interdepend-
ent controls.

A good procedure for adjust-
ing the width, drive, and hori-
zontal linearity controls is as fol-
lows: Adjust the drive control
for maximum raster width and
brightness consistent with rea-
sonably good linearity. Adjust
the width control until the raster
just fills the mask horizontally.
Adjust the horizontal linearity
control until the distances are
equal from the center to the left
and right sides of the test pat-
tern. Alternately re-adjust the
width and linearity controls until
the desired width and linearity
are obtained, at the same time re-
adjusting the drive control if

necessary. After or during these
adjustments, it may be necessary
to make slight re-adjustments of
the horizontal centering.

INSTRUCTING THE OWNER

Most of the various adjust-
ments described need be made
only when a receiver is first in-
stalled or when, for some reason,
certain or all of the controls have
been misadjusted. Generally, the
television receiver controls can be
classified as “operating” controls,
and service or ‘“non-operating”
controls. Once properly adjusted,
the non-operating controls do not
have to be changed by the owner
for normal operation of the re-
ceiver. As shown in Figure 4, the
operating controls are usually
available on the front panel, and
are the only ones that the owner
needs to use. However, to adver-
tise simplicity of operation, some
manufacturers locate certain of
the less often needed operating
controls at the rear of the receiv-
er, as pictured in Figure 3, thus
leaving fewer controls in sight on
the front panel.

Except for a few absolutely
necessary controls which appear
on the front of every set, the par-
ticular receiver design determines
which operating controls are
needed most often. Thus, there
are many variations in the com-
binations of front panel controls
employed on different receiver
makes and models. Because of
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these variations, there are slight
differences in the specific operat-
ing procedures recommended by
the different manufacturers, and
these procedures are given in the
service manual for each model.

Too many television service
calls are of the “unnecessary”
type due to, the fact that many
people simply do not know how to
operate their receivers. Probably
dissatisfied with the picture qual-
ity because of his incorrectly set
operating controls, often the re-
ceiver owner will begin to change
the settings of the non-operating
controls.

As explained in the section
above on control adjustments,
many of the non-operating con-
trols are interdependent. Thus,
the owner may not achieve the
expected result indicated by the
name of the first-non-operating
control adjusted, and this may
lead him to change more and
more of these controls until so
many are misadjusted that he is
unable to obtain a picture which
is acceptable at all. Then he con-
cludes something is wrong with
the receiver and calls the service-
man.

This situation is difficult to ex-
plain to the owner-customer, and
it is far better that it be avoided
in the first place by seeing to it
that at least one member of the
owner family is carefully in-
structed as to the proper opera-

ting procedure for that particular
model at the time the set is in-
stalled.

Equal in importance to the
operating procedure, the necessity
of leaving the non-operating con-
trols alone must be impressed
upon the owner. Generally, this is
easy to do because of the relative
location of the two groups of con-
trols. However, when one or more
of the operating type controls are
at the back of the receiver, their
location should be pointed out
carefully to avoid possible acci-
dental misadjustment of the other
controls.

The front panel of every televi-
sion receiver contains an on-off
switch, sound volume control, and
a channel selector. In most cases,
the on-off switch, and volume con-
trol are operated by the same
knob. Thus, by rotating this knob
about a half-turn clockwise, the
receiver is turned on and an ini-
tial volume control setting is
made. Setting the channel selec-
tor to the channel number of the
desired station and resetting the
volume control to provide the de-
sired sound level completes the
basic steps of the operating pro-
cedure, regardless of the make or
model of the receiver. Also, when
tuning from station-to-station,
the fundamental steps consist of
turning the channel selector to
the desired setting and adjusting
the volume control slightly if nec-
essary. In some cases, these may
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be all the adjustments necessary,
even though the receiver has sev-
eral other operating controls on
its front panel.

control. In the event the volume
control was advanced too far ini-
tially, its setting may have to be
reduced to permit obtaining best

The non-operoting controls ore shown mounted cn the back of this receiver chossis.
From left to right, these controls ore: foces, horizontal drive, verticol size, ond
verticol linearity,

Courtesy Meissner Mfg. Div., Moguire Industries, Inc.

Practically every receiver has
either the fine tuning, contrast or
brightness control, a combination
of two, or all three as main oper-
ating controls on the front panel.
With a dual-channel receiver, the
fine tuning control is adjusted im-
mediately after the setting of the
channel selector, and before the
final adjustment of the volume

sound quality with the fine tuning
control.

Next, the contrast or bright-
ness control, whichever is pres-
ent, is set for the most pleasing
picture. The appearance of the
image when the contrast is too
high is illustrated in Figure 6G,
while Figure 6H shows the result
when the brightness is too high.
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With an intercarrier receiver, the
fine tuning control is adjusted af-
ter the first adjustments of the
contrast and brightness controls
which are described below.

The effect of changing the con-
trast is similar to but not the
same as changing the brightness,
and when both of these controls
are available, they will produce
the best picture when their first
adjustments are made as follows:

1. Rotate the contrast control
fully counterclockwise.

2. Set the brightness control
to the point where the screen
just barely glows.

3. Advance the contrast con-
trol to the point of desired
picture contrast.

If video buzz is heard at this
point with an intercarrier receiv-
er, reduce the setting of the con-
trast control until the buzz is in-
obtrusive. If retrace lines are vis-
ible reduce the brightness control
setting until they disappear. With
an intercarrier receiver, the fine
tuning control is now adjusted
for the sharpest and clearest pic-
ture. Finally, with either type of
receiver, make final touch-up ad-
justments of the contrast and
brightness controls.

A few television receivers in-
clude horizontal hold, vertical
hold, and focus controls on the
front panel. Usually, these do not
have to be adjusted every time a

station is tuned in, and may be
considered secondary operating
controls. When hold control ad-
justments are necessary, they
should be made just after the ini-
tial contrast and brightness con-
trol adjustments described above.
Adjust the vertical hold until the
vertical motion stops, and then
the horizontal hold until a picture
is obtained and centered. To ob-
tain synchronization, it may be
necessary to increase or reduce
the setting of the contrast control
somewhat.

The focus control can be ad-
justed after the desired contrast
and brightness have been ob-
tained. Finally, a slight re-adjust-
ment of all three of these controls
may further improve the picture
quality.

If the receiver contains a tone
control, it may be adjusted along
with the volume control. Most
tone controls affect the sound vol-
ume, therefore a final adjustment
of the volume control usually is
made after the desirable tone has
been obtained. After a dual-chan-
nel type receiver has been in oper-
ation for 10 or 20 minutes, the
local oscillator may have drifted
sufficiently to impair sound qual-
ity so that re-adjustment of the
fine tuning control is necessary.

A few receivers contain one or
more controls or switches not
mentioned above. One such con-
trol is the “FUNCTION” SWITCH
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which permits selection of televi-
sion, FM radio, AM radio, or
phono in the combination type re-
ceivers. A high-low band-switch
is employed in some designs which
contain continuous tuning type
r-f tuners. An antenna trimmer
control permits tuning the anten-
na circuit for best reception in a
particular channel, and an an-
tenna switch permits selection of
either the outdoor or built-in an-
tenna.

A CIRCLE-NORMAL switch allows
the raster to be changed from a
rectangle to a circular screen pat-
tern. For the rectangle raster, the
diagonal is equal to the diameter

of the picture tube face. To pro-
duce a circular picture, the height
of the raster equals the diameter
of the picture tube. Although the
picture ends and corners are lost,
this latter arrangement increases
the picture size.

Adjustment of the various con-
trols forms one of the important
steps in television installation and
one of the initial steps in trouble-
shooting, regardless of the nature
of the suspected trouble. There-
fore, the adjustments explained
above should be considered care-
fully, for correctly adjusted con-
trols help to create a satisfied
owner and a future customer.
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DeVRY Technical Institute
Formerly DerFOREST'S TRAINING, INC.
4141 WEST BELMONT AVENUE CHICAGO 41, ILLINOIS
QUESTIONS
Control AdJustments—Lesson TSM-1B Page 35
1 How many advance Lessons have you now on hand?... ... .. . .
Print or use Rubber Stamp.
Student
Name. ... No.
Street ... . Zone Grade ... ...
City ... ... State ... Instructor ...
Write your answers on the ““Ans."” line below each question. If more space is needed use reverse side of this page.

1. When no test pattern is being transmitted, what method may be used to check vertical linearity?
Ans. . . SRR
2, What techmque should be used to determine whether non- hnearlt\ is due to the receiver or to the transmitter befofé"iiiéi'lkiiig
final adjustments?
Ans. . 303 B e B DA A T T I e e e
3. With regard to the television i'r'na'ge, what is the meanin{i"r)f the word “focus”? oo
Ans. . . IR I . . T BRSPS e
1. With a test patterr\ “do you ‘observe the vertical or the horizontal “edges tocheckvertlcalresolutlon" ..................................
Ans. . U e e
5. What portion of a test pattern provides a measure of the high frequency \lded'r'e's'parrs'e;’ ..................................
Ans............ T [ e e e e e et e e et e e e
6. On a given recciver screen, the entire pattern has a washed out appearance. Areas that should be black are dark gray, and
those that should be white are light gray. This condition most likely is caused by improper adjustment of what control?
Ans. ... S FE TS e e e
7. With regardto tiremp.l'cture tube beam intensity, what is “the function of the brlghtnesscomrol" ..............................
A e
8. What is a danger of operating the picture tube when the ion trap magnet is considerably out of adjustment?
Ans. ... BT PR S e e L
9. What is the procedure used for correctmg a tilted plcture in a receiver employmé amagnetlcall)deﬂected plcture tube"
ADIS. o
10. At the time a television receiver is installed in a customer's home, what instruction should be given to avoid later service calls

of the “unnecessary” type?

TSM-4B
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Remember you are offering @ prospecﬁve
employer something he wants. Otherwise e
wouldn't consider you- He intends to use the
know-how You have gained to help his com-

You have something 10 offer; the employer
also has something 1o offer. Present @ clear-
cul, well organized exp\anahon of your
education and experience, emphasizingd the
things yov @9 best which are needed on this
parﬁcu\ar job.

A positive attitude at this time toward
your own qua\iﬁcaﬁons——and how they can
pe of value 10 the emp\oyer——can elp
greatly in putting yourse\f across favorably
and getting the job-

Yours for SUCCess,

WALy

DIRECTOR

T
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By Image Analysis
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ISOLATION OF TROUBLE

By Image Analysis

PURPOSE OF LESSON

The purpose of this lesson is to show by actual photographs of
patterns, some of the effects produced by numerous receiver faults
or improper adjustments.

Fifty pictures have been taken for illustrations, and the amount
of explanation has been reduced to a minimum. It would take many
words to describe and explain the defects causing the faulty image
reproductions that are illustrated by these photographs. By holding
these statements to a minimum, a compact and more useful analysis
of faulty receiver operation is the result.

In order to provide a reference to permit rapid selection of the
photographs representing particular types of circuit faults, a brief
table of contents is given.

Since these photographs merely provide a reference to permit
rapid selection of typical faults, there are no examination questions
on this assignment.

Instruction Department
DeVRY TECHNICAL INSTITUTE
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ISOLATION OF TROUBLE

By Image Analysis

Contents
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AC (60 and 120 Cycle) ... 18 to 22, 39, 41, 43
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Interference ... 12, 13, 38, 44 to 50
Power Supply ... 20 to 22, 32, 34, 39 to 41, 47, 48
R-f and I-f Circuits ... 12 to 16, 31, 32, 42, 44
Synchronizing Circuits ... 10, 11, 20, 31, 35, 36

Video Amplifiers ... 1, 2, 10, 15, 18, 19, 22, 32, 43



Page 4 Image Analysis

1. Too Much Contrast. Insufficient Brightness. Adjust contrast and
brightness controls.

-

Courtesy—Fornsworth Television ond Radio Corporation

2. Insufficient Contrast. Too Much Brightness. Adjust brightness
and contrast controls.
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3. Insufficient Horizontal Width. Excessive Vertical Height. Adjust
vertical height and horizontal width controls. If not successful
also adjust horizontal drive and linearity controls.

4. Insufficient Vertical Height. Adjust vertical height control.
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5. Poor Horizontal Centering. Adjust liorizontal centering control.

Courtesy—Farnsworth Television and Rodia Corporotion

6. Poor Centering. Adjust horizontal and vertical centering control.
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7. Poor Focus, Poor Height, Poor Linearity. Adjust focus height and
linearity controls.

N S A/

Courtesy—Allen B. Dumont Llabs. Inc.

8. Poor Horizontal Linearity. Adjust horizontal linearity control.
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9. Poor Vertical Linearity. Adjust vertical linearity control.

10. Poor Horizontal Sync. Adjust horizontal hold control. Reduce
contrast.
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11. Poor Vertical Sync. Adjust vertical hold control.

-
.
’
.
’
4
.
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W
A

12. Weak Signal. R-F Interference. Check channel switch and adjust
fine tuning. Possibly 4.5 mc interference on intercarrier receivers.
Adjust sound traps.
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13. Ghosts. Check anteunna, r-f, i-f alignment.

14. Smear. Poor Detail. Check fine tuning. R-f and i-f alignment.
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15. Oscillations. Check cathode resistors and all i-f and video de-
coupling networks. Alignment.

16. Relief Picture. R-F Interference. Regeneration. ('hicck tuning, v-f
and i-f alignment and decoupling.
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17. Out of Focus. Improperly adjusted focus control or defective focus
coil.

i8. 60 Cycle in Video. Weak Video. (‘athode to heater short in video
amplifier or picture tube.
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19. 60 Cycle in Video. Cathodec to heater short in video amplifer.

20). Poor Vertical and Horizontal Sync. 60 cycle hum in sync or deflec-
tion circuits.
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)

21. Out of Focus. Strong 120 Cycle Ripple. Open filter capacitor
in B-+.

22, 120 Cycle in Video. Check power supply and video decoupling
capacitors.

i
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23. Weak Signal. Heavy “Snow”. Defective antenna, lead in, r-f, or
i-f amplifier tube or part.

24, Horizontal Fold-over. Shorted damper tube. Open capacitor in
linearity control circuit.
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25. Keystone. (‘apacitor or (‘oil shorted in top half of horizontal yoke.

26. Keystone. Capacitor or Coil shorted in hottom half of voke.
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27. Poor Vertical Linearity. Improperly adjusted controls or defee-
tive parts in the vertical or height circuits.

98. Defective Horizontal Sweep. Leaky power feed back capacitor,
Faulty deflection yoke or yoke capacitor.
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29. No Vertical Sweep. Check vertical oscillator and amplifier circuits
and tubes.

30. Poor Interlace. Poor Centering. Adjust vertical sync and horizon-
tal centering.
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31. No Vertical or Horizontal Sync. Defective clipper. Open sync
circuit coupling capacitor. Weak i-f tube.

32. Dull Raster. No Picture. Check Power supply. Check antenna,
tuner, i-f and video amplifiers.
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33. Horizontal Fold-over. Replace gascous horizontal output iube.
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34. Dull Raster. Normal Video. Low sccond anode voltage. Check
high voltage filter resistor and rectifier tube.
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35. No Vertical 8ync. Adjust vertical hold control. Check tube and
parts in vertical sync circuit.

36. No Horizontal 8ync. Adjust horizontal hold. Check tabes and
parts in horizontal sync circait.
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Courtesy-—Fforasworth Television ond Rodio Corporation

37. Picture Tilted. Rotate deflection yoke.

38. Interference. Strong High Frequencies that beat with local oscil-
lator. Rotate antenna.
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39. 120 Cycle Ripple. Oper filter capaciter in power supply.

40. Decreased Vertical and Horizontal Sweeps. L.ow line voltage, de
feetive rectifier tube or power transformer.
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41. 60 Cycle Ripple. Check power supply filters.

42, Video Regeneration. (heck r-f and i-f tubes, decoupling capacitors.
Alignment.
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Courtesy—Fernasworth Yelevision and Rodio Corporation

43. 120 Cycle Ripple. Check decoupling in r-f, i-f, and video amplifiers.

Courtesy—Fornsworth Television ond Rodio Corporation

44. Sound Bars. Check oscillator tube, sound traps and audio de-
eoupling. Alignment.
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45. High Frequency Interference. Receiver not likely at fault. Try
rotating antenna.

CULRARHLAL ACALGER

Courtesy—Farnsworth Television ond Rodio Corporation

46. Beat Frequency Interference. Receiver not likely at fault.
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47. Ignition Interference. Possible arcing in high voltage supply.
Check for corona.

48. Loss of Sync. Interference. Check high voltage for corona. Check
for small motors in vicinity.
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Courtesy—Allen 8. Dumont Lobs. Inc.

49. Diathermy Interference. Interference of strong local r-f source
like diathermy machines and dielectric heaters.

Y ;;:;.,..:;,.
Y ALt crecerree

2 1

.

"\‘f\.\\i\‘;\.\R
AN \ \\\

50. 8trong R-F Interference. Check for local r-f sources.
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“pyutting GELL-O into Your Hello”

\f you're p\unn'mg a 1V-Radio pusiness of your oW
the telephone can be @ most impor!unt ussel—-—\F YOou
USE 17 PROPERLY.

A good telephone personulity is @ decided advan-
tage to @ bus'messmcm. Often, first impressions with
your customers are made by phone and good impres”

sions meant a great deal of future pusiness for YOU-

When Yyou talk on the phone, your VOICE has to
represenl your entire personu\ity. The person at the
other end can't see your EYES, your SMILE, Your
GESTURES or any of these other *‘three dimens'uonu\"

personu\ity traits. Youf voice alone does the selling.

How can You put that SELL-O into your hello? well,
you can start by being courteous. Improve Your phone
manners bY speaking directly into the jransmitter and
slowing down Your speech abovut one-third. Other
helps: pitch your yoice in the middle register, spell out
proper names, repeat figures, ins!rudions.

Adopt @ persuusive phone attitude. pick the right

words and ''say¥ it with flowers"' in your voice.

Yours for success,

WL Mg

DIRECTOR

| =]
[ X3
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INITIAL INVESTIGATION AND
ADJUSTMENT
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Electranic service wark is highly interesting and prafitable. Ta save time, all passible
initial checks shauld be made befare pulling the chassis.

Cavurtesy Radia Carparatian af America
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INITIAL INVESTIGATION AND ADJUSTMENT
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Television, because of its eye and ear appeal, is radio
in combination with motion pictures—radio with Broad-
way and the world of news and sports. Television's unlim-
ited possibilities for service and employment is surpassed
only by the complexity of its many riddles—economic,
artistic, legal, financial and scientific.

—Selected



INITIAL INVESTIGATION AND
ADJUSTMENT

In the preceding lessons we
explained how image analysis and
the adjustment of various con-
trols are used to attain picture
reception. These various adjust-
ments generally are made at the
time the television receiver is
installed. However, some, or all,
of these controls have to be ad-
justed during a service call at
times other than that of the orig-
inal installation. In fact, the first
step in a service call should in-
volve adjusting these controls to
make sure that the fault is not
just misadjustment. Therefore,
they are referred to from time to
time in these lessons concerned
with the methods and procedures
employed in servicing television
receivers.

TELEVISION SERVICE
TOOLS

There are two prime needs to
any good service job, (1) the
proper tools, and (2) the knowl-
edge of how to use them. One is
dependent upon the other. The
most elaborate equipment is use-
less in the hands of the ignorant,
and the most skilled serviceman
is severely crippled without ade-
quate equipment.

In a broad sense, the “tools”
employed by a television service
technician may be considered to

include his knowledge plus all test
equipment, circuit diagrams and
service manuals, as well as the
actual tools such as a soldering
iron, screwdrivers, and so on. On
a specific service job, the tools
used depend upon the nature of
the existing trouble and whether
the work is done in the custom-
er’s home or at a service shop.

Generally, the servicing equip-
ment used for service calls is con-
siderably less extensive than that
available in the shop. For field
service, usually the work can be
done with a minimum of common
tools, test equipment, and parts.
However, for major troubles the
chassis is removed and taken to
the shop for further service.

Selected from several well
known service company’s lists, an
outline of receiver parts, test
equipment, and tools needed or
useful in field service, shop, and
installation is given in Appen-
dix A. Naturally each shop differs
from this list. All that it actually
indicates are those items usually
considered essential for servicing
by efficient service organizations.
Many of the items can be omitted
in a particular shop, although the
omission may mean more time
spent on service calls. It is their
time saving ability that rates
these items as useful.
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SERVICING METHODS

Although differing in details,
the methods employed by various
experienced television service
technicians are basically similar.
Because of their experience, often
these men can tell from the symp-
toms which circuit contains the
defective component even before
making any tests or measure-
ments. However, and herein lies
the important likeness, when they
don’t know where the trouble is
located, good servicemen employ
definite and systematic trouble-
shooting methods.

The reliance on random knowl-
edge of service techniques and
television theory are characteris-
tics of the “tinkerer” rather than
the real service technician. This
often results in doing more harm
than good to the relatively intri-
cate television receiver circuits.
Therefore, we cannot emphasize
too strongly the importance of a
thorough understanding of the
operation of the various televi-
sion receiver circuits, as well as
unvarying adherence to some well
defined troubleshooting procedure.

There are a number of serv-
icing methods which can be em-
ployed in troubleshooting any
type of electronic equipment, in-
cluding radio and television re-
ceivers. Depending upon the type
of equipment to be serviced, the
test equipment available, and the

preference of the individual serv-
ice technician, various combina-
tions of several or all of the serv-
ice methods are employed in some
definite sequence and thus form a
given trouble-shooting procedure.
For television receivers, most
technicians employ a basic system
consisting of the following three
steps:

1. Determine in which section
of the receiver the trouble
is located.

2. Isolate the troublesome
stage in the defective sec-
tion.

3. Locate the faulty component
or other trouble within the
defective stage.

In the basic procedure outlined,
the second and third steps consti-
tute the procedure generally em-
ployed in servicing regular radio
receivers, and are adapted direct-
ly to television work. However,
due to the larger number of cir-
cuits involved in a television re-
ceiver, it is convenient to precede
these with step 1 by thinking of
the receiver as containing a num-
ber of sections which are groups
of closely related stages.

The same general grouping
may be used for all makes and
models of television receivers al-
though the actual divisions em-
ployed may vary with different
individual servicemen. Based on
the related functions of the tubes,
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one example of a grouping often
employed is as follows:

1. R-F Section: antenna, lead-
in, r-f amplifier, r-f oscilla-
tor, and mixer.

2. Sound Channel: sound i-f
amplifiers, audio detector,
a-f amplifiers, and speaker.

3. Picture Channel: picture i-f
amplifiers, video detector,
v-f amplifiers, and picture
tube circuits.

4. Sync Circuits: sync pulse
clippers and amplifiers, and
horizontal frequency con-
trol circuits.

5. Deflection Circuits: vertical
and horizontal deflection os-
cillators, output amplifiers,
and deflection coils.

6. High Voltage Power Sup-
ply: horizontal deflection
circuit, high voltage recti-
fiers and filter; or r-f type,
high voltage supply which
includes oscillator, rectifier,
and filter.

7. Low Voltage Power Sup-
ply: power transformer,
rectifier tubes, filters, and
heater circuits.

A block layout outlining the
tubes involved in each section of
the particular receiver being ser-
viced also is desirable. Although
all television receivers can be di-
vided into the same sections, such

as those outlined above, the indi-
vidual receivers do vary somewhat.
To illustrate these differences,
block diagrams of the two major
types of receivers are given in
Figures 1 and 2.

Figure 1 shows the layout of a
dual-channel receiver which em-
ploys a common flyback type high
voltage supply. Dashed lines are
drawn around each of the seven
sections listed, and as indicated,
the deflection circuit and high
voltage power supply sections
overlap because the horizontal os-
cillator and amplifier may be con-
sidered parts of both sections.

With its sections outlined by
dashed lines in a similar manner,
the block diagram of an intercar-
rier type receiver is shown in
Figure 2. Although an r-f high
voltage power supply is shown,
this illustration is not intended to
indicate that all intercarrier type
receivers employ r-f power sup-
plies. At present, the fly-back
type, high voltage supply is used
in most receivers of either type.
The receiver in Figure 2 is divid-
ed into the same seven sections
as indicated for Figure 1, but
there are differences in the cir-
cuits included in, and signals car-
ried by, certain of these sections.

That is, in the receiver of Fig-
ure 2, the sound signal passes
through most of the picture chan-
nel instead of being applied di-



rectly from the r-f section to the
sound channel. Also, the r-f type
power supply is independent of
the sweep circuits in the receiver
of Figure 2.

Initial Investigation and Adjustment

Fod

Page 7

cuits are served by each supply.
Due to these differences, it may
be necessary to combine sections
of Figures 1 and 2 to suit a par-
ticular receiver.

Designed for the service shop, the six piece test rock is equipped for AM, FM, ond
TY servicing. The rock includes o rodio oscillotor, oscilloscope, TY colibrotar, test
oscillotor, vivm, ond sweep generotor.

Other design variations not in-
dicated are receivers with more
than one low voltage power sup-
ply, and receivers employing se-
ries-parallel heater circuits. With
more than one low voltage supply,
no one of these supplies make the
entire receiver dead, and it is
necessary to determine which cir-

Courtesy RCA VYictor

Analyzing by Sense Indications

Complete alertness often saves
valuable time, for four of the five
natural senses: sight, hearing,
touch, and smell often can be em-
ployed to obtain an indication of
the type of source of trouble in a
television receiver.
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A visual inspection will reveal
a disconnected power line plug or
antenna lead-in, unlighted tube
heaters, parts which are blistered
or blackened from overheating;
bent, broken, and other defects in
components, controls, and wiring.

The aural inspection consists
of listening for distorted sound
output from the loudspeaker, and
for hums, squeals, or other un-
usual sounds either from the
speaker or some other part of
the set.

Burned or burning components
have distinctive odors which must
be learned by experience. An ex-
ample is that of a burned out
transformer which, once detected,
rarely is mistaken.

Tubes with metal envelopes can
be felt to determine whether the
heaters are operating. Touching
other components; such as trans-
formers, resistors, and capacitors,
reveal overheating when this con-
dition is not indicated by either
appearance or smell. However,
many components operate nor-
mally at a fairly high tempera-
ture which should not be mistaken
for faulty operation.

Tubes, or other components,
often have defects which cause
trouble intermittently, or only
under conditions of vibration.
Usually such defects can be dis-
covered by tapping various tubes
and components with a finger,
pencil, or a lightweight mallet

made for this purpose. Occasion-
ally, tapping or wiggling a capac-
itor does not reveal its defective
condition in which case success
may be obtained by use of a small,
slotted tool made of plastic. One
at a time, the capacitor leads are
inserted in the slot and then
pulled, pushed, and twisted S0
that any existing defect is made
evident by the effect on the re-
ceiver output.

Analysis of Image and
Block Diagram

It should be pointed out here
that one of the very first steps in
servicing is to make sure that one
of the controls isn’t at fault. That
is, following the methods describ-
ed in the previous lessons, each
control should be adjusted for op-
timum operation. Then, if the
fault still persists, the nature of
or lack of the picture on the
screen along with ga thorough
knowledge of the function of each
section is probably the best indi-
cation as to which television re-
ceiver section is defective.

Together with a check of the
loudspeaker output, an analysis
of the reproduced image provides
considerable information as to the
type of existing trouble. That is,
regardless of the location of the
fault in the receiver, some type
of adverse effect is produced on
either the picture, the sound, or
both. In most cases, this effect is
unique to the particular section
containing the defect.
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For example, the picture and
sound signals are carried by the
picture and sound channels, re-
spectively, and both are carried
by the r-f section. When the pic-
ture is lacking but sound is pres-
ent, the picture channel likely
contains the defect. When sound
is lacking but the picture is pres-
ent, the trouble probably lies in
the sound channel. If both picture
and sound are lacking but a raster
is present on the screen, a sec-
tion, affecting both picture and
sound, must be defective.

The raster is produced by the
deflection circuits, therefore any
non-linearity or similar raster
distortion indicates some defect
in these circuits. Loss of vertical
or horizontal synchronization of
the scanning beam is likely due to
trouble in the sync circuits or the
deflection circuits, but also may
be due to a defect in the r-f sec-
tion or picture channel through
which the sync signals are car-
ried along with the remainder of
the video signal.

For the raster to be visible on
the screen, a high positive voltage
must be on the picture tube anode.
Thus, a complete absence of the
raster, with sound present, is
usually an indication of trouble
in the high voltage power supply,
in the horizontal deflection cir-
cuits of receivers employing fly-
back type supplies. However, mis-
adjusted beam benders or defec-

tive picture tube cathode circuits
can produce a similar result.

Shown are all tubes required for tests and
replacement for one model television receiver.

Courtesy Tung-Sol Lamp Works, Inc.

A bright, horizontal line on the
screen indicates a defective ver-
tical deflection circuit, since the
sawtooth output of this circuit is
needed to move the spot up and
down on the screen. In like man-
ner a bright vertical line indicates
an inoperative horizontal deflec-
tion circuit. However, a vertical
line cannot be produced in this
way in receivers employing fly-
back high voltage supplies, unless
the horizontal yoke is shorted out,
because the spot requires the
presence of a high anode voltage
which depends upon the horizon-
tal deflection circuit.
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If the set is completely “dead”,
with no sound present and no pic-
ture or raster on the screen, most
likely the fault is found in the
low voltage power supply, for it
is unlikely that separate troubles
develop in two or more sections
at the same time.

In addition to the symptoms
described, the picture tube screen
serves to indicate troubles due to
sources outside the receiver, such
as ghosts or patterns resulting
from reception of reflected and
other interfering signals by the
antenna system, and pickup of
noise energy by the antenna or
power lines, etc.

The various causes of the dif-
ferent types of trouble are cov-
ered in detail in other lessons,
but to illustrate the method, the
more common of the mentioned
symptoms are listed in chart 1
opposite the receiver sections in
which they indicate the trouble
most likely to be located.

To further determine the fault,
a further examination of a test
pattern or picture may reveal
much. Just as the pictures of the
previous lesson illustrated which
controls were misadjusted; once
adjustment has been attempted,
these same pictures, or others like
them, indicate which sections are
at fault and to some extent the
nature of the fault.

INTERFERENCE

Random bursts of radio fre-
quency energy are produced by a
large number of different devices
or sources which may be in the
vicinity of the receiver. This en-
ergy is radiated through space
or carried by power lines to the
receiver and thus is added to the
desired signal to produce light
spots or streaks as shown in Fig-
ure 3A. Typical of these sources
are small motors, automobile ig-
nition systems, or even arcing or
corona within the receiver itself.

Chart 1

Symptom

No picture, raster, or sound

No raster

Horizontal line on screen

Vertical line on screen

No picture-raster normal

No sound

No picture or sound-raster normal

Picture distorted
Loss of sync

Ghosts, streaks, crosshatch patterns

Defective Section

Low voltage power supply

High voltage power supply

Vertical deflection circuit

Horizontal deflection circuit

Picture channel after sound take-off point
Sound channel

R-f section, Picture channel before sound
take-off point

Deflection circuits

Sync circuits, deflection circuit, picture
channel, r-f section

R-lf' section, pickup by chassis or power
ine
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On the other hand, evenly
spaced slanting or vertical lines,
produced on the screen as shown
in Figure 3B, are due to the pick-
up of continuous r-f waves such
as from interfering television or
radio stations, nearby television
or radio receivers, or other r-f
equipment such as diathermy ma-
chines. The lines may remain
stationary, or shift slowly in a
clockwise or counterclockwise
direction.

GHOSTS

As illustrated in Figure 3C, re-
flected waves travel greater dis-
tances than the direct wave be-
tween transmitter and receiving
antenna, and so arrive a short
time later to produce one or more
images displaced slightly to the
right of that produced by the di-
rect wave. These undesired sec-
ondary images are called ghosts
and are usually faint relative to
the contrast of the direct image.

When energy in the audio fre-
quency range enters the video
signal circuits in some manner,
the a-f voltage causes the picture
tube beam intensity to vary at
the audio rate to produce hori-
zontal bars on the screen as
shown in Figure 3D. Sound bars
vary with the sound strength and
frequency. This trouble may be
due to the existence of unwanted
coupling conditions, such as a mi-
crophonic oscillator tube or part,
or some defective decoupling ca-
pacitor.

BRIGHTNESS AND
CONTRAST

Figures 3E through 3H illus-
trate incorrect brightness and
contrast. As shown in Figure 3E,
when the brightness is not suffi-
cient, the entire picture is too
dark. Grey tones are darkened
and driven toward the black level,
and normally light or white areas
become grey. Other effects include
apparent loss of detail and ir-
regular lighting of normally uni-
formly illuminated areas.

When the brightness is exces-
sive, the entire image becomes
too light as shown in Figure 3F.
The grey tones are lightened and
driven toward white, while the
normally black areas become grey.
Again a loss of fine detail results,
accompanied by uneven shading
and, if the brightness is very
high, the image appears “washed
out” and the vertical retrace lines
are often visible.

Figure 3G shows the effect of
too much contrast. This effect is
similar to that of Figure 3E, ex-
cept that in Figure 3G the white
areas do not become grey. How-
ever, the normally grey areas are
caused to appear black. The most
apparent effect of this fault is the
loss of most of the intermediate
tones between black and white.
Image details are lost and the
image looks blurred. With a strong
signal, phase distortion or tone
reversals will result so that the
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black areas of the image become
white, and the white areas be-
come black.

Similar to the effect of too much
brightness, the image has an over-
all grey or washed out appear-
ance when the contrast is not suf-
ficient, as shown in Figure 3H.
Fine details are lost, the grey
areas become white, and the black
areas become grey. To avoid
wasted effort, a careful distinc-
tion should be made by the serv-
iceman, between brightness and
contrast. For if the fault is con-
trast, the trouble exists in one of
the signal circuits. On the other
hand, brightness is not necessar-
ily affected by these circuits but
is dependent on the picture tube
high voltage, grid bias, or other
electrode voltages, and these are
determined by entirely different
circuits.

VERTICAL HOLD

A loss of vertical sync is illus-
trated in Figure 4A. This condi-
tion causes the image to slide
slowly up or down across the
screen, or produces rapid vertical
motion and the effect of over-
lapped images as shown. Whether
the image moves up or down on
the screen depends upon whether
the vertical oscillator is too fast
or too slow. This indicates trou-
ble in the vertical oscillator or
sync circuits, although occasion-
ally this fault can be produced by
60 cycle ripple in a signal circuit.

HORIZONTAL HOLD

The loss of horizontal sync may
cause a part of the image to break
up in the form of a horizontal
band or area of varying width,
depending upon the extent of the
fault, or the entire image may
break up as shown in Figure 4B.
Occasionally, improper hold re-
sults in the formation of a num-
ber of small pictures or images
on the screen.

Usually the trouble can be
found in the horizontal oscillator
or sync circuits. However, im-
proper contrast affects the ver-
tical and horizontal synchronism.
Since the sync pulses are part of
the composite video signal, these
pulses may be too weak to control
the frequency of one or both de-
flection circuit oscillators if the
contrast is not sufficient. On the
other hand, if the contrast is ex-
cessive, the large amplitude pulses
applied to the sync circuits may
cause unstable operation of these
circuits, and create random trig-
gering of the deflection oscillators.

WIDTH AND HEIGHT

Insufficient width is illustrated
in Figure 4C by the normally cir-
cular pattern having elliptical
shape, with its length in the ver-
tical direction. The inner large
“circle” just touches the top and
bottom edges of the mask, when
the height adjustment is correct.
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As shown in Figure 4D, a sim-
ilar effect results when the height
is excessive. Here, the inner large

snhould be made so that effort can
be directed to the right sweep cir-
cuit.

The VIVM, osciloscope, and signal generc’or are the basic essential test instruments
for the television service shop.

“circle” extends beyond the upper
and lower edges of the mask, but
the large outer “areas” just touch
the sides of the mask to indicate
that the width is correct. Various
other pattern distortions which
are similar in appearance should
be studied and the differences
noted carefully so that the faulty
control settings are recognized
immediately. Again a distinction

Courtesy Philco Corp.

NON-LINEARITY

Image non-linearity in the hori-
zontal direction is illustrated in
Figure 4E. In this case, the pat-
tern is squeezed together on the
left and stretched out on the right.
Variations of horizontal non-line-
arity include squeezing or bunch-
ing at either side with stretching
at the other side, squeezing or
stretching of one side only with
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the other side normal, and squeez-
ing or stretching at the center
with both sides normal. Though
the left side of the pattern of
Figure 4E is similar to that of
Figure 4C, the right side is not.
In fact, it is due to the non-sym-
metrical pattern produced by
either horizontal or vertical non-
linearity that this defect can be
distinguished from improper size
control adjustments.

An example of vertical non-
linearity is given in Figure 4F.
Here, the top part of the image
is stretched out, and the lower
part squeezed together. Like hori-
zontal non-linearity, vertical non-
linearity may take various forms
with regard to the stretched and
squeezed portions of the image.

To decide whether the non-
symmetrical image is due to hori-
zontal or vertical non-linearity,
remember that the former causes
crowding and spreading of pic-
ture elements along each and
every horizontal scanning line,
while vertical non-linearity causes
differences in the spacings be-
tween lines resulting in crowding
and spreading of picture elements
in the vertical direction.

When the width is excessive,
the test pattern has an elliptical
shape with its major axis in the
horizontal direction, as shown in
Figure 4G. Though distorted, this
pattern is symmetrical, side-for-
side and top-for-bottom. Similar

in appearance to the pattern of
Figure 4G, the pattern of Figure
4H shows the result produced by
insufficient height. Again, the nor-
mally circular pattern is made
elliptical but, as in all cases of
incorrect size control settings, the
pattern is symmetrical. It is im-
portant to make a distinction, for
linearity and size are both func-
tions of the same circuits, but
each is normally created by dif-
ferent component failures.

TUBE REPLACEMENT

A number of simple checks can
be made to determine whether
the trouble is due to a faulty tube,
although in some cases the only
test available consists of replac-
ing the tubes in the defective sec-
tion, one by one, and observing
the result on the operation of the
receiver. Before removing a tube
from its socket to check it by re-
placement or in the tester, it is a
good idea to first press it firmly
into its socket to see if any im-
provement in reception can be ob-
tained, for often faulty operation
is caused by a tube making loose
contact with its socket. Also, a
tube tester may indicate the faulty
tube when a replacement is not
immediately available, although a
reading of GOOD on the tester can
be misleading.

Regardless of the method by
which it has been located, any
tube found to be defective should
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be replaced by a new tube which
provides operation of the receiver.
In some cases it is necessary to
try more than one new tube in a
critical circuit, since there are ap-
preciable differences in the char-
acteristics of individual tubes of
the same type number. These dif-
ferences may produce vastly dif-
ferent results, even though all
the tubes tried are Goop. For this
reason, a selection of tubes are
listed with field service equipment
rather than a tube tester.

Most tubes have a factory guar-
antee of one year, and each is
marked in code with the date of
manufacture. Various codes are
used, but usually can be inter-
preted easily. For example, a tube
marked 9-48 was manufactured

in the 48th week of 1949. Using
a different code, another tube
may be marked 194710 to show
that it was manufactured in the
10th month of 1947.

An understanding of these
codes will make it easy to deter-
mine whether the guarantee is
still valid in a particular case,
and thus whether the tube will be
accepted by the factory for re-
placement. Of course, a tube must
be returned to the distributer or
manufacturer of that particular
tube.

Chart 2 lists tube types which
records show have failed most
frequently over a period of sev-
eral years. Included are the usual
causes for the failure of each
type, and one or more suggested
means of correcting the trouble.

Chart 2

__Tube Type Cause of Failure
R-f Section .
6J6 (osc.) Microphonic

12AT7 (conv.)

Picture Channel
12AU7 (v-f amp.)
Sync. Section
6SN7

Microphonic

Fails to oscillate on high
channels due to low Gm.

Open heater, low gain,

Suggested Correction

Select non-microphonic
new tube or use lead
shield.

Sel. new tube that will
oscillate.

Sel. Non-mic. new tube.

Replace with new tube.

gassy or intermittent.

Hor. Defl. Section
6BG6G and

19BG6B (output)

Damping Tubes

Gassy due to electrolysis
action at top connection.

Insufficient output due to
reduced emission.

Barkhausen oscillations.
Burnout due to flashover

caused by heater sag-
ging.

Replace with new tube
of make having leaded
glass envelope.

Replace with new tube
which shows high sen-
sitivity on tester.
Replace tube or place
magnet of ion trap type
around tube.

Replace tube.
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TUBE FAILURES

Because of the time it takes to
remove the chassis from the cab-
inet of any receiver, it is desir-
able to check the possible sources
of existing trouble which may be
corrected with the chassis in the
cabinet, before removing or ‘“pull-
ing” the chassis. Thus, when a
trouble of this type exists, the
repair or replacement may be
made without spending time and
labor in unnecessary and time
consuming removal of the chassis.

Receptian faults duve ta built-in ar indaar an-
tennas may be carrected by instaliatian af an
avtdaar type.

Cavurtesy The Ward Praducts Carp.

The records of various televi-
sion service organizations kept
over a period of several years
show that tube replacement cor-
rects the trouble in 25 to 40 per
cent of all service calls and ap-
proximately one-fifth of these
tube troubles consist of defective
picture tubes. That is, picture

tubes have been replaced on an
average of between 5 and 8 out
of every 100 service calls.

When considering the cost of
picture tubes, these replacements
represent rather high maintenance
expense to receiver owners were
it not for that fact that about
half of these picture tube failures
occur within the 90 day warranty
period given by most TV receiver
manufacturers. Furthermore, the
present trend is toward free or
very low cost replacement by the
manufacturer during the entire
first year.

Although a large percentage of
receiver troubles are due to tubes
which are actually defective, cer-
tain other receiver conditions re-
sult in tube failure, even though
the tube is still good as far as
normal use is concerned. That is,
many television receiver circuits
are designed to operate certain
tubes at or near the upper limit
of their ratings. Hence, in these
circuits, any change will reduce
the capability of the tube to pro-
vide service equal to its original
peak performance, and thus re-
sults in early tube failure.

For example, the cathode emis-
sion capabilities of tubes decrease
as tubes age. Most receiver cir-
cuits are designed to allow for
this decrease so that the tubes
they contain are useful for a rela-
tively long period of time. How-
ever, when used in a circuit re-
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quiring the high emission of
which only a relatively new tube
is capable, any tube is useful dur-
ing only the first portion of its
rated life. After this period, the
circuit will not perform properly.
Satisfactory operation is restored
only when a new tube is substi-
tuted for the old one.

As another example, due to
aging under normal use, resistors
and capacitors change somewhat
in value. When such a change re-
duces either the signal or oper-
ating voltages applied to a tube in
a critical circuit of this type, the
output from this stage might be
too low for proper operation of
the receiver. By trying a number
of replacement tubes of the same
type, often a service technician
will find one that has higher than
average capabilities and, there-
fore, is able to supply sufficient
output even with the lower ap-
plied voltages.

Often, the tube replacement
method is employed even when
the technician realizes that some
other circuit condition is the ac-
tual cause of trouble. Although
as many as half a dozen new tubes
are tried before finding one that
works satisfactorily in a particu-
lar set, this method still permits
receiver operation to be obtained
in less time than it takes to re-
move the chassis and replace the
defective part, etc. In the long
run, however, this usually proves

to be rather costly because of the
repeated replacements necessary.

The previously mentioned serv-
ice records show that from 1 to
15 per cent of all calls require
work of some type on the antenna
system, including re-orientation,
repair, and changing the antenna
arrangement. Other reasons for
fairly large percentages of serv-
ice calls are to repair or replace
the tuner resistors, capacitors and
other components.

Finally, a fair number of calls,
from 4 to 15 per cent, are so-
called “false” calls, made because
the receiver owner thought some-
thing was wrong with his set or
installation when actually there
wasn’t. Examples of this include
trouble at the transmitter, tem-
porary noise sources, and a-c
power failures.

R-F Section

The r-f section of the receiver
contains the r-f amplifier, the
local oscillator, and the mixer
tubes. Frequently, these tubes be-
come microphonic and cause a
high frequency squeal in the
speaker. This squeal usually is
generated when the receiver vol-
ume is high, and appears stronger
and more frequently on the high-
er frequency channels. The oscil-
lator tube is by far the worst
offender insofar as microphonic
troubles are concerned.
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Often, the faulty tube is located
by tapping each tube until the
squeal appears or is modified.
When the defective tube is found,
it should be replaced by one which
operates properly. It may be nec-
essary to try several tubes before
a satisfactory one is found. How-
ever, because a given tube is mi-
crophonic in a particular receiver
this tube is not necessarily use-
less, but may work perfectly well
in another circuit.

To provide odjustment, oll controls ore occes-
sible to the service technicion without removol
of the chossis. Note this receiver hos o tube
loyout chort posted on the high voltoge coge.

Courtesy Philco Corp.

Replacing a defective oscillator
tube may change the produced in-
termediate frequency to such an
extent that the signal is not passed
by the tuned coupling circuits of
the i-f amplifier stages. When this
is the case, the oscillator must be
retuned to obtain the correct in-
termediate frequency. The oscil-
lator tube shield should be replaced

before any such re-alignment is
attempted, because the capaci-
tance which it adds will throw
the stage out of alignment if re-
placed after the adjustment is
made. Also, whenever this shield
has been removed for any reason,
it is important that it be replaced
when work on the receiver is
completed, for it serves to pre-
vent r-f radiation and reduces vi-
bration of the oscillator tube.

“Noisy” tubes in the r-f section
affect both the sound and the pic-
ture. Noise energy in the signal
circuits results in horizontal
streaks or flashes on the viewing
screen. Tube noises are common
in receivers using miniature type
tubes, because these tubes have
closely spaced elements which
may touch more easily and cause
high or low-resistance shorts.
Some intermittent shorts produce
noise effects in the receiver out-
put, while others of a more seri-
ous nature cause the stage to be
completely inoperative.

To check for a noisy tube, the
various tubes are tapped lightly
and the output observed to detect
any resulting effect. This check
may be misleading if the faulty
tube is so sensitive that it oper-
ates erratically when other tubes
near by are tapped. In this event,
the only satisfactory check con-
sists of replacing the tubes one by

‘one until the defective one is

located.
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Picture Channel

The picture channel contains
the tubes of the i-f amplifier, the
video detector, the v-f amplifier,
and the picture tube. In the i-f
amplifier, tubes are the main
source of trouble. Weak or noisy
tubes are a common defect in this
section, and cause an effect on the
image similar to the illustration
in Figure 5. The remedy for this
condition is to replace the faulty
tube.

Oscillation in the picture i-f
section produces the effect shown
in Figure 6. When this trouble is
caused by a defective tube, it can
be corrected by replacing the tube,
but if it is due to some other
faulty component, the receiver
chassis has to be removed to per-
mit further checks.

In any part of the picture chan-
nel, a weak tube sometimes will
result in an image with reduced
contrast as illustrated in Figure
7. This symptom is produced even
when the video detector is weak,
although this tube is not a very
common source of trouble. In some
receivers, a crystal detector such
as a 1N34 is employed, and the
same effect on the image is caused
by a decrease in the forward con-
ductance of this unit.

Tubes often will not light or
heat because of an open heater.
These may be detected easily by
visual inspection or feeling to see

whether hot or not. However, cer-
tain tubes such as the video de-
tector diodes, operate with very
light currents, and therefore do
not heat as much as other tubes.
Thus, when this check is made,
these normally lower operating
temperatures should not be mis-
taken for a defect.

In the video amplifier stages,
60 cycle energy may be introduced
into the signal circuits by a cath-
ode-to-heater short, and create
the effect illustrated in Figure 8.
A similar symptom results when
a cathode-to-heater short develops
in the picture tube.

INlustrated in Figure 9, loss of
sync control may be caused by
weak sync or video amplifier tubes
when this tube serves the dual-
function of picture signal and
sync pulse amplifier. In fact, a
v-f amplifier tube can be weak
enough to cause loss of syne, and
yvet have very little effect on the
picture contrast. A similar effect
is produced by interference such
as arcing in the high voltage
supply.

In some receivers, the last
video amplifier is coupled direct
to the picture tube without a d-c
blocking capacitor. In this case,
a weak or bad video output tube
may allow the picture tube grid
to become positive with respect
to the cathode, resulting in cath-
ode-to-grid electron flow in the
grid circuit.
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Indicated by a blurred picture
when the brightness control is
advanced, this trouble may result
in eventual damage to the picture
tube. Sometimes, a complete loss
of the raster will result when the
brightness control is turned to
maximum with this defect pres-
ent. To prevent damaging a new
picture tube, a check for the pos-
sible existence of this circuit con-
dition always should be made
when the picture tube is to be
replaced.

Should the vertical deflection
circuit fail, the beam will trace a
thin horizontal line on the screen
as shown in Figure 10. In receiv-
ers in which the high voltage
supply is independent of the hori-
zontal deflection circuit, failure
of the latter produces a vertical
line, while a small bright dot will
appear at the center of the screen
if both deflection circuits fail.
These conditions result in a
brownish line or spot being
burned into the screen if the re-
ceiver is left turned on for too
long a period without proper beam
deflection.

A discolored screen appearance
which may be mistaken for either
of the above conditions is that
due to a collection of dust on the
outside surface of the picture
tube face. Attracted by the
charged glass face, these dust par-
ticles will not wipe off easily and
may give the impression of a

burned or decayed phosphor. This
dust can be removed with some
common glass cleaner such as a
glass wax.

As with other tubes, picture
tubes age with use. The cathode
emission becomes weak and the
screen material decays from con-
tinual electron bombardment, re-
sulting in reduced brightness and
a brownish tinge on the screen.
When the picture tube heater is
burned out there is no beam and,
of course, no raster. If lighted,
the heater should be visible near
the tube base.

Also, the raster cannot be pro-
duced if the tube has developed a
leak and filled with air. When
the tube base has become loose
but the tube is in good condition
otherwise, it may be possible to
return it to the manufacturer to
have the base cemented on again.

Damage to the picture tube
screen may result if the electron
beam is not properly centered in
the gun and cuts into the gun
structure to knock small particles
loose and hurl them against the
screen. This condition can be
caused by a misadjusted ion trap
magnet. The same action may re-
lease gas from the electron gun
electrodes. Usually, a gassy pic-
ture tube is recognized readily by
the blurred and spotty screen ap-
pearance or possibly a negative
picture, when the brightness con-
trol is turned up. When it pre-
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sents this appearance, the picture
tube should be replaced.

Also severe jarring can throw
the entire electron gun out of line
so the beam cannot be focused
properly. In the case of picture
tubes which employ electric de-
flection, the deflection plates can
be jarred out of line so that the
raster is distorted.

Sound Channel

In the receiver sound channel,
defective tubes may be located by
removing the tubes one by one
and listening for the loud click in
the speaker which indicates the
stage to be in good condition.
When this test is made, a weak
click or no response indicates the
trouble to be in the stage of the
tube being removed, or in a fol-
lowing stage. If a loud click is
heard when the tube is removed
in the following stage, then the
defect is in the stage which pro-
duced the soft click. If the trou-
ble is not remedied when the tube
is replaced by one known to be
good, further troubleshooting of
the circuit is necessary. This is
true, of course, in any stage of
the receiver.

Removal of the audio detector
tube does not produce a notice-
able click unless the tube contains
a section which is used as an am-
plifier. Some symptoms of a de-
fective detector tube are weak or
distorted sound. When suspected

of being defective, a detector tube
should be replaced.

Sync and Deflection Section

In general, any distortions of
the raster, inability to adjust the
controls for proper size, center-
ing or linearity, or loss of sync
may be due to defective tubes in
the sync and deflection circuits of
the receiver.

If the picture stops momentar-
ily when the hold controls are ad-
justed, and then rolls on without
being locked in definitely, it is
likely that the sync circuits are
not applying the sync pulses to
the deflection oscillators or hori-
zontal control circuit. This trou-
ble may be caused by a defective
tube in the sync section. How-
ever, a weak video or video i-f
amplifier tube can cause similar
instability in some receivers with-
out impairing the contrast to a
noticeable degree.

If the picture tears out hori-
zontally but holds vertically, there
may be a defective tube in the
horizontal sync control circuit, or
the horizontal deflection oscillator
tube may be faulty. In like man-
ner, a defective vertical oscillator
tube may make it impossible to
bring the picture to a stop, even
when the hold control is turned
as far as it will go.

Loss of synchronism also can
be caused by a noisy tube in the
r-f section, picture channel, sync
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or deflection circuits, and often
may be located by lightly tapping
the various tubes. The same meth-
od may be employed to locate a
tube in which a defect is causing
intermittent loss of sync.

Horizontal non-linearity may
result from a defective horizontal
oscillator tube, discharge tube, or
output tube. Defects in these
same tubes may make it impos-
sible to obtain sufficient raster
width by adjustment of the width
and drive controls.

Also, the damper tube may be
a source of this trouble, but then
usually the symptom is accompa-
nied by a bright area on the left
side of the screen, as illustrated
in Figure 11.

In a similar manner, insuffi-
cient height or vertical non-line-
arity may be due to a defective
vertical oscillator, discharge, or
output tube. A defective vertical
output tube can cause the raster
to be too high or too low on the
screen, while the raster may be
off-center horizontally due to a
defective horizontal output tube.

Known as BARKHAUSEN 0SCIL-
LATIONS, extremely high-frequen-
cy oscillations may be produced
in the horizontal deflection circuit
output tube and radiated so that
the energy is picked up by the
input circuits of the receiver. If
the oscillations are strong enough,
one or more black vertical lines
may be produced on the screen as
shown on the left hand side in

Figure 12. In this illustration it
is most readily observed in the
solid white area. When the oscil-
lations are weak, or are not pick-
ed up to any great extent by the
input, the produced lines may ap-
pear white and, if broadened, be
mistaken for the effect of damp-
ing tube failure, Figure 11.

To determine the source of
trouble in this area, a loop of the
antenna lead-in may be placed
around the horizontal output tube
and, if the same white lines in-
crease in intensity or become
black, the cause is Barkhausen
oscillation. The tube should be re-
placed with a new one which does
not produce these oscillations. An
alternative is to place a beam
bender around the tube and ad-
just by rotation and axial motion
for minimum oscillations.

Power Supplies

Power supply rectifier tubes
must be in good condition to sup-
ply the various circuits with the
required voltages and currents.
Insufficient raster size, a weak
picture, and reduced sound vol-
ume may be caused by a rectifier
tube having low emission. In
many receivers, the low voltage
power supplies employ selenium
rectifiers which are designed in
such a way that they can be re-
moved easily for replacement. Al-
though mounted on top of the
chassis in some models, in others

K
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they are mounted below the chas-
sis in which case they cannot be
replaced without the chassis be-
ing removed from the cabinet.

In receivers employing trans-
formerless type low voltage pow-
er supplies, usually the heater cir-
cuits are series-parallel connected

AUTOMATIC LEVEL
CONTROL OF
PICTURE AND

AERIAL COIL—

cag—
L3008
OSCILLATOR
CcoIL
ca10

0SC ADJ L400A—

PHILCO PRECISION-t
CHANNEL
SELECTOR

W;Léau

L302c
L3028
ADJ SOUND
TRAP

L302Aa

L310
4.5MC TRAP

L309
SOUND TRAP
#CODE 122

ONLY

ALIGN
TEST
JACK

L303A
c3038
L3038

L202A
€2020

AFC TEST JACK

£202¢C (CODE 121)

L2028 (£ODE 122)

~
R213 R214

Top chassis view of the receiver shown in the preceding illustration. All adjustments
made from the top of the chassis ore indicated.

Like the electron tube types,
these rectifiers become weak with
age and thus result in the same
symptoms mentioned above. Often,
defective selenium rectifiers pro-
duce a very disagreeable odor.
This is caused by a severe over-
load due to a short circuit exist-
ing in the low voltage supply or
in other circuits connected to it.

Courtesy Philco Corp.

across the 117 v a-c line. With
this arrangement, an open heater
in one tube results in all tubes
connected in series with the de-
fective tube to remain unlighted.
The high voltage compartment
also contains tubes, and these
should not be overlooked zs a
possible cause of trouble in the
heater circuits. However, the high
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voltage rectifier tube does not ob-
tain its heater voltage from the
a-c line, but from the high voltage
transformer. Therefore, this tube
can have an open heater without
affecting the heater current in
the other tubes.

Some receivers employ ballast
tubes to drop the line voltage to
the correct value for heater oper-
ation. Occasionally, one of the re-
gistors in the ballast circuit is
used as part of an RC network
which serves as a filter in the low
voltage power supply output. In
the event this resistor is open, the
tube heater circuit is not affect-
ed. That is, a ballast tube may be
defective even though all of the
receiver tubes are lit.

Red hot rectifier tube plates in-
dicate that the power supply is
being heavily overloaded due to a
short or some other abnormal
condition. As this condition can
cause the rectifier to be damaged,
the power should be turned off
immeliately whenever this symp-
tom is observed.

Usually, the type of high volt-
age supply employed can be rec-
ognized by the tubes it contains.
In the case of a flyback type
supply, generally the horizontal
deflection oscillator is a duo-triode
such as a 6SN7, 12AUT7, or a
12SL7, the horizontal output tube
may be a 6BG6, 6BQ6, 6CD6,
19BG6 or a 50BG6, the damping
tube usually is a diode such as a

5V4 or a 6W4, and the high-volt-
age rectifier a 1B3/8016 or a 1X2.

The r-f type supply contains an
oscillator tube which generally is
a power pentode such as a 6KS6,
25L6 or 50L6, but occasionally
may be a triode or a duo-triode
such as a 6C4, 6SN7, or 12AUT".
Again, the high voltage rectifier
usually consists of a 1B3/8016 or
a 1X2.

OTHER TESTS AND
ADJUSTMENTS

In addition to tube replace-
ments, there are a number of
other tests, adjustments, and re-
pairs which can be made without
removing the chassis from the
cabinet of the television receiver.
Also, if one or more new stations
have begun operating since the
receiver was installed, proper re-
ception on the new channels may
not be obtained without adding
channel strips to the tuner, a com-
plete UHF converter, or chang-
ing the antenna system. These
complaints do not involve a de-
fect in the receiver proper.

Antenna System

The change may consist of re-
orientation of the antenna, addi-
tion of a high or low-band VHF
or a UHF unit, increase in height,
or replacement by an entirely dif-
ferent type.

When troubleshooting the an-
tenna system, observe closely
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both the antenna and lead-in to
detect any mechanical or electri-
cal faults. A loose connection in
the antenna or transmission line,
a short circuit in either, faulty
orientation or mounting, or con-
tact with near-by conducting ob-
jects cause poor operation.

A broken transmission line may
produce symptoms which vary
with different stations. For ex-
ample, ghosts may be seen on one
channel, reception may be weak
on another, while none at all is
obtained on still another channel.

Ice formed on the antenna or
lead-in, snow, sleet, rain, or dense
fog sometimes result in a weak or
fading signal input to the receiv-
er, usually this trouble being
more apparent on the higher fre-
quency channels. The same effect
can be caused by a transmission
line which is not installed secure-
ly and sways with the wind.

Many receivers contain a built-
in antenna and, although provid-
ing satisfactory reception in some
areas, antennas of this type often
result in the appearance of snow
and ghosts when used in weak
signal areas. In cases where an
outdoor antenna cannot be in-
stalled for one reason or another,
satisfactory reception may be ob-
tained by employing a portable
indoor type antenna instead of
the built-in unit. The advantage
of the portable type is that it can
be oriented without regard to the
position of the receiver cabinet.

A weak signal may be caused
by a mismatch between the trans-
mission line and receiver input
circuit, and this condition can be
corrected by the use of a match-
ing stub. Such a stub consists of a
length of transmission line con-
nected to the receiver input ter-
minals at one end and having its
free end short circuited. In any
particular case, the proper stub
length may be determined experi-
mentally as follows:

A handy tool which may be added to the serv-
ice kit. It is used to remove tubes from the
socket.,

Courtesy Hytron Radio and Electronics Corp.

A piece of 300 ohm twin-lead
about 60 inches long is connected
to the receiver input terminals,
and a razor blade or sharp knife
used to short circuit the lead at
various points by cutting through
the insulation to make contact
with both wires. A weak station
is tuned in and, beginning at the
free end of the lead, the short
circuit is made at points succes-
sively closer to the receiver ter-
minals while the screen is observ-
ed for resulting changes in the
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picture. The position on the lead
is noted at which the short results
in the brightest picture.

Next, the same procedure is
followed with the receiver tuned
to each of the other channels be-
cause a given stub length may im-
prove reception on one channel
but impair it on another. The
final length chosen may have to
be a compromise. After the most
desirable shorting point has been
decided upon, the lead is cut just
slightly beyond this point so that
it forms a stub of the desired
length after the wire ends are
cleaned of insulation and soldered
together.

If the picture is over contrasted
and unstable, possibly the agc is
inoperative. However, for short
distance reception, sometimes the
trouble is an over strong signal.
This can be corrected by discon-
necting one or both wires of the
lead-in from the receiver input
terminals. However, in many
cases it has an adverse affect on
reception from the weaker sta-
tions.

A second method consists of
cutting the lead-in near the receiv-
er and overlapping the two ends
a few inches to provide capacitive
coupling. Inserted into the an-
tenna circuit, an attenuator pad
will reduce the signal strength,
and adjustable attenuators are
available which permit the exact
desired signal strength to be ob-
tained.

Still another method consists
of cutting a piece of solder sev-
eral inches long and connecting it
directly across the receiver input
terminals. Although this may ap-
pear to be a direct short, actually
the solder has too much imped-
ance at the television r-f frequen-
cies to permit excessive attenua-
tion of the incoming signal.

Tuner

In the receiver r-f section, the
tuning assembly is a common
source of faulty reception. For
example, a loss in i-f amplifier
gain is caused by the frequency
shift of the produced i-f band
when the local oscillator has
drifted in frequency. Correction
for a small drift can be made by
adjusting the fine tuning screws
in the oscillator circuit. In many
receivers, these screws are read-
ily accessible and can be brought
into view by removing the chan-
nel selector and fine tuning knob.

Before such an adjustment of
the oscillator trimmers is made,
the fine tuning control is set to
mid-position. Then, a non-metal-
lic alignment tool is used to adjust
the oscillator screws for each
channel until the best picture and
sound are obtained. Usually, only
a few turns of the screws are
necessary. CAUTION should be ex-
ercised, for IF THEY ARE TURNED
TOO FAR, THESE SCREWS MAY FALL
FROM THEIR MOUNTINGS, thereby
requiring removal of the chassis
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for their replacement. Since the
circuit arrangement can be such
that the tuning is affected on the
lower channels when adjustments
are being made on the higher
channel circuits, usually the best
procedure is to start with the
higher channels and work down.

Due to rotation of the channel
selector vibration may cause the
r-f oscillator adjustment screws
on top of the chassis to shift posi-
tion and result in a weak signal
or no signal complaint. This trou-
ble can be prevented by the ap-
plication of a small amount of
service cement to the alignment
screws, Mixer and r-f stage tun-
ing adjustments are located on
top of the chassis also, and simi-
lar applications of cement to them
prevents possible future misalign-
ment due to shifts in their set-
tings.

Some tuners have spring clamps
which hold the movable parts in
position. These clamps may break,
slip from the mounting or lose
tension and cause intermittent
operation, and a visual inspection
often indicates whether they are
at fault.

Where UHF channel stations
have recently “gone on the air”
the set owner likely will want his
receiver adapted to receive the
program. This conversion is ac-
complished by one of two means:
(1) the addition of a UHF con-
verter, or (2) The insertion of

strips where the receiver has a
turret tuner for which UHF
strips are manufactured.

Installing the converter is sim-
ple. The unit is placed convenient-
ly on top or beside the VHF re-
ceiver, twin lead is connected
from the converter output to the
receiver antenna posts, the twin
lead from an all channel antenna
or from VHF and UHF antenna
are connected to the converter in-
put. After plugging the power
plug in, the installation is ready.

Installing UHF strips in the
VHF turret tuner requires pull-
ing the receiver chassis and in-
serting the strips in place of un-
used VHF channels. The manu-
facturer’s instructions packed
with the UHF strips indicate how
this replacement should be made.
Make sure the strips installed are
for the right channel and for the
right tuner make and model. As
pointed out in a previous lesson,
the same manufacturer may build
tuners for different intermediate
frequencies. Therefore the UHF
strips installed must be designed
to produce the same i-f output as
the original VHF strips.

Controls

Frequently, the volume control
causes the sound output to be
noisy or intermittent due to the
carbon disc having become dirty.
This condition may be checked by
rotating the control knob and
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noting whether the changes in
volume are uneven. Sometimes
this trouble can be corrected by
removing the knob and pouring
a small quantity of carbon tetra-
chloride down next to the shaft.
This liquid flows over the carbon
disc, and the control is rotated to
aid the cleaning action.

]
To provide good reception from all stations in
the area, the antenna orientation is varied by
a motor which is controlled by a switch at the
receiver.

Courtesy LaPoint-Plascomold Corp.

The vertical or horizontal hold
controls may cause intermittent
or constant loss of sync if they
become dirty, and often may oper-
ate properly if cleaned with car-
bon tetrachloride as explained
above for the volume control. The
same cleaning method can be used
for the brightness control which,
when, dirty, may result in a no
raster condition.

Low Voltage Supply

Many receivers include a fuse
to protect the low voltage power
supply. When this fuse has blown,
it should be inspected to see if it
is of the correct rating. If its
rating is correct, then there must
have been an excessive current
drain or load on the supply to
blow the fuse, and the cause of
this overload should be investi-
gated and removed before the
fuse is replaced. A new fuse with
the correct current and voltage
ratings should be used to replace
the blown unit.

Although an inspection of tube
heaters indicates the heater cir-
cuits to be in good condition, the
low voltage supply may not be
providing the required d-c output.
A rough check for this output
consists of temporarily removing
a tube from its socket in the
sound channel. As the tube is re-
moved, a click is heard in the
loudspeaker if the low voltage
supply is operating properly.
However, if the click is not heard,
the power supply may be defec-
tive, but this check is not com-
plete, for in this case the trouble
also might be in some circuit be-
tween the removed tube and the
speaker, or in the speaker itself.
If in addition to this indication,
a faulty or no raster condition
exists, then the low voltage sup-
ply is probably defective.

Although a fairly large trans-
former may be used in the low
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voltage power supply, the normal
load on this supply is quite heavy
and will cause the transformer to
become fairly warm. Excessive
heating of this transformer is an
indication of an abnormal condi-
tion in the supply, or in some cir-
cuit connected to the supply.
Whether or not the transformer
is too warm must be determined
largely by experience, but a de-
fect may be assumed to exist if
the transformer appears so warm
that there is definite danger of
its insulation being damaged.

Measured across the prongs of
the a-c line plug, a resistance
reading will reveal a short circuit
in the transformer primary, or in
the line cord. If this reading is
normal, between about 1 and 10
ohms, and the transformer ap-
pears overheated, then it is likely
that trouble exists in circuits con-
nected to one of the transformer
secondary windings. Other than
of the rectifier tubes, further
checks require removal of the
chassis.

Loose laminations in the power
transformer produce a low pitch-
ed 60 cycle hum similar to that
frequently heard in loudspeakers
due to defective filters or other
causes. Often, the hum may be
varied by rotating the volume
control if it is being produced in
the speaker, but this control has
no affect on the hum produced by
the power transformer.

However, a more definite check
may be made by temporarily dis-
connecting one of the speaker
voice coil leads, or pulling out the
speaker plug in the case of a PM
speaker. Should the hum still per-
sist, the transformer is the likely
source. The condition can be cor-
rected partially or completely by
tightening the bolts which hold
the transformer together.

Defective power supply filter
capacitors can cause hum, but
then the picture is affected at the
same time. If the low frequency
a-¢ voltage introduced into the
video circuits has a frequency of
60 cycles, the picture tube screen
will contain one light and one
dark horizontal bar, or one light
or dark bar across the middle
with the two halves of the other
bar above and below, respectively,
as illustrated in Figure 8. If the
introduced voltage has a frequen-
cy of 120 cycles, the screen will
contain some combination of a
total of two white and two dark
alternate bars.

High Voltage Supply

A neon bulb may be used to
make a quick check for operation
of part of the receiver high volt-
age supply. If the horizontal out-
put circuit is functioning, the bulb
will light when held near the plate
lead of the high voltage rectifier
tube. To protect the high voltage
supply circuits, most receivers
contain a fuse which should be
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checked when no high voltage is
present. Often, a momentary
surge of current will have caused
it to blow, in which case its re-
placement is all that is needed to
complete the service work. How-
ever, repeated blowing of this
fuse may indicate a faulty com-
ponent in the high voltage supply
circuit, and such a possible cause
should be looked for.

Another cause of loss of high
voltage is arcing from a high
voltage wire to the chassis, metal
shield, or some low potential cir-
cuit component or wire. Usually,
such arcing can be detected be-
cause of the frying or hissing
sound which accompanies it, and
if it continues long enough it may
blow a fuse. To correct this trou-
ble, after turning off the power,
move the high voltage wire to a
position where it has greater
clearance.

In some cases, even though ac-
tual arcing may not occur, the air
near the high voltage wire or
other conductors may become
ionized and thereby permit a type
of discharge known as corona.
Usually, no sound accompanies
this discharge, but a blue haze is
seen near the conductor when the
receiver high voltage supply is
inspected in a dark room. Sharp-
pointed wire ends, rough solder
joints and other irregularly sur-
faced conductors are all sources
of corona discharge. To prevent
corona, the solder joints should

be heated until the solder flows
smoothly, and other rough points
should be coated with a good
grade of varnish or some type of
service cement. Polystyrene ce-
ment is excellent for this purpose.

The receiver picture tube con-
tains a conductive coating on its
outer surface, and this coating
forms part of the high voltage
supply output filter capacitor.
Therefore, it is important that
the coating is connected conduc-
tively to ground. When spring
type contacts are used to connect
the tube coating to some ground-
ed objects such as the deflection
yoke mounting, these springs may
become bent or lose tension so
that they do not make good con-
tact. This type of trouble may be
indicated by a fine herring-bone
pattern on the picture tube screen,
and can be corrected by bending
the springs so that a better con-
tact is obtained.

Ion trap magnets may lose their
magnetism and result in a no
raster condition, even though the
proper high voltage is applied to
the picture tube anode. The mag-
net may be checked by touching
it with a screwdriver or other
iron object, and a very weak at-
traction indicates that the mag-
net should be replaced.

In some receivers employing
the r-f, high voltage supply, a
feed-back spring encircles the
high voltage rectifier and serves
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to feed energy in the form of
pulses back to the oscillator cir-
cuit to maintain oscillations.
Should the spring become located
at the wrong position on the rec-
tifier tube, the oscillations are
weakened and the high voltage
output reduced, causing a dim or
no raster condition on the picture
tube screen. The correct place-
ment of the spring varies with
different receiver makes, and the
manufacturer’s instructions
should be consulted for the prop-
er location in a particular case.

Also, in this type of supply, the
filament loop of the r-f transform-
er may fall out of position or one
end may open. This loop should
be replaced in its exact original
position, as an increase in the
coupling may overload the recti-
fier filament, or reduced coupling
may decrease the filament cur-
rent to a value which does not
provide sufficient heating of the
filament, resulting in lowered d-c¢
output voltage with poor regula-
tion.

Low output voltage may be due
to frequency drift of the oscilla-
tor in an r-f type high voltage
supply, and may be restored to
the proper value by adjustment
of the oscillator trimmer capac-
itor. The capacitor can be ad-
justed through a small hole in the
shield which surrounds the high
voltage supply components. When
a voltmeter is employed to meas-
ure the high voltage output, the

instrument used should be one
which will not draw more than
50 microamperes so that the sup-
ply is not overloaded.

If the voltage is too high, the
deflection circuits may not be able
to provide sufficient raster size to
fill the mask even with the height
and width controls set to maxi-
mum. Therefore, these controls
should be set to their mid-posi-
tions before the high voltage oscil-
lator trimmer is adjusted, and
then trimmer adjustments made
to fill the entire screen. Finally,
the size controls are adjusted for
the proper aspect ratio and exact
size desired.

In some receivers, a fuse is
employed in the cathode circuit of
the horizontal deflection amplifier
tube. This fuse prevents excessive
plate current due to loss of con-
trol grid signal in the event of
failure of the horizontal deflec-
tion generator circuit. When no
fuse is used, the defective circuit
condition is indicated by a cherry
red glow of the plate of the hori-
zontal output tube. The trouble
should be remedied before at-
tempting to replace the tube.

SAFETY PRECAUTIONS

Although electrically similar to
the other tubes in the television
receiver, the picture tube presents
definite hazards in handling be-
cause of its large surface area,
high evacuation, and high anode
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voltage required. The high evacu-
ation produces a nearly “perfect”
vacuum inside the tube so that
the pressure approaches 15 pounds
per square inch on the outer sur-
face. For example, a tube with a
total surface area of about 1,000

CHANNEL 6 ANTENNA
AND RF COILS

PHILCO
PRECISION CHANNEL
C

SELECTOR

The trained service technician
knows how to avoid shock from
the high voltage circuits or con-
tacts and the greatest danger
here is to an unskilled person
tampering with the receiver, such
as the owner who is trying to

CHANNEL 6 OSCILLATOR
AND MIXER COILS

CHANNEL 10
OSCILLATOR COIL CORE

Accessible through the front of the receiver cobinet, the oscillotor tuning core (indicoted os
chonnel 10) is odjusted for slight drifts in frequency.

square inches has a total force of
approximately 15 X 1,000, or
15,000 pounds pressing inward on
the bulb. Therefore, picture tube
breakage results in an implosion
of such force that the glass flies
in all directions with possible
serious injury to nearby persons.

Courtesy Philco Corp.

make his own repairs. Although
the high-voltage shock is uncom-
fortable, its danger to life has
been reduced because of the fact
that modern receivers contain
high voltage supplies of types
that are incapable of delivering
a lethal current. A much more
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dangerous shock can be given by
the low voltage supply. With large
filter capacitors it is capable of
supplying heavy currents. How-
ever, the real danger lies in the
possible injury suffered by a per-
son striking some sharp or hard
object when his hand, arm, or
head jerks away involuntarily as
the shock is received.

The service technician has to
remove, replace, and otherwise
handle picture tubes from time to
time, and to minimize the danger
to himself as well as any persons
who may be near by (in the same
room), he should observe closely
the following safety rules, as set
up by the Radio and Television
Manufacturers Association.

(1) Don’t remove replacement
picture tube from packing
carton until ready to use it.

(2) Always wear goggles ond
gloves when handling a pic-
ture tube.

(3) Keep other people away at
a safe distance when a pic-
ture tube is exposed.

(4) Place the used tube in the
carton which contained the
new tube, AND TAKE IT AWAY.

(5) Always keep the picture
tube in the protective con-
tainer whenever possible.

(6) To dispose of a used picture
tube, one of the following
methods may be employed:

(a) Place the old tube in a
shipping carton, seal the
carton and drive a crow-
bar or similar object
through the closed top
of the container.

(b) To dispose of more than
one tube at a time, the
above method may be
employed using a metal
ash can with a plunger
operated through the
closed top.

(7) Don't use reqular picture
tubes for display purposes.
Obtain special display type
tubes from a parts jobber.

Although not necessarily taken
in the sequence presented in this
lesson, the serviceman can quickly
make the replacement or adjust-
ments indicated necessary as de-
scribed in this lesson. If the fault
is remedied much labor has been
saved, and if not, the chassis can
be pulled with full assurance that
it is a necessary and a justifiable
use of servicing time,

C=
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APPENDIX A
SERVICE EQUIPMENT AND SUPPLIES

Field Service Equipment

A portable, metal tool box, or a fishing tackle box with several
trays, provides a convenient means of carrying small tools, multi-
meters, receiver parts, etc., when the service job is to be done outside
the shop. To avoid extra trips, lost time, and unfavorable impres-
sions, the tool box should be checked carefully before leaving the
shop to make a call. A complete kit should contain most or all of
these parts.

Tools—

screwdriver set (14" to 14" blade) wrench, crescent (6)

screwdriver, Phillips (14”) wrencil, A]]'ertlz S}?ét .

diagona] pliers (6") wrenc ,"Spln lg’" sSe
. (3/32” to 34")

long nose pliers (6”) knife

gas pliers flashlight

solder gun/iron (60 to 200 watts) mirror, 4 x 5 inches

Parts and Tubes—

capacitors supply of receiver type tubes
resistors one or two picture tubes (of

type used in set to be
beam benders serviced)

Supplies (assorted)—

service manual volt-ohmmeter
solder rubber and friction tape
hook-up wire neon bulb
power cord
assorted nuts and bolts carbon tetrachloride

300 ohm twin-lead line cleaning cloths

The preceding lists cover most of the essential equipment. There
are many desirable tools which may be added and, in time, become
essential to the serviceman. However, the most essential is a vehicle,
car or truck, in which to make field service and installation calls.

Shop Equipment

The planning of the service shop depends upon the location and
space limitations. However, careful layout can turn a less than ideal
space into an efficient shop.



Initial Investigation and Adjustment Page 35

The shop should contain a well wired and lighted test bench
which is designed for convenient location of test equipment and
tools; ample storage space and shelves for parts, reference data, and
the receivers repaired as well as those waiting to be serviced.

The larger, more elaborate types of test equipment are left in the
service shop. Thus, the receivers which require alignment, major
repairs, or more extensive tests to locate the trouble are brought
to the service shop.

The service shop’ equipment includes many of the tools used for
field and installation service. In this case, the equipment should be
duplicated.

Listed below are suggested basic test instruments, tools, and
replacement parts:

Test Instruments—

oscilloscope (with probe) AM-FM signal generator
vacuum tube voltmeter tube tester
sweep generator

In addition to these basic items, there are other useful instru-
ments which the serviceman may add to the above list. These are:
high frequency and high voltage probe for VTVM, capacitor checker,
audio generator, cross hatch generator, peak-to-peak scope calibrator,
field strength meter, isolation transformer, and so on.

Tools—
electric hand drill 14” iron
drill set (4" to 14”) solder
tool steel reamer extension cord (100)
files, set saw, hack (adjustable)
hammer, double face (8 lbs.) saw, keyhole
hammer, claw (16 oz.) screwdriver (6” blade)
center punch (34” dia.) screwdriver, Phillips
wrenches, open end set chisel, cold 14”
socket punches (54", 17, 114") chisel, wood 14"
vise pliers, side cut 77
allen wrench set pliers, diagonal 77
wrenches, spintight set pliers, long nose 7
screwdriver set (14” to 14”) pliers, gas

alignment tools, kit electric grinder
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Replacement Parts

Resistors—standard values of 15, 1, and 2 watts

3.3 ohms 680 ohms 22K 1.0 meg
10 820 27 1.2
15 1000 33 2.
22 1200 39 3.3
27 1500 47 4.7
47 1800 56 10
68 2200 68
82 2700 82

100 3300 100
120 3900 120
150 4700 150
220 5600 180
270 6800 220
330 8200 270
470 10K 330
560 12 470
15 560

18 680

820

Capacitors—standard values mica (500 wv d-¢)

10 uufd 330 pufd
27 390

39 470

47 680

82 820

100 1000

120 1500

150 3900
220 4700
270 5000

Capacitors—standard values paper—(450 to 600 wv d-c)

.001 pfd .02 ufd
.002 .05
.004 1
.005 25
.006 5
.01 1.0

Electrolytic—(single and dual)

20 ufd 60 pfd
40 80
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Receiver tubes and picture tubes

1B3/8016 6BA7 6SK7 12BE6
1V2 6BC5 6SL7 12SN7
1X2 6BE6 6SN7 19BG6
5U4G 6BG6 6SQ7 19T
5V4G 6BH6 6SV7 25BG6GT
5Y3GT 6BK7 6T4 2516
6AB4 6BL7 6T8 25W4GT
6AC7 6BN7 6Ub5 25Z6GT
6AF4 6BQ6 6V6 3516
6AGH 6BX7 6X4 35Z5
6AGT 6C4 6X5 35W5
6AHG6 6CB6 6W4AGT 50B5
6AK5b5 6CD6 6W6 5016
6AK6 6H6 7B4 12LP4
6AL5 6J6 7B5 14BP4
6AL7 6K6 7B6 16AP4
6AN4 6L.6 7C5 16GP4
5AQ5 654 7F8 16RP4
6ARb 6S8GT TW7 16TP4
6AS5 6SAT7 12AL5 17AP4
6AT6 6SC7 12AT7 17BP4
6AG6 6SGT7 12AU6 19AP4
6AU6 6SH7 12AU07 20AP4
6AV6 6SJ7 12BA6 21EP4
6BA6 22AP4
Crystal diodes
1IN37 1N34

Miscellaneous parts and supplies—

loudspeakers, 57, 6", 8", 12" nuts and bolts (ass’td)

transformer, r-f, i-f, a-f sockets, tube

transformer, power power cord

transformer, deflection stationery and office supplies

chokes, a-f, r-f corona dope

deflection yokes friction tape

focus coils hook-up wire

beam bender carbon tetrachloride

rectifiers, selenium cleaning cloths

The preceding lists are intended only as a guide for the television
service shops. The needs of a particular serviceman depends greatly
upon the location, type of service, and the makes and models of the
receivers to be serviced. To provide good service, an adequate supply
of parts and tubes must be kept on hand. Generally, at least two of
each type of replacement part is stocked, the common tube require-
ment is about ten, while for the more popular types it is well to
keep fifty on hand.
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David Sarnoff may well be called the champion of tele-
vision. He has the faith, stout heart, unyielding spirit
and indomitable will to bring television into every home.
As a veteran in the field he has seen radio and electronic
research hurdle many barriers: He knows beyond doubt
that television will do the.same; there’s no stopping it.
To him, it is not the facts of yesterday but the progress
of tomorrow that determines its destiny. Mr. Sarnoff pre-
dicts, “The advances of the next fifty years will make
those of the last fifty pale into insignificance.”

—Anon



TEST PROCEDURES

The usual procedure employed
to find the source of trouble in
a television receiver consists of
combining various established
troubleshooting methods in a
definite sequence. In previous
lessons we described in detail
methods of observing sensual in-
dications, analyzing the image,
adjusting controls, and tube
checking. These methods may
locate the trouble. If not, usually
they indicate the receiver stage
or (at least the) section in which
the defect exists. To further
isolate and finally locate the
fault, other methods of testing
described in this lesson are
employed.

TYPES OF TESTS

In general, these tests are clas-
sified into two types, DYNAMIC
and STATIC. Any tests made of a
receiver circuit’s operating condi-
tions are called dynamic tests,
while static tests show the elec-
tric condition of the components,
without regard to the effect which
the circuit has on the signal, sync,
or deflection voltages. The static
tests include the taking of direct
voltage readings, whether a sig-
nal is being received or not, and
of resistance readings with the
power turned off. On the other
hand, signal substitution, disturb-
ance testing, signal tracing, and
wave-form observation are classed
as dynamic tests because they

provide information concerning
the manner in which a given cir-
cuit or stage is performing its
designated function.

Generally, dynamic tests are
made immediately following the
tube tests and simple adjustments,
and serve to isolate the faulty
stage in the defective section.
This procedure, of making dy-
namic tests before the static
tests, has the advantage of reduc-
ing the total number of static
tests that are necessary.

Occasionally, a particular symp-
tom is indicative of trouble due
quite definitely to a certain com-
ponent in a receiver. In this case,
static tests of this component or
the circuit containing it are made
first. Thus, they eliminate the
need for dynamic testing when
this component is the faulty one.
However, as this situation repre-
sents an exception rather than
the rule, the general explanations
of this lesson are based on the pro-
cedure in which static tests follow
the dynamic testing.

TELEVISION TEST
EQUIPMENT

Although a minimum of test
equipment is carried by the serv-
ice technician on a call to the re-
ceiver owner’s home, a number of
the more bulky type instruments
are needed in the service shop to
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provide for alignment and other
relatively extensive service work.

That is, the shop should con-
tain at least one unit of every
type of test instrument which is
essential for the proper adjust-
ment of the various tuned circuits
in a receiver. Also, instruments
are needed to permit every pos-
sible type of trouble to be located
without expending more time than
it is reasonable to charge the cus-
tomer.

In fact, since the labor cost
often is a large part of the serv-
ice charge, the time required for
locating the trouble generally
constitutes a major part of the
total time spent on a particular
receiver. Certain instruments of
the useful but not essential type
may be desirable to aid in main-
taining service charges within
the limits determined by competi-
tive service shops in the area.

In connection with this, it
should be pointed out that the in-
struments themselves do not serv-
ice the receiver. Unless the tech-
nician makes it his business to
learn how to use each piece of
test equipment effectively, he is
unable to perform satisfactory or
economical service work, regard-
less of how many instruments are
available.

In an effort to determine which
instruments are considered essen-
tial, useful but not essential, and

S0 on, a survey was made of a
large group of technicians expe-
rienced in radio and television
service work. However, as any
individual generally considers
equipment essential or useful only
after he has become familiar with
its operation and capabilities,
there are changes from time to
time in the results of such sur-
veys as more and more service
technicians become familiar with
the newer types of test instru-
ments.

Therefore, although the results
of this survey are included here
as an aid in choosing equipment
on the basis of past experience,
the relative value of these results
should be kept in mind, as well as
the fact that each technician has
his own individual preferences
with regard to the servicing
methods and equipment used.

In this survey, the instruments
indicated most essential are the
electronic voltmeter, cathode ray
oscilloscope, multimeter, r-f sig-
nal generator, tube tester, and
the frequency-modulated or sweep
signal generator. Instruments in-
dicated as useful but not essen-
tial are the test pattern genera-
tor, cross-hatch generator, square
wave generator, field strength
meter, capacitance-resistance
bridge, audio signal generator,
oscilloscope voltage calibrator
and, by a somewhat lower per-
centage of the group, the high
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voltage voltmeter, and the Q

meter.

The groupings given here are
made on a broad basis of largest
percentages, and the actual sur-
vey results show considerable
overlapping of ratings such that
no instrument mentioned above is
considered essential by every in-
dividual, while at the same time
every instrument is rated as
useful by some appreciable per-
centage.

Of the instruments listed, all
have been described previously
except the test pattern generator,
cross-hatch generator, and the
oscilloscope voltage calibrator.
As the name implies, the test pat-
tern generator provides a signal
which may be applied to the re-
ceiver r-f, i-f, or v-f circuits; and
thus produces on the screen a test
pattern similar to that trans-
mitted by the television stations.
Instead of the familiar test pat-
tern, an image consisting of uni-
formly spaced horizontal and ver-
tical lines, or rows of dots is pro-
duced on the screen by the output
of the cross hatch generator. Both
of these instruments make it un-
necessary to rely on the trans-
mitted patterns for making accu-
rate adjustments of television re-
ceiver controls and circuits.

For troubleshooting the video,
sync, and deflection circuits of
television receivers, often it is de-
sirable to investigate the wave-

form and amplitude of the output
from the various stages. The
wave-forms can be checked easily
with the cathode ray oscilloscope,
but the wide range of voltage am-
plitudes are difficult to check with
a single calibration on the scope
screen. In their service manualis,
most television receiver manufac-
turers give the peak-to-peak volt-
ages under test. Due to the un-
symmetrical wave-forms of the
voltages in these circuits, the
usual service type voltmeters do
not indicate readings which can
be accurately expressed in peak-
to-peak values.

To measure these amplitudes, a
voltage calibrator can be em-
ployed in conjunction with an os-
cilloscope. One type of such a
calibrator contains a square wave
generator and a meter calibrated
to read the peak-to-peak square
wave voltage output.

To make a measurement, the
voltage to be checked is applied
to the oscilloscope in the usual
manner, and the total number of
vertical divisions of deflection
noted. Then, the calibrator output
is substituted for the unknown
voltage, and the calibrator output
control adjusted until the square
wave covers the same number of
vertical divisions on the scope
screen as did the unknown volt-
age. The peak-to-peak voltage is
now indicated on the calibrator
meter.
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To eliminate the need for con-
tinuous changing of test lead
connections, each voltage to be
checked is applied directly to a
pair of input terminals on the
calibrator, the output terminals
of which are connected to the ver-
tical input of the oscilloscope.
Connected in the calibrator out-
put circuit, a switch selects
either the unknown or the square
wave voltage.

DYNAMIC TESTS

It is necessary to remove the
chassis from the receiver cabinet
in order to make most of the vari-
ous dynamic and static tests de-
scribed in this lesson. Therefore,
it is assumed that all preliminary
tests possible while the chassis
was still in the cabinet have been
carried out. To give examples
showing how these techniques are
applied to a specific circuit, ref-
erence will be made from time to
time to various points in the sche-
matic diagram of Figure 1.

Disturbance Testing

Of the various dynamic testing
methods, disturbance testing prob-
ably is the quickest, requires
practically no equipment, and
still gives reasonably accurate
information with regard to a de-
fective or dead stage. The only
tools essential for disturbance
testing are a screwdriver and a
short piece of wire with an

alligator clip at one end and a 0.1
pfd capacitor at the other.

To check the entire a-f section
of the sound channel, a finger
may be touched to the top or high
signal potential terminal of the
volume control such as the point
between capacitor C, and poten-
tiometer R, in the schematic of

Often an AM-FM signal generator is used to

provide an operation test of the video and

sound circuits of the TV receiver. An AM

signal produces sound bars on the CRT screen

and a tone is produced in the speaker by
an FM signal.

Courtesy McMurdo-Silver Co.

Figure 1. This should produce a
fairly loud, low-pitched hum in
the speaker. If the volume con-
trol R,, is in good condition,
rotating the control should vary
the intensity of the hum.

To check each a-f stage, the
test lead is clipped to some tube
socket lug at which the 6.3 volt
a-c heater potential exists, which
is not shown in Figure 1, for
simplicity. Since most receivers
have one side of the heater circuit
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grounded, care should be exer-
cised so that the clip lead is con-
nected to the ungrounded, or
“high” side of the 6.3 volt heater
circuit to obtain the desired test
voltage whenever this system is
employed.

The free lead of the capacitor
is touched to the grid socket lug
of each a-f amplifier tube in turn,
beginning with the output stage.
In Figure 1 this would mean
starting at the grid of tube V.
and then moving back to the grid
of tube V,. When the stages are
functioning, a 60 cycle tone or
hum is heard in the loudspeaker
when the test is made, and should
increase in intensity when each
additional stage is added by mov-
ing the injection point toward
the front end of the receiver cir-
cuit. If, for any given test point,
the hum is not heard, or is not
louder than at the preceding test
point, then the trouble stage lies
between these two test points.

As in the a-f section, 6.3 volts
a-c may be taken off a heater
socket lug with the clip lead and
capacitor and fed to the grid of
each tube in the video amplifier.

Since the picture tube circuit
forms the last stage in the v-f
section, the 60 cycle test voltage
may be applied to either the grid
or cathode of this tube, which-
ever is employed as the video
signal input element in the re-
ceiver under test. To facilitate

applying a test signal to the pic-
ture tube input circuit, test clips
are available equipped with a
sharp spike or needle which will
pierce the insulation of and thus
make contact with the wire con-
necting to the grid or cathode
terminal of the tube socket. For
Figure 1 the grid is the input
element of the picture tube V;
and, therefore, the test signal is
injected at the grid end of Ry,.

The 60 cycle test signal should
result in one black and one white
broad horizontal bar on the re-
ceiver screen. In some cases,
either the black or white bar is
across the middle of the screen,
with part of the remaining bar
at the top and the other part at
the bottom.

As the test signal injection
point is moved forward to each
v-f amplifier tube grid in suc-
cession, that is, from the grid
of V; to the grid of V, and finally
to the grid of tube V;, the bars
on the screen should increase in
contrast. Therefore, a defective
stage is indicated when there is
no increase in contrast or the
bars disappear completely as the
test signal input is moved to the
grid of the tube in this stage.

The final test in the v-f section
is made by applying the 60 cycle
voltage to the high side of the
detector load circuit, such as the
detector side of capacitor Ci,.
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When the contrast control is con-
tained in the v-f section, as shown
in Figure 1 by R, rotating it at
this time should result in con-
trast variations on the screen if
the control is in good condition.

The deflection circuits can be
checked by clipping the test lead
to the high signal potential ter-
minal of the audio volume con-
trol, such as the point between
C: and R, of Figure 1, and touch-
ing the blocking capacitor lead
to various points in the deflection
amplifiers, discharge tube, and
oscillator circuits. In Figure 1,
this involves the plate and grid
leads of tubes V,,, Vi, Vi,
and Vl.}.

When these circuits are oper-
ating, a 60 cycle note is produced
in the loudspeaker when the ver-
tical circuits are checked. Ad-
justment of the various deflection
oscillator frequency controls
should produce slight variations
in the pitch of the indicating
tones. However, a high-pitched
note (15,750 cps) may or may
not be heard when the tests are
made in the horizontal circuits.
This is due to the fact that many
persons cannot hear frequencies
as high as 15,000 cycles. Also,
the response of the a-f amplifiers
may be so limited that this fre-
quency is not passed. Therefore,
other tests are required to in-
dicate troubles in stages Vi,
and V13.

When the test lead is touched
to the plates or grids in the sync
clipper and amplifier stages, such
as tubes Vg, V;, Vg, and V,, the
60 and 15,750 cycle tones should
be heard in the speaker. How-
ever, for these tests, a station
must be tuned in. A buzzing
sound caused by the picture sig-
nal component of the video wave
is added to the deflection fre-
quency tones when the tests are
made in the first stages of the
sync section such as tubes V;
and V.

The “Condenser Tester'' is a useful test in-
strument and often is added to the essential
shop equipment.

Courtesy The Jackson Electrical Instrument Co.

Signal Substitution

In the signal substitution
method of dynamic testing, a sig-
nal generator is employed to
supply a test signal of the desired
type for insertion into the input
of various stages of the receiver.
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Of course, the type of test signal
needed depends upon the receiver
section in which the tests are to
be made. To prevent interference
from a received signal, the re-
ceiver station selector should be
set to a channel which is not used
in the area.

Compared to the disturbance
testing method, signal substitu-
tion not only indicates whether
or not a stage is operating, or is
weak, but also it shows when a
stage is distorting the signal ap-
plied to it. Furthermore, stage
gain checks can be made with
considerably more accuracy by
using the signal generator as a
signal source, and a voltmeter to
indicate the output.

Either an audio oscillator or
the audio voltage output of an
r-f signal generator can be used
to check the a-f section of the
television receiver. Again refer-
ence is made to the circuits of
Figure 1 as a typical example.
When it isn’t included in the gen-
erator output circuit, a blocking
capacitor (0.1xfd) should be em-
ployed in series with the test lead
to prevent application to the
generator of any direct voltages
in the circuits under test. The
procedure follows the general
plan of the disturbance testing
method.

With the shield or ground lead
attached to the chassis, the gen-
erator a-f output test lead is

touched to the high side of the
receiver volume control R,. When
the audio tone is heard in the
loudspeaker, the generator out-
put is reduced until the tone is
undistorted with the volume con-
trol set at maximum. The opera-
tion of the volume control is
checked by rotating it to reduce
the volume of the speaker output.
If all of these adjustments can
be made satisfactorily, the trouble
is not located in the a-f section
of the sound channel.

However, if the above test pro-
duces no tone in the loudspeaker,
or an undistorted tone cannot be
obtained, a fault is indicated in
the a-f section, and a stage-by-
stage check should be made. The
generator test lead is touched to
the grid socket lugs of the a-f
amplifier tubes, V, and V, begin-
ning with the output stage V..
Greater output from the gener-
ator may be required to obtain
an audible tone at this point, and
the sound level should increase
markedly when the test lead is
shifted to the grid of the pre-
ceding stage.

The a-f signal may be inserted
into the video circuits also, and
causes a number of horizontal
bars on the screen when these
circuits are operating. For exam-
ple, if an a-f test signal of 900
cps is employed, the television 60
field-per-second vertical scanning
rate will result in 900 = 60 or 15
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black and 15 white alternate bars
on the screen, except for those
occurring during vertical retrace.
However, unless a square wave
test signal is available, this check
will not indicate how well the v-f
stages are operating with regard
to distortion, etc.

By applying the a-f test signal
across the video detector load cir-
cuit first, that is across capacitor
C,2, the entire v-f section may be
checked. Trouble is indicated in
this section by the absence of
bars on the screen, or the pro-
duced bars lack contrast with the
receiver contrast control fully
advanced with at least two or
three volts of signal supplied by
the generator. Then a stage-by-
stage check should be made, be-
ginning at the input of the pic-
ture tube V;, and working toward
the detector by injecting a signal
into the grid circuits of V, and
V3 successively.

To provide proper contrast on
the screen, the applied test sig-
nal must have greater amplitude
for the later stages in this sec-
tion. The required values will
vary with different receivers, but
in general about 30 volts peak-
to-peak or more must be applied
to the picture tube grid. At least
1.5 volts peak-to-peak is needed
at the grid of the output tube,
and about 0.5 volt peak-to-peak
at the detector output when two
v-f stages are employed.

Together with a vtvm, the sig-
nal generator may be employed
to make amplifier gain checks in
any of the amplifier sections. To
check the v-f amplifiers of Fig-
ure 1 for example, the generator
is set to any convenient frequency
within the range over which the
vtvm is usable. With the meter

The sweep generator provides an FM signal
which, tuned to the sound i-f, may be used
to test the sound section of the TV receiver.

Courtesy Precision Apparatus Co., Inc.

connected to its output terminals,
the generator is set for an output
of 0.5 volt, as read on the meter
a-c scale. The receiver is tuned
to an unused channel, and with a
0.01 pfd blocking capacitor in
series with its lead, the meter is
connected from the grid of the
picture tube V5 to ground. The
receiver oscillator tube, or one of
the i-f tubes may be removed, if
necessary, to prevent readings on
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the meter due to undesired pick-
up of noise energy.

The 0.5 volt output of the sig-
nal generator is now applied to
the grid of the video output tube
V, and the reading on the meter
noted. The stage gain is equal
to this voltage divided by 0.5.
For example, if the meter now
reads 6 volts, the output stage
gain is 6 = 0.5, or 12,

Before moving the test lead,
the signal generator output is re-
duced until the meter again reads
0.5 volt. Leaving the vtvm con-
nected to the picture tube grid,
the signal generator lead is moved
to the grid of the preceding v-f
amplifier tube V; and the meter
reading again noted. As before,
the gain of this stage is equal to
the present meter reading divided
by 0.5. Similar gain measure-
ments may be made in the r-f, i-f,
and a-f sections of the television
receiver.

Although indicating the gain
at the frequency of the test sig-
nal employed, gain checks of this
type do not indicate the response
of the r-f, picture i-f, and v-f
stages to the wide bands of fre-
quencies over which they operate.
A frequency-band response check
requires the use of a sweep gen-
erator and an oscilloscope as is
explained in the lesson on televi-
sion receiver alignment.

Since for only a few occasions
is the signal substitution method

applied to the r-f and i-f ampli-
fiers, except as carefully described
in a subsequent lesson on align-
ment, these circuits are omitted
from Figure 1 to make it easier
to find the points referred to.
However, on occasion it becomes
apparent from preliminary tests
that the trouble occurs before the
signal reaches one of the circuits
included in Figure 1. For these
situations one of the following
tests usually locates the defective
stage.

To check the receiver i-f stages
by signal substitution, a modu-
lated r-f signal must be applied
to the grids of the successive i-f
amplifier tubes, beginning at the
last stage and working toward
the first stage, as was illustrated
for the audio and video ampli-
fiers. In the sound channel, the
test signal must be equal to the
sound i-f carrier frequency, and
must be frequency modulated
with an a-f signal which, detected
by the receiver audio detector,
produces a corresponding tone in
the loudspeaker. The sound i-f is
always 4.5 mc in intercarrier re-
ceivers, but is determined by the
manufacturer’s choice in dual
channel receivers.

In the picture channel, the test
signal must have a frequency
which falls in the picture i-f
band, and it may be amplitude
modulated with an a-f signal to
produce horizontal bars on the
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picture tube screen. In every
case, the applied test signal should
have amplitude no greater than
is necessary to produce the de-
sired output indication. Also, it
should be necessary to reduce the
test signal amplitude as each new
injection point adds another stage
of amplification between the sig-
nal generator and the receiver
video or audio detector. When a
test point is reached at which the
proper output or amplification is
not obtained, trouble is indicated
in the circuits between this and
the preceding satisfactory test
point.

Amplitude modulated with an
a-f signal, a test signal with a
frequency equal to the center fre-
quency of the channel to which
the receiver is tuned may be em-
ployed to check the r-f section.
Again, passage of the test signal
by the stages between the point
of injection and the output is in-
dicated by light and dark hori-
zontal bars on the screen. In this
section, in order of their use the
injection points consist of the
mixer grid, r-f amplifier grid, and
receiver input terminals.

In a dual-channel type receiver,
the operation of the oscillator
may be checked by employing a
frequency-modulated test signal
with a center frequency equal to
the sound r-f carrier. With this
signal applied to the receiver in-
put terminals, it should be pos-
sible to obtain maximum sound

output from the loudspeaker when
the receiver fine tuning control
is adjusted to approximately the
mid-point of its range.

If no sound output is obtained,
even though this control is ad-
justed over its entire range, the
oscillator may be operating, but
considerably off frequency. Then
the tuning control should be set
to its mid-position, and the signal
generator frequency changed un-
til the desired speaker output, if
any, is obtained. Should an a-f
output be obtained in this way,
the receiver oscillator is off fre-
quency by the amount which it
was necessary to change the test
signal.

When it is suspected that the
oscillator is not operating at all,
is weak, or its output is not reach-
ing the mixer grid, a check may
be made by substituting the sig-
nal generator for the oscillator.
For this test, the receiver is tuned
to a channel in which a station is
transmitting, and an unmodulated
r-f test signal used, the frequency
of which is equal to the receiver
sound i-f plus the sound r-f car-
rier for that channel. This total
is the frequency at which the
receiver oscillator should be
operating.

When the test lead is touched
to the mixer grid, the test signal
should heterodyne with the re-
ceived carriers to produce the
proper sound and picture inter-
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mediate frequencies and result in
reception of both picture and
sound from the tuned station.
Should such reception occur only
when the r-f signal is injected,
then the receiver oscillator cir-
cuit, or the oscillator-mixer cou-
pling circuit is faulty.

The electronic volt ohmmeter often is used to

make static tests of the receiver. Note, for

voltage tests, the ground lead is always con-

nected to B— and a switch (at lower left)
reverses the meter reading.

Courtesy The Jackson Electrical Instrument Co.

Signal Tracing

Signal substitution is useful
primarily in the various signal
sections of the television receiver.
Although the method known as
signal tracing can be applied to
these sections also, its greatest
value lies in checking the video,
syne, and deflection circuits. In-
stead of supplying a signal to
various test points in the receiver
circuit, the signal tracer consists
of some type of indicating device

which provides the technician
with information concerning the
existence, amplitude, or wave-
form of the signal at the points
in the circuit to which its test
probe is touched.

Generally, the test procedure
consists of beginning at the input
of the first stage of the defective
section, and progressing toward
the output of the section, check-
ing the nature of the signal from
point to point. However, some
individuals prefer to begin at the
last stage and work toward the
front end, as explained for the
signal substitution method. Either
system is satisfactory and, in
both cases, the trouble is isolated
to the circuits between two ad-
jacent test points, one at which
the signal is satisfactory and the
other at which the signal is
faulty.

Designed for troubleshooting
AM radio receivers, commercially
built signal tracers generally con-
sist of one or more untuned r-f
amplifier stages, a detector, and
an output indicator such as a
speaker, a-c meter,etc. Although
useful, a comparable instrument
for television troubleshooting
would be practically a complete
television receiver, and would be
rather cumbersome.

However, the cathode ray oscil-
loscope serves as an excellent
signal tracing device for the
video, sync, and deflection cir-
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cuits of the television receiver.
The sync signals received from
the transmitter, and the deflec-
tion produced in the receiver
must have proper wave-form and
amplitude, and these character-
istics are best studied with the
aid of the scope.

The signal tracing technique is
based on the fact that so long as
the signal is normal in wave-form
and amplitude that particular cir-
cuit is functioning normally.
Therefore, the serviceman needs
to know what the normal signal
is for each point in the circuit in
order that the abnormal signal
may be recognized and the asso-
ciated defective circuit deter-
mined. To satisfy this need,
many receiver manufacturers in-
clude photographs or drawings in
their service manuals of the volt-
age wave-forms which exist at
various points in the receiver
circuits, and usually they indicate
the peak-to-peak voltages. To
illustrate this technique, various
signal wave-forms are shown in
Figures 2, 3, 4, and 5 for the cir-
cuits of Figure 1.

With the receiver tuned to a
station and the scope coarse fre-
quency control set to the range
which includes 30 cps, the test
lead is touched to the grid socket
lug of tube V3 Figure 1. Then
the scope fine frequency control
is adjusted until the curve of
Figure 2A is obtained. Since the

television field frequency is 60
per second, two cycles of the
composite video signal wave are
produced on the scope screen
when the scope horizontal sweep
is adjusted to 30 cycles per
second.

In Figure 2A, the two large
irregular white areas near the
top represent the video signal
components during the vertical
scanning portions of each field.
These areas are separated by the
narrow blanking pulse which oc-
curs during the vertical flyback
interval at the end of each field.
Projecting slightly below each
blanking pulse is a very narrow
white, vertical dash which rep-
resents the group of sync pulses,
constituting the vertical sync
pulse, which also occurs during
the vertical flyback interval.

The wave shown in Figure 2A
has positive picture phase, with
the picture signal components on
the top, and the pulses on the
bottom. This wave would be
shown inverted on the screen of
those scopes in which downward
deflection is produced by a posi-
tive signal applied to the vertical
input terminals.

For the receiver of Figure 1,
the wave of Figure 2A normally
is 3 volts peak-to-peak. When the
scope test prod is placed at the
grid socket lug of the second
video amplifier tube, V,, the wave
on the scope screen has the ap-
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pearance shown in Figure 2B.
Comparison shows this to be
about the same as that of Figure
2A, but inverted due to the action
of the first v-f amplifier stage.
Also, amplified by the first v-f
stage, the video signal is 16 volts
peak-to-peak at the input to V,,
thus necessitating reduction of
the setting of the scope vertical
gain control to prevent the pat-
tern going off-screen vertically.

T f

When used with o vivm, the crystol detector
probe permits meosurement of r-f voltoges.

Courtesy RCA Victor

The second v-f amplifier stage
increases the signal level to 32
volts peak-to-peak and again in-
verts the wave so that, at the
picture tube grid, it has the ap-
pearance shown by the scope
pattern of Figure 2C. Here, the
bottoms of the horizontal blank-
ing pulses form slightly slanting,
horizontal lines near the lower
portion of the scope pattern, and
below these a second set of similar
lines are formed by the bottoms
of the horizontal sync pulses.

As shown in 2A, the picture
signal components of the video
wave are at the top and the
blanking and sync pulses project
downward, or are negative going,
to blank out the picture tube spot
during retrace intervals. Only
the bottom edges of the hori-
zontal pulses are visible on the
scope screen when the signal is
viewed in this manner, the ver-
tical sides of these pulses being
invisible because of the very
rapid deflection of the scope beam
during the rising front and de-
scending back of each pulse.

As shown in Figure 1, the
video signal at the grid of V, is
coupled through resistor R.; to
the grid of the first sync amplifier
Ve. The voltage wave-form at
the sync amplifier grid is shown
in Figure 2D, and, though similar
to that at the grid of V, is modi-
fied slightly due to the effects of
the coupling circuit components.

To permit observation of in-
dividual horizontal scanning
cycles of the video wave, the
scope probe is held at the grid of
Vs, and the scope sweep rate set
at 7,875 cycles per second to pro-
duce the curve of Figure 2E. As
the scope sweep rate is now equal
to one-half the television hori-
zontal scanning frequency, two
complete cycles are produced on
the scope screen.

In this pattern, the picture
signal produces the irregular,
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broad white area near the bot-
tom, and the triangular positive
peaks represent the horizontal
blanking and sync pulses. At this
point in the circuit, the video
wave has negative picture phase,
thus both Figures 2D and 2E
show positive going pulses.

The sync pulses are on top of,
and are narrower than, the blank-
ing pulses, but the pulse shapes
seen on the oscilloscope screen
depend upon the frequency re-
sponse of the receiver and scope
circuits. Therefore, they only
approximate the ideal wave-forms
illustrated in the theory lessons
of this training.

With the scope sweep rate at
30 cps, the voltage wave-form at
the plate of the first sync ampli-
fier tube is shown in Figure 2F.
Figure 2G shows the wave-form
of this voltage during three hori-
zontal scanning cycles, that is,
with the scope sweep rate at one-
third the line scanning rate, or
5,250 cps.

With the scope probe at the
grid of the sync clipper tube V,,
the observed wave-form should
be as shown in Figure 2H when
the scope sweep is at 30 cps, and
as shown in Figure 21 when the
scope rate is 5,250 cps.

When checking either vertical
or horizontal frequency voltage
waves, the choice of the scope
sweep rate lies entirely with the
individual service technician,

and will depend upon the number
of cycles of the wave which it is
desired to observe at various
points in the receiver circuit. In
some instances, more informa-
tion can be obtained by viewing
only one or two cycles, while
three or more cycles are desirable
in other cases.

As shown in Figure 1, the out-
put from the sync clipper circuit
is taken from the cathode of tube
Vs. The wave-form at this point
has the appearance shown in
Figures 2J and 2K, with scope
sweep rates of 30 cps and 5,750
cps, respectively. As these curves
show, the picture signal com-
ponents have been removed, or
clipped, and only the respective
vertical and horizontal sync pulses
remain. The clipper output is
coupled through capacitor C, to
the input circuit of the horizontal
afc tube, V;; and also through the
three-section integrating net-
work, Rs,Czi, R3:Cpe and RgiCoy
to the grid circuit of the vertical
oscillator tube, V,,.

Observed on the screen of the
oscilloscope, the voltage wave-
form at the grid of V,, has the
shape shown in Figure 2L. This
circuit is a blocking oscillator,
and two cycles of its 60 ¢ps out-
put are seen when the scope
sweep frequency is 30 cps. Fol-
lowing through the vertical de-
flection circuit, Figure 3A shows
the voltage wave-form at the
plate of V,, and Figure 3B shows
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the wave-form at the grid of the
vertical amplifier tube V,,. Fig-
ure 3C is the wave-form at the
plate of V,,, and finally, the wave-
form at the upper end of the sec-
ondary winding of vertical out-
put transformer T; appears like
Figure 3D.

The horizontal sync pulses com-
bine with the sawtooth and pulse
outputs of the horizontal deflec-
tion circuit to form the wave-
form of Figure 3E across the
horizontal lock capacitor, C;,. For
this pattern, the scope sweep rate
is 7,875 cps. Employing tube
V13, the horizontal oscillator oper-
ates as a blocking oscillator and,
checked at the junction between
the two windings of transformer
T,, the output of this circuit has
the wave-form shown in Fig-
ure 3F.

With the scope sweep at 5,250
cps, the voltage wave-form across
the sawtooth forming capacitor
Cs is shown in Figure 3G, while
that across horizontal drive ca-
pacitor C,; is shown in Figure
3H. Finally, with the scope probe
at the lower end of the primary
of horizontal output transformer
Ts;, and the sweep at 7,875 cps,
the wave-form obtained should
be like that of Figure 3I.

With the aid of an audio oscil-
lator, the oscilloscope may be
employed to check the operation
of the television receiver a-f
stages also. In this case, the sta-

tion selector is set to a channel
not used by a station in the area,
and the audio oscillator signal
applied across the detector load
circuit. The receiver of Figure 1
contains an a-f input plug, PL,,
to permit using the receiver audio
section in conjunction with some
external a-f source such as a
phono or radio tuner. Thus, this
plug serves as a convenient means
of injecting the test signal which
may have any desired frequency
such as 400 or 1000 cycles per
second.

With the test signal applied
and the oscilloscope sweep set to
one-half the frequency of the test
signal, the scope probe is touched
to the grid of the first a-f am-
plifier tube, V,. Two cycles of
sine wave-form should be ob-
tained on the scope screen, as
shown in Figure 4A. The same
wave-form, but with greater am-
plitude and inverted should be
obtained with the scope probe at
the grid of the a-f output tube,
V.. Finally, inverted and ampli-
fied again, the sine wave voltage
should be obtained at the plate
of Vz.

Any troubles existing in the
a-f circuits result in some type
of modification of the normal
wave-form, or test signal ampli-
tude. For example, should grid
resistor R; be open, the results
illustrated in Figure 4B are ob-
tained when the scope probe is

=t
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touched to the grid of V,. Clip-
ping of the positive or negative
peaks of the waves is produced
if some defect is causing the
wrong operating voltage to be
applied to a tube element. For
example, observed at the grid of
V., the positive peak -clipped
waves shown in Figure 4C are
caused by a decrease in the V,
screen voltage. The reduction of
the V, screen voltage may be
caused by an increase in the re-
sistance of Rj;. With the scope
probe at the V, plate, the wave-
form of Figure 4C may be ob-
served due to an undesired in-
crease in the V, grid bias. Either
condition causes the tubes to oper-
ate too near to cutoff so that the
negative peak of the signal drives
the grids below cutoff.

On the other hand, when the
grid bias is reduced, the positive
peaks of the input signal drive
the grid positive, resulting in
clipping of the negative peaks of
the signal at the plate of the tube.
Severe overdriving of any am-
plifier produces clipping of one
or both peaks of the output wave
even when all operating voltages
are correct. Therefore, to pre-
vent obtaining a false indication
of trouble, the applied test signal
amplitude should not be too great.

The distorted wave of Figure
4D may be produced at the plate
of V,, Figure 1, when the input
coupling capacitor Cg is leaky,

while the wave-form of Figure
4E is produced at the plate when
the cathode bypass capacitor C:
is leaky. To check for open cath-
ode and screen bypass capacitors,
the scope test lead is placed at
the tube socket lugs of these re-
spective tube elements. Normally,
practically no alternating voltage
should be indicated at these points.
Hence, when the signal wave,
Figure 4A is found to exist at
the cathode or screen grid, most
likely the corresponding bypass
capacitor is open.

Occasionally, undesired feed-
back conditions exist which per-
mit oscillation in a-f amplifier
circuits. These oscillations may
occur at a-f or at higher fre-
quencies. Figure 4F shows the
appearance on the scope screen
of such a generated h-f alterna-
ting voltage which is amplitude
modulated by the applied test
signal.

Examples of voltage wave-
forms which may exist in the
circuits of the low voltage power
supply are shown in Figure 5.
Referring to the low voltage sup-
ply circuits in the lower portion
of Figure 1, practically no alter-
nating voltage should exist at the
junction between choke L, and
capacitor C;,, as this is one of
the output terminals of the sup-
ply. Thus, with the scope test
lead touched to this point, a
nearly straight horizontal line
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should appear on the scope screen
even with the vertical gain con-
trol fully advanced. However,
with the scope set for 60 cycle
sweep, the wave of Figure 5A
should be obtained when the test
lead is applied to the input of the
filter, that is, to a filament lug of
the rectifier tube socket.

With the test lead at this point,
the voltage wave has the shape
shown in Figure 5B when the
input filter capacitor, Cs, is open.
Also checked at the filter input,
the voltage wave-form is like
that shown in Figure 5C when
the filter choke L, is open.

Capacitor Bridging

When previous tests have in-
dicated the likelihood of a capac-
itor being open, a further check
can be made simply by holding
a new unit of the same capac-
itance so that its leads touch the
leads of the suspected capacitor.
This is done with the receiver
turned on and tuned to a station.
When the original capacitor is
open, receiver operation is re-
stored or improved when this
check is made. The unit employed
for the test should have a voltage
rating at least equal to the one
in the receiver, and proper polar-
ity should be observed in the case
of electrolytic capacitors.

Generally, it is necessary to
bend the leads of the test unit to
make the desired contacts, and,

since the receiver must be on to
make this test, the leads should
be bent before they are applied
to the circuit. Also to avoid
shock, the test capacitor should
be held so that the fingers do not
touch the metal leads while the
bridging test is made.

In the case of the high voltage
circuit capacitors, the receiver
should first be turned off, and
then the leads of the test capac-
itor wrapped tightly around those
of the suspected unit. Then with
hands free of the circuit, the re-
ceiver can be turned on and its
operation observed. Before re-
moving the test capacitor, turn
off the receiver and short across
both the test unit and the high
voltage filter capacitor to dis-
charge them.

This type of check will not in-
dicate whether the suspected ca-
pacitor is leaky or shorted. The
possibility of these defects must
be investigated by means of the
voltage or resistance checks de-
scribed for static tests.

STATIC TESTS

With a few exceptions, all of
the testing methods explained up
to this point have been of the
type which are employed to iso-
late the trouble first to a section
of the television receiver, then to
a single stage in the defective
section and, in some cases, to the
defective circuit or circuit com-



Test Procedures

Page 21

ponent. As explained previously,
these checks are made in order
to permit locating the trouble in
a minimum time by making as
small as possible the needed num-
ber of static tests.

v

troubleshooting must be com-
pleted by making voltage or re-
sistance tests which should show
quite definitely the electric condi-
tion of the suspected circuit or
component.

An electronic volt ohmmeter is being used to make static tests in the TV seceiver chassis.

However, though useful for the
purpose mentioned, these various
dynamic tests indicate only the
likely location of the trouble, or
that some certain component is
probably at fault. Therefore, the

Courtesy Philco Corp.

Voltage Tests

Along with wave-form charts
most television receiver manufac-
turers include charts which give
the normal direct voltages ap-
plied to the various elements of
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each tube in the receiver. Usually,
such charts indicate the corre-
sponding tube base pin numbers
to facilitate the checking of these
voltages. Voltage measurements
are further facilitated when a
socket layout diagram is included,
as generally these diagrams are
labeled with regard to the base
pin numbers, the corresponding
tube elements, or both.

In some cases, the voltage chart
and socket layout diagram is com-
bined with the proper voltages
indicated at the socket terminals.
This arrangement makes it nec-
essary to refer to only one chart
to determine the desired points
to apply the voltmeter test prod
and to check the proper voltage.

In connection with the voltage
chart, the manufacturer includes
information concerning the type
of voltmeter which was employed
to take the readings given in the
chart, the amplitude and fre-
quency of the line voltage which
was applied to the receiver and
the settings of the various re-
ceiver controls when the chart
was made. All of these factors
affect the voltages read and,
therefore, must be adhered to or
otherwise taken into account
when a voltage test is made.

The manufacturer also speci-
fies whether the chart represents
those values present when the
receiver is operating with or
without a signal applied to its

input. When the readings are for
a no signal condition, which
usually is the case, the antenna
lead-in should be disconnected
from the receiver input terminals,
and the terminals short-circuited.
If a signal input is to be used,
the specified test signal should be
employed. Finally, unless other-
wise specified, voltage readings
are taken between the indicated
base pin and the receiver chassis.

Tube element operating volt-
ages should lie within about 20
percent of whatever values are
specified, regardless of the func-
tion of the circuit containing the
tube. Voltage testing in the cir-
cuits of a television receiver is
about the same as that explained
in earlier lessons concerning volt-
age tests for electron circuits
in general.

As an example, to check the
plate voltage of the first sync am-
plifier tube, Vg, Figure 1, the volt-
meter negative test prod is placed
on the receiver chassis, and the
positive lead touched to the socket
terminal connected to the pin
corresponding to the plate of this
tube. Inspection of the circuit
diagram shows the plate of Vg is
returned to the + 90 volt ter-
minal of the low voltage power
supply, the cathode is returned
to the —50 volt terminal, and the
grid returns to ground.

For the receiver of this exam-
ple, plate, grid, and cathode oper-



Test Procedures

Page 23

ating voltages of 80, —20, and
—15 volts, respectively, are speci-
fied. To check the grid and cath-
ode voltages, the voltmeter posi-
tive test prod is placed on the
receiver chassis, and the negative
lead touched to the V, grid and
cathode socket terminals in turn.
When a vtvm is used, the ground
lead is always attached to the
chassis and positive or negative
readings are taken with the other
lead. When the meter doesn’t
read in both directions, usually a
switch is provided to reverse the
meter readings.

Often, it is desirable to test
voltages at points in the circuit
other than at tube socket ele-
ments. Sometimes, the normal
voltage at various points are in-
dicated on the schematic diagram
for the receiver. However, when
they are not available, it is nec-
essary to estimate the approxi-
mate correct voltages from an
inspection of the diagram.

Voltage tests may be emploved
to check for leakage of coupling
capacitors such as C,. between
the plate of V., and the grid of
Vi, Figure 1. With C,. leaky,
there exists a conductive path
from ground, through R., C,.,
and R.; to the — 90 volt terminal
of the power supply. The result-
ing electron flow in this direction
causes the upper end of R., to be
positive with respect to ground.

However, this condition can be
caused also when V. is gassy.
Therefore, to make this check,
V. is removed from its socket and
the voltmeter leads placed across
R... If C,. is not leaky, the meter
will read zero, but if a direct
voltage is found to exist across
this resistor, then C;. is leaky.
Since a capacitor sometimes be-
comes leaky only when a suffi-
ciently high voltage is applied to
it, this method is better than con-
necting an ohmmeter across the
capacitor. Also, an accurate check
with an ohmmeter requires that
one lead of the capacitor be dis-
connected from the circuit and,
finally, the ohmmeter test only
indicates leaky capacitors when
they are very leaky or shorted.

The high voltage probe is designed to permit

readings with the service type voltmeter. Note

the heovy insulation and safety flanges for

protection of the serviceman. The multiplier

resistor is visible inside the plastic tube
near the tip.

Courtesy RCA Mfg. Co.

For measuring the high direct-
voltages in the picture tube anode
and high voltage supply circuits,
a number of high voltage test
probes are available commercially.
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These probes contain the needed
multiplier resistors to permit high
voltage readings with ordinary
service type voltmeters. Some of
these probes are for use with
vacuum tube voltmeters, and
others are for non-electronic type
voltmeters with 20,000 ohms-per-
volt sensitivity. All such probes
have special high voltage insula-
tion, and usually include safety
flanges to prevent the service
technician’s fingers touching the
metal tip on the probe.

By employing a suitable ar-
rangement of series resistors, the
technician can construct a multi-
plier which, together with a cur-
rent meter, can be used for high
voltage measurements. Special
high voltage resistors are ob-
tainable for this use.

If ordinary 1 or 2 watt carbon
resistors are employed in a series
string, the voltage across each
resistor in the string should be
limited to a maximum of 500
volts to prevent flashover because
the momentary heavy current
may damage the meter. For
example, if a total of 600 meg-
ohms are required in a multiplier
to permit measurement up to 30
kv, a minimum of 30,000 = 500
or 60 resistors of 10 megohms
each are required.

To prevent losses due to corona,
all terminals and soldered joints
should be free of sharp edges
and points and there should be

no sharp bends in the wiring. A
liberal coating of good wax such
as Cerese or Ceresin (but not
paraffin) should be applied to the
multiplier to prevent surface
leakage, and the completed unit
mounted inside an insulated case.
High voltage insulated leads
should be used to connect the
multiplier to the meter and test
probe.

The total resistance needed for
the multiplier depends upon the
current required for full scale
deflection of the meter employed,
and upon the highest voltage
which the unit is being designed
to measure. As television re-
ceiver high wvoltage supplies
normally deliver extremely small
currents at the rated voltages, the
test voltmeter should be one that
requires a minimum of current
for its operation so it will not
place an undue load upon the high
voltage circuit.

For various standard current
meter sensitivities, the multiplier
resistance required to read volt-
ages up to 10,000 or 30,000 volts
are given in table 1.

TABLE 1

Multiplier Resistance

Current Meter in Megohms for:

Sensitivity in

Microamps 10 kv full scale 30 kv full scale
20 500 1500
50 200 600
100 100 300
200 50 150
500 20 60

1000 10 30
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As you know, the most sensi-
tive and accurate current meters
are those which require the
smallest current for full scale de-
flection. For example, when the
meter and multiplier combination
is employed to measure the out-
put of a high voltage supply hav-
ing a 1 megohm series filter re-
sistor, and with the receiver in
operation, the accuracy of the
reading obtained ranges from
about 89 percent with the 1000
microammeter to about 99.8 per-
cent with a unit using a 20 micro-
ammeter.

To increase the accuracy of the
high voltage reading, regardless
of the meter sensitivity, the test
should be made with the receiver
brightness and contrast controls
at minimum settings so that the
picture tube screen is dark. Then,
the picture tube anode current is
approximately zero and, in place
of the picture tube, the meter cir-
cuit loads the high voltage supply.
As the meter circuit passes ap-
proximately the same current as
the picture tube anode circuit
during normal operation, the
meter reading closely approxi-
mates the actual operating voltage
applied to the anode.

In addition to these adjust-
ments, the focus, width, hori-
zontal drive, horizontal centering
and horizontal linearity controls
should be set at least approxi-
mately to the correct positions.
When an image or raster does

not exist on the screen, these con-
trols can be set at about the mid-
point of their range.

The oscilloscope used as a signal tracer pro-

vides information concerning the video signal,

sync, and deflection voltage amplitude and

wave-forms at various points in the circuit.

Note: the r-f probe permits signal tracing in
the i-f circuits.

Courtesy Supreme Instrument Co.

To make a high voltage meas-
urement, the receiver is turned
off, the high voltage anode lead
disconnected from the picture
tube bulb contact, and a short
length of stiff wire inserted
through the rubber insulating
jacket and twisted tightly around
the grip-connector sleeve. Then
the high voltage lead is recon-
nected to the bulb contact. The
negative test lead of the volt-
meter is clipped to the receiver
chassis or B—, and should not be
held onto when the receiver is
turned on. With the receiver
turned on, a high voltage reading
is taken by touching the meter
test probe to the end of the pro-
truding wire.
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When using a high voltage
meter which has been constructed
from a current meter, multiplier
resistor string, and high voltage
insulated flexible leads as de-
scribed above, BOTH TEST LEADS
SHOULD BE CLIPPED TO THE PROPER
TEST POINTS (PROTRUDING WIRE
AND CHASSIS) BEFORE THE RE-
CEIVER IS TURNED ON. Then, the
receiver is turned on and the
meter reading noted. UNDER NO
CIRCUMSTANCES SHOULD THE TEST
LEADS BE HANDLED WHILE THE
RECEIVER IS ON. After the read-

ing is taken, THE RECEIVER IS
TURNED OFF BEFORE THE TEST
LEADS ARE REMOVED.

High voltage resistors.
Courtesy IRC

Even though the television high
voltages are generated by poorly-
regulated, low-current power sup-
plies, they should be treated with
proper respect and caution. For

example, never make two-handed
high voltage measurements, but
instead observe the time-honored
rule: KEEP ONE HAND IN YOUR
POCKET WHILE MAKING HIGH
VOLTAGE MEASUREMENTS.

Even when using a commer-
cially designed high voltage probe
of the type described above, do
not toy or dawdle with the meas-
urement. First connect the nega-
tive test lead to the chassis or
B—, then turn the receiver on,
take the reading, quickly remove
the test probe and switch the set
off. Grasp the probe so that
the fingers are farthest removed
from the contact end, but do not
allow any portion of your hand
or any other part of your body
or clothing to come into contact
with the flexible leads.

Resistance Tests

Frequently resistance testing
requires disconnecting component
leads or other wiring to prevent
obtaining false readings due to
parallel circuits. Generally an
attempt is made to locate the
trouble definitely by means of
voltage testing first, if this is
possible, to eliminate the neces-
sity of making resistance tests.
However, there are many cases
in which it becomes absolutely
necessary to check resistance of
various circuits or components,
and such checks are then made
in the same general way ex-
plained in an earlier lesson on
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continuity tests. Continuity tests
constitute the type of testing in
which it is desired to determine
the resistance of the component
or circuit under test, in addition
to establishing whether or not
continuity exists between the test
points.

Besides disconnecting one lead
of the component to be checked
when there is any possibility of
parallel connected components or
circuits, you must remember to
keep your fingers from coming in
contact with the metal tips of
the ohmmeter test leads, because
your body will act as a parallel
path of only a few hundred
thousand ohms or less. Finally,
to prevent damage to the ohm-
meter, NEVER MAKE RESISTANCE
OR CONTINUITY TESTS UNLESS THE
RECEIVER POWER HAS BEEN TURNED
OFF.

EMPLOYING TESTS IN
TROUBLESHOOTING

The above paragraphs have
described the various types of
testing methods as applied to the
receiver in general. However, as
explained previously, usually test-
ing is necessary in only one sec-
tion of the receiver in any par-
ticular case, depending upon the
nature of the trouble as indicated
by the initial analysis. That is,
for each individual case, only a
few of the many tests described
above are necessary. Basically

all cases are alike from the
standpoint of the general over-all
procedure of: (1) locating the
defective section, (2) locating
the defective stage, and (3) loca-
ting the defective component or
connection.

As an example of the manner
in which the different types of
tests are applied to troubleshoot
a typical defect, suppose, when a
receiver is turned on, it is found
that the screen contains neither
picture nor raster, but that the
sound is normal.

Both contrast and brightness
controls are adjusted, and it is
found that, with the contrast con-
trol at maximum, there exists
only one setting of the brightness
control at which a very dim pic-
ture can be obtained, and at all
other settings the screen is blank.
Furthermore, at the setting where
the picture is visible, it does not
fill the mask horizontally, but the
right side of the picture contains
a bright vertical line and ends
about 3 inches short of the right
side of the mask. Finally, adjust-
ing the horizontal drive control
makes the picture disappear.

On the basis of this informa-
tion, it is reasoned that to pro-
duce proper sound, and distorted
but properly ‘“synced’” picture, all
sections of the receiver must be
operating properly except the de-
flection circuits. Since the dis-
tortion affects each horizontal
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scanning line alike, and full ver-
tical sweep is obtained, the hori-
zontal deflection circuits must be
defective.

A non-electronic multimeter moy be used to

moke stotic tests in the TV receiver. Note this

meter hos o sensitivity of 20,000 ohms-per-
volt d-c.

Courtesy Weston Electricol Instrument Co.

All tubes in the horizontal de-
flection circuit are replaced, and
since the receiver employs a fly-
back type high voltage supply,
the damping tube and high volt-
age rectifier are replaced also.
The tube check results in no im-
provement, therefore the chassis
is removed from the cabinet. The
horizontal deflection circuit por-
tion of the receiver schematic
diagram as shown in Figure 6
is referred to in making a wave-

form check with an oscilloscope.
The circuit shown includes the
horizontal oscillator, V,, hori-
zontal discharge tube, V,, hori-
zontal output amplifier, V;, damp-
ing tube V,, and the high voltage
rectifier, V;.

In the upper section of Figure
7 are shown the wave-forms and
the peak-to-peak voltages which,
according to the service manual,
should exist at points A, B, C, D,
E, and F, respectively, in the cir-
cuit of Figure 6. The scope check
shows the actual wave-forms of
these voltages to be as given in
the lower section of Figure 7.
Since the observed wave-forms
are correct at points A and B, it
is assumed that the horizontal
oscillator circuit, including tube
V,, is operating properly.

The first point at which an in-
correct wave-form is produced is
at the plate of the discharge tube,
V,, therefore, further investiga-
tion of this circuit is made. Here,
C; is the sawtooth forming capac-
itor, and Rg and R; serve to pro-
duce the negative spike of the
trapezoid voltage. R; is the re-
sistor through which the C;
charging current passes when V,
is cut off, while C; and R4 couple
the developed trapezoid voltage,
Figure 7D, to the grid of am-
plifier tube, Vis. C; and R, serve
to improve the linearity of the
sawtooth portion of the trapezoid
wave. As the voltage at the plate
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of V, is the same as that on the
upper plate of C;, any of the
above circuit components can
affect the shape of the produced
trapezoid voltage.

Voltage measurements are then
taken in the horizontal discharge
tube circuit. It is found that the
applied B4 voltage is + 275
volts, and the voltages at the
elements of V, are: E, = —75
volts, E, = —138 volts, and Ey
=— —100 volts with respect to
ground. As indicated in Figure
6, all of these are normal except
that at the plate of V,. The low-
ered voltage at this point can be
caused by an increased drop
across R; due to excessive cur-
rent in this resistor, or a large
increase in its resistance. How-
ever, an increase in the resistance
of R; would cause Cs to charge
more slowly, use less of its charg-
ing curve, and therefore remain
on the linear portion of the curve.
The sawtooth portion of the
trapezoid wave, Figure 7C, would
not be curved as indicated by the
scope check.

Excessive current would be
caused by V., conducting too
heavily, but this possibility is
ruled out by the fact that the grid
voltage is correct, and the tube
check has shown the tube to be in
good condition. Therefore, if
there is excessive current in this
circuit, then some other conduc-
tive path must exist from the

upper end of Ry to the —100 volt
terminal on the low voltage power
supply. One possible path in-
cludes C; and R and another
consists of C;, Rg, R; and Ry. In
either case, the included capac-
itor must be shorted or very
leaky.

To check C4 tube V., is re-
moved, the negative test lead of
the voltmeter held at the grid of
V3, and the positive lead to
ground. A reading of —100 volts
is obtained, indicating that there
is no leakage current in the cir-
cuit from the —100 volt supply
terminal through Rs, C, and R
to the 4275 volt terminal. The
indicated —113 volts is present
only with V, in its socket and the
circuit in normal operation.

With V, still out of its socket,
a voltage measurement taken at
the junction of R; and C; shows
—86 volts. Thus, it is concluded
that a leakage current exists in
the circuit containing C; because,
with V, out, if C; were good there
would be no current in R; and
the full B4+ of +275 volts would
be obtained at this test point.

With the receiver turned off,
one lead of Cs is disconnected,
and a resistance reading across
its terminals shows this capacitor
to be shorted. Finally, Cs is re-
placed and, with V, back in its
socket, normal operation is
restored.
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In addition to showing how the
various types of tests are com-
bined in the complete trouble-
shooting procedure, the above ex-
ample illustrates the way in which
the technician’s knowledge of cir-
cuit theory must be used to inter-
pret the various test results, and
in deciding which possible faults
are eliminated by each result.

This example is not intended to
indicate that the symptoms de-
scribed are always caused by a
shorted sawtooth forming capac-

itor. In fact, any of several other
defects could have produced
equivalent electrical conditions in
the horizontal deflection circuit.
Rather, it was intended to de-
monstrate the proper approach
to a typical troubleshooting prob-
lem. It should be observed in par-
ticular that although the blank
screen obtained initially tended
to indicate high voltage trouble,
further organized investigation
showed that the low high voltage
was a secondary result of the
actual trouble.
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INSTALLATION PROCEDURE

All technical fields and indus-
tries can be separated into the
general divisions of theory and
practice. In most fields, and espe-
cially television, a rather com-
plete understanding of ‘“theory”
is essential for intelligent and
successful “practice”. Therefore,
the preceding lessons of this train-
ing program have described the
more general aspects of the tele-
vision system and the theory of
operation of the most common
types of television receiver cir-
cuits.

The following lessons explain
the practice and show why a
knowledge of theory is essential
for the installation, adjustment,
maintenance, and repair of televi-
sion receivers. Also, they contain
detailed instructions of “how”
practical work is done, and when-
ever necessary, include explana-
tions of “why” certain procedures
and tests must be followed.

All practical work can be con-
sidered on the basis of CAUSE and
EFFECT. As a common example,
the effect of an excessive circuit
current is a “blown” fuse. The
practical man must be able to lo-
cate the defective fuse and know
“how” to replace it. But that is
not all. He must determine ‘“why”’
the fuse blew and be able to locate
and cure the cause of the exces-
sive current.

In television, the customer’s
complaint and a preliminary in-
spection of his defective receiver
indicates only the “effect” of the
trouble. The knowledge of theory
will permit a rapid diagnosis of
the probable “causes” and finally,
practical procedures locate and
correct the defects. Therefore, in
the study of these practical pro-
cedures it is a good idea to review
the previous explanations of the-
ory in order to keep clearly in
mind the functions and operation
of the various stages of a com-
plete receiver.

The subject matter of this se-
ries of lessons is arranged so
that, in a general way, it follows
the television technician or serv-
iceman’s work during the life of
an average receiver. Starting with
the details of the original instal-
lation, the explanations follow the
normal sequence through the in-
structions to the owner and sub-
sequent service calls.

The described complaints also
follow the normal sequence from
simple improper adjustments by
the owner through tube and com-
ponent parts failures to the more
serious circuit defects. To make
the information more complete,
the descriptions of the various de-
fects include details of the pro-
cedures and equipment required
for their correction.
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THE IMPORTANCE OF THE
ANTENNA SYSTEM

From the customer’s standpoint,
the first service job consists of
the installation of the receiver in
his home. This is the technician’s
first contact with the new cus-
tomer, and a good impression
should be made by carrying out
the installation in as efficient and
businesslike way as possible. It is
at this time that the customer’s
confidence in the serviceman’s
ability must be gained, and the
surest way of accomplishing this
is for the serviceman to proceed
with his work in a systematic
manner, having a definite reason
for everything that is done, so
that the desired results are ob-
tained in a minimum time. When
the customer is confident that he
is receiving a job of professional
quality, he is more willing to lis-
ten sympathetically to explana-
tions concerning any unusual re-
ception conditions which may be
encountered. On the other hand,
if such explanations are employed
merely to cover up the inability to
achieve perfection, when perfec-
tion is possible, eventually these
“explanations” backfire at the ex-
pense of the installer.

The complete installation in-
cludes placing the receiver in the
most desirable location in the
room in which it is to be used,
connecting the lead-in wire from
the antenna to the receiver, and

setting up the antenna in an ar-
rangement which provides a
strong, distortion-free signal. The
antenna arrangement is by far
the most time consuming and im-
portant part of the entire instal-
lation.

Stand-aff insulatars, shawn maunted an the
mast, pravide the required space separatian af
the transmissian line and mast. Shawn is a
Hi-La, stacked array YHF antenna with reflectars.

Caurtesy American Phenalic Carp.

It is the function of the receiv-
ing antenna to collect as much of
the radiated signal as possible
and supply it to the receiver. Re-
gardless of how high the quality
of the receiver, its picture and
sound output cannot be better
than the signal supplied by the
antenna system.

In the case of most AM broad-
cast receivers, installation con-
sists simply of delivering the set
to the customer’s house and plug-
ging in the power cord. Even with
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those receivers providing all-wave
reception, the design and instal-
lation of the antenna usually is
left up to the customer. Although
television is related to radio, the
difference between them is con-
siderable—and important.

The television system employs
extremely short radio waves
which act quite differently from
the comparatively long waves of
AM broadcast radio. Therefore,
just any piece of wire strung up
in any position cannot be used for
a television antenna. The dimen-
sions and positioning of a televi-
sion antenna are critical and de-
termine not only the quality of
the reproduced picture, but
whether or not a picture is ob-
tained at all.

The television receiver is sen-
sitive and easily disturbed by
stray noise energy. Therefore, the
television transmission line can-
not consist of any type of wire.
It must be carefully designed for
correct impedance, have low loss,
be balanced or adequately shield-
ed, and it must be installed in
such a manner that minimum loss
and interference are introduced.

It is not enough that the instal-
lation technician be aware of
these facts. The dealer for whom
he works as well as the sales per-
sonnel must understand these
things and AT THE TIME THE SALE

OF A SET IS MADE should point out
to the customer that:

1. Each individual installation is
a different problem.

2, The solution is not always a
cut-and-dried affair.

3. The time and materials need-
ed for his installation might
be more than required for his
neighbor or competitor.

4. Further adjustments may be
necessary in the future when
new stations come on the air.

The importance of a good tele-
vision antenna installation was
shown when a leading New York
receiver manufacturer, running
down complaints of faulty set
operation, found that NINETY PER
CENT of the troubles were due en-
tirely to incorrect installations!
Almost of equal significance is
the fact that many of the dealers
involved frankly admitted that
they couldn’t understand the rea-
son for painstaking, time consum-
ing television installations.

Besides these general consider-
ations, the installer must possess
a working knowledge of the more
technical factors involved in the
transmission and reception of
television signals so that he may
be able to recognize readily the
various types of defective recep-
tion which are encountered from
time to time, and to apply the
proper remedy.
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FACTORS DETERMINING
TELEVISION RECEPTION

The problem of installing any
particular antenna system gener-
ally consists of most, if not all, of
the following factors:

Line-of-Sight Transmission

The radio-frequency carrier
waves radiated from the trans-
mitting antenna would spread out
indefinitely in all directions were
it not for the modifying effects of
the earth’s surface, the atmos-
phere, and various objects such
as buildings, trees, and water
towers.

Besides being propagated in a
horizontal direction, these waves
travel upward away from the
earth. The ionized layer of the
upper atmosphere, which is known
as the IONOSPHERE, causes the
paths of the radio waves to be
bent by an amount directly pro-
portional to their wavelengths.
Because of this, the paths of the
longer waves are bent sufficiently
so that the waves return to earth
and may be picked up by a re-
ceiving antenna located at the
point of return. This action ac-
counts for the long-distance re-
ception of the lower frequencies,
such as the broadcast band, and
is illustrated by path 1 in Fig-
ure 1.

The high-frequency short waves
employed as television carriers
usually do not have their paths

bent sufficiently by the ionosphere
to cause them to return to earth.
Thus they continue on through
the ionized layer, as shown by
path 2, and are lost as far as re-
ception is concerned. The only
waves which are useful for de-
pendable television reception are
those which travel near the sur-
face of the earth as indicated by
path 3. Waves which travel by
paths 1 and 2, etc. are called SKY
WAVES while those which follow
path 3 are termed GROUND WAVES.

Typical wall outlet for antenna systems. The
four prong receptacle is used for TV and the
two prong receplacle for AM receivers.

Courtesy Intra-Video

High-frequency television car-
riers act like light waves in that
they travel in straight lines.
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Thus, although the signal reaches
the receiver by path 3, Figure 1,
it is unable to reach point “x” be-
cause of its inability to bend
around the curved surface of the
earth.

The distances from the respec-
tive transmitting and receiving
antennas to the horizon limit the
range of television reception by
direct waves. This is known as
LINE-OF-SIGHT transmission,
meaning the transmitting anten-
na is “vigible” from the receiving
antenna position. The total dis-
tance, from antenna to antenna,
depends upon the respective
heights of the antennas, and, at
the present time, averages some-
where between 50 and 70 miles in
level country.

Of course, even though topo-
graphical and atmospheric condi-
tions, etc. are ideal, it is not pos-
sible to actually see the transmit-
ting antenna with the naked eye
from this distance because of the
normal acuity of vision, Further-
more, in traveling through the
air, radio waves are bent or “re-
fracted” slightly toward the earth
and therefore the “radio horizon”
is considered to extend some 15
per cent beyond the “optical hori-
zon”,

These various relations are
given by the chart of Figure 2.
This ‘“nomograph” is calculated
for a smooth spherical earth and
with the transmission station and

receiver at the same heights
above sea level. H represents the
height in feet of the transmitting
antenna, H_ the height in feet of
the receiving antenna, D, the to-
tal optical, or line-of-sight dis-
tance in miles, and D, the total
direct-wave radio transmission
distance in miles.

For example, with a transmit-
ting antenna 1000 feet high and
a receiving antenna 50 feet high,
the maximum distance over which
regular reception normally can be
expected is about 53.5 miles, as
indicated by the point where the
dotted line drawn from 1000 on
H, to 50 on H,_ crosses the D,
scale,

These distances represent the
maximum theoretical limits with-
in which dependable reception
can be expected. However, recep-
tion varying from dependable to
extremely sporadic due to various
conditions, is actually obtained at
considerably greater distances in
practice. This is described more
fully in a later lesson.

Signal Strength

At a given distance from the
transmitting antenna, the strength
of the radiated television signal
will depend upon a number of
things such as the power output
of the transmitter, the attenua-
tion of the signal along its path,
the directivity characteristics of
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the transmitting antenna, and the
nature of the intervening terrain
in regard to hills, etc.

Each receiver requires some
minimum signal voltage at its in-
put terminals for satisfactory
operation. Therefore, the antenna
system must be designed to pro-
vide at least this minimum input
to the antenna terminals of the
receiver to which it is connected.
Of course, it is possible for the
signal strength to be so weak at
the receiver location that satis-
factory reception cannot be ob-
tained even though the most effi-
cient antenna system is used and
it is well within the line-of-sight
distance from the transmitter.

Ghosts

A ghost may be defined as an
undesired image which is dis-
placed either to the right or the
left of the desired image. The
amount of displacement varies
for different cases and usually the
ghost image is weaker, or less in-
tense, than the desired image.
One or more ghosts may be pres-
ent at the same time, and are due
to signals arriving at the receiver
either sooner than or later than
the desired signal.

When the undesired signal ar-
rives sooner than the desired one,
the ghost is displaced to the left
and is called a “leading ghost”,
whereas, when the undesired sig-
nal arrives later than the desired

one, a “lagging ghost” is pro-
duced at the right of the desired
image.

One of the requirements of o good instollotion

is the proper odjustment of the non-operoting

controls. The reor view of the receiver is
shown in the illustrotion.

Courtesy Philco Corp.

The lagging ghost is the most
common. Usually the cause is
some condition equivalent to that
illustrated in Figure 3. The waves
which produce the desired image
travel by a direct path from the
transmitting station to the receiv-
ing antenna, and thus cover the
shortest possible distance between
these two points. These waves,
carrying the same modulating
signal are radiated in all direc-
tions, and some may be reflected
from the surfaces of large objects
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such as buildings,
lakes, rivers, etc.

mountains,

The receiving antenna may in-
tercept both the direct wave and
a reflected wave, so that the de-
sired and ghost images are pro-
duced on the receiver screen. All
radio waves travel at approxi-
mately the speed of light in free
space. Therefore, having left the
transmitting antenna at the same
time as the waves of the direct
signal, the waves of the reflected
signal travel a greater total dis-
tance and, consequently, arrive at
the receiving antenna later than
the direct path waves.

After the desired image has
been formed by the modulating
energy brought by the direct
wave, the picture tube scanning
spot continues moving to the right
for a period of time equal to the
difference in travel time between
the two waves, after which the
second, or ghost, image is pro-
duced by the modulating energy
brought by the reflected wave.
Usually the displacement of the
two images is so slight that most
objects in the picture overlap
their corresponding ghosts.

A second cause of lagging
ghosts is impedance mismatch be-
tween the transmission line and
receiver and between the line and
the antenna. When the impedance
of the source is equal to that of
the load, a maximum of energy

transfer takes place, but when
the respective impedances are not
equal, part of the energy is re-
flected back into the source.

When the transmission line's
surge impedance is not equal to
the input impedance of the televi-
sion receiver, part of the received
signal is reflected and travels back
up the line to the antenna. If a
mismatch exists at this point
also, part of this energy again is
reflected and travels back to the
receiver. Thus, it arrives at the
receiver’s input terminals later
than the original signal by a time
equal to that which was required
to travel the length of the trans-
mission line twice. Therefore, this
twice reflected energy produces a
ghost image displaced to the right
of the desired image.

A leading ghost is produced
when the direct signal is picked
up by the transmission line and,
therefore, arrives at the receiver
input terminals sooner than the
energy from the antenna proper.

Interference

Besides undesired signal en-
ergy from various reflected waves
from the ‘“tuned” station, inter-
fering signals may be received
from other television stations in
the same channel or in other
channels, from FM stations, from
government or commercial com-
munication stations, and from
amateur stations.
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In addition to these various
radio signals, interference in the
form of noise energy may be
picked up due to the proximity of
such sources of r-f as diathermy
equipment, neon signs, fluorescent
lighting, electric motors, trolley
cars, automobiles, ete. Such en-
ergy may be introduced into the
television antenna, the transmis-
sion line, the wiring or chassis of
the receiver itself, or it may be
picked up by the house wiring
and transferred into the receiver
through the power supply.

The local oscillator signal of
one television receiver may be in
some way coupled to the set’s an-
tenna and thus radiated into
space and picked up by the near-
by antenna of a second television
receiver.

Antenna Bandwidth

The five channels of the lower
VHF television band extend from
54 mc to 88 mc, while those of the
higher VHF band extend from
174 mc¢ to 216 mec. Thus, to re-
ceive channels 2 through 6, the
antenna system must be broadly
resonant over a band at least 34
mc¢ in width, and over a band
42 mc in width to receive chan-
nels 7 through 13. Also, an all-
channel VHF antenna system
must be designed for uniform re-
sponse over a band 216 — 54—162
mc wide.

In the UHF band, channels 14
through 83 extend from 470 to

890 mec. Thus, to receive the 70
UHF stations the antenna system
must be broadly resonant over a
band 890 — 470 or 420 mc wide.
Finally, an antenna system de-
signed to receive channels 2
through 83 must have a band
width of 836 mec.

Noise energy is generally fair-
ly even in distribution over the
entire frequency spectrum. For
this reason, the wider the band-
width for which amplitude modu-
lated radio equipment is designed,
the greater its susceptibility to
noise pickup, and the lower the
signal-to-noise ratio in its output.
Thus, the television antenna sys-
tem should tune broadly enough
to receive all the stations from
which reception may be expected,
but not more broadly than is ab-
solutely necessary because of the
importance of maintaining the
signal-to-noise ratio as high as
possible.

Directivity Requirements

The directive characteristics of
the antenna system employed in
any particular installation depend
upon the location of the various
stations from which reception is
desired, relative to that of the
receiver. Other determining fac-
tors are the locations of any un-
desired stations (operating on the
same channels as the desired sta-
tions) and the directions from
which any undesired reflected sig-
nals may be arriving. Thus, for
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various reception situations, the
antenna systems used may have
to be omnidirectional, bidirection-
al, or unidirectional, etc., and,
usually must be oriented, or ro-
tated, to the optimum position
for the desired reception.

¢ "%-—»-_
e YA

In fringe oreas, for good reception, the height
of the antenna is important due to line-of-sight
transmission characteristics. Shown is a 40 f1.
tower ond mast designed for roof installation.

Courtesy Wind Turbine Co.

Polarization of Carrier Waves

An r-f wave consists of two
components; an electric field and
a magnetic field. These two fields
are at right angles to each other,
and one or the other—or both—
are perpendicular to the direction
of wave travel.

The way in which a wave of
this type is propagated through
space is illustrated in Figure 4.
Here, the large diagonal arrow
indicates the wave to be traveling
from the “source” toward point
“X". The electric field is repre-
sented by the solid vertical lines,
the magnetic field by the horizon-
tal dotted lines, and their direc-
tion at any instant by their re-
spective arrows.

As indicated by the curves,
these LINES OF FORCE have been
drawn only at the points of maxi-
mum field intensity in each direc-
tion. However, the electric and
magnetic fields are continually
changing in intensity and direc-
tion as the wave travels along.

The electric lines of force are
not always vertical nor the mag-
netic lines horizontal. They may
be just the reverse, or they may
be at some angle other than 90°
totheearth’ssurface. Inany event,
they are always at an angle of
90° to each other, and one field at
least is always at an angle of 90°
to the direction in which the
waves are traveling.

When applied to electromag-
netic wave propagation, the word
polarization is used to describe
the direction or orientation of the
electrostatic component of the
wave. Thus, the wave illustrated
in Figure 4 is described as being
vertically polarized, and is the
form employed in AM radio broad-
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casting. The polarization impart-
ed to a radiated wave is deter-
mined by the physical position of
the transmitting antenna, and for
best reception, the receiving an-
tenna should be mounted in the
same position.

For television, horizontal polar-
ization is employed and to achieve
this, the transmitting antenna is
mounted with its long axis in a
horizontal plane. For this reason,
the receiving antenna is normally
mounted in a horizontal plane
also. However, due to various
conditions along its path of prop-
agation, the originally horizontal-
ly polarized television wave may
be rotated to some extent so that
its electric field is no longer in a
horizontal direction. When such
is the case, reception may be im-
proved by mounting the receiv-
ing antenna at an angle to the
horizontal.

Multiple Outlets

Finally, it may be found neces-
sary to operate several or pos-
sibly a large number of receivers
from the same antenna system.
Examples of this are: where a
dealer desires to operate several
makes or models simultaneously
so his customers may make their
choice on the basis of relative
performance, and where it is de-
sirable to permit many or all of
the various occupants of a large
apartment building or hotel to
have television service.

A large number of individual
antennas crowded on one roof
usually results in so much mutual
interaction that satisfactory re-
ception is impossible on many if
not all of the receivers. Further-
more, not only does a forest of
different shaped antennas sub-
tract from the ‘“beauty” of the
building, it also is a fire hazard,
and generally is not permitted by
the landlord, manager, or a city
code.

Hence, in these apartment
buildings, the antenna system em-
ployed must be one which is ca-
pable of supplying sufficient r-f
energy to the input of each re-
ceiver, isolates the receivers to
prevent interaction, and consists
of a trim and simple array of ele-
ments on the roof of the building.

CHOOSING THE ANTENNA

Because of the large number
of different specific reception
problems which may exist due to
various combinations of any
group or all of the factors de-
scribed above, the antenna sys-
tem or arrangement decided upon
often is evolved during the course
of the installation process. Expe-
rience with previous installations
of the same general type, and in
the same vicinity, will usually
provide a basis for the selection
of the antenna type needed, but
the discovery of unexpected re-
flections or other undesired condi-



Page 14

Installation Procedure

tions often necessitates some mod-
ification of the arrangement.

Of course, it is possible for con-
ditions to be so extreme at a par-
ticular location that the antenna
system required may be entirely
different from any of the others
in the surrounding neighborhood,
and in rare cases, may even nec-
essitate rather “unorthodox” in-
stallation practices. On the other
hand, reception conditions may

The VHF TV booster, designed to mount on the
antenna most, improves the signal-to-noise
ratio for fringe area reception.

Courtesy Electro-Voice Inc.

be so favorable that satisfactory
performance can be obtained with
any type of standard commercial
antenna, including indoor anten-

nas. Because of this situation, no
practical rules can be formulated
for choosing an antenna system
which are applicable to all cases.
Rather, the antenna types de-
signed especially for various re-
ception problems are mentioned
when these problems are taken
up in the following lessons.

INSTALLATION EQUIPMENT

To do work of professional
quality and with a minimum ex-
penditure of time, it is necessary
that the installer possess and
know how to use the correct in-
stallation tools. The various work-
ing tools and supplies required
are listed in Appendix A.

For determining the exact point
where it is most desirable to
mount the antenna, it is convenient
to make an initial check at vari-
ous points by means of a light-
weight portable dipole antenna,
having a short mast, and which is
connected by a temporary lead-in
to the receiver. Usually it is easier
to carry this test antenna about
on the roof than the actual unit
to be used in the final installation.

Two men are required to install
the antenna expediently, one on
the roof and the other at the re-
ceiver. To provide for communi-
cation between them, some type
of inter-phone system must be
used. The sound-powered type is
the most convenient, as no bat-
tery or other power source is
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needed, and the antenna lead-in
may be used as the telephone line.
The observer at the receiver hooks
his phones across the lead-in at
the receiver antenna terminals
and the technician on the roof
connects his phones across the
terminals of the antenna. In each
phone, an armature, located be-
tween the poles of a permanent
magnet, is driven by voice power,
thus developing current which
drives the receiver diaphragm in
the ear piece of the phone at the
other end of the line.

When battery powered phones
are employed, a separate two-con-
ductor telephone line must be
strung between the operators on
the roof and at the receiver. Typ-
ical connections of the equipment
used for this type of system are
shown in Figure 5.

When the distance between the
receiver and antenna is greater
than about 200 feet, an intercom-
munication system containing an
amplifier may be necessary. The
serviceman can design his own
from an ordinary low power audio
amplifier circuit, or he may pur-
chase any of several commercial
systems which are available for
this purpose.

PRE-INSTALLATION
SURVEY

A technician should make a
preliminary visit to the site at
which an installation is to be

made for the purpose of deter-
mining the general type of anten-
na system that is needed. This
will reduce the equipment which
has to be carried to the location
by the installing personnel. Also,
the technician can consult the
owner with regard to the size or
complexity of the arrangement
which he will permit on the roof
of his home.

Some people do not like the
appearance of an outdoor anten-
na, in which case the technician
should check the possibility of
obtaining satisfactory reception
with an indoor antenna. Useful
for this purpose, as well as for
determining the signal strength
in the area, is a portable televi-
sion receiver using any of several
commercial type indoor antennas.
In many cases satisfactory recep-
tion cannot be obtained with an
indoor antenna, and, in a few rare
cases, is even unobtainable with
an outdoor installation.

Experience has shown that it is
far better not to make a sale of a
television receiver than to make
an installation which will result
in repeated owner calls for serv-
ice and possibly end with his re-
quest for removal of the set from
his home. One such unwise instal-
lation can have a more damaging
effect on the reputation of the
seller than can be counter-bal-
anced by many successful instal-
lations.
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Besides signal strength, other
points which should be checked at
the time of the pre-installation
survey are:

1. The distance and direction of
television stations serving the
area; their channels, trans-
mitted power, and time of
operation.

2. Make and model of receiver
purchased by the customer.

3. Nature of surrounding and in-
tervening terrain, trees, build-
ings, water towers, railroad
trestles, and other objects
which might hinder reception
or cause reflections, etc.

4. Possibility of interference due
to nearness of power lines,
electrical machinery or signs,
doctor’s offices, or heavily
traveled streets.

5. Nature of reception at other
installations in the neighbor-
hood; type of defects if any.

6. City or landlord objections to
outdoor antennas or height of
masts, towers, or large arrays.

This survey is important to the
prospective customer, the dealer
and his sales staff, as well as to
the installation man. It can serve
as a basis for agreement between
the customer and the person mak-
ing the sale. The installer, by
analyzing the findings of the sur-
vey, can plan and carry out the

installation more rapidly, thereby
helping to gain the desired cus-
tomer satisfaction.

BASIC INSTALLATION
PROCEDURE

In the following paragraphs is
outlined the basic procedure which
applies generally to all television
receiver and antenna installa-
tions. No problems of a specific
nature are included in this out-
line, but the points in the proced-
ure at which the more complex
problems occur are indicated. The
possibilities of the existence of a
large variety of special or unde-
sirable reception conditions have
been mentioned, and the specific
methods of dealing with these
various conditions are taken up
in following lessons.

Locating the Receiver

It is a good idea to make a per-
formance test of the receiver in
the service shop and make any
necessary adjustments before de-
livering it to the customer’s home.
By following this plan, it is rea-
sonably certain that any troubles
which appear at the site are in-
stallation defects and not the
fault of the receiver.

Upon arrival at the customer’s
home, the first step is to decide
upon a suitable location for the
receiver. In most cases this site is
chosen by the customer, however,
it is the duty of the installer to
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point out how, if possible, the
choice may be improved. The cus-
tomer should be told to take into
consideration the viewing of the
screen by his whole family plus a
group of friends because he will
not appreciate having to shift all
the furniture in his living room
to accommodate guests.

When possible, guide his choice
to avoid placing the receiver
where bright light falls upon the
screen or where reception of in-
terfering signals from electrical
appliances or units within the
home affect the picture. The final
location depends largely upon the
space available and it should be
called to the customer’s attention
that the optimum viewing dis-
tance is from four to ten times
the picture height and that a
cleared area of this size in front
of the receiver is to his advan-
tage.

The receiver should not be
placed in a closet or wall recess,
since provision for ventilation
and accessibility for adjustments
must be considered. Finally, con-
venience to an a-c power outlet is
important as power cord exten-
sions are to be avoided.

When these considerations are
mentioned before the owner is
asked to designate a location the
chances are he will cooperate will-
ingly. If he is asked to make this
decision first, and these arguments
are used to show where he is

wrong, he may tend to stick to
his first choice regardless of its
faults. A bad choice of receiver
location by the customer, who is
the boss, may add difficulties to
the installer’s job.

When the location has been se-
lected, estimate the distance from
the receiver to the nearest appro-
priate window, skylight, air duct
or other means of access to the
roof. Outside, estimate the dis-
tance from the tentatively chosen
point of entry to the part of the
roof most remote from this point.

VHF-UHF Lightning Arrestor. Designed for use
with Flot, Open, or Tubulor Twin Leods.

Courtesy of JFD Mfg. Co., Inc.

The total of these two estimated
distances is the approximate
length of 300 ohm twin-lead trans-
mission line which is needed for
the antenna location process.

Installing the Antenna

Before connecting this lead-in,
the receiver may be given a brief
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preliminary check to make cer-
tain it is in operating condition
by using suitable wires to make a
temporary connection to the di-
pole inside the house. In most
cases it should be possible to ob-
tain some kind of picture on the
screen and a few adjustments of
the front panel controls will indi-
cate the condition of the receiver.

After the set is seen to be in
working order, this arrangement
is disconnected and the regular
lead-in connected to the receiver
and then run out through a win-
dow or other opening. Outside,
the portable antenna is connected
to the lead-in and taken to the
roof or wherever the regular an-
tenna is to be mounted.

The next step consists of deter-
mining at what point on the roof
the antenna must be located and
the angle of rotation, or orienta-
tion, necessary for proper recep-
tion. These two requirements must
be determined simultaneously by
means of a process known as
“probing”’. The receiver is tuned
to a station and one technician
“walks” the antenna around the
roof while the other observes the
picture on the screen of the re-
ceiver. The operator at the re-
ceiver reports the quality of the
picture to the man on the roof
who systematically explores the
area, moving slowly from point to
point continuously rotating the
mast until a position and orienta-
tion is found which provides good

reception. This procedure is fol-
lowed through on one station at a
time, and the points noted at
which satisfactory operation is
obtained for each station until a
position is found at which recep-
tion of all desired signals can be
obtained. Of course, there is con-
siderable variation in the time re-
quired to find the optimum anten-
na location for different individ-
ual cases.

It is during the probing opera-
tion that most of the existing re-
ception difficulties are encoun-
tered. Since more than one often
is present at the same time, the
problem may appear quite com-
plex and formidable. That is, the
existing troubles may result in
any one or any combination of
two or more of the following con-
ditions on the screen: (1) ghosts,
(2) snow, or faint pictures, (3)
interference streaks, patterns or
flashes, and (4) distorted or tear-
ing pictures.

Manufacturers’ service and in-
stallation organizations, as well
as large independent specialist
television installation organiza-
tions, have learned that a success-
ful installation is obtained most
quickly by applying one of the
most fundamental rules of radio
and electronic troubleshooting.
This rule is: TROUBLESHOOT FOR
ONE TROUBLE AT A TIME. Obvious
as this procedure may seem, often
it is overlooked by the inexperi-
enced installer.
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As mentioned, the methods em-
ployed to correct the various
troubles are explained in later
lessons. Therefore, assuming the
best antenna location has been
found and all reception troubles
remedied, the next step consists
of the mechanical mounting of
the antenna. The antenna to be
used is now substituted for the
probing dipole, if this has not al-
ready been done during whatever
troubleshooting procedure may
have proved necessary.

The antenna kit normally in-
cludes a mount for the antenna
mast. However, as the structure
of the building at the desired lo-
cation may be any of many forms,
a variety of mount types, or some
type of universal mount, should
be carried. When practical from
the standpoint of good reception,
a chimney serves as a convenient
mounting point. The antenna
mast may be secured to the chim-
ney by means of brackets similar
to those illustrated in Figure 6A,
or by brackets held by metal
straps that encircle the chimney
as in Figure 6B. Another object
useful for rooftop mounting is a
vent pipe, and brackets of the
correct size and shape for this
use are available. Also commer-
cially available are a variety of
types for wall mounting such as
those shown in Figure 7. A sim-
ple gable mounting may be ac-
complished by means of a board
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about six feet in length and two
brackets as in Figure 8.

For mountings like those of
Figures 6A and 7, it is necessary
to drill holes to accommodate
some type of expansion fittings.
It is important that the holes be
made in the bricks themselves
and not in the cement between
the bricks. Drilling into the ce-
ment will permit water to leak
into the holes and the resulting
expansion due to freezing in cold
weather will produce cracks which
allow the brackets to pull free.

Antenna base plate for masts or towers. Note
that this unit is designed to mount on both
flat and slanting roofs.

Courtesy Penn Boiler Mfg. Corp.

The bricks, of course, are much
harder to drill into, and when an
electric drill is to be used, a hole
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should first be made with a rawl
tool. Then, when the hole is en-
larged with the electric drill,
there is less danger of overheat-
ing the expensive masonry bit.
When an electric drill or power
is not available, the holes may be
made with a star drill and
hammer.

Consisting of a cone-shaped
copper nut encased in a soft lead
sheath, an expansion screw an-
chor next may be fitted into each
hole, after which a setting punch
is used to spread the lead inside
the hole. The anchor should be
put into the hole so that the large
end of the copper nut goes in
first, as shown in Figure 9. The
antenna mast brackets may now
be mounted to the wall or chim-
ney by means of one-quarter inch
machine screws which fit into the
expansion fittings.

For protection from lightning,
steel or aluminum antenna masts
should be grounded by means of
a ground clamp connected to a
heavy wire which is run by the
shortest path possible to the near-
est well-grounded object. If made
of metal (not tile) a sewer vent
on the roof forms a good ground-
ing point. Another grounded ob-
ject is the garden hose faucet on
the side of the house. THE GROUND
LEAD SHOULD NEVER BE CONNECTED
TO HOT WATER PIPES, GAS PIPES,
OIL PIPES, UNGROUNDED VENT
PIPES, RAIN GUTTERS, OR HOT AIR
pucTs. If a convenient ground

cannot be found, a spade-end
stake designed for the purpose
may be purchased and driven into
the ground to a depth of at least
4 feet. The ground lead from the
antenna mast may then be
clamped to this stake.

An antenna mast mount for
mounting the antenna on a peaked
roof is shown in Figure 10A, and
an arrangement that may be used
on a flat roof is shown in Figure
10B. In general, guy wires should
be employed whenever the anten-
na mast is more than 10 feet
high, regardless of the type of
mounting employed. The guy
wires should be spaced 120° apart
and broken by insulators at inter-
vals which are shorter or longer
than the length of the antenna to
prevent the guy wires from reso-
nating at the frequency to which
the antenna is tuned.

Rooftop installations which re-
quire that the mounting bolts or
screws puncture the roof surface
should be avoided if at all pos-
sible. Such an arrangement may
permit rain to leak through and
rot the wood base or damage the
plaster on the ceilings of the
rooms below. Many times a roof
has been guaranteed by the roofer
and any deliberate damaging of
its weather-proofing qualities au-
tomatically voids the warranty.
The owner’s permission should
always be obtained before an in-
stallation of this type is made.

p— &
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Masts and Towers

Due to straight line propaga-
tion of r-f waves and to the cur-
vature of the carth’s surface, the
higher the antenna, the stronger
the received signal. Also, a high
antenna, reduces the possibility
of noise pickup. However, as cost
is usually a limiting factor, the
height of the antenna mast or
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should be selected and erected
with the greatest of care, for
there is a certain peril to prop-
erty and person when masts or
towers are not sufficiently sturdy
to withstand high winds, ice loads,
etc. Substantial damage can re-
sult from an installation being
blown down. A suitable erection
site must be selected where the

Typical booster installation for six channels used in an apartment building.
The units are shown with covers removed.

tower is generally held to the
minimum required for satisfac-
tory reception.

The mast upon which the tele-
vision antenna is to be mounted

Courtesy Intra-Video

particular mast for a given height
can be erected. When towers as
high as 60 feet or more are re-
quired, they should be erected a
distance at least equal to their
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height away from the house or
other buildings. While this may
require a longer lead-in, the slight
increase in expense is negligible.
It is not recommended that chim-
neys be depended upon to support
masts which are over 10 feet high.

For heights up to 30 feet, a
guyed pipe mast is safe. The pipe
which may be used depends upon
the size of the array to be mount-
ed on it. Galvanized iron pipe is
strong and durable, with 3/ inch
to 114 inch sizes being the aver-
age requirements. Although more
expensive, aluminum has the ad-
vantage of being lighter in weight
and, therefore, is easier to handle
and erect.

Where a pipe mast is used, guy
wires of heavy galvanized steel or
bronze should be spaced every ten
feet up the entire length of the
mast and spread out as far as
possible at the base.

When masts are required which
are 30 feet in height, it is neces-
sary to join shorter lengths to-
gether since pipe and tubing come
in standard sizes up to 12 feet
long. Great care should be taken
with these joints, or otherwise
they will present a weak spot in
the construction with possible
danger of breaking. As with base
mounts, special couplers and mast
extension connectors are avail-
able for properly joining lengths
of pipe and tubing of all sizes.
Reference to plumbing, electrical,

and hardware catalogues disclose
many other items that prove use-
ful in mast construction.

Although wood masts can be
used, such as those made of 2x2
or 2x3 lumber, they present a fire
hazard, and do not last as long as
metal ones. However, wooden
masts do afford the advantage of
being inexpensive and easy to
work with. Properly guyed,
heights up to 36 feet can be ob-
tained with the mast construction
shown in Figure 11. When the
lumber selected is knot-free and
painted with a good outside lead
base paint, a wooden mast of this
type should last for several years.

When heights greater than 30
feet are desired, usually a com-
mercially manufactured tower is
best. These come in a number of
different styles, as shown in Fig-
ures 12 and 13. The four post,
self supporting type such as a
windmill tower is most desirable,
but usually the three post, guyed
type is less expensive.

In many rural locations there
may be present a windmill tower
which is ideally suited for sup-
porting large arrays. Silos, water
towers, and barns also may be
used for this purpose, but usually
these are located at a considerable
distance from the house, necessi-
tating an excessively long lead-in.

When erecting a mast or tower,
care should be taken with the base
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mounts. Not only should the base
be secure, but, if it is mounted on
the roof, the use of roofing pitch
to avoid water leakage is essen-
tial. The market offers a wide se-
lection of special fixtures and base
mounts for use on peaks, flat, and
sloping roofs.

The erection of the mast or
tower will present problems of
varying degrees of difficulty de-
pending upon the type of unit to
be used and the nature of the lo-
cation at which the mounting is
to be made. It is suggested that a
professional “rigger” be consult-
ed, or it may be best to have him
do the actual tower erection. He
not only knows best how to do the
job, but also has the necessary
tools and equipment for doing it.
However, if the installation tech-
nician and crew must do the job
themselves, the following infor-
mation is useful.

Tools required are very much
the same as described in this les-
son for the installations in pri-
mary service areas. The main ad-
ditions are ropes, pulleys, and
“gin” poles. Other parts and
equipment that is needed are
listed as follows:

1. Guy wire: For pipe or tubing
masts up to 30 feet high, num-
ber 12 galvanized iron wire,
solid or stranded, will be sat-
isfactory. Bronze is more ex-
pensive but better since it
does not rust. No. 8, 6, or 4

wire is necessary for use with
towers up to 100 feet in height.
The manufacturer usually rec-
ommends the proper size to
use with different heights of
his particular type of tower.

2. Turn buckles: These are usu-
ally necessary to take up the
slack in guy wires and keep
them taut. A 6 inch turn buckle
should be used with the guys
of masts up to 50 feet in
height. Larger sizes may be
necessary with the towers of
greater height.

3. Strain insulators: These are
used to break up the length of
guy wires to prevent undesir-
able resonant effects in those
guys which are attached to
the top of the mast near the
antenna.

4. Large bolts: Used to fasten
base mounting plate to roof.
In most cases, 145 inch by 6
inch carriage bolts are needed.
Generally, the necessary bolts
are supplied with the tower.

A tower may be erected either
by assembling it completely and
then raising it from the roof or
ground, or by building it up piece
by piece. The former method is
the easiest way to put up a pipe
or tubing type mast. The usual
procedure is to first join the sepa-
rate length of pipe together and
then attach the guy wires which
have been cut and assembled with
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strain insulators. With lead-in
connected, the antenna array is
assembled to the mast and the
guy wire tie points located around
the roof or ground. With the base
plate bolted firmly in position,
the mast can then be “walked”
and pulled up in place. While one
or more men hold the raast, others
can tie the guy wires to the vari-
ous tie points.

Instollation of a television ontenna ond tower.

The illustration shows the use of o plotform,

rope, ond pulley. Note o sofety belt is worn
by the instailer.

Courtesy Wind Turbine Co.

In the case of masts near or
exceeding 35 feet in height, it
may be necessary to use either a
gin pole or a “scissors” to aid in
the erection. The drawings of
Figure 14 show methods of using

such devices. At every ten feet on
the pipe three guys, 120° apart,
usually will prove sufficient. In
some cases it may be impossible
to fasten them at this angle.

Shown in Figure 13, is a 100
foot aluminum tower which must
be erected by the building up
method. Most towers of this type
come in ten foot sections with full
instructions and all necessary
hardware for assembly. The gen-
eral procedure is to first locate
points for anchoring the base and
guy wires. If the guys are to be
anchored in the ground, they may
be attached to six foot lengths of
pipe driven into the earth with
the upper end pointing at an angle
away from the tower.

For very heavy poles, however,
the “dead-man” type of guy an-
chor may be necessary. These
consists of heavy planks, rails, or
other large heavy objects buried
about three or four feet in the
earth, after a short length of dou-
bled guy wire is attached to af-
ford a means of connecting the
tower guys.

With the base located solidly,
the tower is built up, a section at
a time, with the guy wires in-
stalled at regular intervals. This
work is dangerous and a safety
belt should be used by the man
climbing the tower. The antenna
is mounted last and may require
an outrigging as well as ropes
and pulleys to get it in place.
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The self-supporting type of
tower, shown in Figure 12, neces-
sitates that the legs be firmly fas-
tened to the roof or ground. For
roof installations, large bolts of
sufficient size and length should
pass through the roof, with a
steel plate washer on the under-
side. Usually, this type of tower
is built up a section at a time, but
can be pre-assembled for ground
installation and erected with block,
tackle, and gin poles.

In certain locations, such as
near airfields, it may be neces-
sary to employ tower lighting.
Often, CAA rules requires that
beacon lights be employed on tow-
ers 100 feet or more in height.
The flasher timing and other spec-
ifications depend upon the local
code and should be investigated.

Installing the Lead-In

After the antenna is in place,
the next step is to permanently
secure the lead-in. The lead-in in-
stallation process follows a down-
ward route from the antenna to
the receiver, avoiding pipes and
other large metal objects as much
as possible. When such objects
must be approached, the lead-in
should not run parallel to their
length for any great distance.
While the line is being installed,
a technician at the receiver ob-
serves images on the various
channels to detect any distortions
which may appear.

To minimize attenuation of the
signal, as short a route as pos-
sible is desirable but it must be
altered if necessary to eliminate
any such interference or other
extraneous effects. Also, it should
be kept in mind that most people
do not like to have wires run
down the outside of their house
front.

It is important that the anten-
na-transmission line connection
be a good, low-resistance contact.
When the connection to the an-
tenna requires that the lead-in
wires be soldered to terminal
lugs, only rosin core solder should
be used and the residue wiped
away with alcohol or carbon tetra-
chloride. As the various parts of
such connections contain differ-
ent metals, moisture and salt in
the air will cause a battery action
to take place, resulting in fairly
rapid corrosion of the joints. To
prevent such action, after being
cleaned, the joints should be cov-
ered with a thick coating of lac-
quer or glyptal.

A simple method of preparing
the end of coaxial cable for at-
tachment to the antenna termin-
als is illustrated in Figure 15.
First, the outer insulation is re-
moved from about six inches of
the end of the cable. A scriber or
an icepick is then used to make an
opening in the braid, as shown in
Figure 15A. This opening is care-
fully enlarged to a length of one
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to two inches after which the
inner conductor is pulled through
as shown in Figure 15B. The
braid is stretched to its full length
and then twisted to form a flex-
ible conductor, and about one inch
of the insulation is removed from
the end of the inner conductor.
Finally, solder lugs are attached
to both conductors, Figure 15C,
and the cable is ready to be con-
nected to the antenna.

Many antenna manufacturers
provide transmission line supports
attached to the antenna mast. In
the case of systems employing
coaxial cables, these supports pre-
vent the antenna terminals from
having to hold the weight of the
line, while in the case of twin-
lead line the correct line-balance
is provided by such a support. If
none are contained in the antenna
kit, various types of such sup-
ports may be obtained from radio
parts suppliers.

To assure good space separa-
tion from surfaces likely to be-
come wet during bad weather,
the lead-in should be mounted by
the use of stand-off insulators
similar to those shown in Figure
16. Those of Figures 16A, B, and
C are for twin-lead line and that
of Figure 16D for “coax’”. The
unit of Figure 16C is not thread-
ed, being designed to be driven in
with a hammer. Installation of
these insulators in brick or con-
crete structures may be accom-

plished by piercing a hole with a
rawl tool, inserting a rawl plug
and then twisting or nailing the
insulator fitting into the plug.

After all stand-off’s, etc. have
been mounted, the transmission
line is threaded through the an-
tenna mast supports and perma-
nently attached to the antenna. If
a coaxial cable is used, the thread-
ing is continued, proceeding from
the antenna to the point where
the line is to enter the house. In
the case of twin-lead, the line is
dropped from the roof and then
inserted into successive eyelets,
beginning at the antenna mast.
To reduce the amount of noise
pickup, twin-lead should be
twisted about one turn per foot
along its entire run.

If at all convenient, twin-lead
should be brought into the build-
ing through a window nearest the
receiver. Insulated staples should
be used to neatly tack the lead to
the window frame so as to con-
form to the shape of the molding.
The window can be notched at the
bottom so as not to pinch the line
when closed. Coaxial cable may
be brought in by drilling a hole
under the window sill. The hole
should be drilled from the inside
out and at a downward angle to
prevent water from running into
the building. The hole should be
just large enough to allow the
cable to fit, and if the line does
not completely fill the hole, the
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hole should be filled with caulk-
ing compound after the line is in-
stalled. This arrangement is il-
lustrated in Figure 17. In the case
of a stone or cement sill, or a
metal window frame, the hole
may be made in the frame at the
side of the window and near the
bottom.

When the location of the re-
ceiver is such that, from the point
of entrance at the window, the
transmission line run inside the
house is difficult due to doorways,
fireplace, etc., or if the owner
does not want a hole drilled in the
window frame, an alternative
method is to bring the line down
the outside wall and in through a
hole or notch in the frame of the
basement window. Then insulated
staples or nailit knobs may be
used to run the line along the
basement ceiling to the point
where the receiver is located.
Here, a small hole can be drilled
in the floor and the line brought
up to the set, or to a transmission
line socket mounted on the base-
board behind the set.

When the line has been brought
in near a window, it is next strung
along the desired path to the re-
ceiver. Cable clips which fasten
directly into the moulding at the
top of the base board and do not
require a screw are available and
provide a fast and easy method of
permanently securing the line.
Insulated staples may be used for

this if care is taken that they do
not puncture or squeeze the line
and cause a short. At the receiv-
er, enough slack should be left in
the line to permit the set to be
moved for cleaning or service
work without it being necessary
to unplug or disconnect thelead-in.

To connect the line to the re-
ceiver, the wires need only be
stripped and placed around the
antenna post screws when twin-
lead ribbon is used. In the case of
a coax line, the end should be pre-
pared with solder lugs as explain-
ed above for Figure 15. Again, a
good, low-resistance contact is
important.

Impedance Matching

To prevent standing waves on
the line, it is very important that
the proper impedance match be-
tween the transmission line and
the receiver input be obtained.
Although most sets are designed
to have the standard 300 ohm in-
put impedance, some manufac-
turers prefer to design their re-
ceivers for use with the unbal-
anced 73 ohm coaxial cable be-
cause of the better signal-to-noise
ratio obtainable with the coaxial
type line. Still other makes have
input circuits designed to accom-
modate either coax or 300 ohm
twin-lead ribbon, and, in all cases,
the service data for the particu-
lar model being installed should
be consulted to make certain the
proper connection is made.
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For example, in the Motorola
Model TS-901 television receiver,
the lead-in is to be connected to a
plug which fits into the antenna
receptacle in the chassis. The plug
prongs to which the wires of the
lead-in are attached depend upon
whether a 300-ohm balanced or a
73-ohm unbalanced input is de-
sired, as shown in Figure 18.
With the 300-ohm connection, the
transmission line is across the en-
tire antenna coil, and across one-
half the coil in the case of the
73-ohm connection. This provides
the correct match for either case,
since the impedance of the wind-
ing is proportional to the square
of the turns.

When it is desirable to use a
transmission line which does not
match the input impedance of the
receiver, and a choice of connec-
tions is not provided at the input
terminals, a matching transform-
er may be used so that proper
operation is obtained. The circuit
of such a transformer is shown in
Figure 19A. The unit is held in a
metal container which is mounted
and grounded on the chassis of
the receiver. It may be employed
to match a 73-ohm cable to a 300-
ohm receiver, or a 300-ohm"line
to a 73-ohm receiver.

However, while the first ar-
rangement provides a 2-1 signal
step-up, the second gives a 2-1
step-down and should not be used
if the signal strength is weak. A

73-ohm cable may be matched to
a 300-ohm balanced input receiv-
er by means of the resistor net-
work shown in Figure 19B. This
also results in a 2-1 step-down of
voltage, and should be used only
where the signal strength is suf-
ficiently strong.

After the transmission line is
mounted and connected, a light-
ning arrestor should be installed.
Several types specially designed
for use with twin-lead ribbon are
commercially available. Two-ter-
minal arrestors should not be
used with twin-lead line because
they offer a lightning path to
ground from only one conductor.

A type which is easy to install
is shown in Figure 20. The ar-
restor is mounted close to the
lead-in entrance hole and leads
run from it and the mast to ground
while the line is placed in the slot
provided for it. The line is held
onto the arrestor by pronged
clamps which bite through the
polyethylene insulation and make
electric contact to the conductor.
Advantages of this type of unit
are that the wires of the trans-
mission line do not have to be cut
or spread apart (spreading effects
the line impedance), nor does the
insulation have to be stripped off
at the point of connection.

For coaxial cable, a two-ter-
minal type of arrestor may be
used, and should be installed at
the time that the cable is being
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connected to the antenna. For
connection to the arrestor, the
cable has to be cut, and the ends
prepared in the manner explained
for Figure 15.

Final Check and Instructing
Owner

When the performance check is
made, it is a good plan to make a

the quality of reception from one
or more stations. The record of
the original performance will in-
dicate to the serviceman whether
the receiver or antenna installa-
tion has become defective, or re-
ception is about as good as orig-
inally and any improvement pos-
sible likely will necessitate some
change in the antenna system, etc.

Stand-off insulator designed for various mounting problems. The fibre inserts
are shaped to hold coaxial cable, flat or tubuylar twin-lead.

Courtesy JFD Mfg. Co., Inc.

written record of the nature of
the reception from each station.
This may be useful later if the
serviceman is called in by the
owner and requested to improve

The last step of the installation
procedure consists of checking
the operation on all channels on
which reception can be obtained
and of making sure that at least
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one member of the owner’s fam-
ily understands the purpose of all
the “operating’ controls.

Instruction of the owner in the
proper operation of the receiver
controls must be done in a thor-
ough manner, with the utmost pa-
tience on the part of the installer,
for the number of “unnecessary’”’
service calls is in exact propor-
tion to the owner’s inability to
tune his set. This may be one of
the most difficult parts of the en-
tire installation procedure, for the
owner’s attitude will be anywhere
from that of complete coopera-
tion to actual resentment of the
installer’s assumption that he, the
owner, doesn’t know how to tune
his own set.

In every case, diplomacy must
be employed by the installer, for
even the most cooperative (orig-
inally) owner will come to resent
being ‘“‘talked down” to, or other-
wise treated as inferior. At the
same time, the use of technical
terms and explanations should be
avoided. Instead, the various con-
trols should be explained in terms
of their effect on the appearance
of the picture and on the sound.

After explaining the purpose
of the various controls, the in-
staller should go through a sim-
ple but adequate tuning pro-
cedure for several or all of the
stations which can be received.
This should be done slowly while
the owner watches, and all his

questions answered after each
demonstration.

Finally, the owner is asked to
tune each station while the in-
staller watches, and corrective
suggestions made after each trial.
This last step is probably the
most important of all, and for
more complete learning it would
be desirable that the owner dem-
onstrate his ability to tune the
receiver at intervals of increas-
ing time duration up to several
hours. However, such a situation
will seldom, if ever, be practical.
Therefore, it is all the more im-
portant that the original instruc-
tion be made as simple and easy
to follow (and remember) as
possible.

SIGNAL STRENGTH
INDICATORS

In addition to the standard
installation equipment listed in
Appendix A, some type of FIELD
STRENGTH METER often proves to
be a very useful instrument in
making the pre-installation sur-
vey. This device usually consists
essentially of a battery operated
receiver tunable over the televi-
sion carrier frequency range and
containing an output meter to
indicate relative field strength.
Commercial units usually have
the meter calibrated in micro-
volts, indicating the strength of
the signal at the input terminals
of the instrument.
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A similar instrument, which
makes use of the amplification of
the installed receiver, has been
designed to make it possible for
a single installer to successfully
locate and orient the antenna
without the aid of an observer at
the receiver. This unit consists
of a rectifier circuit which is con-
nected to the modulated electrode
(grid or cathode) of the receiver
picture tube and connected by an
extension cord to the indicating
meter which is held in the hand
of the technician at the antenna.

The schematic diagram of this
device is shown in Figure 21. In
use, the “ground clip” is con-
nected to the receiver chassis at
some convenient point, and the
“high clip” to any wire which
connects directly to the picture
tube’s modulated element. The
“high clip” contains a needle
point which pierces the insula-
tion of the wire, thus avoiding
the necessity of finding an ex-
posed terminal or scraping off
insulation.

The meter unit is temporarily
plugged into the rectifier plug,
and the receiver gain control set
for a reference reading on the
meter, the set having been con-
nected to the antenna, (which is
in a tentative location) and tuned
to a weak station. Then the ex-
tension cord is inserted and the
meter unit carried to the roof
where its variations can be ob-

served by the installer as the
antenna is moved about and ro-
tated, etc.

Maximumreadings are obtained
when the antenna location and
orientation are such that the
strongest signal is being picked
up. The presence of ghosts are
indicated when the reading does
not show uniform drop-off as the
antenna is rotated either way
from the maximum setting.

Of course, a reading on a meter
can never tell as much about the
character of the reception as the
actual image on the screen of
the receiver, and the final check
is always made at the receiver.
Also, whenever any particularly
troublesome reception difficulties
are encountered, continual obser-
vation at the receiver screen is
almost essential to a satisfactory
installation.

SAFETY PRECAUTIONS

The danger associated with
television installation work might
be said to be directly dependent
upon the amount of common
sense employed by the installing
technicians. That is, while the
work might be extremely haz-
ardous to the thoughtless, the
observance of a few simple safety
rules will reduce the chance of
accident to the point where little
or no danger is incurred. Exam-
ples of such rules are as follows:
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1.

Wear rubbers or rubber-soled
shoes whenever any climbing
is involved.

When working on steeply-
pitched, gabled roofs, use a
safety rope which is tied
around some solid object such
as the base of a chimney.
Move slowly and carefully.

When a ladder is used, it
should be one which inspec-
tion shows to be in good con-
dition and is equipped with
feet to prevent slipping.

The ladder should be placed
so that it has a firm footing
and at an angle such that the
distance from the wall to its
base is one-quarter of its ex-
tended length.

Always keep one hand free
when carrying the antenna or
tools up the ladder; face the
ladder going up or down; do

not carry heavy objects up or
down a ladder, use a hand line.

6. Do not place a ladder in front
of a door which opens towards
it unless the door is locked,
blocked, or guarded by another
person.

7. Do not stand on the edge of
the roof when elevating or
installing the antenna. Use a
safety rope or have someone
hold onto your feet when it is
necessary to lean over the
edge of the roof or out of a
window.

8. Avoid contact with power
wires, either directly or by
means of the transmission
line, antenna structure, guy
wires, metal ladder, ete.

In the following lesson, a dis-
cussion is given of the various
types of antennas and where
they can be used best.
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APPENDIX A

INSTALLATION TOOLS & SUPPLIES

Many of the tools used for antenna installation are used for
field service and need not be duplicated where the technician does
both types of service. These additional small tools should be carried
in a kit separate from service equipment.

TOOLS:
ladder (50’ adjustable)
pipe wrench 12”
rope (100" x 34")
extension cord

(200’ with multiple outlets)
masonry drill set
piloted setting punch
hammer (heavy construction)
chisel set (cold)
chisel, wood 14"
phone set (sound powered)
brace
electric drill (portable,

14” and/or 14" chuck)
bit (5/16” and 14" electrician’s)
iron (200 watts)
hammer (double face, 3 1b.)
file (2) 8”7

INSTALLATION SUPPLIES:
antennas (assorted)

parasitic elements

mast

mast extension and connectors

bracket mounts (chimney, wall,
adjustable wall, base mounts)

coaxial cable (73 or 75 ohm)
twin-lead (300 ohm) (1,000)
tubular twin-lead (5007)
insulators, stand-offs

(4” and 8”)
insulators, mast stand-offs
lightning arrestors

wire, ground (#14 copper or
#18 aluminum)

saw, hack; keyhole

screwdriver (heavy duty)

screwdriver (Phillips)

center punch (34” dia.)

rawl tool
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