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PREFACE

This "Electronics Methodology" book was written in conformance
with some of the selected criteria for "SNAP'" type programmed instruc-
tion books as developed previously for various military training
courses., In conformance with the principle of utilizing the optimum
approach in terms of both subject matter and the characteristics of
the student body, the reading level, type of language and the format
used have been varied between sections of this document. For example,
one section on troubleshooting is clearly a scrambled book. Another
is very "SNAP"~-like, If the text were written for a younger or less

mature group, the incremental steps would be smaller, etc,

Application of this text to a high school population introduces
a methodology for technical courses which emphasizes a troubleshooting
strategy for repair of equipment based upon a logical and systematic
gathering of symptoms, analysis of these, knowledge of the pyramidal
structure of the equipment design, coupled with a strategy for
isolation of the malfunction by levels from major subsystem to
section to component, removal and replacement or direct repair of
the component, and, finally, an operational check to determine that g
the equipment is performing satisfactorily. For purposes of illustrat- é
ing the technique, a Zenith portable TV set has served as the vehicle :
for deseription of the system, the circuits and the troubleshooting
strategy. The overlays for the "SMART!" Trainer for this electronics

course have been based upon a view of the overall block diagram




for this set, plus views of four functional subsystem areas of

it. This written document iz divided into four volumes or

sections -~ "The TV Story," "Schematic Symbols and Color Codes,"
"Within-Stage Troubleshooting! and i..ssista ‘2 Readingsj; Their
Calculation and Interpretation." In addition, there are workbhooks
for the students and course guides for the instructor. Sufficient
materials are available to take a man with aptitude but no previous
electronics training through to a level of at least an outside

repairman.

Since the backgrounds of the students at the initial partici-
pating high schools ~~ the Murrell Dobbins Technical High School,
Philadelphia, Pa. and the Upper Bucks County Technical-Vocational
High Schocl, Perkasie, Pa., in most cases include a year of previous
training in electronics, some of the course material, such as the
"Schematic Symbols and Color Codes? need not be used. For purposes
of this experiment, the application of the methodology will take
some 60 hours, due to this previous subject matter knowledge.
Students in the experimental groups are expected to reach a high
level of troubleshooting proficilency based upon this instructional
system., If the course were to be given to a completely naive group
in electronics, it would encompass some 12 to 16 weeks, depending
upon the age, intelligence and cultural background of the students.
It would, of course, have to include trailning in various physical
dexterity skills, such as wiring and soldering, which the present
student body is presumed to have already had.
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THE TV STORY

A. INTRODUCTION

This is a story about how TV'!'s work. You've probably watched
TV all your life. We're going to talk about the insides of TV, the
nguts" of it. igggmgrobably don't know much about that, not many
people do. Yet, if you are going to troubleshoot and repair TV
sets, you'll have to learn something about how they work. As you
read this, you will be asked to fill in some blanks, or to select
among some things the best one answer to some questions we will

ask you. You should be able to answer the questions with little

trouble. If you have trouble, go back and re-~read. It might be

that you have forgotten. Be sure to write in the answers that you
are sure of, If you write them in, it helps to make the facts stick
in your mind, OK, let's begin.

TV!'s come in all sizes, shapes and colors. Some are portablej
some are in combination with stereos; some work off of batteries.
We cannot tell you how every TV works. That would take longer than
either you or we have to spend. What we will tell you about is how
a particular TV works, and ask you to believe that all similar TV's

work just about the same way. We are going to be talking about a

black and white, tube type, portable television recelver. The
circuit functions in this type of TV can be found in other TV's
of the same type.

By function, we mean the performance of specific operations,
not a mathematical expression like ¥ = X3, TFor instance, our larynx

or voice box produces the sound which our mouths and 1lip and tongue




convert to speech. The function of the larynx is to produce the
sound, Similarly, two different TV's will have circuits vhich
perform the same function or operation, but will not necessarily
have identical parts in them., The circuit arrangements of the
parts may be quite different but their functions may be identical.
So, when we talk about circuit functions, we will be describing
the net effect of the parts which are assembled in the set to
produce the desired function,

B. CONTROLS:
Tn all modern television sets, the picture is drawn by a pencil
point of light. This pencil point beam of light is projected against

the face of the picture tube, L,;_f. It can be deflected (moved) up
or down or to the right and left, <,

Just as a pencil can be sharpened to maeke a fine line, so can

the beam of light in the picture tube be focused to produce a tiny,

S T———

fine spot . *.d or a soft, round one ...

When the spot is tiny and fine, a sharply-defined, clear-cut,

distinet line can be drawn .~ .. If the spot gets soft and round,

a blurry indistinct line is dravm ™7 ., In order to make a beam

of light pen point sharp or soft, an adjustment called a focus

adjustment or control is used.

There are several methods used to focus a picture tube: (1) Elec«é
trostatic, which uses an internal grid in the tube called a focus 3
grid, The type of adjustment used in conjunction with thls type of
focusing is either a focus control or a multi-position terninal
strip, This provides a means of placing different voltage potentialsj
on the grid which control the focus; (2) Electromagnetic focus, whic‘;
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consists of a coil around the neck of the plcture tube, thus
providing a magnetic field. This magnetic field is varied by an
adjustment called a focus control; (3) Permanent magnetic focus -~
this is a permanent type magnet around the neck of the picture
tube. Its magnetic field is varied by &n adjustment screw on the
magnet. The type of focus adjustment vwhich we will be concerned
with is the multi-position terminal strip type because the Zenith

7?,V. Set we are using incorporates this type.

Now, in order to deflect (move) this spot of light up or down
and right or left on the picture tube, there must be some meang to
control this: (1) One way is called Electrostatic Deflection and
makes use of internal deflection plates in the picture tube. Two

sets of plates are used to move the beam in the plcture tube. The

placement of the plates are in parallel and at right angles to each
' (Plates). The plates that

X

other in sets of two, as shown here =

are at right angles to the other i H are the plates used to vary

the spot of light from right to left, and the plates that are hori-

pes 2

zontal | == | vary the spot of light up and down; (2) the other way

of varying the spot and the way we are concerned with, is called

Electro-magnetic Deflection., Here, two palrs of coils called the

yoke are placed around the neck of the picture tube and these coils

control the movements of the spot up or down and left or right.

As the name implies, a magnetic field controls the movements. This

ig the type of deflection we will be using. The two types of

deflection, then, are and .

Yes, we use electr% magnetic in this case.
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Again, let us get back to the focusing, if we put a varying
current input through these coils, a varying magnetic field will
result. This magnetic field will push and pull the spot up or dowvn
and left or right. If this magnetic field were to be varied exfremely
fast in a uniform manner in all directions, an illusion that the
whole face of the picture is lighted would occur. This is called
a raster. If this spot is not finely focused, the picture tube
face appears to be blurry. In other words, we should get a raster
which looks like we drew a bunch of orderly lines called scanning

=T

lines, .

In order to keep these lines orderly, we are provided with
different types of controls., By the way, there is a term used to
define this orderly logical fashion which is called "Aspect Ratloj"
and 1t denotes the ratio of the pictu}e width to the pilcture's
heilght. Now we are coneerneddwith controls; however, these controls
are: (1) Vertical Size, usually located in the back of the I.V.,
which controls the scanning lines in such a way that if an image
were on the screen, it would look too tall or “too short (an adjust-
ment to correct this condition can be made); (2) Vertical Linearity
(this also is in the back of the T.V.) controls the scanning lines
in such a way that if the picture were compressed at the top or
bottom, this would correct this condition; (3) Vertical Hold (this
is in the front of the T.V.) control adjusts the up and down mcve-
ments, called rolling, so that the picture can be made stationary
to the viewer; (4) Horizontal Width (located in the back of some
T.V. Sets and eliminated on some others) controls the horizontal

dimensions by either squeezing or lengthening the scanning lines.

.




Tn the Zenith, a sleeve which moves in and out of the yoke is used
to control the width; (5) Horizontal Linearity (located in the back
of the T,V.) controls the distortions in the horizontal scanning,
and this distortion is depicted by the scanning lines being squeezed
more on either side of the picture tube. (There isn't any conftrol
like this on the Zenith T.V. being used); (6) The Horizontal Hold
(located in the front of the m,V,) adjusts the picture, so that it
is stationary and not moving from side to side or appearing like
venetian blinds to the viewer; (7) The Brightness (located in front
of the T.V.) controls how bright the face of the tube is. In other
words, how bright the face of the picture tube is illuminated. It
is sometimes called the static condition of the picture tube;

(8) The Contrast (located in front of the 7,V.) controls the shades
of grays in the pilcture; this is referred to as the dynamic con-
ditions applied to the picture t 'be; (9) An A,G.C. (Automatic Gain
control) (located in the back of the T,V.) is sometimes incorporated
in T.V. Sets to compensate for various gignal strengths; that is,

if you are in an area vhere the signal is very strong or weak, the
A.G.C. can be decreased or advanced to retard or ald the signals
(10) The Volume Control (located in front of the T.V.) adjusts thse
loudness of the sound; (11) The Buzz Control (located in the back
in some T.V. Sets) is used to reduce intercarrier Buzz and distor-
tion and is used in the T.V. studied here; (12) Another control
sometimes used and located on the neck of the Picture Tube is called
a Centering Control, and it ié a ring with two tabs. The purpose

of this control is to center the picture by moving it left or right
and up or downj (13) It should be mentioned.thatb the Yoke has
another function and that is to control the tilt in the picture,

5~




so if the picture looks like it is going wp hill or down hill,

the Yoke can eliminate this problem; (14) The Channels are selected
by a 13~position switch on the front of the T.V. This controls a
coarse tuning of the channels. Another control used in conjunction
with the Channel Selector is a control used to align the sound with

the picture. This is called a fine tuner.

We won't ask any questions at this time because, in most cases,

you are familiar with these controls, and, for the others, we have

more explaining to do.

C. SYMPTOMS ANALYSIS

When you turn a set on, you get a picture and sound, If you
don't have one or the other, that's a symptom. Symptoms can localize

the TV trouble to the "sound" parts or the "picture! parts...they're

in separate areas of your IV, When you've used a symptom to

localize the trouble, you've made a diagnosis.

This overview of a TV set is given so you will know what
symptoms to look for, Sound and pieture are pretty obvious...s0

are the others when you know*what'to look for.

After you turn the TV on, you tune to a channel, Your IV selects
a certain chammel (or broadcasting station) out -f all those that are
broadcasting in your area at the same time. The broadcast SIGNAL
contains both picture and sound and something else, We'll get to
the something else later. If you're missing both picture and sound,
that's a symptom, This SYMPTOM is different from the ones for a

e




e N
!
e

missing picture or for missing sound. This means you can localize

the trouble in your set with this SYMPTOM,

We're going to talk about this area now...it starts with the
antenna (often a rabbit ear) that picks up all broadcast signals
and goes through the TUNER (selects one statlon's cignal) to the
point where the picture part of the signal is separated from the

sound part.

Let's say a couple words sbout the antenna., Rabblt ears (some
sete have two; the one you will work with has only one) are 0K in
cities near the broadcast statlon. The signal doesn't have to

travel far and is strong enough to be picked up by small rabbit

ears inside the building, Farther away from the station, outside

antennas are needed, and the antenna has to be rotated for best
gignal, Sometimes reception can be improved by moving rabbit ear

antennas around to different locations in the room.

So these are the ways of bringing a broadcast signal up to the
strength needed. Once the antenna plcks up broadcast signals, they
are sent to the TUNER, The tuner chooses the broadcast signal that
the channel selector is set to. It amplifies that signal which you
want and no other...and that's how it tunes...all the other signals
come in to it from the antenna but only one gets amplified enough
to be useable in the TV. But this signal needs still more amplifl-
cation. However, before it is amplified, it's going to have to be

cut down in frequency, but it will gti1l contain the original informa
tion of the station that sent it. It's going to be brought down to ;
an intermediate frequency (IF) and this IF will have the same %
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intelligence (information riding on its signal that the RF signal
had) . And regardless of what its exact RF frequency was (each
station has a different RF frequency), it will be beat down to
one same IF frequency, put the intelligence will be the intelli-
gence from that RF signal. (We want only one IF because it's
cheaper to build an amplifier that has to amplify only one fre-

quency rather than several.)

Here is how the TV set brings any one of several RF frequencies
down to one intermediate frequency (IF)., Watch this block dis~ram

as you read.

' E_ JRE |—sloerl I F
| ANP IXER|> £ MP.

e VA /

SELECLf - === m = m e 3 )
Here are two new circuits, the OSCILLATOR and the MIXER. We
talked about the chamnel selector tuning the RF tuning eircuit.
Well, it also tunes the OSCILLATOR (that dashed line means a
mechanical connection...like a metal shaft going right into the
electronic circuit. The solid lines represent an electronic

signal...of any type. The arrow shows the direction of flow.)

When the RF is mixed with the oseillator signal, you get a
signal which is the difference between them. If the RF was 1000
(Note: these numbers are only for easy arlthmetic since the actual
frequencies are much higher) and it 1s mixed with an oscillator
signal of 600, the difference is 400 (IF). No% you can see how
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we can aiways get the same IF, We control both the RF and the
oscillator with the same channel selector. When the channel
selector is set on number 5 that tunes in an RF of 1020, say. 8o,
we have the same channel selector shaft set the oscillator for 620
and we get _____ as the difference., All the channels are set in a
similar way -- to get the same IF for any RF. Now we amplify thils
IF with an amplifier designed for that one frequency. 0K?

Now we've gone from Antenna to IF amplifier. This is the area
of the set which contains the malfunctioning part when you get the
symptom that both sound and picture are missing. Get it? After
the sound and pieture separate, they go their separate ways. If
you get a symptom that the sound is bad but the picture good, the

malfunction is in the sound circuits, not here. If both sound and

picture are missing, look here for the trouble.

Now let's separate out the sound, picture and that something

else (which is the synchronizing signal for the picture).

After two or more stages (tubes) of IF amplification, the signal
is sent to the detector.

| EAMP

(2 gB %ggiw-é DETECTOR

The detector detects the video, sound and something else from the

IF which has been riding on the IF signal, and throws away the IF,
The RF and IF are just carriers to bring the other signals through
the air from the station and then to the detector. They've done

their job now, so we don't need them anymore.
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The video amplifier is a combination amplifier of video and
rejector of sound and the something else. The video is sent
directly to the picture tube from the video amplifier. The sound
is shunted off to the sound circuits, and from there to the loud-
speaker, And that leaves us with the "something else'" which is
called the synchronizing pulse or sync signal.

This is the one you know least about. You can't see it or
hear it on the T.V, set. But you can see what happens when it is
malfunctioning (another symptom), The picture will twist, rock and
roll when the malfunction is in the synchronizing circuits. The
synchronizing signal 1s supposed to keep the plcture straight, and
vhen it doesn't, you'll know it. There are several synchronization
symptoms, Twist 1s onej; roll is another and each can help you dlag-
nose the trouble to a particular area (a group of parts attached
to the tube). There are two kinds of sync (synchronizing) pulses:
Hbrizonéal and Vertical. The horizontal pulses synchronize the
sweep of the picture across the picture tube. The vertical pulses

are used to synchronize the up and down action of the picture.

Synchronize means '"make things work together'". The things being

made to work together in this case are the picture on your TV and

the picture coming from the TV camera in the broadcasting studio.

B ATy RS i

The picture you see is actually the path of a spot of light
that starts at the upper left hand corner of the screen and moves

in a slightly slanted straight line across to the right, and then
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jumps back to a point slightly below where it started and traces
another slightly slanted path., It keeps doing this until the vhole
face of the tube has been covered. The light moves so fast that
you can't see it move. The horizontal circuits control how fast
and how straight the path is from left to right. The vertical
circuits control how fast the spot moves toward the bottom. OF
course the spot is changing its intensity as it moves, according

to the strength of the video.

The horizontal oscillator produces the signal which moves the
spot from left to right, Without a vertical oscillator, the
picture would be reduced to one straight line across the middle
of the picture tube. The vertical oscillator produces the signal
which moves the spot from top to bottom. Without the horizontal
ogcillator, the picture would be one straight vertical line in the

center of the picture tube fuce.

Now, the T.V. receiver oscillators do this regardless of
whether a picture is sent or not. When you tune in a "blank"
channel, you sée the RASTER produced by this moving spot controlled
by horizontal and vertical oscillators. To put a picture on, the
horizontalQand vertical oscillators have to be synchronized or
locked into the rate produced by the TV station. So, the syne
signals obtained from the transmitted TV signals are used to
control the frequency of the horizontal and vertical osclllators.
In American TV receivers, there are 525 slanted lines on the picture
tube. When TV was still under development, engineers found that

if all the lines were placed on the screen one after the other,
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there was a disagreeable flicker noticeable. They found they
could eliminate this, flicker by ninterlacing” the lines., That is,
instead of line "two!" following line "one," they made line "three"

follow line "one." When all the odd-numbered 1ines were on (called

nfour," etec, They wound up with two fields, odd and even, inter-
laced Like your fingers would be if you clasped your hands together,
Again, all this happens 8o fast you can't see the separate fields,
but they are there.

Tf the vertical sync pulses should fall to control the vertical
oscillator, the result would be a "polling" of the picture,
vertically. If the horizontal circuits falled to sync, the picture
would appear to be a serles of dark bands, diagonally across the
screen, either from left to right or right to left.

The plcture might be synchronized with the TV station in
vertical and horizontal, but it may look strangely distorted. The
distortion could be due to a misadjustment of linearity controls.
Tinearity is keeping known proportions constant vherever the
pleture may be on the screen. Let!'s see some examples. Fig. 1
shows a square located in the center of the pleture tube. If we
could see the same square on the left and right, they would look
like this:

h s 7| |
y L e ] f
2 L g '

3 Fia.l
Notice that it seems to get thg% on the left and fat on the right,
but that the hedight stays the same. This is a case of horizontal

-12~
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non-linearity, and is caused by the spot moving faster at the
right hand side of the screen than at the left,

a b ¢
Fig. 2

Figure 2 shows a case of verticas. non-linearity. The square
looks tall in "a" but short in "c.," This is caused by the spot
moving more rapidly dovnward at the top than at the bottom, crowding
more lines together at the bottom and spreading them out at the
top. There are two controls that work togethur in adjusting the
vertical presentation -~ the vertical height and vertical linearity.
(This affects the top of the picture most,) The height control
is for changing the whole picture displaced, as in Fig. 2. But the
bottom of the picture is usually affected more than the top.

Many sets are so badly adjusted in height, that tops of heads
are cut off or feet are missing. Usually adjusting height will
require an adjustment of vertical linearity and vice versa. It's
important to use a test pattern to make these adjustments because
it is standard and does not require the judgment as to goodness of

proportion you would have to use otherwlse,

Some sets have both horizontal linearity and width controls.
These serve the same function but are not so closely related as

are the vertical.

Each time a complete field is placed on the screen, the spot
puts on 262.5 lines. So each even field has 262.5 lines and each

~13~




odd field has the remaining 262.5 lines., There are thirty even
and thirty odd fields each second, interlaced. It takes 1/60th
of a second to put one field on the screen. Therefore, in one
second, the spot will run through 60 x 262.5 = 15,750 lines,

You have seen that the syne signals are needed to get the
picture on the tube at the right time and place. But there are
more than sweep voltages and video needed. To see vhat else 1s
needed, we're going to consider the picture tube itself. The
spot of light that moves across the tube face 1s actually caused
by a stream of electrons striking a phosphorescent surface on the
inside of the tube, You can't see the electrons themselves, but
when enough of them strike this surface at a high enough speed,
the surface produces light. The electrons themselves are boiled
off of a plece of metal inside the neck of the tube called a cathode.
The cathode is heated by a heater carrying an electric current.
These electrons would just hang around the cathode if it weren't
for some other things in the tube. One of these 1s the first
anode located just ahead of the cathode toward the tube face.

This anode 1s connected to a positive voltage and attracts the
negative electrons toward it., It also tends to concentrate the
electrons into a beam. But the beam might not have enough push

to get to the phosphor if it weren't for the second anode. This
ig a conductive coating on the inner surface of the sides of the
tube., TIt's connected to an extremely high voltage, between 12,000
and 20,000 volts, for example, and is high enough to pull the beanm
to the phosphor, and high enough to put you on the floor or worse,
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DANGFR, you can't see the voltage, even though it's there, The
beam striking the phosphor produces a bright spot. But in order
to produce a picture, the spot must v.ry in shades of gray. To
get this, another element 1s Inserted between the first anode and
the cathode. This is the control grid. It has a negative voltage
on it. By changing the amount of negative voltage with respect

to the cathode, the number and speed of the electrons in the hean
can be changed. Since the spot brightness will vary with number
and speed of electrons striking the phosvhor, it is clear that the
grid can be used to produce the grays that are needed for the
picture. The cathode can also be used for this purpose, and many
IVts are so designed that the video is placed on the cathode, rather
than on the grid, This kind of control just changes the number of
electrons "boiled off" in each split second of time.

We have noted that the spot must be moved from left to right
and top to bottom, and that the horizontal and vertical circuilts
are responsible for doing it. These circuits are connected to
coils, two sets of wire surrounding the neck of the IV tube.
Together, they are called the YOKE. When a varying current flows
through the horizontal deflection coil in the yoke, a varying mag-
netic fileld builds up which changes the path of the electron heam
within the tube and the spot moves from the midale of the tube in
a horizontal direction. The path that the spot follows depends
upon the strength and directlon of the magnetile field, and, therefore,

the current in the coil. The vertical circuit works the same way
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causing another varying magnetic field to move the spot in a

vertical direction, according to the strength and direction of

the varying current in the vertical coil.,

The horizontal and vertical circuits control the movement of

the spot through the magnetic fields set up by the yoke.

You might ask where the high voltage comes from which is
needed to pull the beam to the phosphor. It comes from the

horizontal circuits almost as a by~product.

The horizontal output stage 1s connected to the horizontal

deflection colls of the yoke by means of a transformer. Ons end

of this transformer is connected to a high voltage rectifier.

When the current in the horizontal deflectinn coil stops, the
magnetic field 1t produced collapses and sends a high (about 2000
volt) voltage pulse back to the transformer. This 1s stepped up
because of the high number of turns in the primary and is converted
to direct current by the high voltage rectifier. The resulting high
voltage 1s then applied to the picture tube.

Another effect of the collapsing fleld is a series of oscilla-~
tions in voltage. These osclillations would get into the current
producing the horizontal sweep, and the result would be vertical
bars at the left side of the picture. To prevent this from happen-
ing, a circuit called a damper 1s used. The damper removes all i
but the first of these oscillations. It also provides a higher ;
source of voltage for use in other parts of the receiver, called |

a "B} boost."
~16-




You will recall we said that the signal strength received at

the location of the receiver from different stations depends upon

distance from station and direction of antenna. It would be incon-
venient if you had to adjust the volume and contrast or brightness
controls each time you changed stations because one station was
weaker than another. So automatic gain control circuits (AGC)

were developed., This circuit senses the strength of the signal
and automatically adjusts the amount of amplification given to it
as it passes through the tuner and IF amplifier stages.,

The AGC receives its signal from the video detector stage.
If this signal is very strong, it sends a voltage to the tuner
and IF amplifier which reduces the strength of the signal received.,
If the signal is weak, it sends a voltage back which increases the
strength., The net effect is a rather constant strength of detected
video., Keyed AGC makes use of the horizontal sync pulses, in that
it is only during the interval of the horizontal sync pulses that
AGC samples are taken from the video signal. Therefore, noise
pulses occurring any other time cannot contribute to AGC action

and the operation is more satisfactory.

Remember that the TV signal contains sound, sync and picture
portions. We now have to describe how the sound gets to the
speaker. Remember the sound follows the same path as the picture,
until it gets to the output of the video amp. Here it is prevented
from getting into the TV picture and is sent to the sound Limiter.
The sound portion of the TV signal is an FM signal. That ls, the

sound intensity and frequency are all carried by changes in fre~-
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quency, rather than in amplitude, The pilcture signal consists

of all amplitude changes.

The sound circuits convert the FM signal into an audio signal

for the speaker to reproduce as sound., Since the sound signal may
have gotten some amplitude variations in it, the first thing to do
is to eliminate them, This is done in the sound limiter. The
next step is to convert the FM signal into an audio signal. This

ig done in the sound discriminator. The vesulting output is a

weak audio signal, which is then amplified in the sound output

stage, passed through a volume control and fed to a speaker for

reproduction.

All voltages needed by the receiver for its operation are
supplied by the line cord, plugged into the wall outlet. Some
sets use transformers and vacuum tube rectifiers to produce the

voltages from the AC line, Other sets do not. These use semi-

conductor diodes for rectification. All sets require some amount
of filtering of the power supply ripple left in the voltage after
it has been changed to DC. Filaments may be supplied by transformer

L L

windings, and when they are, they are connected in parallel., When

the transformer is missing, the filaments are connected in series.

{ H

In this case, a failure of one filament disconnects all filaments

li; from the source.

{g Now let's summarize:

= The antenna makes it possible to receive stations better than

f without it. The tuner selects the channel to watch, amplifies the
selected TV signal and converts it to an IF signal for use by the

) -18-

1 e S S




TF cirvecuits. The IF now contains the same information it had

when it was received, hut at the new frequency. The IF circuits %
amplify the signal and pass it ©o the video detector which removes

the IF frequency, leaving only the information that was riding on

the IF signals., The video is amplified and passed to the picture |
tube. The sound is passed to the sound circuits, and the sync %
pulses are sent to the sync separator, Horizontal and vertical %
sync pulses are separated out to lock in the oscillators producing %

the vertical and horizcutal deflection voltages., These are applied

e m—y

to the deflection coils, which drive the video horizontally and
vertically. The horizontal circults also produce the high voltage
needed by the picture tube to produce the spot. The AGC circults

compensate automatically for differences in received signal

strength, and the sound circuit converts the FM sound signal into
an amplified audio signal for the loudspeaker. Power is obtained
from AC line cord and is converted to DC for use by the receiver,

Now let's see what happens after this in the next section.

D, THE VISUAL STORY
You will recall that during the normal broadcast day, TV statlons }
in any given area are transmitiing at the same time. A natural
question to ask is how can we receive any signal at all? The answer
follows:
1. Antenna. The antenna receives the television gignal and

passes it to the tuner. The Zenith TV has two antennas.
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The rabbit ears (some sets have two telescoping sections like
this (V) and that is why they were called rabbit ears. This set has
only one,) are used for chamnels 2 - 13 (VHP) which stands for very
nigh frequency. The loop is used for channels 1% ~ 83 (UHF which
means ultra high frequency and is higher in frequency than very
high frequency). The quality of the reception often depends upon

the placement of the antenna.

Q. By moving the antenna into various positions, the quality
of the picture can be improved. True or false. (When you have

answered, turn to the next page.)

Rabbit ears C§

(Only one) Loop Ant.
V.H.F. ANT. U.HFE ANT,
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If you said true, you are right,

If you said false, re-read the last paragraph.

When the VHF channel selector (that's sometimes called the
channel switeh, or tuning control) 1s tuned to chamnnels 2 - 13,
the UHF antenna will have no effect on the picture., When the
channel selector is placed at the UHF position, the rabbit ears
will have no effect on the picture. Why should that be so? Think

about this auestion for a minute; then look at the answer below.

The channel selector switch disconnects the rabbit ears when

tuned to UHF and disconnects the loop antenna (and UHF tuner about

antenna mounted on the roof of the house can be used for improved
reception in locations where reception would be poor for inside

} Some TV's receive UHF and VIIF on the same antenna. An external
1 antenna,

Q. Such locations are gsometimes called:

p 1, 3Binge
57 2. TFringe
‘ﬁ 3. Hinge
[

o
T
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1, No, a binge is slang for too much of something.
2. Right, as the word suggests, it is at the edge or outer
limits of the TV signal.

3., No, a hinge is used for hanging doors on cabinets.

2, UHF Tuner., When the VHF channel switech 1s tuned to UHF,
the UHF tuner is connected to the VHF RF amplifier, At the same
time, the VHF Antenna is disconnected from the VHF RF Amplifier.

Signals from channels 1% - 83 are then received from the UHF
antenna. You then use the UHF channel selector to tune one of the
UHF signals in. This signal is amplified and converted into a
lower frequency signal. It is then fed into the VHF RF amplifier,

at the connection where channel one would be connected. No stations

broadcast on VHF channel 1. This conversion to a lower frequency
is done the same way it is done in converting the VHF RF frequency
to a single IF frequency. (Remember your earlier lesson on this?)
Don't confuse the two frequency conversions. We'll talk about the

conversion to IF a little later.

Now some questions. Circle the right answer.

1. The rabbit ear(s) are used for VHF, UHF, in the Zenith TV }
N-6 series used. ?

2, The VHF antenna is connected to the VHF RF amplifier when _
the VHF channel switch is tuned to UHF, channel 2. (Select one)g

3, The UHF channel selector switch can only select a channel :
when the VHF channel selector is in the UHF position.Irue,False}

4, All UNF channels are converted to a single VHF frequency. I, E |
5. UHF is higher than VHF, Irue, False

Go to the next page for answers.
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Ansvers:

1. VHF
2. Channel 2
3. True
%, True
5. True

If you missed any of these questions, re-read the material and

get it straight in your head before you go on.

We left the signal at the VHF RF Amplifier -- regardless of
whether it came from VHF or UHF, that's where it stopped, right?
Right. OK.

The VHF RF amplifier makes the signal bigger; that is, it
amplifies it. The amount of amplification carried out here varies
somewhat. We want a certain signal streugth out of this amplifier,
but the signal strength depends on such things as antenna positioning,fi
distance from the station, etc. BSo, weak signals are amplified more
than strong signals to bring all signals up to the same strength.
The amount of amplification is controlled by the AGC or Automatic
Gain Control circuits. We!ll talk about this AGC circult later,

For now, remember that the RF amplifier is one circuilt where the

amount of gain or amplification is controlled.

Do you remember your lesson on operational controls and adjust- §

ments? Remember when the picture got too dark -~ it was overloaded
when the instructor misadjusted the AGC., When your set is too close

to the broadcast gtation, you have to reduce the signal into this
amplifier by putting H pads next to the antenna.
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0K, that's the story on the VHF RF amplifier,
Circle these statements true or false:
1. The RF amplifier makes the signal bigger when it is
smaller than the desired output strength. True or False,
2, The RF amplifier is one of the places where the AGC controls
amplification. True or False,

Answers:
1. True
2. True

Did you get these right? Don't go on if you missed either one.
Re~read the material and get i* straight hefore you try the next step.
3. Mixer. The signal from the RF amplifier is sent to the MIXER,
The mixer receives the amplified selected TV signal from the VHF RF
amplifier and another signal from the VHF oscillator. The mixer
combines these signals to produce an IF (Intermediate Frequency)
signal which is sent to the Video II' stages. The actual frequency
of the TV signal being sent to the Mixer from the VHF RF Amplifier
depends upon the channel selected (UHF is connected in the position
where channel 1 would be). The video IF stages are tuned to only
one frequency (45,75MC). In order to amplify all channels equally
well, we must have a constant frequency coming out of the mixer.
This 1ls done by varying the frequency of the VHF Osclillator. Each

time a different channel is selected, the VHF Oscillator's frequency
ls also changed, so that when its signal is mixed with the IV's

gignal, the result is an IF with the same frequency, which is the
difference between the TV frequency and the oscillator frequency.
That is, with an RF of 54MC, the oseillator would run at 99.75MC
to produce a difference of 99,75-54% equals 45.75MC. IF.
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Here are some more questions: {
1. You need a constant IF out of the MIXER because the IF Amp i
amplifies only one frequency. True or False, ‘
2, The MIXER mixes RF and IF signals. True or False. 2
3, If the RF Amplifier frequency is 54MC and the oscillator
frequency is 109.75 megacycles, the IF frequency from the

MIXER is ——e

4, Is the frequency in the above example the correct IF

frequency for TV sets? Yes or No.
5, The IF is the same, regardless of whether you are tuned
to UHF or VHF, True or False,

Answers:

1. True (but actually the IF amp more than a single frequency)

2., Talse :
3. 55.75MC
4, No :
5. True %

If you missed any, check yourself out before going on. Notice i
that the last question goes back to the earlier subject of how UHF %
is zonverted to a VHF (channel 1) frequency by the same process of i
mixing frequencies as is done in the MIXER, but it is not done in :
this MIXER, é

4%, Video IF Amplifier. The IF signal from the MIXER is sent
to the VIDEO IF AMPLIFIER. Even though it 1s called VIDEO IF, the

sound and sync signals are also present,
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The VIDEO IF AMPLIFIER amplifies these signals. A lot of
amplification is needed so there are three stages of IF amplifi-
cation, (Other sets may have more or less.) Each stage makes the
signal bigger than the last., Also there is AGC action here, just
as there was in the RF amplifier. It is needed here because the
amount of gain (amplification) is not controlled well enough in

the RF amplifier.

Questions:

1. VIDEO IF AMPLIFIER stages amplifies only video. True or False.

2, Only one VIDEO IF carrier frequency is amplified in the
VIDEO IF AMPLIFIER. True or False.

3, All TV sets have three stages of VIDEO IF amplification.
True or False.

4, VIDEO IF AMPLIFIER stages amplify UHF more than VHF because
UHF has a higher frequency. Irue or False.

5, AGC action takes place in the RF amplifier and IF Amplifier.

True or False.,

Answers:
1. Talse
2. True
3. Talse
L, False
5. True

Get them all right? Good. If not, read the material until you

do. Can you answer all questlons asked so far correctly? Be confil-
dent that you can before going on. Then, go man, gol
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5, Video Detector., The VIDEO IF AMPLIFIER sends the amplified
IF signal to the VIDEO DETECTOR. The VIDEO DETECTOR removes the

IF from the rest of the signal (which contains the video, sound
and sync signals), Here again those three signals are together,
even though this is called the VIDEO DETECTOR. The output of the
VIDEO DETECTOR is applied to two places:

1. Video amplifier

2, AGC - Sync clipper

This input to the AGC - sync clipper -~ helps to eliminate any

noise riding on the video signal that might cause distortion in
the picture. If this noise were left on the signal, it would cause
the picture to jump, roll and tear., The video amp inputs include

sound, video and sync signals,

Questions:

1. Can you answer all previous questions correctly? Yes or No.

2, Video, sound and sync signals go through the VIDEO DETECTOR.

True or False,

3., The output of the VIDEO DETECTOR is IF (45.75 megacycles)

True or False.
4, The noise would cause the plcture to be very sharp if left

on the signal., True or False.

Go to the next page after you have made your answers,
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Answers:
1. Yes
2, True
3, False, The IF is removed,

%, False, It would cause it to jump and roll and tear.

Could you answer the first question with a yes? Be sure of
yourself before you go on., Did you have any trouble? Re~-read the

material 1f you missed any of the questions and don't understand

the explanation given after the answer.

6. Video fmplifier, The detected video signal is sent to the

VIDEO AMPLIFIER. Here the signal is amplified, and tae sound,
picture and sync signals are separated., The picture signal is
sent through the CONTRAST control to the picture tube. The sound
| signal is sent to the SOUND LIMITER, and the sync, signal 1s
applied to two places: (1) AGC Input and (2) The sync separator
| input.(All of these are parts of the syne clipper tube,)

We won't ask any questions here, so long as you understand

PRy

that the sound, plcture and sync signals are separated here and

sent to three different places.

i - :Mjf ¥, - 34

7. AGC. The Automatic Gain Control receives its signal from
the VIDEO AMP, It is this input to the AGC which the AGC samples
to see if the amount of gain should be increased or decreased in
the earller stages of amplification which it controls. This process !
of taking a signal sample and using it to control amplifilcation §
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earlier in the signal path is called feedback. This signal
represents the average signal strength for the channel and the
location of the set. As the signal changes in value, the AGC
produces a voltage which is fed to the IF and RF amplifiers in
order to maintain a constant average detected signal. The AGC
samples the video at a specific time. That specific time 1s the
time of the horizontal pulse, one of the two sync signals, Without
AGC, you would have wide variations in picture quality as you change
from channel to channel, or as the atmospheric conditions changed.
The AGC sutomatically solves the problem, In some TV's, the AGC

voltage is sampled at the video detector stages and fed back to
the RF and IF steges.

The variations in amplitude of the signal to the picture tube
cause the variations from black to white of the spot (called picture
detail) appearing on the picture tube. Varying the CONTRAST control
produces greater or less difference in the shades of gray possible
in the picture. Varying BRIGHINESS control produces changes in the
intensity of the picture and 1s useful to correct for varying
ambient (surrounding) viewing conditions. Remember, adjustment of
one makes it necessary to re-adjust the other usually. The
BRIGHTNESS control makes the spot brighter and is connected directly |
to the picture tube at the same place the plceture signal comes into §
the tube. §

Another control voltage coming to the plcture tube is an internal %

focus adjustment which is factory adjusted. The "ad justment" is ;
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done by selecting one of three voltage taps. Like focusing a

camera, you can make the spot sharper with this adjustment, but

you would not normally do anything about this, since the factory

has already selected the hest tap for the particular recelver. :
Other manufacturers use different circuits to accomplish the %

same function.

n This completes the signals and control concerned with putting

VTR o e e Al

the spot of light of varying brightness onto the picture tube, so
let's ask some questions:
1. The spot of light can get brighter when:

! a., Brightness control 1s moved.

. b. Signal strength from video amplifier changes.
N c. Both (a) and (b). ]
} 2. The FOCUS control is factory adjusted. True or False, E
3+ The CONTRAST control changes the shades of gray. True or False. é
z 4, A faulty CONTRAST control could keep the spot from getting %
- on the picture tube. True or False. f
. 5, The AGC controls the amount of amplifications in the
] VIDEO DETECTIOR. Irue or False.
, Answers: E
F‘ l, ¢ %
i 2. True E
j 3. True &
Fﬂ 4. True. The signal from the video amplifier goes through the

| CONTRAST control on the way to the picture tube., If the control is
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faulty, it could stop the signal from getting throughs
however, it doesn't always eliminate the brightness from

the screen of the tube.
5., False, In some TV's, it is sample from the detector,

8. Syne Si Flow, Now let's go bhack to the VIDEO AMPLIFIER.
We've followed the picture (video) signal through the VIDEO AMPLIFIER
to the picture tube and we've finished with it, We'll take up the
sound later -- and it's pretty simple. But now we'll talk about

how the spot of light is moved around on the picture tube in both
the horizontal and vertical directions! These are control signals
which synchronize the movement of the spot of light to a spot of
light moving in the camera in the broadecast station, Get that?

There is a camera in the broadcast stationi youlve probably seen

them on some TV shows. Those cameras break up the picture they see

into a moving spot of light of varying brightness. As that spot

moves, so we want the spot to move on our IV picture tube. That's
what the sync signals are for. Now let's see where we get the

syne signal.,

The signal, AGC and sync, which 1s taken from the VIDEO AMP,
§ as you will remember, goes to the same tube, including SYNC CLIPPER
and AGC. In this set, then, the AGC and SYNC CLIPPER are in the :
l same tube. Each gl gnal is put on a control grid, one to each half
l of this tube; both the AGC and the SYNC CLIPPER have separate input
grids, Remember this signal includes the sound, picture and sync
} signal., The SYNC CLIPPER side of the tube clips off everything
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but the sync signal. This signal contains both horizontal and

vertical sync signals. (Notice how we can talk abount a signal

one time and later find out it is composed of more than one signal.)
Now this sync clipper also splits off the vertical sync signal and

sends it to the VERTICAL OSCILLATOR and sends the other sync signal
to the HORIZONTAL AFC (Automatic Frequency Control).

If youlve got all this, try to do these questions hefore we

i follow the vertical and horizontal sync signals to their destinations,
|

Questions: Answer True or False.

L.
E 2‘
} .

)
§

The AGC separates the horizontal and vertical sync signals.
The SYNC CLIPPER sends Video to the VIDEO AMPLIFIER.

The SYINC CLIPPER sends vertical pulses to the VERTICAL
OSCILLATOR.

The AGC recelves Video and Sync pulse signals only during

the time of the horizontal pulses.

TV cameras are in IV stations.

The brightness of the spot of light on the picture tube
is controlied by the horizontal sync pulse,

There is no video in the horizontal pulses sent to the
HORIZONTAL AFC.,

Horizontal and Vertical Sync pulses are used to make the
spot of light move on the picture tube exactly the same

way the spot moves on the TV camera at the station.

If you had trouble with these questions, re-read the material
before you look at the answers. Then turn the page for the

correct answers.
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Answers:

1, TFalse
2. Talse
3. True

Y, Palse, it receives them all the time, but the AGC action
takes place only during the horizontal pulse.

5, True

6. False
7. True, remember video is removed by the SYNC CLIPPER.

8. True

We're getting close to seeing how the whole TV works now.

Before you go on, make sure you have everything straight, so you

aren't carrying any misconceptions into this final phase., Be sure;

then go on.

9.1 VERTICAL OSCILLATOR
0K, Let's take the vertical signal out of the SYNC :

CLIPPER, We said it went to the VERTICAL OSCILLATOR. It does, and
that's what we want to talk about now. The signal from the SYNC
CLIPPER causes the VERTICAL OSCILLATOR to run at the frequency of
the vertical sync signal, and that is the rate the IV camera 1s
running., If it were not for this vertical sync signal, the
VERTICAL OSCILLATOR would run at a frequency lower than the frequency
} of the vertical sync signal. The vertical sync frequency is 60 cps.
This means the VERTICAL OSCILLATOR will run at 60 cycles per second

L

a——. - 3
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when there 1s a vertical sync signal applied to it. What do you
think the vertical O0SCILLATOR would do if you were tuned to a
channel which is not receiving a broadcast signal? Would it run
at its own rate? ¥Yes, it would. Its rate isslightly less than
60 cycles per second. But it runs, regardless of whether a sync
signal is applied or not. That's important.

Mark the following questions True or False:
L, The VERTICAL OSCILLATOR runs only when the vertical
sync signal is applied to it.
2. The VERTICAL OSCILLATOR runs at the rate of the sync
gsignal, when the sync signal is applied to it,

3+ The vertical sync signal runs at the rate of the TV

camera's vertical signal.

%4, The frequency of the VERTICAL OSCILLATOR is less than
that of the vertical sync pulse, when there is no vertical
sync pulse applied.

5. The frequency of the vertical sync pulse 1s 600 cycles

per second.

Turn the page for the answers.,




Answers:

l. False
2. True
3., True
4, True
5. False

Now if you're all straight on these questions, we'll take up
an adjustment that controls the frequency of the VERTICAL OSCILLATOR,

Tt is called the VERTICAL HOLD control. You've worked with
this in the adjustment lesson plan and you'll remember that you

can change it so that the picture rolls in either direction.

This control can change the natural frequency of the VERTICAL
OSCILLATOR and is normally adjusted, so that the vertical synec gignal
can lock the frequency into its own frequency. This just means that
the natural frequency of the vertical oscillator has to be fairly
close to 60 cps (the vertical sync frequency) in order for the
Vertical sync signal to control it.

Now, here's a thinking man's question: When you move the
VERTICAL HOLD control one way, then the other, the picture rolls
in one direction and then the other, but through a certain range
of control turning, the picture stays steady. Why do you suppose
that 1s?




9.2 VERTICAL SIZE control
Remember, the VERTICAL SIZE control can change the

height of the picture on the picture tube, In addition, it can
shrink the picture at the top and stretch it out at the bottom.
Also remember that the distortion is greater at the bottom when
this control is moved. This size control causes its effects by
changing the amplitude of the output from the VERTICAL OSCILLATOR
(not the frequency, but the amplitude). Increasing the amplitude
of the VERTICAL OSCILLAIOR output signal increases the height of
the picture, but, unfortunately, this causes the distortion you get
at bottom and top. You have to use the vertical linearity control
to correct this distortion., But the VERTICAL LINEARITY control
affects the sigral at the next stage we will be talking about...
the VERTICAL OUTPUT stage.

9.3 VERTICAL OUTPUT
The VERTICAL OUTPUT receives its signal from the
VERTICAL OSCILLATOR and amplifies it., The VERTICAL LINEARITY
control makes the amplification linear. If this control is out of
adjustment, the top of the picture looks distorted., It is used in |
combination with the VERTICAL SIZE control to get a picture of the |
right height which is also undistorted at top and bottom.

Here are some questions:
L. The VERTICAL SIZE control and VERTICAL LINEARITY control tend

to compensate for each other. True or False. i
2. The VERTICAL LINEARITY control adjusts VERTICAL OSCILLATOR, TarF g

] 3« The VERTICAL LINEARITY control mostly affects the bottom, top
of the piecture. (pick one)

f Turn the page for answers.
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Answers:

1, True
2., False
3. Top

0K? Let's push on to the end of the line for vertical pulses,

9.4 VERTICAL DEFLECTION COILS

The output of the VERTICAL OUTPUT stage is sent to
the VERTICAL DEFLECTION COILS on the YOKE on the neck of the
picture tube, to move the spot of light in the vertical (up-down)
direction, It should move the spot, by electromagnetic action,
down the tube at a steady rate., When it gets to the bottom, it
should snap back, It moves down sixty times a second because that's
the frequency of the vertical sync pulse. When there is no station
tuned in, it moves dowvm slightly less of ten because 1t operates
at the natural frequency of the VERTICAL OSCILLATOR. This distance
it moves 1is controlled by the SIZE control, and the spot will move
at a steady rate each time it goes down, 1f the linearity control
is properly adjﬁsted. There 1ls just one more thing to say about
the vertical pulse. It concerns the snap back of the spot from
the bottom to the top of the plcture. We want the set to be
"blanked out" during this time, so that the spot is not seen
going back.

9.5 BLANKING
The same old vertical sync pulse (from the sync
clipper) is used to '"blank out" the set. For blanking, it goes
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from the SYNC CLIPPER directly to a grid in the picture tube that
does~the blanking, It works so that this grid stops the spot of

light during the time the spot is going back.

Let!s have a few more questlons, nows:

1.

2o

3

A YOKE is

a. Something funny.

b. The yellow thing in an egg.

c. A bunch of coils hanging around the neck of a pilcture
tube.

The VERTICAL DEFLECTION COIL is separate from the

HORIZONTAL, DEFLECTION COIL in the YOKE, True or False.

The spot of light moves down the picture tube regardless

of whether the sync pulse is present or not. TIrue or False,

If the sync pulse 1s not present, any picture you have
will roll., True or False.

The blanking pulse is applied to the YOKE. True or False.
The blanking pulse comes from the VERTICAL OSCILLATOR.

True or '‘False,

Turn the page for your answers,
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Answers:

1. That question was a "yoke,"

2. True
3. True
%, True
5. False
6. TFalse

If you got all the questions right, you're ready for the
horizontal-~that's moving the spot of light across the plcture
tube from left to right.

We were just back at the SYNC CLIPPER for a blanking pulse,
You remember that that is where the vertical pulse was separated.

Now we're going to talk about what'!s left,

9,6 HORIZONTAL AFC
The other pulses from the SYNC CLIPPER are applied

to the HORIZONTAL AFC (Automatic Frequency Control). This AFC
is one of the circuits which controls the frequency of the
HORIZONTAL OSCILLATOR., This oscillator is controlled indirectly,
rather than directly, as the VERTICAL OSCILLATOR was. (Early IV
sets had direct control in the Horizontal, but it was found that
unwanted noise would accidentally trigger the horlzontal osclllator,
in addition to the sync pulse doing it, and produce a bad picture,

So newer sets have this indirect control.)
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We're going to talk about this indirect control now., This
AFC is part of a feedback loop, just like the AGC was. In the
AFC circuit, the horizontal sync signal from the SYNC CLIPPER is
compared to the signal being produced by the HORIZONTAL OSCILLATOR,

The AFC produces a voltage signal as the result of this comparison.

e e

PN S e P TS

SR 10 vk,

The size of the signal produced 1s proportional to the amount of
the difference between the sync signal frequency and the HORIZONTAL
OSCILLATOR frequency. This voltage from the AFC is fed to the
HORIZONTAL CONTROL circuit. The HORIZONTAL CONTROL amplifies the
voltage and passes it to the HORIZONTAL OSCILLATOR. The frequency
of the HORILZONTAL OSCILLATOR is controlled by this voltage. The
HORIZONTAL OSCILLATOR will run at its own frequency when the sync
signal 1is not controlling 1it,

9.7 HORIZONTAL HOLD CONTROL
There is a HORIZONTAL HOLD CONTROL which varies the
frequency of the HORIZONTAL OSCILLATOR, so that it stays within
range of the synchronizing control circuits. When it is misadjusted,
the pleture will twist because it 1is not synchronized to the fre-

quency of the horizontal signal coming from the broadcast station.

9.8 HORIZONTAL OUTPUT
The signal from the HORIZONTAL OSCILLATOR goes to the §
HORIZONTAL OUTPUT stage, where it is amplified. From the HORIZONTAL é
OUTPUT, it goes five places. One of these is the feedback to the ;
AFC we've already talked about.
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The second is the AGC. The signal out of the HORIZONTAL
OUTPUT goes to the AGC circuit. This is the AGC, not the AFC,
we're talking about now., It is this signal that tells the AGC
circuit "now is the time to sample the video". Remember the AGC
samples only during the Horizontal sync pulse, and this signal
tells the AGC when that time is.

Would you like some questions now? No? OK, we'll go on.

The third place a signal from the HORIZONTAL OUTPUT goes
is to the HORIZONTAL DEFLECTION COLL in the YOKE, but it goes through
the horizontal sweep transformer, sometimes called the flyback
transformer. At the deflection coil, it makes the spot go back
and forth 262.5 times during the time it takes the spot to get
from top to bottom once., That spot is painting, just like lines

in a book.

The fourth place the signal from the HORIZONTAL OUTPUT goes
is the HI VOLTAGE RECTIFIER. Here the horizontal pulse is turned
into the very high voltage needed for the plcture tube., Watch outl
That's 13.5 kilovolts in the set you have. Here!s an interesting
point: This rectifier uses the HORIZONTAL DEFLECTION COIL to help

produce the high voltage!

The fifth place is the DAMPER. This circuit produces a fairly
high "B plus boosted voltage for use in several stages of the set,
including the HORIZONTAL OUTPUT tube itself.

wlp]




Now we really must have some questions because youfve gone

through the vhole process for putting a picture on the tube.

1,

2.
3.

10,

11,

124

13.

11" ®

The HORIZONTAL AFC conpensates automatically for changes

in received signal strength. True or False,

The HORIZONTAL OSCILLATOR runs at 60 cps. True or False,
The output of the HORIZONTAL OUTPUT will produce 262,5
lines each time the VERTICAL OSCILLATOR produces a signal
that sends the spot dovm the picture tube oice.

The H,V RECTIFIER produces a 13.5KV D.C, for use by the
picture tubhe.

The AFC is concerned with freguency or amplitude. Pick one.
The AGC is concerned with fregquency or amplitude. Pick one.
The VERTICAL OSCILLATOR is controlled indirectly, and the
HORIZONTAL OSCILLATOR is controlled directly., True or False, 1
The AGC is part of a feedback, but the AFC is not., True or False.
The AFC is part of an indirect control of the HORIZONTAL |
OSCILLATOR. True or False,

The HORIZONTAL HOLD control affects the frequency of the
HORIZONTAL OSCLLLATOR. True or False.

The HORIZONTAL OUTPUT sends its signal to five places.

True or False.

The HORIZONTAL DEFLECTION COIL serves two purposes. :
True or False. é
The HORIZONTAL DEFLECTION COIL is part of the YOKE, just E
as the VERTICAL DEFLECTION COIL is. True or False.

The H.V. RECTIFIER includes the HORIZONTAL DEFLECTION

COIL. True or False.
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15,

16,

17,

18.

The H.V. RECTIFIER produces the high voltage needed to
make the picture tube operate. True or False.

The DAMPER produces the high voltage needed for the
picture tube to operate. TIrue or False,

The B/ voltage on the HORIZONTAL OUTPUT comes from the
DAMPER, True or False.

I think I've got “he Technical Story right so far.

True or False.

Sketch space -~ Dontt guess. Figure it out. Lead is cheap.

Turn the page for answers,




Ansvers:
1, False., It compensates for frequency, not amplitude.,
o, TFalse, The VERTICAL OSCILLATOR operates at 60cps.
3. True
¥, True
5. TFrequency
6. Amplitude
7, Talse., Other way around,

8, Talse. Both are part of feedback circuits.

} 9 . Tl'u@ ®
; 10, True
i

? 11, True

; 12, True. Horizontal deflection., High voltage production.
] 13. True. It just has an extra Job in producing high voltage.

14, True E
G 15, True %
4 16. False %
17. True

18. If you said true, you're pretty good., If you sald false,
1 you!re modest, or you need another tgo round." We suggest you
| ngo round" right now, while you've got a hold on the whole thing. ;
.g You're cloge to having it straight, and you might as well come oub é
knowing this., It is the basis of all troubleshooting, and you'll f
i need it. There's no point in faking this when you're so close to %
having it right. Go ahead. Go back now. It will go rapidly and

easily. Go now -- now, do it -~ nowl
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E, TV SOUND AND POWER

1, Overview, This is a story about how IV sound and power
are produced. You have learned already how the picture gets onto
the picture tube. When you have finished this material, you will
have a fairly good idea of how the whole TV works. As you read
this, you will be asked to fill in some blanks, or to answer some
true or false questions. You should be able to answer these
questions with little difficulty. If you have trouble, go back

and read the material again until you can answer the questions.
OK, let's begin.

The signal the TV set receives contains three types of information:
picture, sound and sync, Each of these types of information is
required to obtain a good picture with sound.

ceees The picture information puts various shades of gray
on the picture tube.

ceese The sync information makes it possible to arrange the
shades of gray into a reproduction of the picture the

TV camera Sees at the TV station.

ceses The sound information makes it possible for you to
hear what is being said.

All the circults in the TV set need power to operate. The
power used comes from the house wall outlet into which you have
plugged the line cord. This power that comes from the wall outlet
is AC power, and it cannot be used directly by the TV circuits,
except for the filament circuits. It has to be changed into a form

}
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which the circuits can use. This is dore by the TV power supply

and other special circuits which you will learn about.

We will talk about the sound circuits first and see how the

sound signal is changed into something which you can hear.

2, TV Sound. Let us begin at the output side of the VIDEO
DETECTOR., The signal out of the VIDEO DETECTOR contains sync,
sound and picture information. The signal, still with its three
types of information, next goes to the VIDEO AMPLIFIER.

veeee The picture informat

on, after being amplified by the
VIDEO AMPLIFIER, goes through the CONTRAST CONTROL and
then to the PICTURE TUBE.

veese The SYNC INFORMATION goes to the sync clipper after

amplification.
vesee The sound information also is amplified in the VIDEO
AMPLIFIER,

After emerging from the VIDEO DETECTOR, the sound, picture and
sync information are sent toward the TV picture tube. However,
between the VIDEO DETECTOR and the PICTURE TUBE (in the VIDEO AMP
STAGE), there is a circuit called a "trap." This "trap" 1s tuned
to 4.5 MC, and, therefore, is called the 4.5 MC trap. This trap
allows the picture and synec information to pass through it to the
picture tube. The sound information is trapped by the 4.5 MC trap
and is sent to the SOUND LIMITER. Thus -~

veves The 4.5 MC trap prevents sound information from getting
into the PICTURE TUBE
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veses The Y.5 MC trap sends the sound information on to
the SOUND LIMITER.

When we talk about limiting something, we mean keeping it within
certain bounds., If you put a rope on a dog and tie it to a tree,
the dog can only go as far as the rope will let it. That's putting

an outside or maximum limit on how far the dog can go from the tree.

If you put the rope through a long pipe, the dog couldn't get com-
pletely back to the tree. That would be putting a lower or minimum

limit on the dog's movement.

The function of the SOUND LIMITER is to limit or restrict the
amplitude of the signal output from the VIDEO AMPLIFIER. You
remember that the signal is amplified in the VIDEO AMPLIFIER. The

signal output varies in frequency (which we want), but it also
varies in amplitude or strength. We want to get rid of these
amplitude variations. To do that, the signal is passed through
the SOUND LIMITER. Here, all portions of the signal above a

certaln strength are chopped off,

[

Now some questions. Answer True or False,
1, The 4,5 MC trap removes the sound signal from the video.
2. The sound signal into the SOUND LIMITER is at a constant
amplitude.
3. The output of the SOUND LIMITER is a constant amplitude.

Go to the next page for the answers,
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Ansviers:

1. True
2. False
3, True

The function of the SOUND LIMITER is to remove the amplitude
variations from the %.5 MC sound signal output from the VIDEO
AMPLIFIER., This function is required, so that a frequency modulated

signal without amplitude variations can be sent to the SOUND
DISCRIMINATOR,

Do you remember what a frequency modulated sound signal is?

Well, even if you do, a little review won't hurt.

First think about the carrier. For Chamnel 2, this 1s a radio z
signal of a frequency of 59.75 MC. Left by itself, it would just
go through 59,75 million oscillations each second. That!s pretty

monotonous,

So, let's think about a man speaking into a microphone in the
TV station. Let's say he's reading a news bulletin. He speaks
loudly and softly; in other words, he varies the strength or
amplitude of his voice. At the same time, he speaks in a low tone
and then in a higher tonej; in other words, he varies the pitech or

frequency of his voilce.

_L8-
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Speech contains both amplitude and frequency changes. By

affect only the frequency of the 59.75 MC sound carrier, NOT the

amplitude of the carrier.

LERITEY
i »f‘/ V |

In frequency modulation, two things happen -~

E connecting a microphone through certain circuits, the speech will %

Signal 5
eeees The frequency of the carrier is changed in proportion

to the amplitude changes of one's voice.

L k3
- T
S [N

veses The frequency of the carrier is changed at a rate which
is in proportion to the tone or frequency changes of

one's voice.

F sl =
2 g

When a TV newscaster talks into a mike, amplitude changes in his

%@ voice produce frequency changes in the carrierj frequency or pitch
. changes in his voice produce changes in how often the frequency

tj changes (rate of change). The results on the carrier is to make
%} it look something like an accordian bellows, squeezing and pumping
away. N NN N 2N

i

; ./ ULJ

é} So much for the review of frequency modulation. Now, sound is

i} transmitted on a FM carried signal which is received by the IV set,

Ef right along with the picture and sync signal. The original FM signal
has a high frequency which is removed in the MIXER stage. In its
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place, an intermediate frequency signal is produced (just as

with the picture carrier) which then is amplified in the IF AMP
stages. The signal then goes to the VIDEO DETECTOR stage, where
the sound carrier is mixed with the video carrier. This produces
a 4,5 MC sound carrier, vwhich is still frequency modulated exactly
like the FM carrier that first entered the TV.

We described how the amplitude of the sound signal was limited
in the SOUND LIMITER. This signal, then, is sent to the SOUND
DISCRIMINATOR. It is called a discriminator because it can tell
the difference, or discriminate, between signals of different
frequency. As the sound signal changes its frequency, the dis-
eriminator produces a voltage output which is proportional to

changes in the frequency of the signal output,

We have described the function of the SOUND LIMITER and the
SOUND DISCRIMINATOR, But, in some TV's (like the one you're study-
ing) the SOUND LIMITER isn't completely effective. That is, it
does not remove all the amplitude varlations from the amplifiled
carrier gignal. In such cases, the SOUND DISCRIMINATOR, if it is
of the "gated beam type," provides some of the limiting action.
Putting it another way, in some TV's, the gated beam SOUND DIS-
CRIMINATOR performs some of the limiting actlon. In such IV's,
the SOUND LIMITER cannot be said to perform limiting all by itself,

There are other types of discriminators which are incapable of
performing limiting action. Such discriminators would produce

distorted outputs if their inputs were not adequately limited.
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We will not study these types of discriminators now. For now,

remember that a "gated discriminator" can, and does, do part of

the limiting of the carrier signal,

Now for some questions. Answer True or False.

1,

24
3.

9.

10.

The SOUND DISCRIMINATOR produces an output which is
proportional to the amplitude of the input signal, rather
than the fredquency.

The original sound carrier is removed in the MIXER.

The 4%.5 MC sound carrier from the VIDEO AMP is removed
by the SOUND LIMITER.

The primery function of the SOUND LIMITER is to limit the
amplitude of the sound coming out of the loudspeaker.
Some types of discriminators are sensitive to amplitude
variations in the FM input,

The gated beam type of SOUND DISCRIMINATOR provides some
of the limiting action as well as discrimination.

The greater the amplitude of the modulating audio signal
(like a voice) the faster will the changes in frequency
oceur, |

The greater the frequency (piltch) of the modulating audlo
signal (voice) the faster will the changes in frequency occur.
The original sound information, such as a volce speaking,
is the output of the SOUND DISCRIMINATOR.

The Sound Carrier is mixed with the video carrier in the
VIDEO DETECTOR to produce the 4.5 MC sound carrier.
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9. True

19. True

These were rather difficult. If you missed any of these, EO
back and reed the material again, When you are sure you can
answer them correctly, continue with the lesson.,

The signal out of the SOUND DISCRIMINATOR is an audio frequency
voltage. The amplitude of this voltage changes in direct relation
to changes in the frequency of the FM signal, which is fed into
the SOUND DISCRIMINATOR. The output of the SOUND DISCRIMINATOR
15 sent through the VOLUME CONTROL and then to the SOUND OUTPUT.

As you know, varying the position of the VOLUME CONTROL changes
the loudness of the sound coming out of the loudspeaker, Changing
the position of the VOLUME CONTROL CHANGES the amount of signal
which is allowed to pass through the VOLUME CONTROL. When the
volume is up high, about all the signal is allowed to pass through;
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Ansvers:

1. PFalse, just the reverse,

2. True, the original sound carrier is at an RF frequency.

3, Palse., If it were true, the SOUND DISCRIMINATOR would

have nothing to work with,

4. False

5. True

6. True

7. True

8. True

9. True

10. True

These were rather difficult. If you missed any of these, go
back and read the material again. When you are sure you can

answer them correctly, continue with the lesson.

The signal out of the SOUND DISCRIMINATOR is an audio frequency
voltage. The amplitude of this voltage changes in direct relation
to changes in the frequency of the FM signal, which is fed into
the SOUND DISCRIMINATOR, The output of the SOUND DISCRIMINATOR
is sent through the VOLUME CONTROL and then to the SOUND OUTPUT.

As you know, varying the position of the VOLUME CONTROL changes
the loudness of the sound coming out of the loudspeaker. Changing
the position of the VOLUME CONTROL CHANGES the amount of signal
which is allowed to pass through the VOLUME CONTROL. When the
volume is up high, about all the signal is allowed to pass through;
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vhen the volume is turned down low, only a little of the signal

gets through,.

The signal output from the VOLUME CONTROL is sent to the
SOUND OUTPUT stage. In this stage, the signal is amplified and

then sent to the loudspeaker,

The LOUDSPEAKER converts the electrical audio frequency signal
into a mechanical movement ... 1t causes the loudspeaker cone to
move in and out. This mechanical movement vibrates the air,and

sound waves are made. This is what we hear.

Let us now summarize the TV sound channel .,..

l. The sound signal is received by the TV, right along with
the picture signal, as a frequency modulated signal.

2. The RF carriler signal, which is carrying the sound signal,

is removed in the MIXER, and a new lower frequency FM

gound carrier is added. This new frequency is the IF signal.

3. The new FM sound carrisr is sent to the VIDEO IF AMPLIFIERS
in which it is amplified, and sent to the VIDEO DETECTOR,

4, In the VIDEO DETECTOR, the sound carrier and the pleture
carrier signals are mixed to produce a 4.5 MC FM sound
signal. This signal is sent to the VIDEO AMPLIFIER.

5. In the VIDEO AMPLIFIER, the signal is again amplified.
The picture signal is then allowed to pass onward to the
picture tube. The sound signal is prevented from getting

into the picture tube by the 4,5 MC trap. This trip channels

off the sound signal and sends it to the SOUND LIMITER,
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9.

The SOUND LIMITER removes any amplitude variations which
might have entered the FM sound signal. Ia other words,

it limits the amplitude of the signal. This limited sound
signal goes then to the SOUND DISCRIMINATOR.

The SOUND DISCRIMINATOR produces an audio frequency output.
The amplitude of this output depends upon the amount the
input signal frequency has changed from 4.5 MC, This

audio output is sent to the VOLUME CONTROL.

The volume or strength of the signal is varied by the
VOLUME CONTROL. This control determines the amount of
audio signal which will get through the control., This
signal goes to the SOUND OUTPUT stage.

The SOUND OUTPUT stage amplifies the signal and sends it to
the LOUDSPEAKER, In the LOUDSPEAKER, the electrical audio
signal is converted into sound waves.

INEUT
PICTURE, AUDIO AND SYNC SIGNALS
MIXER

VIDMW,
xmz;g DETECTORS|

LVIDBO AMPLIFIER

!

# 5MC Trap > picture and syne signals
| SQUND_ LIMITER
SOUND DISCRIMINATOR
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3. The TV Power Supply. As you know, electrical devices

need a source of power., Some portable TV's are battery

o o s e A .

operated. Most TV's have a linecord which must be

:
¢

plugged into a wall outlet. For the Zenith portable TV

S et ¢ R R

you are studying, The power to operate the circuits in
the set comes from a wall outlet. This power enters the

TV through the line cord.

The voltage that is available at a wall outlet usually has

a voltage of between 110 and 120 volts. This is an AC voltage
which has a frequency of sixty cycles per second., Now, TV circuits

need a different type of voltage to operate. Some circuits can

use directly the 120 volts AC vhich comes from the wall outlet.
Other cireults need voltages which, depending on the particular

TV set, may go higher than 20,000 volts, Some IV circuits operate
on AC current, while others need DC current. How are all these
voltage and current requirements obtained?

Low Voltage Circuitss:
A TV power supply can be divided into two classes, the low

voltage supply, and the high voltage supply. You have already
learned something about the HV supply in an earlier lesson, and
you will learn more later on. For now, we will discuss the low %
voltage circuits.
There are two principle objectives of the low voltage circults:
veess ‘they supply the current needed to heat the filaments of
the vacuum tubes. This is what makes the tubes light up.

veses vhey supply the direct current voltage needed for the
vacuun tube plates and for the bias supplies.
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Some TV's are designed so that all the heaters (or filaments)
are connected in parallel. This is possible when all the tube

filaments require the same voltage, In such TV's, the filament

voltage comes from a speclal filament winding on the TV pover

transformer. A different winding on the power transformer supplies
a higher voltage to a rectifier tube. This arrangement is used to
produce the voltage needed for the tube plates. (A you should
remember, a rectifier tube is used to change AC current into pul-

sating DC current.)

Some TV's, like the one you will work with, do not have a
power transformer. In such TV's, the tube filaments are connected
in series. With this arrangement, the same current flows through
all tubes., Furthermore, if one filament fails (burns out; for
example) , no other filament can get its current. A4s a result, all
the tubes will go out. This filament arrangement is knows as a
series string type of filament supply. Capacitors are used in the
string to prevent high frequency signals from being transferred

from one tube to another,

When the TV set is of the transformerless type, one side of
the AC line is connected to the TV chassis. In such cases, it is
very important not to touch the metal chassis since you may be
shoecked by the AC, The on/off switch might only disconnect one
side of the line. 8o, be careful. Before working on such IV's,

be sure not to touch the chassis when the set is plugged in.

Fuses: As you know, fuses are used to protect electrical

equipment, A fuse is usually inserted in the power line of a V.
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This fuse will open and interrupt the currew.t if a short circult
:n the TV causes an unusually larse amount of current to flow.
This protects the parts of the TV set which might otlierwise bhe

damaged by excessively high current.

A DC voltage is needed for the plate and biasing circuits,
This DC voltage can be obtained in a variety of ways. In a
IV set vhich has a power transformer, a vacuum tube rectifier
might he used. In a transformerless type TV, a semiconductor
diode mighkt be used. Sometimes these diodes are called silicon
diodes., These silicon diodes function as rectifiers. That is,
theyr Tave the capability of conducting current in one direction
better t::an in the reverse direction. As a result, when an AC
voltage is applied to a silicon diode, the output is a voltage
which pulses in one direction. This is called pulsating DC.

Pulsating DC voltage cannot be used directly., It must be
smoothed out a bit. This is done by a filter network consisting
of electrolytic capacitors (they look like tin cans) and iron-core
coils, (Such coils are called "chokes.") The voltage availlable
after such filtering is a DC voltage which is steady or smooth
enough to be used by the TV. This DC voltage is then distributed
over wires to the individual circults which need it., Its voltage
is about 130 volts DC,

Now for some questlions:
1. In serles string filament circuits, all heaters get the
same current.

2. In a transformerless set, one side of the AC line is
grounded to the chassis,
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3. The fuse protects parts from damage by opening, vhen
excessive current flows,
%, Silicon diodes produce a steady DC voltage.

¥, A filter network ls nseded to get rid of pulses in thz

plate supply.

Ansvers:
1., True

2, True, so be careful

3., True
4., False
5. True
Did you get them all right? Good! Let's go on,
# Some TV circuits need a voltage which is higher than the 120-130

volts, which can be obtained by simply rectifying the 60 cps line
voltage. Most of these circuits use vwhat is knovm as the "B plus
boost voltage." This is a voltage which is higher than 130 volts,
but which is not as high as the voltage used by the picture tube.

The B plus boost voltage is obtained as a by-product of the
p DAMPER circuit,

You will recall from the technical story on TV video, that
the DAMPER was needed to remove the osclllations produced by the
current in the HORIZONTAL DEFLECTION COIL. The tube in the DAMPER
circuit is actually a rectifier tube., So, the DAMPER circuit pro-
duces a DC voltage which is higher than the 130 volts plate supply

} voltage. The B plus boost voltage is obtained by adding together
] the 130 volt plate supply voltage and the voltage obtained from the
DAMPER.
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The picture tube needs a very high voltage, something around
20,000 volts. Thic voltage is used by the picture tube to draw
the electron heam to the face of the TV tube. The picture tube
voltage is produced by the HIGH VOLTAGE RECTIFIER, The collapsing
current in the HORIZONTAL DEFLECTION COIL produces a voltage in
the HORIZONTAL OUTPUT TRANSFORMER (or flyback transformer) which
is stepped up even higher by another transformer winding, which
is comnected to the HIGH VOLTAGE RECTIFIER, As a result of this

action, a high AC voltage is produced (the frequency is the same
as that of the horizontal sweep ... 15,750 cps). This AC voltage
is rectified by the HIGH VOLTAGE RECTIFIER, and the result is a
very high DC voltage. This voltage is sent to the picture tube.

Now how about trying some more questions:

1, The HIGH VOLTAGE RECTIFIER produces a high voltage
called B plus boost.

2. The silicon rectifier produces DC from an AC of 15,750 cps.

3. The DAMPER is needed for B plus bcost only.

%, The low voltage supply produces most of the DC voltage
needed by plate and bias circuits. |

5, The on/off switch cannot affect the output of the HIGH
VOLTAGE RECTIFIER.

6. The current through the filaments is a DC current.

7. A fallure of a part in the LOW VOLTAGE supply might blow
the fuse,

8. Filtering is needed in the low voltage supply to remove

AC pulses.
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9, B plus boost is higher than the low voltage supply
but lower than the HIGH VOLTAGE supply.

10, The HIGH VOLTAGE supply needs the line cord o he
connected to the wall outlet, in order to prouduce the

right amount of voltage.

Ansvers:
l. False
2. False

3. False, it removes the unwanted oscillations, remember?
. True, the B plus boost produces the rest.

5. False, if off, the whole set is off. Right?

[t 6. False, the current is AC

7. True

{ﬁ 8. True
\ 9. True

Ji 10, True

If you missed any of these questions, go back and study the

‘{: material some more.

A few more words are in order about power supply problems.
Ny | As the phrase 'power supply! suggests, the object is to supply
| voltages and currents to a number of different circuits. Each
circuit to which a voltage is supplied constitutes a "load" on
Al the supply. When a part fails in one of those circuits, the

effect is sometimes, but not always, to increase the load on the

power supply. There is a limit as to how much a power supply can

{ 60 -
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£ouge

give. When one circuit takes too much, there is less available
for the other circuits., These other circuits will then operate
below their tolerable limits, and the resulting effects will be
noticeable. Usually troubles that originate in the power supply

affect many circuits.

Were you able to answer all questions correctly? Do you
understand? If you have had trouble, go back and re-read the

material. This concludes the material on sound and povwer circuits.

Now, when you watch the late show on TV, you can amuse yourself
during the commercials by thinking about all the things the circuits

inside your TV set are doing to produce the picture you are viewing

and the sounds you are hearing.
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SCHEMATIC SYMBOLS AND COLOR CODES FOR ELECTRONIC PARTS

COMMON SCHEMATIC SYMBOLS
Batteries , ,
Transistors ,
Resistors , ,
Capacitors ,

L]

e » ® @

- ® @

.« % % »

» Ww » W »
-« » ® 9 9
.* % % % 9
* @ 9O W W

VOLTAGE AND CURRENT
Volitage , « o o
Current , , . &
Amperes , o, o o

» ® % @
- % % @
* ® %
e ° @ =
.- ® 9 @
- °* 9 »

MORE SCHEMATIC SYMBOLS
Colisooooqvo
Transformers , .
Vacuum Tubes , .

. » S =
5 © &
2 ° & W%
. ® ® &
* & % »

NUMBERING SYSTEM FOR TUBE PINS AND
TUbePInSOOOOOQQOQQ

i Y

TUBE ELEMENTS , . o o
Plate, Cafhode, Heater ¢ o
Electrical Grids , , ,

e @

CONNECTIONS AND NODES , , ., . .
Electrical Connections , ,
Electrical Nodes , , ., . .
Electrical Ground , , , . &

READING SCHEMATIC DIAGRAMS , , ,
Label and Number of Parts ,
Tracing the Electrical Path

CONNECTED AND UNCONNECTED WIRES

CONDUCTORS AND INSULATORS , , ,

RESISTANCE OF ELECTRICAL PARTS
Ohms and Ohmmeters , , .

- e

COLOR CODES 4 & o o « &
Resistors ,.e o o &
Resistor Tolerance
Capacitors , o o &

e @& * o
e & 2 =
* & = @
* @ ° »

SCHEMATIC SYMBOLS: NEWER PARTS
Electrolytic Capacitors , ,
Thermistors , o R
Voltage~Dependent Reslstors
Semliconductor Diodes . &
Dual Diodes or Varistors
Shielding « o o « ¢ o o @
Tunable Transformers ., ,

- e e

APPEND‘CES e 0 @& & $ ¢ & & L]

A. Prefix names for mul+iples of
B. Color Codes for Resistors and .
C. List of schematic symbols with letter designators , ,

ANSWERS TO BOOK TT PROBLEMS , .,
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SCHEMATIC SYMBOLS AND COLOR CODES FOR ELECTRONIC PARTS

COMMON SCHEMATIC SYMBOLS

How many dlfferent types of electronic equipment have you
used? Most people have a radio and usually a TV. Stereo
phonographs and Juke boxes also are used by many people. DId
you know that all of tThese use very similar parts? Take a
+ransistor radio, for example. When you take the cover off,

i+ might look something lTke this.....

Probably you know already some of +he names of the parts

of a radic.....The speaker, the antenna, tubec, etc. In this

bookle+, you will be shown pictures of many basic parts of a

radio, and you will learn the names for these parts. Now, did
you know that a picture of a radio can be drawn to look Ilke a

diagram? The dliagram for the above fransistor radlo might look

ke this..... . RF PICTURE #2
K - AMFQ) )
von ~ DE?.('l

}ZDHH
T 56 02
MM
- /1
VAVAVA
ey 257K

ANT-TUNER

You can see that +he dlagram above is made up of lots of

symbols ( ;%; ) which are tied together by lines. All radio %

and TV repairmen must know how to read such diagrams. In this




l -
booklet, you will be shown the symbols ¢ ?”E; D) for some
| be

of the basic parts that make 2 radio work. You alsol

).

shown how these parts usually appear In @ radio (

And, you will see how these parts are connected to form The
diagram or schematic of a complete radio. This booklet will

help you to look at a schematic diagram of a radio and understand

It

As you read along there will be questions on the material you

read. To answer the questions you write In a word, circle a word
or draw a symbol in the blank space. [|f you can answer a question
from memory, you know you have learned the material well enough.
|f you do not know an answer, go back and review fthe material on

+hat question. Be sure you can answer each question from memory

before going to the new material.

SO NOW.....WltThout rushing, turn the page and begin.

2=2
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.§§++erles:

This fFransistor radio uses a batfery.

Write the name of *this symbol

— |1

here

2-3




Transistors:
When you look inside a transistor radio, you see things

like this:

o or like this

—
Ne
%

These are transistors.

The symbo! for a transistor Is:

E C

oo £ ~C

'ﬂ .= Transistor = ;
| i ;

¥ -
M e o ‘
¢ B

Rt

; 1
S

Write +he name for this symbol:

:s

¥ )

1~ - ‘
5 ¥

word ;

}




Reslstors:

Transistors are seldom connected directly

(a) symbol
+o each other. Rather, ofher types of electrical parts are

One such part Is called a resistor.

connected between them.

Resistors look like Thiseeereeeoen

Sort of Ilke a flre cracker,

This symbol ¢ NN ) Is used for a resistor.

) and a battery ( )
(¢) symbol

A resistor (

(b)) symbol
connected together look llke this.....

:

. %

o cf

- ’ gi

A schematic (symbol) diagram of a connected battery and

resistor would be drawn llke thise«s..e.

§

L Capacitors: i
Between +wo fransistors, there may be one or more__ %

“ (@

| ( — A A A y
symbol 2.5
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Also, between transistors, There can be electrical parts called

capacitors. Capacitors look like this.

(Sort Iike a domino.)
The symbol -QF" is used for capacitors. $o

capaclitors

, |
]‘ i
A

| A

i PO B N

d

| ‘ﬂ/ |

| When all the parts of a radio are vgood," the radio will

é play properly. The radio will not play properly if fhe battery

§ (_ ) ) |s bad. |+ will not play properly if any of

; \a)

| the transistors ( ) or resistors ( )

i (b) symbol (e) symbol

? or capacitors ( ) are bad. Later on, you will !
1 (d) symbol E
! learn that when some radio parts go bad, the radio will not play |
‘; at all. When other parts go bad, *he radio will still play, buft ;

it doesn't sound right.

1 Voltage and Current:

What makes a flashlight work? Where does the power come

¢rom +hat starts an automobile? Where does the electricity

2-6
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e

come from that operates a portable TV or a transistor radio?
That's right, In all these examples, the electricity or
electrical power comes from batteries., Batteries supply The

electrical power to operate transistor radios.

no batfery = no beat battery good

When you buy a new battery for your fransistor radio, or for
your aufomobile, or for a flashlight, you have to get the ~ight
size of battery. You buy a battery *hat will supply the right
amount of electrical power. As you may know, the electrical
size of a ba**ery Is expressed by the word "VOLTS"., For éxample,
automobi les may take 6 Volt or 12 Volt batteries. A flashlight
uses | 1/2 . batteries. When youybuy a new battery for

word
your transistor radio, you must get one with the same "VOLTS" as

+the one you took out.

M

"YOLTS" is The
force available to
push electricity
between the *wo
terminals.

2-7




nyOLTS" Is the force avallable to push electricity befween
the two terminals. The force is present if somefhing Is connected

to the battery or not; electricity won't flow untl]) something Is

connected between the ferminals. In other words, a battery works
something |lke a water fountaln. A wafer fountain contains water,
but the water doesn't come out until you furn on the fountain. A
good baftery contains electrical force but this force has to be
"turned off". You "turn off" a battery by connecting something

between the terminals of a baftery.

Current:
When something Is connected between the terminals of a

battery, electricity will flow and we call this flow Current.

Sometimes current 1s calied electrical current. In any case.....

The force avallable to The electriclity which flows

push current between the between ftwo connected battery

two battery terminals terminals is called

is called . .
(a) (b)

Amperes:

Current Is the flow of electricity; the amount of current
flowing is measured in amperes. Amperes Is usually called AMPS.
Just as your height is measured in feet and inches, and water flow

is measured in pints, quarts, or gallons, electrical current is

2-8
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measured In . SO.+ees.+ec.5Uppose someone asked you to tell

a
them how much current was flowing in the wire In the below diagram,
You would measure the amount of electrical current flowing through

+he wire and Then would describe this amount in terms of .

(b)

Your answer might be 3 Amps, 5 , 15 or whatever
) \d)
number of Amperes was found fTo be flowing In the wire.

P
AMRS)

Let's again look at a transistor radio with its back cover

off. You should be able to name four of 1+s parts.

Sl weae W e oww SAE Wi e
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Now fry drawing tThe schematfic symbols for these four parts: ;

Transisftor
Battery
Resistor

Capacltor ;

Notice that the previous picture contalns two parts which

we haven't talked about before. One part Is called a coiL, The

other part Is called a TRANSFORMER.

MORE SCHEMATIC SYMBOLS

Coils: ‘ )
4

Coils look like this ... They look

B like a plece of colled wire wrapped éréund a plece of cardboard.

Sometimes the coll Is wrapped around a piece of iron bar, |lke

+h's e 8 0 ¢ 0 s 8

b
2
i
3

The symbol for a coll looks llke 2 coll. ;

Rk 4 0 L o ST

1

H

c=

When the coil is wrapped around a plece of iron, i+ 1s drawn é

like this. The lines stand for the iron bar.ﬂj’y”y’y’lr_ §

R
—
=5
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Transformers:

The radio on the previous page contained a TRANSFORMER.

look l1ke thiseeeeeoes

The symbol for a Transformer Is drawn lTke thiseesooe

As with lron-core COILS, the Iines befween the coll symbols
of a TRANSFORMER are the symbol for fhe Ilron-core of the

+ransformer . Most transformers have Iron cores. :
All transformers have at least ftwo separate coil windings.

In many transformers, the two coil windings are wound one on top

of the other, like This.eeeoeee

*

In other types of transformers, the two colls are separately

wound on different parts of the ftransformer, fike thiseceeeeoes




The plctured ftransformers are electrically the same. The same

symbol would be used for elfther one. Draw what this symbol |ooKs

|1 ke.

(a)
TRANSFORMER SYMBOL

Sometimes a transformer must operate directly on radio waves.

When this is so, the +ransformer may nof have an iron core.

Instead 1t will have an "alr-core".

The symbol for this Halr=-core" transformer 1s:

o
*

The double lines for iron core are just left out. The utmost

in simplicity, Isn't 11?2

Now let's review a bit., This sy bol‘:gn stands for a
NWW\
with an core his Is avpicture of 2

b) (e) c (d)
whose schematic symbol looks | tke . The straight

-3 (e) |
lines in this symbol.dallgi‘ stand for an . And lest you

(£)
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forget, this symbol stands for a
(a) Name

Vacuum Tubes:

Before came Into use, their Jjob was done by vacuum

tubes., Vacuum Tubes are still used in many radios, TV,

phonographs, efc. because they can do some things that a

transistor cannot do. Vacuum s come In many sizes and

shapes. Two types of vacuum t+ubes are shown below.

o e

That Is

To work properly, vacuum +ubes must have a vacuum.

"I+ allows the air to be remcved

) the purpose of the glass bulbs,

from inside the bulb

ERASTPAE R at LM e a ai

@

T i g ey

shis

*

and then prevents alr from getting back inside. Incidentally,

There are many different

vacuum tubes are usually called TUBES.

SR o e S e

types of TUBES, but all tube symbols usually look something |1ke

Toornt S

*hfs.‘..“"

A S i e

Wl E i
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Let's examine the symbol for a ftube more closely., The clircle

stands for fthe bulb of the tube. (It's a lot easier to draw than

a picture of a vacuum.)

bﬁcuum

Buvs

As a tube symbo! suggests, there are a lof of things Inside
the bulb of a tube. We can't fouch these parts. (It would be
I1ke killling the goose that laid the golden egg.) We can either
have our vacuum tube or break It open and look Inside.

AL

oy G W Sevw

*

N

NUMBERING SYSTEM FOR TUBE PINS AND TUBES

Tube Plns:
" We can use the things Inside the fube only because they are

attached to the pins which stick out of the bottom of +he tube.

There are the pins at the base of the tube....




The number of pins on a tube differ from fube to tube. Buf,
no matter how many pins the tube has, there often will be a place

which looks like a pin is missing.

This space beftween tube pins Is very helpful because 1T tells
you where to start counting fthe numbers assigned fto each fube pin.
That's right, all tube pins have a number ... t, 2, 3, ... Tube
pins are always numbered clockwise looking at the pins. And,

(as shown In The above diagram) the first pin on the right, or
clockwise from the space, is the number "I" pin. Pin number "2"
Is the second pin clockwise from the space.

As you look at radlio and TV tubes, you wiil find that some
tubes don't have any extra large space between two of thelir pins.
Instead, they contain a center rod which has a humpg on It. This
hump Is called a "key" and It points to the space In front of the

number one pin. The bottom of such tubes look like *his...

lagram B

For these tubes, ‘the number "I" pin Is the first pin

clockwise or fo the right of the "key". OK then, what is fhe number
of the pin marked "X" in Diagram "b" above? It Is pin #

- (il Tn).

2=15




Perhaps you have noticed that a tube diagram or symbol seems

Tfo be drawn two differest ways. The bottom of the tube Is drawn

lTke ThiSeeeeeees

Space
and the tube pins are numbered clockwise or counter
(check one)
clockwise from the space on the arrow. This type of diagram

Is called a "tfube-pin" diagram.

The tube schematic or symbol which we flrst showed you looked

l1ke this.....
P

%

»

. S —

45

Wire Lead

This type of tube symbol shows that parts are Inside of the
tube. The lines sticking out from the tube bulb represent wires
that are attached +o the things inside the fube. These wires are

called "wire-~leads" or "leads". You can'+ see these leads because

they are inside t+he +tube pins., Each wire lead can be numbered,
but notice that they are not numbered In any particular order in

the schematic.

2-16
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As you might guess, tube pins and wire leads are related In

that wire lead #1 is attached to tube pin #1; wire lead #2 is

attached to fube pin #2, and so on.

XVl Vi

Tube Symbol

Tube-pin Diagram

As we sald before, there are many different types of tubes,

and +the symbol for each of these will be different In terms of the

kinds of lines drawn Inside the symboi. On the next page we have

drawn the Tube-pin Diagrams and tube symbols for three types of

tubes. The wire leads ara numbered, and In each tube symbol

one of the wire leads is circled. For each of these sets of

diagrams, would you put an "I" over +he tube pin that corresponds

0 the circled wire lead.

2=17







Did you notice that on the previous diagrams the tube
symbols were labeled VI, V2, and V37 Well, the tubes of a radio
or TV are numbers from "I" onward., The lefter "V" stands for
"type", Thus, "V3" means "tube number 3". Notice a{so, that It
Is only tThe séhemaflc symbols of the tubes which are labeled
with a "v"., The other dlagrams, the "pin diagrams" are labeled
nxy", The "X" means "Tube bottom" and refers to the fact that
"pin diagrams" show the bottom of tubes. OK then, In the below
dlagrams, which pin diagram goes with the ftube symbol -~
Diagram A , Dlagram B or Neither ?

PIN DIAGRAM
A

TUBE
SYMBOL

PIN DIAGRAM
B

Some TV meters do not bother to use this "Xy" |abel for the

"+ube bottom'".

2-19
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TUBE ELEMENTS

Plates, CaThodes, Heater:

Do you remember what we said about electrical current? We
sald that electrical current or electricity flows when the
+erminals of a bafttery are connected. Now, electrical current
flows through electrical parts, and, in a vacuum tube the malin
electric flow Is between two parts which are inside the tube.
These parts are‘catled the plate (or anode) and the cathode. AS
shown below, The symbol, fhe symbol for The "plate" looks |lke an
upside-down "T"; and usually 1s drawn at the t+op of fThe fube; the
symbol for the ncathode" looks |lke an upside-down "L and Is

usually drawn af The bottom of the tube.

DIRECTION OF
CURRENT FLCOW

Y%
—
~3
m
—

CATHODE

To keep current flowing through a tfube, 2 continuous supply
of heat is required. This heat is supplied by tThe "heater." The

arrow below the cathode represents the "heater."

g( a) Word

(b) Word

%
What are the other two leads or electrodes called? ( Answer

on next page.)

2-20
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Every vacuum fube must have a heater.¥ The heaters of all
vacuum tubes must be supplied with electric power from an external
source; such as a battery, or a wall outlet. Therefore, we often

show all the vacuum tube heaters of a radio sef, or what-have-you,

together. -

Source of
Electric Power

when fthls Is done, the tube symbols are shown without their

heaters.

Vi

and so on.
Notlce that each tube end heater symbol Is identified by 2
number VI, V2, V3, V4.

What do the numbers at the heater leads mean?

A V2 V.3 V 4
= Ne 57 N6 2 8 4 )
gl

¥There are a few exceptions.
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Electrical Grids:

Between the plate .l. and the cathode "] of most tubes there
This 1s called

is a wire mesh. It looks |lke a plece of screen.

a Grid. A tube diagram contalining a grid looks Iike This.seees
=—PLATE

£ -CATHODE
the direction

When elecfklc!fy or current flows In the fube,

of this flow Is from the cathode to the plate, and this current

} must flow through the grid, like this.

3 This 1s why a érld s sometimes called a control grid.

l (CCNTRJL) GRID

{M As electrical conditions on the grid are varled, the flow §

gl of cathode-to-plate electricity is varied. In other words, the é

g i
grid can control the amount of current flowing through the tube. i

A tube may contain more than one grid depending on the

purpose of the tube. Each of these other grids has a speclal

name. For our purposes, Wwe will call +hem suppressor grids and _
i

Remember, +hough,u+ha+ i+ Is the control grid which

screen grids.

is always located nearest fo +he cathode, and it exerts the most

control over current flow In +he tube.

2-22 %
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(a)
R -« SUPPRESSOR GRID
M..\ <— SCREEN GRID
(D)
N
(
¥ g.,. (e)

(4)

Now, on the dlagram above, enter the names of the element

leads.

CONNECTIONS AND NODES

Let us return to the Inside of a radlo and find out how to

draw fthe connections which exist between Its parts. Flrst though, i
let's review the symbols for these parts. They are %
) the _I M ( )
| = (h) name 3
:
| :
[ Fhem A A ) the ( )
v Y TE) name - —{é_ t1) name
11
) . - i
| the - || ( ) the ~ )
i - }. (g) name S~ (J) name 1
{} ; - — - ,
Ly g
| :
‘ 2-23 J




Electrical Connectlions:

0K, that's fine. Now, for a radio, TV, or any other plece of
electrical gear to work, ifs electrical parts must be connected.

Parts are connected with wires, and the symbol for a wire is @

(ine. That's all, Just a line, like This..(' ) ),

]

Do you remember what sticks out from most electrical parts?

That's right, pleces of wire, which are called leads. (sometimes

they are called plgtalils). These wire leads are used fo connect
parts together or 7o connect parts to lengths of wire. And, when

two pleces of wire are connected the connection Is shown by 2

"do*," “ke This-:»...

As an example, let us show by symbo'ls how to draw a resistor

and a capacltor connected to a plece of wire. First there Is the

wire symbol which Is a straight line.

"
- %
- Then we add the resistor symbol with its wire leads sticking %
i out of 1t. é

Now we connect fthe resistor and wire symbols and show that

they are connected by placing a "dot" where they are drawn together.

The capacitor symbol can now be added to ‘the diagram.

—
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As the last step, The capacitor symbol Is connected to the

wire symbol and a "dot" used to show the connection. Pretty easy,

isn't 117 —iIWrm- oS é
5%

Al
Fa

0K then, you fry it. On the diagram below draw the symbol

for a coll and show 1t as connected to tThe wire at Point X.

9
“I

T

So—

‘éll T
[ 1

Electrical Nodes:

In +he last ftwo pages the diagrams showed each part as being
]
S T

Now suppose we diagram these connections to look Iike

this ... T\VVD\
-

Now the parts are shown as being connected together at the

separately connected to the wire, like This.....

]
2,

“AA NS

same point. Does this make any difference? Is there an electrical
di4ference between the two diagrams Immediately aboYe? No! There
is not. The joining of the part wires to the common wire has the
same effect electrically, as connecting all the wires to the same

point.
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Ex

I+ does not matter in what order the parts are connected.

}

N

—e
—e
]
—s
-t

?} «?g ;Lr ;;w ﬂ | _
R i ? PT T

or In what position the parts appear -
- -f
— A l
"\
o ~ Lx —
~\V3m{“f - -{EI- — = —
e Zﬁ
vy T g
In other words, of the areas circled Iin the last three
diagrams, each belongs to the same electrical point. A common
electrical polnt Is called a node.
NODE
(common electrical point)
/ /f} R 9
; é% Ri
" »
Y %fvfﬂﬂr'l
A - =] UM / B
AL AT ‘/\/'\2/:

Ay

A
Y
|
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This is one node, even though +here are three connections., - - ...

— TR

Tt

<l ;": |

T Ny -

Bt S — il

This Is one node also. ¢yoTlce +hat In this diagram a "dot" Is not

o

- used to show That the two parts are

;_Al connected. This often the case when
/1

parts are shown in line with each

l other on a schematlic diagram.
l How many nodes are contained within the circled area in this ‘
é
dlagram? That's right, only one. <Z |
a FWPUR S SN,
: g
' 1 AT
ﬂ . t

3; i
. ” g ’)
"
* o - e

a '

— NN - T :

Now look at this dlagram. |t confains +wo nodes. Why Is that? j

- {Qg — mwww:mij;} Because, there Is no way for current %
. \ +o flow from the flrst node to the i
- ‘ :

] . S T NODE second node without going through
| o o ﬁ:ﬂ/ an electrical part. E
* £ - ~ - ‘
X ;
*~
L)
! . |




As you should have noticed, a circle drawn around @ node contalins

only wire and connections. It can not contaln a part.

< 2
P
¢

g

Let's see If you have learned to recognize nodes. In the diagram

below, draw a |Ine around each node. How many nodes In the total

diagram? It has nodes «

L
I |~

Vacuum tubes have nodes; In fact, they have quite a lot of

+hem. For example, look at the following vacuum tube symbel. Are
any of Its leads connected to each other? No? This means that

each lead or terminal of the fube Is

- a node or [s part of a node. In tThis
figure there are a fotal of five (5)
nodes.

Iin figure VI below, there are nodes, and in figure V2,

(b)

fhgre are nodes.

Vi : ve
0K, now for the big test. Look at figure V3 on the next page and
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gt cmeddosethon

draw lines around the nodes of the circult and count them,

+he number of nodes.

<

—e =

o— | B

A stray end
ITke this Is
also a node.
V3
This diagram contalins ’ nodes.

Remember ...... nodes stop when they get to parts.

a node can come up to any number of parts. a
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Electrical "Ground!:

Sometimes it Is difficult to draw a schematic diagram which
is not cluttered-up with lines which represent wires. One way of

eliminating some of fThese lines Is fo see a "ground" symbol which

|1ke this ~l~

[ I ———
"

looks

As an example, examine the two diagrams below. In the one on the
loft, The parfs RI, RZ, C2, and R4 are all connected fo the same
wire. You recognize, no doubt, that these four parts are all
connected to the same electrical node. Now look at the right-

hand dlagram; the wire has been removed and the four parts are

shown as attached fo "ground". = gRa Ca

C3

ELECTRICAL

Nepe

VVUR&/
The ground symboll _1_) Is used to simplify schematic

drawings. The symbol Is useful also because It Indicates those
points and parts which are connected to the same electrical node.
That's right, every point or part connected to 2 ground symbol

s electrically connected to all other parts which are "grounded."
-’n

B
Thus, this dlagram..... —o
might actually be connec+ed to Iook l thisesvess

. TI TE”%
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The ground—==-1s connected to one side (the "ground side™)
of the power source. This Is convenient because there will be 2
number of parts which have to be electrically connected to This
"ground side" of the power supply. If each of these parts were

directly connected fo The po@er supply, 1T would ftake a lot of

wires.

o— 1¢\/\/“—1

PONER ? Separate wires connect

UPPLY parts to power supply

-

(

Instead of using a ground wire for each part which must be
grounded, the parts can all be connected 10 a single '"ground wire"

which can then be connected to the power supply.
O— /W™ \/\/\/‘%\/\/\/\—1

o ,» _{ V
GROUND WIRE-—1
Another way of dolng the same thing Is to attach the ground side

Parts connected to a
common ground wire

of the power suypply +o the metal chassis of the radio or TV,

This chassls becomes the "ground" and those parts which must be
grounded (attached electricaliy to the ground side of the power
source) can now be attached to the metal chassis. This saves a

ot of wire and clutter.

Power supply and parts
grounded to chassis
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READING SCHEMATIC DIAGRAMS

Labels and Numbers of Parts:

On most schematlc diagrams there will appear a number of
resistors, capacitors, coils, etc. There must be, Therefore,
some way to ldentlfy each particular part. In the diagram below,
you will notice that there are a number of resistors. Each
resistor has been glven a number. ;n addiftion, the value in ohms
o: each resistor Is Indicated. This makes IT easy to locate any

particular resistor on fthe diagram.

NOTE: l%‘a
All values In Rz
ohms unless o= R Jﬁgo
noted otherwlise 3 R4

120 |2 Mag

This system of numbering becomes very Important as more and
more parts are added to the schematic diagram.

You probably noticed that all the resistors are numbered with
the préfix "R"...Rl, R2, etc. This ldentifies the part as a

. All the different part types have their own l|etter,

and these letters are usually used when describing the way parfts
are connected, as, for example, "The other side of R28 1s
connected to C23." A list of part hames and the letter symbols
which reprgsenf +hem appears In Appendix B. For now, you need
know only +he following letters. As a review, draw the schematic

symbols for the five parts listed below.
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T AR T o A A 47 1 R

R = resistor =

(a) symbol
C = capacitor = _
(b) symbol
; L = coll =
? (¢) symbol

transformer =
(d) symbol

o |
n

V = (vacuum tube) = .
| (e) symbol

In previous dlagrams shown In this booklet, we have drawn

P e P it

} the connection of parts in a number of different ways. But, no

; matter how the diagram may be drawn, I+ Is Important 1o be ablé to
w recognlze those parts which are connected to the same electrical
node or which |le between ftwo electrical nodes. S0....... In the
following diagram, a number of parts are connected (electrically)

to R47. HWould you I|ist these parts in the blanks provided?

cé
R3¢ : ! iis ° (f)|,

wil__ | m 2.

3lE ~ .
T3 | 4

5.
| 6.




Now let's try another version of the same thing. In the

following problem, would you list all the parts which lle befween

glectrical ncdes A and B? B

LI C3 | R
R3 mm Y, 7
Wt ~ 5 yyy
:Fca Ré
R
‘«w*
l. 5.
2‘ 6‘
3. 7.
4. : 8.
1
U H
| ;
] 2-34 §




As you probably know, The way In which parts and wires are
arranged in a radio or TV will differ from that shown on schematic

diagrams. What is different Is the physical arrangements of the

parts and wire; fthe electrical arrangement is the same. Thus, a

repalrman has to learn how fto read schematic diagrams and then to

locate specific parts and wires on the actual radio or TV. We

call this Chassis Navigafion. We are not going fo teach you

chassls navigation right now, but, just to give you an idea of
what this Is all about, here's an example. The following physical
picturec shows how the parts shown in the last schematic diagram

might be physically arranged. Buf, we have drawn the plicture,

so that a part Is missing.Canya tell. what part has been left out,
and what part or parts It should be connected to? B
Ci ‘
RZ o o oy
el i
L)
Rs C3 Rg |
. [~ IR~ [ '
R " ‘ c oo &:::GVQE
o oo/
c ao
R4 Ré
€2

Part left out

(a)
Part or parts ‘
connected to left :
out part | :
DOF ,
2-35 §
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Tracing the Electrical Path between Tube Pin and Ground:

P
S

As you will learn shortly, IT is very Important to be able
to look at a schematic diagram and recognize all those parts which
are connected befween a fube pin and ground. In fhe dliagram below,
for example, fthere are two parts, R2 and C2, which Iie between pin
35 and ground. Would you I|ist all the parts connected beftween pin
2 and ground? |In these and similar problems, always assume fhat

the tube has been removed.

R3
C3
i 0
R4
3 =
!. 4'.
2. [ 5.

3. 6.
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Mow try this problem......

List all the parts that are connected between ftube | pin 5 and the

node common to Rl and C2 with VI removed:

§:R5 .
iR3 | 2,
c | ; 3,
o f~—¢ 1
! 4,
Rs
SR { 5.
6.
O Y > s amm
|
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CONNECTED AND UNCONNECTED WIRES

Oftentimes schematic diagrams are arranged In certaln ways
so as not to require a lot of space. When this Is done, I7 often
happens that two unconnected wires have to be drawn as crossing
each other. In such cases the "dot" Is omitted. Remember also,
that when two wires are connected, one node Is formed. If The

wires are not connected, then there are two nodes involved.

4 A
Susscswirdifes v A

po-

Connected wires Not connected wires
The "dot" Is present The "dot" Is not present
| node exlistTs 2 nodes exlst

Oftentimes a wire Is drawn as making a right angle. No

"dot+" |s shown when a wire line makes a right angle bend only.

mu_lzzz;:i:::r no "dot" necessary

Remember also, 4hat when two parts are directly connected,

the connection "dot" Is usually omltted.

1S Ffl V«/\/u—-1§:\\~“****~ no "dot" necessary

Now for a problem. The following clrcuit contains four

nodes. DOraw a |line around each node.

j:é %
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Now let's try one more problem dealing with nodes. The

following diagram shows nodes. Draw lines around
number

each one of them.

1

Al
- J1

CONDUCTORS AND [INSULATORS

What are nodes made of? Nodes are made of wire conductors.
The most common conductor Is cooper. Aluminum and silver are also
good conductors. Metals In general are conductors a;d so Is dirty
water. Electriclity flows easily a conductor. Conductors do not
resist or prevent electrical flow.

Wire conductors are contained Inside of the flexible cable or
cord which Is attached to most lamps, radics, TVs, etc. An
enlarged and cutaway view of such an electrical cord shows two

conductors.

Now then, what material surrounds these conductors? It Is
usually rubber and may be plastic. But, +he Important thing Is
that this material "is an insulator." An insulator does not
let electricity flow through it easily. It resists the flow

2-39

AT




of electrical current,

While electricity flows easily through a conductor

electricity has the toughest time éefflng through an Insulator.

Hardly any gets through.

Insulators and insulation are a very Important part of all
electrical clrcults. They are needed because electrical nodes
must be kept electrically separated or "insulated" from each other.
An often-used way of }nsula+lng nodes and holding radio and

TV parts in place Is the use of ferminals in a plastic board.

(Noos) 'Tgfxng
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posamese BN o s - — Jmame o

The parts and wires are attached to the ferminals, and the

terminals are attached to the board as shown by this cut away

picture:
TeRMINAL
L
|
i‘
| ,
k.
é
i
| -INsuLaT10N
I Boaro
s
|
.
L Oraw the schematic or symbol dlagram for the above wiring plicture
g here..... 3
|
4 ;
s {
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Now let us review a bift before we see of what use nodes are

in electronic repair:
d and electricity flows

Nodes are made of
a word

easlily through Them.
Between the nodes are The electronic parts.

AT

b word
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RES|STANCE OF ELECTRICAL PARTS

Conductors offer very liftle resistance to the flow of

electricity, while insulators offer very much Lgsis?ance to

electricity flow. Therefore,

Conductors === do not resist electrical flow
Insulators ==~ resist eiecfr!cal flow

we say that conducfors have a low resistance and t+hat Insulafors

Have a high resistance. The electrical parts, which exist

’s.‘ Yc T _:"; i
between electrical nodes < E% | !

have a resistance to elecfrlcal flow that Is bétween The low

resistance of s and the high resisfance at
a name
S,
# b name
. The reslistance of a particular part to the flow of electricify é
[9 {s a basic propertfy or characteristic of that part. We call *this §
.

the part's "resistance." The resisfance of a part can be measured. i

This measurement Indicates where +he part lles on the resistance E

scale between conductors and insulators.

Zi‘ Parts <<

Conductors colls, resistors, capacitors insulators

B Very low resistance very high

" Resistance depending reslistance

) : on e
& 0 ohms to 5 ohms part lo,000,000 ohms to §

inflnlfe resistance

>
==

oz

SCALE OF RESISTANCE
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‘P Ohms,énd Ohmmeters:
'n Resistance values are measured in units called Ohms., Ohms are
| a unit of measurement, just as are The measurlng units of pounds,

‘h inches, and so forth, Differences in weight are measured and
described in terms of fons, pounds, or ounces. Differences In

| .
f resistances are measured and described iIn fterms of ohms.

r Just as we have scales to measure weight exactly, so we have
ohmmeters to measure resistance exactly. You may not recognize the
t+erm "ohmmeter" but perhaps you have heard of multimeters. A
multimeter is a very common electrical Testing device which is

% really three testing devices. When a multimeter Is set up In

g a certaln way, it functions as an ohmmefer.

An ohmmeter Is used to measure the resistance of electrical

|
i parts. An ohmmefter has a meter face and a polinter %

ﬂ,_ -

HGEL 0 v a0 VAR H Ry

] _ owms

]

““Y which points to the numerica! resistance value of the part across ;

: which the ohmmeter is connected.

¥
e

PR ]

W L s T g
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/7" TWO CONNECTING WIRES

PART WHOSE RESISTANCE
I8 BEING MEASURED

More will be sald later about ohmmeters:
The Important thing to remember now Is That the

has two wires which were connected o

Instrument's name
+he opposite ends of the part being measured, and it has a scale

and polnter which shows the value of fthe part resistance In ohms,
The resistance of an electrical part Is a relatively fixed
charac?erlsflc.of +he part. The resistance of a part will change
slightly with temperature and with use, but the change Is not very
big. In addition, it Is very difficult to make electrical parts
which are identical twins. This means that +hé same types of
electrical parts seldom will have the exact same resistance.
Just as every adult foot will scale In at about one foot In

length, so will every 250 ohms resistor scale in at about 250

ohms in resistance.
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In order to repalr electronic equipment, a repalrman
; must know what resisftance to expect from each part, and how to

Intferpret error readings on the ohmmeter.

For this, let us review the baslc parts of the transistor

oA RSN AN v Mt oo gL ok R N

radlo [ 20 2 NN N B L A 4

w— Q;"“;Sff Ryl o
/7'/ TS s gZ;ﬂfq

‘ * - b/‘fiﬂl
é‘»/’a;zl

F  Rupeswasd e E U ———
Q) >
H

2 Fill In the words for the parts below:

1 Symbol WORD PICTURE

(a)
f“ — N (@GS
g' | (b) . é

-t L= LS

i

a’ (:ﬂ"') : = 4
pe== ) e g 3?‘ )‘;;’ [N = ;

|- N -y f:'

| L= ’ (3 4

]ll 5% :
e InET IESE  HoTTee LN L 3 (L‘.)f: Lo Tog DM S I XTI o IRITION AR R -3 —1 L AT é—‘ R
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. :

¢ by

. o

()




COLOR CODES

Electrical par*s such as resistors, capacitors, and colls
may have color codes. These codes describe the Iimportant
electrical characteristics of the part. |In this section, you
will learn how to read fthese color codes.

Resistors:

We will discuss resistors ( AN ) first because its
functlon is to have resistance. A resistor ( ~AX "D ) Is

built to have a definite ohm value of resistance between Its

terminals ( ohms ).
The ohm”value Is Indicated on the resistor, elTher in numbers

(5500 s 10—
or hidden In a manufacturer's catalog number

(104186 O~—

or, as is usually the case, in a color cods.

The ohm value of the resistor Is coded In‘+erms of four color

rings on one end of the resistor. This permits us to read the

value from any side of the resistor.
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Resistor:

: End view Resistor Side View
3 no Information

|

} Resistor Bottom View

Ten different colors are used (standing for the numbers 0 to 9).

The coding scheme Is seen in the following example:

360000 OHHE FIRST RING=NUMBER

SECOND RING=NUMBER
THIRD_RING =NUMBER OF
. ZEROS

cou “TOLERANCE" RING
What Is the ohin value of this resistor?

OHMS

3
¥

“TOLERANCE” RING '

You will need to know what color stands for what number before

~§ you can use the code. This information is listed In Appendix B. !
; Someday you may want to memorize Appendix B, but for the present,
Q that isn't necessary.

-
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Resistor Tolerance:

So far we have talked about the first three color bands on
a resistor. Now let's talk about the fourth band. This band or

ring is called the "tolerance ring. Lef's find out what "resistor

—TOLERANCE RING

The resistor manufacturer has a hard time controlling the

tolerance" iIs,

exact ohm value of his resistors. He may be trying fto produce 500

ohm resistors, but when he measures his product he may get

resistors of 490, 475, 480, 520, 505, and so on. These are grouped
as 500 ohm resistors; buf fThe fact that They are not exactly 500

ohms must be indicated. This Is done by expressing the resistance
with a tolerance or error zone added; as for example:
500 ohms + 5%

The 500 ohms resf{stor may vary as much as 5 per cent from the

value given. 5% of 500 ohms is 25 ohms. So, the resistance may
be anywhere between 500 minus 25 = 475 ohms and 500 plus 25 = 525
ohms.
e 1% TOLERANCE
500 OHM 0 ZONE
RASE VALUE 495‘505 )
: o Sel SINgPR, Moy o, S
L . - duadbedplefhonat = £~ L5 OHMS !
4.0 4?5 ‘ ) u.é-s QBO R i
(. £5% TOLERANCE ZONE | |
- '£10% TOLERAN CE ZONE ""[ )
This tolerance or error zone Is quite common and will occur ]
L Wwith all parts. Notice that we can Iimi+ the values of the
i resistance closer and closer to the "base" value of 500 ohms by
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decreasing the folerance to I% or even 1/2% (0.5%).

Questions:

I. A 400 ohms + I% resistor will vary between

} 400 - = ohms

| and 400 + = ohms

} 2. A 300 ohm + 5% resistor will vary between

ohms

and + ohms

3, A 900 ohm + 10% resistor will vary befween

ohms

and ohms

On to the color coded reslstors

360 OHMS

1 .
Egtg 552, TOLERANCE RING

: ZERO%

} +he 4th ring tells fthe tolerance or arror [imits as follows:

+ 20% = no ring ?

i+

104 = silver ring

i+

5¢ = gold ring

Gold Is better than silver here. As an example, a 250 ohm

! resistor with a gold ring for the folerance band should have a

resistance value of no less than 237 ohms, or a resistance value

no greater than ohms.

(g) F1TT in
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In measuring a part with an ohmeter you will have to take
tolerance into account.

As a second example, Is the following resistor good or

bad 7
. ENLARGED
(). - L\ SCALE____ OHMS

. . OO
o ‘w 209 J L/ ; ” “ ..,
v ) $;"§‘
R

Now that we have pretty well beaten To!erancé To deafh; let
us look at other things.

Namely, you know the basic unit of resistance. What is
1+7? Just as there are feet, yards, and milles; so

(e)
also ohms have their larger units. Instead of belng named in groups

of 12 (f+.) or“36 (yd.) or 5,420 (mi.) units as inches are, ohms are
named in units of 1,000 ohms and (,000,000 ohms.

The term "kilo" means one thousand, and the term "meg" means

one million. (See Appendix A) Therefore, a thousand ohms is called

one kilohm or "one K," and a milllon ohms would be called one

megohms or "one meg." Thus «e.veves

1,000 ohms IK = | kilohm

1,000,000 ohms 1,000 K = | meghoms
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You will find The prefixes "kil"™ (1,000) and "meg" (1,000,000)
used again with ofher unlts., These and other prefikes that indicate

multiples of 1,000 are In Appendix A.

Exercise
. 240,000 ohms = K
2. 12 Megs = ohms
3, 3.6 meg = K
4. 1,200 ohms = K
5. 1,800,000 ohms= meg

Just as the plan for a house may contaln the general note
"Al| dimensions in feet unless otherwise noted," the diagram for
an electronic circult may contaln.the general note, " All resistance

values in ohms unless ofherwise noted."

Just as we use the abbreviation ft. or (') for feet, we

use this strange symbol ( ). ) for ohms.
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Capaclitors:

You have just learned how to teli the value of a composivion
resistor by reading the color code. The colors are used not only
for this type of resistor but for other fypes as well, and for

certain types of capacitors. This is a drawing c¢f a molded micg

type capacitor.

——40 0 0
Colored Spots <~ ‘
ored Spots < 1o o o

Our old friend, the dominoce.

Those spots, however, are colored. The colored spofs are

used to describe the size and ftolerance of the capacitor.

Alvays White or Black—ian o O-=-—2nd Figure
Clasg~——.._

Tolerance~.. Lo 42 X Multiplier
The color of the upper left hand dot depends upon whether

the capacitor is a RETMA or MIL type. (RETMA Is the type you will

usually find in commerclal electronic deviees. |t stands for
Radio~Electronics~Television Manufacturers' Association. This 3
assoclation has produced a standard for marking electric parts.)

I+ will be black for MIL and White for RETMA. The colors of the

second and third dot from left to right on the upper row are the
first and second figures of the value of the capacitor. For

example, yellow-violet would mean 47, That's fine, but 47 what?

o e SN

- The bottom right dot is the multiplier and it tells us what to é
multiply the 47 by (how many zeros to add) in order to find out

"what." |f the multiplier dot were red, it would mean to multiply

the 47 by 100 (or add two zeros) so that the capacitance would be

4700, The unit of measure to use hehe fs t+he micromicrofarad, or
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picofarad. The meaning of capacitor color codes Is listed In
‘Appendlx B.

Like resisfors, capacifors have their ftolerances Too. This

Is glven by the second dot In the lower row. If will be either
plus or minus 20, 10, 5, 2, or I.

The class has +o do with other properties of the capacltor,
such as working volfage, insulation resistance, etc. You will noft

be concerned about such matters, as they are of principal value in

design. |n your repalr work, you need only replace The part with

its equivalent fo be safe.
Have you noticed the arrow~1ike symbols along The upper row?

They are molded Info the case to tell you how to hold tThe

capacltor when reading [+, Always make sure The arrow polints to

the right.

Another type of capacitor you may see |s the disc ceramic Type. )

They look like thiseeeaooss

) 2nd figure
ist filgurey < tultiplier
temperature | 4 tolerance

coefficlen

The dots are dabs of color, and stand for the numbers you have

already come across.

Another type of capacitor s the molded paper capacifor.

These are often tubular, and look something like a larger

composition resistor. But notice that capacitors have more bands

of color. The resistor has a+ most four, but the capacltor has at

1
most six. ——Qndg%igure
y ap—mltiplier

. NaGINSR N 1st filgur ]
SIS . ‘*k_‘_‘/an figure ) Voltage

WL,




Some manufacturers print the value of the part right on the

part, and In additlon color code the part. But, you can't depend

on finding every part so marked. Ease In using t+he color code will

help you to Identify a part without heasuring it, and save you time.

SCHEMATIC SYMBOLS: NEWER PARTS .

As you know, schematic symbols were Invented because i1 Is

S SN 5
L [o=—— fo— _ S

easier to represent an object with a symbol than to show a picture

of i+. In addition, the symbol Is designed to show the most

T, )

important thing about the object. The symbol for a resistor iIs
| —VVV ™ . Now, you can't tell from that symbol whether

t+he resisfor Is rated at /2 watt, or |/4 watt; It If Is 10% or

X8 AN

gl §r
£

20%; whether i1's firecracker-shaped or any of a number of other
0
9 +hings which would describe it more accurately. The symbol merely

I
|
] states that t+he part 1t represents Is a resistor and not a

<%
i capacitor or some other electiical part.

There are many more symbols used In schematic diagrams than
1
you will come across In your studies here. As new devices are ¥

i invented by engineers and scientists, new symbols are Invented fo 2

i
3 represent them. Every day thaf passes seems to have its own quota.
{m We shall be concerned only with those symbols that have to do with

' TV. You have already learned some of them. You are now going to

! learn some more.
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Electrolytic Capacitors:

The symbol for a capacifor you have learned Is .

The fact that one side is curved means that this Is the side fo
connect to the low voltage (or grouﬂd side). a

Sometimes you will see —~|}— or :‘%r" rather than a‘: .

In this case, the convention was not followed. Don't let It
throw you. The symbol Is sti1i a capacltor.

When you see E%ZJ i+ means the capacitor has a special kind

of construction which makes it capacitance value right. These

rJ~; are called "electrolytic" capacitors, and are normally

found In power suppllies. As a matfer of fact, you will often see

in power supply schematics a circult that looks |ike This ...e..

2888
%2 Licasa A Lo

Never mind the Iron-core coll for now (called a choke) but
notlce +he half moon and the triangle, and the C45A, C45B. As
you have just learned, fthese are electrolytic capacitors. Buf
what you probably don't know is that +hey are in the same "can."
The half moon ( ©) and triangle ( &) are actually punched out
of a flber card In the bottom of the can next to their terminals.

The purpose is to identify which terminal belongs to C45A and which

. to C45B. Sometimes a square ([J ) Is used. Be on the lookout for
these symbols =--- you may even find +he sections of a capacitor

In widely differing circuits.
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You might also see a symbol like this «.o..

|
| L1
i T

This symbol stands for two capacitors in one confalner.

Are they electrolytics? If you sald yes, compare the way The

J symbols are drawn. Nofice that the electrolytics seem to have

i a U-shaped part.

; Although there are standards for drawing the symbols,

R different manufacturers offen draw thelr symbols differently.
Anyway, you can alvays look up the parft }n his parts list to

ﬂ be sure.

] Thermistors:

) | you see a symbol |ike this it stands for a

i] resistor which changes Its value according fo its temperature.

i I+ |s called a thermistor. They are used when ofher parts In a

éj circuit change thelr resistance In an unwanted way. The

E' +hermistor will change 1ts value In an opposite direction fo

ﬁu compensate. The actual resistance of the thermistor at room

1
] +emperature will depend upon The manufacturer and the fype.

k.
'1 The value of a thermistor can range from less than 100 ohms tfo

.. +he megohms. Thelr resistance decreases as they heat up. Their

; value decreases at a rate around 4% for each degree of temperature
f“ change. Slﬁce most éefals (1ike copper) lincrease their resistance
:{a as the temperature rises, you can see that thermistors can be used

for temperature compensation. .. that is fo keep a circuit

resistance constant.
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Voltage Dependent Resistors:

There |s another Type of device nov used In TV's. It is

called a voltage dependent resistor. I+s symbol is
symbolically the only ditference between 1t and the fhermisfor
is In the letter. The value of resistance which this device has
depends upon the voltfage applied to 11, not +he temperafure.

semiconductor Diodes:

Earlier, you'learned the symbol for a transitor. A

transitor Is a semliconductor device. A semiconductfor dlode

k belongs to the transifor family., |t actually

exlcted long before fransitors did. When you measure the
resistance of an ordinary composifion resistor, 1t doesn't matter
how you connect the ohmmeter to 1+, you still get the same
resistance. When you fry to measure the resistance of 2
semiconductor dlode, you will find +hat tThe value you measure

will depend upon which lead Is placed at the barallke end.

)
(@‘N’ : 'j’f (\)"iw ;H—i

Low resistance High resistance
I+ Is this property which makes +he semiconductor dlode useful
tor reactification of AC into DC. I+ 1s also useful as a

detector. (A detecter removes the high frequency as from a signal,

and leaves a low frequency signal having the same shape as the

high frequency did. You will learn more about such matters later.)




S
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Duai Diode or Varistor:

When two semiconductor diodes are connected within one
case, so That the points of the arrow heads meet, - the combination

is sometimes called a dual diode (because there are fvo of them).

The ~)*t- ( ) Is sometimes called a varistor.
' name

Which name to apply to the symbol depnds upon [Ts construction,

and that depends upon how If Is Intended to be used.

As you undoubtedly know, radio waves travel through space
and through most solid objJects, too. The material of which the
object is made wiil determine how well +he radlo wave gets through
{+. There are circults In most TV's and Radlos which could be
affected by unwanted radio waves. Engineers found that by enclosing
these circults In metal cans, or by surrounding vwires with a braided

metal +ubing and grounding these to the chasslis, they could pretfty

well eliminate Interference.

Shielding:

The symbol generally used to represent such a type of

mechanical construction Is a series of dashes ====--- .
; ‘[ ——“~~-‘-~.‘
e - ST
Shielded Can Shielded Wire

Sometimes a dashed line Is used for showing a mechanical
connection as between a knob and a shaft. But you will have no

confuslon, since it will be easy to tell what's meant by the way

the drawing is made.
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Tunable Transformers:

You have learned the symbol for a coil (draw symbol)
for an lron~core coil (a) (draw symbol)
for a Transforme% () (draw symbol)
for an iron-=core Transformegc) (draw symbol)

Here Is a symbol which looks very much I 1ke and%rén-core

transformer.... )T
=

Sl

Notice the difference? That arrow means t+hat the core can be
moved in and out of the fransformer, usually by means of a screw.
This symbol is llkely fo be used for IF +ransformers to Indicate
+hat they are tunable.

This completos, this booklet. We have studied fhe baslc

« 'W s
e.ectronic par'r "’» thelr symbolsﬁjﬂ SE .

We have learned about electrical nodes, about some

electronic standards and conventlons ,,o"’p"g , and we have 7
studied resistance which Is what Is measured with an ohmmefer(;
There are many more electronic symbols, some or which you will

learn about in subsequent booklets in this series.

Before closing this booklet, look again at the Appendices.
They contain very useful Information, which a practicing
repairman should memorize. Notice especially Appendix C which
contalns the symbols for many parts which we have not yet discussed.
Notice also that each part In Appendix C has a letter (or letters)
which is used fo identify that part by I+s type. These letters
are used on schematic diagrams and on parts lists, so you should

learn to recognize them,
2=60




;r Appendix A

,l Prefix names for multiples of 1,000 used in unit value names.
i 10-12 = .000,000,000,00| plco P

%I 0”? = .000,000,00! nane N

j 10=6 = .000,00/ micro W
l 10”3 = .00 milil  m

| 100 = .

l 10° = 1,000, kilo K

h 106 = 1,000,000, mega M

B Examples:

5 1,000 ohms = 105 ohms = IK ohms

I ,000,001 farad = 10-6 farad = | M farad

1 |,000 K ohms = 105 K ohms = | Meg ohms

1 ‘

.

° Rotation remark:

i

3 100, 103, 106, [0=3, etc. The number on top tells how many
i” places to move the decimal point to the right (+) or left (=)
9

f from 1.0.

[
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Appendix B

COLOR CODES Resistors and Capacitors

Color Isi,2nd Decimal Tolerance Voltage
Figure Multiplier percent rating
Black 0 I £ 20 -
Brown | 10 = 1 100
Red 2 100 £ 2 200
Orange 3 1,000 + 3 300
Yel low 4 10,000 GMV 400
Green 5 100,000 t 54 500
Blue 6 {,000,000 6 600
Violet 7 10,000,000 Y 12,5 700
Gray 8 0.01% t 30 800
White 9 0.1% T 104 900
Gold - 0.1 ts5 1000
Silver - 0.01 10 2000
None - t 20 500
NOTE: ¥There are times when the metalllc pigments, gold and

si|ver are not used. In such cases, gray and white are
used for Indaicating the decimal multipliers less Than

one.

#For +he same reasons the tolerances for 5 and |0 percent
are also assigned colors. Most commonly gold and silver

are used.

GMV stands for guaranteed Minimum value, and has the

+olerance of -0 to +100%




Appendix C

Letters used in calling out parts

B motor or generator

BT battery

C capacitor

CR crystal rectifier (crystal diode)
oL delay line

E terminal board

F fuse

FL filter

l (Indicator) light

J Jack (convenience outlet)
K Relay

L Inductor (coll or choke)
M meter

P Plug

Q fransistor

R resistor

S « switch
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T transformer

TP Test point .

v (Vacuum) tube

VR varistor .

A socket prefix

N o= ——Example: XV tube socket

e o o m o o e e o= = KF fUSE holder

Dﬁ—"""' Y crystal

Z network

Form of symbols may vary, depending on tThe actual part.

el
e
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ANSWERS TO BOOK TT PROBLEMS i

b !
1 Page Answer Page Ansver ;
p 3;

Transistor ]
]lFLBaTTery

2-10 ¢ YW Resistor
2.70 d *)F" Capacitor

2-12a  _3IE_
bColl,clron,dTransfcrmer

GBE;glron, ‘o

2~13 a Transistor
2-13 b Tube

2~15 6
2-16 Clockwlise

2~3 Battery 2~10 a
2.4 Transister 2-10 b
2~5 a

2-5 b

2-5 ¢
2-5 d

2-6 a

o TN TS AL k5 L L Bt 3 5D SE e 90 T 0T, Vi 05500 251

2-6 b

et F

2~7 Volt
2-8 a Vol tage
2-8 b Current

2-18

2-9 a Amperes 2-19 Nelther

| 2«9 b Amps or Amperes 2-20 a Plate
: 2-9 ¢ Amps 2-20 b Cathode
j 2-21 They are pin numbers.

EA N NI Y NN S RN b  R  ii t air  ny

They tell what tube
Battery pins the heater Is
attached fo. ;
Transistor g

2-23 Plate
Control Grid
Cathode
Heater

Resistor

A0 o'e

Capaclfor

Transistor h Batteries
Resistor 1 Capacitor
Transformer J Coil

RHO
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ANSWER TO BOOK IT PROBLEMS

Page Ansviers Page Answers
2-25 / ) z ) I""’"’"’ 2-39 5 nodes
A ~ | .
2; T 2-41, VWA WV
o.4o a Wire or Conductors
* 2.42 b Insulator
0.28 a 4 nodes 2-43 a Conductor
2»2% b V1 has % nodes 2-43 b Insulator
2-20 ¢ V2 has 7 nodes 5bs Ohmmeter
2~29 7 nodes g"ﬁg % §GSiS§%r
- ' ~lf apacitor
2~32 Resistor %"ﬁg a %iit i
- ~46 @ Batteries
2-33 a VVV %«hé g %ransisggg
- acuum e
2-33 b S
2-48 2,7 Meg or 2,700,000 &
2~33 ¢ - Y\
2-50#L -l = 336 ohms |
2-33 d i 5-50" . 4 = 404 ohms
2-50#2 300 ~ 15 = 285 ohms
2-50 00 15 = 315 ohms
2-50#3 810 ohmns
2~50 $90 ohms
2~33 e 2-51 a Good
o-51 b 400
2.51 ¢ Ohms

2"'33 f RBL“, B33, TS, Ce, 1426, Zl

23l R3, Ll, C3, C2, B}, R6, Cl, R7

2-35 a R7,

2-35 b RS, C3, R6, CL

2-36 R5, Rl, (R3 if you assumed that B was grounded and
¢3'blocks electrical path to ground.)

2-37 . B3, R, R2, L1, R5, RS

(Lr Y7 A

Biagram contains
4 nodes

- w3 b g gis oa om, B
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ANSWER TO BOOK II PROBLEMS

Ansver
1. 240 K
2, 12,000,000 ohms
3 3,800 &
e 12K
5. 1.8 Meg

S
..Dual Diode (or Varistor)
3
3
¥

*
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RESIBTANCE VALUES: THEIR CALCULATION AND INTERFRETATION

One of the big problems with all kinds of electrical equipment is that
it won't work perfectly forever, Its parts wear out or go bad for some reason,
and then the bad parts must be found and replaced. That'!s what troubleshooting
is all aboute~to quickly find the bad parts and replace them.

YWhen a tube goes bad, usually it isn't much of a job to £ind the bad tube
and replace it. You can often find the bad tube by the way your TV picture
looks. Sometimes this type of troubleshooting is referred to as "system"
troubleshooting. But, what happens when a resistor, capacitor, etc., attached
to & tube, goes bad? This type of trouble usually is harder to locate and to
fix. This type of troubleshooting is sometimes called chassis troubleshooting,
or piece.part troubleshooting., That!s what we are going to talk aboul NOW eoeee
chassis or plece-part troubleshooting. More specifically, this book describes
how to figure out the correct resistance value of individual parts and of
combinations of parts, You will then be told how to use this information to
locate faulty plece.parts,

Resistance Readings:

As you were told in Book II, all parts have resistance. Each part is made
80 that it has a particular amount of resistance, and, when the part goes bad,
its resistance usually changes, Thus, we can use resistance measurements to

help determine whether or not a single part, or a group of parts, contains a

malfunction,

>
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Let!s review resistance values, You remember that 2 resistor contains
up to four color bands, The first three bands describe the resistance value
of the resistor. The fourth band is the Hyolerance! band, and it describes the

tolerance or error limits of the resistor.

First ring-number

Second ring-number

Third ringenumber of !
zeros  color 3~ i
color 6 —- ﬂ = igolerance! ring
color 4=
Resistor Color Coding System il
+ 20¢ = no color band
4 104 = Silver band
+ 5% = Gold band i
Interpretation of !Tolerance!! band x




Color 5
Color 4

What is the chm value of the above resistor?
ansver

What is the tolerarce value of the above resistor?
- answer

(o123 ) Jl; T—
Color
Color

Color "Silvert

For the above resistor, which reading is correct?

3100 ohms

3500 ohms -

3900 chma

R T AT burre, T O




e~
= A good resistor ( Ff * ) will show its correct ohms value within the

e

tolerance band, when tested with an ohmeter. A resistor that does not measure

within its tolerance band is no good,

Telling if other parts (/)-i< f"(?/@ ) are good by resistance (chmeter)

measurerients is not so easy, because their main function is not just to offer

resistance,

Resistance of Capacitora:

A capacitor, as its symbol crudely irdicates, has no direct path between

its terminals,

Iﬂm INSULATIC N

This is the hint for you; & good capacitor has a very high resistance, «
If the capacitor has a low resistance, something is wrong with the insulation
and the capacitor is no good,

Low resistance b

-« ——-- Insulation broken down

Caacitor no Eood

% PAFuliText Provided by ERIC
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If a capacitor has high resistance, it is probably good mee

High resistance

L

¥
T Good capacitor (Probably)
3

CR, one cf the leads has broken open

g «——— Break
:T: High resistance
‘ but capacitor is still no good

This "open" capacitor is no good because the nodes must be connected to

the plates,

&
Nl
&.T

Open capacitors are rare and hard to detect. You can obtain the capacitance
values by checking the part with a capacitor checker, but for tne present ve
will only check for high resistance and therefore call high-resistance

capacitors "good."

Q
ERIC




Which capacitor is good, and which is bad? (Draw the symbol),

T TITRTEMT RS

v 7 e o o o
l?‘? ¢ ”T :rﬁ_& ® ¢
“High Resisvamece Low Resistonw)

Resistance of Colls:

The clue t¢ coll checking is again in the symbol. Coils are referred to

by the symbol "L! and just as Capacitors are abbreviated as 'C,"

Gt ¥ T Xem0

The coil is a length of wi}re wound on & spool.

A good coil has a low resistance, It has some resistance because even though
the wire is a conductor, it is relatively long (it could reach across th.aﬁ
street) and the wire does have a very small amount of resistance., A coil may
give a reading of one to 10 ohms « &8 a general gui;le. If a coll has a high

resistance between its terminals, there is an opening somewhere in the long wire

of the coil, then the coil is no good, \

(Y

\

3

A

A good coll has a resistance,
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The "companion" case to the gpen coil ./ 7 . is the shorted coil .
A shorted coil (M) has a lower resistance than a good coil (-~ Y ),

If only a few turus are ahorted..r 1 } ! lthey are hard to detect and may

or may not make a difference,.

Now for some questions: mark the following parts "good" or Kbad": (the
symbol is the same in either case),

. High resistance
1 L1 NL High resistance _________
ce "" ‘\:" Low resistance
A 12 ..ﬂ AR QL Low resistance
:; Resjstance of Windings:
Transformers, vhich are two coils placed close together, can be tested

separately as two coils and both have to be checked.

AFullText Provided by ERIC
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Some other parts, such as relays

\Jrm—
|
R .

- E

and motors, [
..f"Y"\Ei,,",_

also contain coils (—/ Y =) and coil resistance tests can be used on them also.

Resistance of Tubes end Transistorss

The things we look for in good tubes

and good transistors %

are not so casily'éhecked by resistance readings. Therefore, these parts are |

taken out of the sockets which hold them and checked on a tube or transistor

tester,

We should, however, sees by the tube symbol (internal parts not §

N Pt i s St AR

touching) =we

T It Y gy WO T 0

R e




that a high resistance should exist between every lead and every other lead
(every pin and every other pin) except between two pins, Which two pins?

L} Obviously, because p;pa 4 and 5 are connected together to form the

{ filaments of the tube.

The resistance of transistors is a tricky thing., Let'!s postpone that,
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RESISTANCE OF RESISTOR COMBINATIONS:; CALCULATIOM FROCEDURES

Typically, there are two or more parts attached to a tube pin or to a
single terminal post. This means that when you obtain a resistance reading,

+
[’
M

that reading usually is the result of two or more parts.

In Book II, you learned to identify the parts between two electrical

g
) b3
e e et

nodes or between a tube pin and ground, For example, in the diagram below,
there are five rosistors and one coil between pin 5 and ground, Can you identify

L EWEET T T It TF o

:

-
NS

these parts?

A otk 4

s

j,i In this section, you will learn how to calculate the resistance value of

resistor combinations,
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Resistors in Series:

otz

When two or more resistors are connected, one after the other, they are

said to be connected in Series.

i/«

Resistors connac’ogd in Series

Furthesmore, it doesntt matter how resistors are physically connected, 5o
1ong as they are electrically connected one after the other, Moreover, vwhen

resistors are connected in series, the total resistance (R3) is the sum or

total of the individual resistances. /_,a j

v/\ \% \ /{ ,>
% ‘> R
. R2 —R3 — R3
\ R
In other wordsz P 0"“/\/\/

R R2
v\ " g e VAYA VA
A\ 5°  R3= RI+R2

|
[

[ S~—rs "
{ (Total = Rb4 hefa) - R3
%J wq/ R4 = RI+R2+R3

e
{ i

Total = R6 here
R R2 R3
AN ANANAAAN—
&: R6= RI+R2+R3+R4+RS
- RS R4

L AAA

Where rasistors are electrically connected one after the other, they are

connected in .
wor

B e ot
NI IIIITE re
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Now, for a fow problems seeves

42t 5
A ‘QC A A AR | V/QX___% The value of Rpp s __

\ RAB—— 7
J, ‘ e \\
750 25K 20K IMEG
Now, watch ont for this one, The value of a 50048. , 1000.0., and & 10K

resistor is 15%____ T or 9K _____ 7 The correct answer is 9K, Why is that?

Because a resistor has a tolerance value, doesn't 1t? A resistor with a

20 per cent tolerance may be above or below its stated value by as much as
20 per cent, Thus, in the above cxample, if the resistors have a 10 per cent Z
tolerance and were all off on the "low" side of their stated value, it would

be quite possible to obtain a reading of 9,000 ohms and be within tolerance.

To make matters worse, unless otherwise stated, vesistors usually have a

20 per cent tolerance, This means tha’ a 10K resistor could be high or low
by as much as 2000 ohms, In practice, this means that a resistance reading
should be quite far off from its calculated value before you would think

Woe TR iy

something was wrong with it.

Also, the tolerdnce of resistors means that vhen a large and small resistor
{" is in a series, the value of the combination is equal to the value of the

larger resistor alone, This is especially true when:

{ a. All resistors have a 20% tolerance, and the larger resistor is about
;% 8 times bigger than the smaller. !
- b, All resistors have a 109 tolerance, and the larger registor 1is about

“J 10 times bigger than the smaller.
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50.000s0for the following problems, select the correct resistance reading.

More than one ansver can e correct,
a. All resistors have a 10% tolerance;
There are four resistors in series with values of
1000 chms, 1.0.2K,
5000 ohms & 20K

Combined resistance value could measure: H2.2K _ __
3300K e

b. ALl resistors have a 20% tolerance;

There are {ive resistors in zeries with values of
1500 ochms, 25.9 K, 2.5 meg,
8700 ohms, & 56.3K

Combined resistances could measure 2.9 megs

3.5 megs

1.8 megs

c. All resistors have a 5% tolerance;

There are three resisturs in series with values of
750 ohms, 1000 chms, 500 ohms

Combined resistances could measure: 2075 ohms oo

2300 ohms o
2350 ohms

Remember: Resistance measurements will almost always be different from their

calculated valus, The amount that they can be off and still be considered

feorrect! depends on the tolerance limits of the resistors, Generally, these

tolerance limits will be 20%, but they may be 10% or even 5%, On very rare
occasions they may be as little as 1% or 2%. In such instances, you are
dealing with Yprecision" resistors.




Resistors in Paralle

L

Resistors cannectéd like tﬁis‘are connected in "parallel! (also called !shunt!,
or R1 Yacross " R2). AlL parts are connected either in series or in parallel

(or in series~parallel combinations). There is no other way in which they can
be connected, In other words, if a circuit contains two resistors (R1 and R2)

which are not connected in series, then they must be connected in

Now, let's examine a parallel circuit closely. In the below diagram, the
electrical current is shovm as Llowing toward Rl. Some of the current will flow
through Rl only, and some of it will flow through RZ2 only. (In a series circuit,

all the current must flow through first one part and then another),
c__ ¢

TN Y
R SR

o
In a parallel circuit, the total resistance of the parts in parallel

rt, So, if & 100 and &

will be less than the resistance of the smallest

200 chm resistor are in parallel, the resistance of this combination must be

1ess than 100 ohms. Now, let!s discuss some specific examples,




ual-Value Resistors in Parallel:

letts first talk about a parallel circuit where Rl and R2Z have the same

Fg 2R, —\%Ra

In this circuit half the electricity flows through Rl and the other half flows

resistance value,

through R2, The total or combined resistance of Rl and R2 is equal to one half

o

of the resistance of either Rl or R2 by itself. That is, if a 100.. -resistor

is in a circuit by itselfl

> 100 52

and to it is added another 100/l resistor in parallel

R $Ra

R3 “\io-ﬂ 10082 S 10082
the resistance of the two (Rl and R2) is half that of either Rl or R2, In the

example above, the combined resistance of Rl and R2 is 50 ohms,

What do you suppose the combined resistance would be of three equal

resistors connected in parallel?

.../? iy R R > Rs
R4"'\'2°9“ 3005 %%ooﬂ %30052

That!s right, the electricity has three paths to take, and the total resistance

would be one~third (1/3) of any one of them, If the resistors in the above
diagram each had a value of 300.\., their combined resistance would be 100./1.,
When resistors in parallel have the same values, it is easy to figure their
combined resistance value, Divide the value of an individual resistor by the

total number of resistors in parallel,
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In the following example, two 500 ohm resistors are connected in parallel.

Their combined resistance (R3) equals 500 4+ % or ohms,

/* Ry 2 R2

Ra SR
500
© 0% < 5008

In the next diagram below, what is the value of R5, the combined
re 3istance.of the resistor Network? The value of R5 ds '

/> Rl > Ro ~ R3 Rq
20052 200 5L 20051 20082

;, > [ ;

LTI o5l 45 AT A B RIS o ] P T ey
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Now, let!s try something slightly different. Suppose you have five
1000 ohms resistors in parallel. Assuming that they are 20% tolerance resistors,
1,

the combined resistance of these five resistors could be 250 ohms

240 ohms _____y OF 150 ohms 1 (Check one)

0K, try one more, This time we have a parallel network of 10% tolerance
resistors, each with a value of 600 chms, There are three resistors in all,
The combined resistance might be 300 ohms _____, 185 ohms ___, or 15 ohms ____
(Select one)

One last problem, and we'll go on. Suppose you had two 1000 ohm resistors
in parallel, with one resistor having a 207 tolerance, and the second having a
10% tolerance. What might their combined value be? Well, this is a trick
question because you do not expect to find resistors of unlike tolerances
combined in the same network., It may happen on rare occasions, but generally

all resistors in the same network will have the same tolerance,

Unequal~valued Resistors in Parallel:

For most combinations of resistors, you will find that the value of the
resistors are unequal, This makes it more difficult to figure out the total
resistance of the combination, However, it still isn't too difficult, once
you know what you are trying to do and know a few tricks of the trade,

T

R‘ R R3
> 5008 lOOOQ lMEQ. 0 .

Typical resistor circuits containing unequalevalued resistors
*], Meg = one million




1y estimate the largest and

Let!s begin by finding out how to rapid

smallest values which a resistor combination might have. This puts your

answer 4n the right ball park, The vule to fcllovw is quite simple and goes

1ike this sseeee

For resistors in parallel, the combined value of the

resistors can be no larper than the value of the

smallest resistor, and, the combined value can be

no_smaller than the value of the smallest resistor

divided by the total number of resistors in the circuit.

Now, lett!s see how to apply this rule. In the below eircuit R¥ can be

vhich is the value of Rl, the smallest resistor in the

no larger than 150,

circuit,

. O
( " B Ry 2 Ra 2R3
? 4 %\wn % 300 82 §45@n_
E Kﬁ- C
Also, in the above diagram Rl can be no smaller than

e of Rl divided by 3. When you figure out your answer for Ri, you

the valu
know that it must be some value betweon 50 and 150 ohms, Now try another g

50 onms, which is

)|

\ example, In the diagram below, R5 can be no larger than ohms.,

R5 can be no smaller than ohms,

|

J

‘ o

& 4 : , ,,
20082 17552 IK €L > lL.eMeg SR

N

7

ERIC
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Tn the dimgram below, R5 can be no larger than ______ ohmS.

As you might expect, the actual resistance of parallel resistor
combinations usually f£alls someplace between the ball-park estimates of their

maxinum and minimum resistances, For example, in the diagram above, the
mindmum resistance estimats is 800 (R2) divided by 4 or 200 ohms. Actually,

the value of R5 is about 400N .

LRGBS TR, T oy RO
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Now, let!s learn how to calculate the approximate resistance of a resistor
combination. First we will show you how to calculate, by formula, the value

of the network., Then we will teach you how to estimate the value of the

network.

For those of you who know algebra, or 1ike to multiply and divide big
numbers, or know how to use a slide rule, the following way of calculating
resistance readings should be easy. For the rest of you, don't worry; we'll

show you another way to do the same thing.

The formula for calculating resistances in parallel is TA‘-"‘—%—M
Applying this formula to resistance values, the formula becomes Ri ¥ RL
R3 R1 R2
| \ 150 300
O

Applying the formula to the above diagram,

_ 150X 300 _ 45000 - ¢
R3= 50 + 200 450 100 OHMS
Now you try it. In the diagram bel%r

R3’ RI R2
\ 120 <360

+ c_- >
The value of R3 is . That wasn't too hard, was it?

i R T
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Now, let!s learn how to estimate the value of resistor combinations, Yov
remember that when two equal resistors are in parallel, the value of their

combination 48 one half the value of either resistor by itself,

RS R3= 750 OHMS

When two unequal resistors are in parallel, their combined value can be
no_smaller than one~half the value of the smaller resistor. Actually, the
combined value is always somewhat larger than this. The problem is to find
out how much larger it should be. S50 seesee when two resistors are in parallel,
their combined value i8 one half the value of the smaller plus some additional
value. By using the following chart, you can determine the additional value
vhich should be added to one~half thie value of the smaller resistor.

This chart will allow you to calculate resistance values for resistors having
tolerances of 9% and up. (Actually, the Calculation Chart shows four slightly

different ways of calculating resistor combinations).

S 4 prh
POt opamors: weoio o v g

PSS S mer i o b il 96
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Calculation Chart for Determining the Value of Two Resistors in Parallel

R2 equals Rl

R2 equals 2 Rl

R2 equals 3 Rl

R2 equals 4 Rl

R2 equals 5 Rl

R2 equals 6 Rl

P

R2 equals 7 Rl

%' R2 equals 8 Rl

; R2 equals 9 Rl

Relationhpf RZ to R1

oo s

[ EX R R

o0 s

a0 000

ca0000

&1

\‘ R2 equals JORL oceeee
Notes:

|

§7: expanded as follows:

) R2 = 11 to 14 Rl

gl R2 = 15 to 30 Rl

| R2 = 304+ Rl

Alternatekprocadurga for C

2y
b.
Co

&,
be
Ce

: 98
b,
Ce

&
be
Ce

a,
b,
Co

[ XA X/
(AR R X/

[ AN 2 X/

one;h?lf Rl
'

one~half Rl plus 157 of Rl, or
Rl minus 35% of Rl, or
2/3 of RL, or Rl minus 1/3 of Rl

one~half R1 plus 257 of Rl, or
Rl minus 25% of R1, or
3/l <of RL, cr, 1 minus 1/4 of Rl

one~half R1L plus 307 of Rl, or
RZ minus 207 of Rl, or
/5 of Rl, or RL minus 1/5 of Rl

one~half Rl plus 35% of Rl, or
RL minus 157 of Rl, or
5/6 of Rl, or Rl minus 1/6 of Rl

one~half Rl plus 35% of R1l, or
Rl minus 15% of Rl, or
6/7 of Rl, or Rl minus 1/7 of Rl

one-half RL plus 40% of Rl, or
Rl minus 10Z of R1, or
7/8 of Rl, or Rl minus 1/@ of Rl

one~half RL plus 40% of Rl, or
R1 minus 10% of Rl, or
8/9 of R1l, or Rl minus 1/9 of Rl

one=half Rl plus 40% of Rl, or
Rl minus 10/ of Rl, or
9/10 of R1l, or Rl minus 1/10 of Rl

one=half Rl plus 40% of Rl, or
Rl minus 10% of Rl, or
10/11 of Rl, or R1l minus 1/11 of Rl

1 1. Any of the above calculation procedures can be used with 10% and 200
tolerance resistors. For 5% tolerance resistors, use procedure c,

2. 'When dealing with 5% tolerance resistors, the above chart should be

R1 minus 10% of R1l, or 14/15 Rl
Rl minus 5% ot Rl, or 19/20 Rl
Rl only

alculating Rl and R2

3-22




Now, for some ﬁgamples: Tn the following diagram,

>R R2
21208 8COLL

Rl divides intocRZ a total of 6 plus times, The actusl number of times is

closer to 7 than to 6, 80 pound off to 7. According to the resistance
Calculation Chart, the combined value of Rl and R2 equals one~half Rl plus
B0% of Rl. One-half Rl equals 60 ohms, and 40% of R1 equals 48 ohmo. Thus,
the combined value of Rl and R2 equals 108 ohms. OK, noWw try the following

problems:

Problem A:
The combined value of a 500 ohms and a 800 ohms resistor in parallel

equals .

Problem B:
A 1.5K resistor and a 8.7K resistor are in parallel, Their combined

yegistance is .

Problem Ct
A 3.5k and a 1 Meg pesistor are in parallel, Thelir combined resistance

is .

Problem D

P

A 200,000 ohms resistor and a 1.2 Meg resistor are in parallel, Their

combined resistance 1is —

323
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3.2l

Rasistance,Netwprksfw1€thhraa or More Rqsistors;

Resistor networks in parallel often contain three or more resistors.
When a1l of these resistors are of equal value, it is easy to Zigure out their
combined resistance; it is the value of any single resistor divided by ¢

(select the correct answers),

a, The total number of resistors in the circuit _____.
b, The resistance value of any second resistor in the circuit _ .

¢c. The nurber of resistors in the circuit plus one .
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When three or more unequal-valued resistors are in parallel, the value of
the total combination must be worked out by dealing with two resistors at a time.
Tt doesn't matter which pairs of resistors you begin working with, so pick pairs
in which the smaller resistor can be easily divided into the larger resistor.
Also, vhen possible, work with small resistances first. Thus, in the tollowing

example, you might proceed as rollows:

RS
4

Step 1: Calculutg the value of Rl plus R2. It is equal to 50 plus 25% ot Rl,

Thus, R1l and 2 equals 75 ohms.

Step 2: Calculate the valus of R3 plus R4, It is equal to 225 plus 156 of nle
Thus, R3 and 4 equals approximately 290 ohms,

Step 3: Caleulate the combined value of Rl and 2 and R3 and 4 (75 £ 290 ohms).
This value equals 38 chms plus 30% of Rl (which is about 22 chms).
The total value of the combination is about 60 chms, (Notice that
in these calculations it is permissible to round off to the nearest

even number).

Now, you try it on the following problem. Remember that you can ignore any
resistor waich is more than ten times the value of any other resistor which it
can be paired with,

answer

Q
ERIC
Ry b e ¥
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Combining Lavge & Small Resistors

s
[

When the value of R2 is ten times or more than Rl, then the bigger resistor
doesn't have much of an influence on the total resistance of the parallel
conbination. This is shown in the three diagrams below and also on the

Calculation Chart,

R3={20 OHMS R3 =90 OHMS R3 =92 OHMS

For practical purposes, then, you can jgnore the presence of very large
resistors because it can only effect the Combined value by 10% or less, and
the values of most resistors can vary by at least this amounte S0 eeveee the

rule is that in parallel circuits,_ are ten times or

nore_all resistors which

more larger than the smallest resistor in the oircuit,

When you ignore any large resistors, and combine resistors of approximately
equal value into pairs, you reduce the size of your resistance calculation
problem, The only values you have 1left are those resistances which are less
than ten times the value of the smaller resistor but are not equal to the
smaller. And you know how to handle them =we~ just take them two at a time and
use the Calculation Chart to work out their value. Let's try another example,

and this time let's use procedure 'c! on your Resistance Calculation Chart ceee

| RG

% To begin, R5 (4000SL) is more than ten times Rl (100 L1) so you can
j ignore R5. Next, pick an easy pair to work with. 150 and 300 look easy

ERIC

3
* A v Toxt provided by emic
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|
|
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because 300 is twice 150, Look up in the Calculation Chart where it says
WR2 equals 2 R1M, Across from that and under "e! procedure, it says that
Rl 4 R2 equals 2/3 of Rl. In the example, R1 i3 150 ohms and 2/3 of it is
100 ohms. Right? Now you can combine that 100 ohm value with R1, which is

- 100 Ohms, also. The result is 50 ohms, The only resistor you haven't worked
with yet is Rl, which is 700 ohms. This is more than 10 times the value of
50 ohms, so ignore R4. €04eeesedn this problem, the value of R6 is 50 ohms,

Now, try thisprovlem:

I Je2 R3
RS 00 3000 S450.0-

Begin by ignoring 5 GecAuss 1t 18 15 times bigger than Rl. NoW, how about
working with R2 and Rl next, 600 is _____ times 300. According to the
Calculation Chart, the combined value of 300 and 600 equals one~half 300
plus _______ por cent of 300, This equals _______ ohms, Now, combine this
value wita Rl., According to the Calculation Chart, the result should equal
HR1 minus 1/3" which is about 67 ohms. Now, what about R31 It's about 7 times
iarger than 67 ohms, 50 this reduced tke 67 chms by _____ ohms, Round off your

result to the nearest "5" and you should get 60 ohms,

LR s b

L ———
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rself, Assume that all resistors

New, work this problem completely by you

! have a 20% tolerance,
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Series.Parellel Resis

Tn most TV circuits, especially those connected to txcz’ba pins, you will

£And resistors connected in series-parallel combinations.

[
Ri

Tt 4sn't too T To figure out the resistance value of these combinations,
You work with two resistors at a time until you have converted the whole
resistor network into a simple series or & simple parallel cirouit, For
example, in the diagram below, you can see that Rl is in series with the
parallel combination of R2 and R3. Therefore, the first thing to do is to
combine R2 and R3. This converts tne circuit into a simple series circuit,

Then add up the resistances to give i,

%}% Step 1. Combine R2Z2 & R3

R243
Step 2, Add Rl & R2& 3
.

R4 e 870 N
Note carsfully that in Step 1 we could not have combined Rl and R3, nor could

we combine Rl and R2, This would have left the other resistor in parallel
floating around without anything to combine it with,

P R
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You can make & seriss addition only when nothing else is attached to the

center node, Thus, in the diagram below, Rl and R2 cannot be direct
combined because R) is in parallel with R2,

A , ,
In this next diagram you can combine Rl and R2 directly by adding them

together, In other words, the resistance between points A ard B = Rl plus R2,
Can you see why? It's because R3 and R2 are parts of different circuits....

Flectricity can flow through K2 to gst to point B, but it cannot flow through
R3 to get to point B.

A

Now, look at the diagram below, Do you recoznize the ground symbols?
What do they tell you? They tell you that R3 and R2 are both connected to
ground, or to the same electrical node, Thus R2 and R3 are in parallel,

The resistance of the resistors between points A and B equals wewms
’,pﬂﬂﬂﬁﬂauuf"o‘e

Ri

Step 1: the parallel resistance of R2 4 R3
Step 2: the series resistance of Rl plus the value cbtained in step 1,

Remenber then, when two parts are connected to the same node, and the other
side of these parts is connected to ground, then the two parts are in parallel,




Now, for some problems, In the two examples below, determine the value

of RAB which is the resistance between points A and B.

ggoblom A

Problem B




(. ,,; i}

(S

Now, let's look at a slightly different arrangement of resistors. In

the fgllowin circuit, you can see that R3 is in parallel with Rl 4 R2.
A |

i

500, %

R2 '
B . _ 1o [

Tn this type of arrangement, you first have to combine the two resistors vhich
are in series., Then in step 2, you will calculate the resistance of this
combination in parallel with R3,

Step 1 Rl plus R2 = o Rpo (£i11 in calculation)

Step 2 R3 and RL plus R2  _ Rpp (£411 in calculation)

S0.+.sWhen calculating the resistance of a series-parallel combination,
first calculate the value of the sub~sections., Keep doing this until you
have converted the circuit into a simple series or parallel circuit, OK, now

look at the follcowing example carefully. After you have studied it a vhile,
Ay Neon

try the next problem,
O—\' t+
Example: <R4 J
For the circuit on the S ~ R7
righté the problem is to J;'""“'z ~
find the value or R ) s
AB SRS SR6
>
s L7
O
N o-_s\/\v \/\ “/\/\f’\ ]
Step 1t Rz andR3=Rz 43 A RI R2 &3
Step 2: .5 and Rg = Rg and 6 R4
The problem has now <R7
been reduced to the circuit S
on the right, R5& 6
B
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Step J: Ro 4+ 3% Rp = Rz*3+7 A Rl oo
Step 4: Ry + Rgeg = Ruyse6 RA156 3.7
The problem has now been
reduced to the circuit B
on the right o -
The problem has now been —— \ /\.__.,_,,Q
reduced to the circuit ERAAL P\./‘Z\g 5 4{5
on the right \ /@L
Step 63 Ryp= By + Roy3pe 54647
I Now you try it
I What is the resistance between A & B?
Ao——AAN— e
l 20 ;
6005  GON 100.01 i
3000
1 3005 6001 500 €L “
B O—n—
g | Space for calculation:
| ‘
= Answer ohms

AFullToxt Provided by ERIC

EKC




=34

Hidden Resistors:

There are a number of instances where the resistance of a part will have
no practical effect on the total resistance of the circuit., When this occurs,
we say that this part is 'hidden", We have talked already about one such
instance ..., When a resistor is in parallel with a second resistor which is

ten times or more larger.

Q O—-¢ ,
4 g R R2 7 R R2
R3 % 008 110052 Rz S5.2KR | Meg
N 7 e \ '

Ro 1s "Hidden" : Ro is "Hidden"

Tn both of the circuits above, R2 is 10 times or more larger than Rl. Thus,
the resistance of the Rl and R2 combination is less than 10 per cent smaller
than the value of Rl itself.‘ Usually, resistors have a tolerance of at least
10 pex cent, S0 eees the value of R3 in the diagrams above is within the
tolerance range of the value of Rl alone, Now look below, R1 has a tolerance
of 10 per cent., The smallest value which Rl can have and still be considered
within tolerance is ______ .

[ c IR! R2

Rz j?

56000 56K
No

OK. Now work out the value of R3, It is ____ .., and this value is within

w

| , outside of the tolerance limits for Rl. (Check one).

Thus, we can call R2 a "hidden' , "nonehidden" rosistor,

(Check one),




|
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Resistors connected in series can be Mhidden' also, As an example, in
i the following example, what is the resistance of Rpp chms?

A IV e - B
D, le2. M.\, $ib K X

"‘; F‘A :

f Tt adds up to be 1,205,600 ohms which is Egr practical purposes 1,2 megohms.

J This means that the big resistor is Vhiding! the smaller resistor, R2, This is
because with 10 per cent tclerance for the 1,2 Meg resistor, its value alone

could be as high as 1,212,000 ohms.

i What the above information means is that when combining resistance valves,

| the following rules of thumb can be followed:

| 1, For parallel circuits, the combined value of a small and very large resistor
is approrimately the value of the small resistor.
2., For series circuits, the combined value of a small and very large resistor

is approximately the value of the large resistor,

Finally, a good resistor will show its correct chms value within its

’,av-».m,,wﬂ:—-- J—— f—'I—“ o "

tolerance 1imits vhen tested with an ohmeter, A resistor that does not measure

within its tolorance limits is no good, for most practical situations.

Now, by way of review, try the following problems, In these problems,

assume that all resistors have a 20% tolerance,

o, S
A o
TOMIGEMEN =
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Problem 1:
The resistance between points A and B is

(calculate value)
A o—— AAN—— AN N——AN—0 B

7505 3.25K S 2 Meg Y]
Problem 2:
The resistance between points A and B could be 454K 7 72.6K ____ 7
59.5K 1 (Select correct answer)
A 0——-\/\/\/\——\/\/\/‘-—-‘\/\/‘/\-—-—-—-0 B
700 82 3.2K 82
Problem 3¢
The resistance between points A and B is ___
A o . {calculate value)
s R R2
50082 ? 210080
Problem 4: Bo
The resistance between points A and B is
Ao (calculate va.lueS
R| Ra Rz Rs
.6 KR 59K §2 1K 8 IMea 3

Problem 5: Bo
If R1 & R2 are in parallel, and R2 is 6 times bigger than Rl, then the

combined value of Rl and R2 is: (Select correct answer)

a, one~half the valuve of Rl ;

b. Rl value minus 156 of the Rl value

ce 5/6th of the value of RL

S ———

by e
T ety S
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Froblem 6:
The resistance between points A and E is

Tcaiculate value)

Ri

A i A R3 ‘

R LK
—/\VV\— | ]
600 S

bt
Ji
20 K :
7
B
i
——— H
3
Y
p
L ]
H
y
]
¢
!1
%
=
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| i
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1
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Tube Pin Resistance Chains:

Most plece-parts of a TV are connected together in series-parallel
combinations. One side or end of these combinations is usually conrected to
ground or to a power supplye. The other end of the combination usually is
connected to & tube pin, It is important to know how to calculate and to
interpret the DC resistance of these tube pin chains, Using this information,
you can isolate IV or radio troubles down to a single part, Let!s find out
how this is done.

Resistance to Direct Current (DC):

Let us begin by reviewing the resistance characteristics of three common
partss resistors, capacitors and coils. The resistance of these parts is based
on the ease with which DC current passes through them.

eveoes Resistors: their resistance value varies, depending on their

atated value and tolerance of the resistor.

eecose Coils (and all kinds of windings): their resistance usually is
very low (5 « 10 ohms).

seseee Capacitors: DC cannot pass through a capacitor. Therefore, &
capacitor has an infinitely high resistanco, (Actually, when &
capacitor is checked, DC does charge it up by putting meny more
electrons on one side until the capacitor becomes fully charged, For
large capacitors, this may take a second or two,)

When you measure the D resistance at a tube pin, you are measuring the
combined resistance of all the parts which are on the IC path between that tube
pin and ground, Sometimes this DC path (or tubew.pin chain) is very obvlous.
Many times it is not obvious, and you will have to study your schematic diagram
to figure out what the path is,
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Before taking tube~pin resistance readings, there are two things which you
should double-check., First, make sure that one side of your ohmeter or
multinotor
rounded all of the power supplies, (You will be told how to do this in class,)

is grounded to the chassis, Second, make sure that you have

If you will Jook at your Zenith TV schematic, you will see that some tube~pin
chains are grounded and some are not., Those that are not usvally go to the

power supply. By grounding all the power supplies, you ground all these

pin chains,

DC_Resistance Path Between Tube Pin and Ground:

Yhen taking pin-readings, one of the biggest jobs is to figure out vhat
parts you are measuring. In other words, you have to tigure out the DC path
" between tube pin and ground, You need to study a schematic diagram to find

this out, For example, in the following él:‘ii’agramz

s "RJEGQ. l%(a)K »
e,
lc: N— RS S
- ' A

*
———
o~

~ +30V
vesees The pin chain for pin 6 contains only R3. Therefore, the

a resistance reading at pin 6 should be ohms, That!s

B ripht, 70 ohms,
veesss The pin chain for pin 2 contains R5 and Ll in parailel. Therefore,

the resistence reading at pin 2 should be ___ ohms, Did you
say 5.10 ohms, Finet! The resistance of Ll is so small compared
to R5 that R5 does not affect the pin reading,




r
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Yotice that pins 2 and 3 are connected to a 130v power supply., Yovu should
have grounded this supply before taking the pin readings, This would ground the
pin chains connected to pins 2 and 3,

0K, now what about pin 17 The IC resistance path goes through R2. Tt
can't go through capacitors, so it has to go through RL and then to ground,

S0 ... the resistance reading at Rl shouwld be _____.

For this next set of problems, you will need the schematic of the Zenith TV

set that has been furnished for class troubleshooting practice,

Sometimes it is easy to see what parts are in a pin resistance chain,
For example, Llook at your Zenith schematic (Yodel W1250Y6fkand £ind V3 (lst IF
stage, upper left of the schematic), “hat parts are attached to pin 27
Right, only a 68 ohm resistor. (Notice that on this schematic, many resistors
are unlabeled, That is, only their value is given. This is because these are
common composition resistors which require no special description in the
parts 1lists),

How here'!s a harder problem, What is the resistance path from V3, pin 5

-~

to ground, Is it like example A, B, or C? Answer

Q
I

oy
o PR e TNV e IR

preieer s Tt g e e




1.5
¢ &

PAFullToxt Provided by ERIC

3=l1.

Reconstructing DC Resistance Circuits:
In the previous example, you were shown three possible Npeconstructions! of
the resistance path for V3, pin 5, Tt is useful for you to know how to

reconstruct such cireuits, so let!s try a fewv.

On your Zenith schematic, let us reconstruct the DC resistance circuit for
pin 1 of V3., Tracing backwards from pin 1, ¥ou come to a branching point with
one path going to L1A and the other path through Rl. Let!s go throuzh L1A first.
After going through L1A, the path is blocked by Cl and C2, So we go off to the
right and through a 68 ohm resistor. Then we come to a branch vwhich goes off
to the left, but this ends at C3, so that's blocked, too. Mlext we come to a
point labeled E , Going off from this point to the left or to the right leads
to a capacitor. So ssee that!s not a DC path. Going downward from point 5,
we go throvgh a 680K resistor, then off to tho left and through a 220K resistor,
then down through a k4,7 ileg resistor to a grounded 130V power supply. So far,
we have a DC resistance pin chain which looks 1like this, V3

8N LIA

L 47Mgn 22k 680K 6

¢

Now, let!s take another look at 1t, This time we go left from pin 1,
down through R1l, then over to the left and then dovm through the bottom half of
I1A, then over to the right and down through the 680K resistor again. In other

words, the complete DC path from pin 1 to ground looks 1like this esssee

Q
ERIC
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How you should be able to figure out what the resistance reading at pin 1l

showld be, It could be 6 leg y 6.5 lieg y or 7 leg o (Select

correct answer),

During much of your practical exercises on Chassis Mavigation and on
Chagsis Troubleshooting, you will be trying to figure out what parts are
attached to tube pins, So, try a couple more problems,

A ssseeseeeses Draw below a diagram of the DC resistance path between
pin 3 and ground for tube V10B (on your Zenith schematic),

B ssvsseseeces For tube V6A, draw the DC resistance path between pin 7
and ground,

; e
WAoot
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Often times there is a IC resistance path between two or imore tube pins,
Sometimes you can use these paths to check the resistance of individual parts.
Tor example, on your Zenith schematic, locate V3, pin 5, MNotice that there is
a DC path from this pin to pin 6 of the same tube, By measuring the resistance
between these two points, you actually are checking the rosistance of one of the

windings of the transformer T2,

Sometimes you may have to check the resistance between two tube pins
because thero is no other way to check the part, For example, on V12, R24 can
be checked by measuring between pins 1 and 12. Put you must bo careful not to

get shocked, as hero the voltage is 13.,5KV when the sct is on, danger, turn
off the power firstl

iy

¥




Pin Resistance Charts:

34l

For most TV sets, the schematics for these sets will contain a tube
resistance chart, Such charts tell you what the correct DC resistance reading

should be at each pin. But, be careful when using such a chart, First, be sure

and read the chart to £ind out how the readings were obtained, Sometimes the
readings were obtained without the power supplies being grounded, This makes the
readings very difficult to use,

Unfortunately, the Zenith TV you are working with is so new that it dozsnlt
contain a pin resistance chart. When you have to work with such sets, the best
thing to do is figure out your own chart. This you can do by taking a TV which
seems to be working OK, Disconnect it, ground the power supplies, then check and
record the readings at each tube pin. Tf the set is quite new, these readings can

serve as the "correct! readings, in most cases.

Tnterpretation of Pin Resistance Readings:

Vhon troubleshooting a TV, you first use symptom and other informe..ion to
1solate the trouble to one or more stages., You check the tubes for these stages.
Suppose the tubes are OK. That's when you begin the chassis troubleshooting
through the use of pin readings, It!s important to remember, though, that you
must try to use symptominformation and your understanding of the TV Technical
Story to isolate the trouble to one or two stages. In this way, you do not have
too many individual parts to check.

Hidden vs, MNon-hidden Parts:

As you should reallze by now, most plece-parts are connected in some way
to a tube pin, However, not all of these parts will affect the resistance reading
at the tube pin, Those parts that do-noﬁiaffect the reading we will call '"non
hidden" parts. They are nonshidden because if they go bad in a typical way, the

effect of this will be to change the resistance reading at the tube pin.
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There are certain parts, and certain arrangements of parts which lead to

what we call "hidden" parts, These are parts which can go bad and still not
affect the reading at the tube pin. An exariple which you are familiar with
already is that of a very large resistor in parallel with a small resistor or
with a coil. Later on, we will talk more about Yhidden parts!, In this section,

we will be concerned only with '"non-hidden! parts,

Resistance Interpretation FProblems: —

In tue diegrew above, the correct resistance readings at the tubes pins

should be as follows:
pin 2 infinity

pin 3 20K g
pin 5 670 ohms

pin 6 5 ohms

0K, now for soﬁe problems:

Aveoss the reading at pin 2 is 1 leg. Yhat is probably wrong? Cl is

short? _____ or C2 is short? ___

That!s right, C2 is probably short, Incidentally, capacitors

typically go bad by shorting. This changes their resistance from s

infinity to about zero ohms.

W NTE P NG xS g £ T
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B,.e0oNoxt problem, The reading at pin 5 is 2K, Yhat probably is wronz?

R4 is Shorted 7 or RY is open 7
Right! R4 probably is open, Resistors typically go bad by
%

opening up. This changes their value from whatever it should be,

to a value of Minfinity" - maximum resistance,

e 1

CosesoSuppose the reading at pin 3 is 23,5, "hat is the trouble?
73 is open____ 7 R2is open 7 lo trouble 7
Can't tell _____ 7
This is a tough one, Possibly nothirg is wrong because with 207
tolerance.resistors, the correct reading could te 23.5K. On the
other hand, T3 could be open or R2 could be open, and this would
not greatly affect the reading at pin 3.

DeeosoSuppose the reading at pin 6 is 3500 ohms. Yhat is probably wrong?
73 48 open____ 7 T3 is short ____ 7 R2 is open____ 17

T3 is probably open. Transformer windings can either short out

or open up. When they short, they may short out only a few turns
;
| of the winding. When this happens, you can't detect this with

resistance readings.

EeeeeoOne £inal problem, Suppose the resistance reading at pin 5 reads

2 infinity. What would be wrong?

Not making a good connection with the multimeter probe ?

) Both R3 and R4 are open_ .17
Ef There 18 an open break in the line between pin 5 and ground 1

All of the above 4

L

{1 Right! Any of the above could cause a reading of infinity. However,

you don!t usually expect two or more parts to go bad at one time, so

probably both R3 and R4 are OK. Breaks in the line can occur; or parts
¢y and wires can come unsoldered, That!s the thing to look for first

in this case,
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let's conclude this lesson by interpreting a few readings from the Zenith

TV you are working with. Again, you will have to use your schematic diagram

for these problems:

AveeeeOn V3, pin 7, the correct reading should be O ohms, The obtained
reading is infinity. Vhat probably is wrong?
a, broken multimeter _____

b, broken lead from pin 7 ______

B,seeeOn V3, pin 5, the correct reading should be 220 ohms. The obtained
reading is 33K, Vhat probably is vrong?
a, ©C6is short 7
b, T2 winding is open___.17
c. 130V is not grounded ___1

CuveesOn V7A, the obtained reading at pin 4 was .7 megs, Is this the correct

reading? yes___. no____ If no, what part is probably bad? __ ___ ..

DuevessOn VIOA, the obtained reading at pin 9 was 149K, Is this the correct
. If no, what part is probably badl _________.

reading? yes__ no

This completes this lesson.
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ANSWERS TO BOOK ITI PROBLEMS

w

150,000 ohms

% 20%

3500 ohms

low resistance

good

bad

bad

good

R1l, R2, R3, R5, R6, L1

Series

2050 ohms; 1,023,250 ohms
33,0K; 29 megs; 2300 ohms
parallel

250 ohms; 50 ohms

240 ohms; 185 ohms

175 chms; 43, 44, or 45 ohms
800 ohms -

90 ohms

about 325 ohms; about 1275 chms
about 2.65K; about 170,000 ohms

choice "all

about 165 ohms

Page
27
27
28
3
31
42

2 times; 15%; 195 ohms;

7 or & ohms

about 160 ohms

Proh o0 425K

Pr.B oo 1550 ohms

Step 1 .. 300 ohms

Step 2 .. 260 ohms

120 ohms

about 500 ohms; about 505 ohms;
Myithin!; "Yhidden"

1,205 megs

Prel oo 200K or 2,004K
Pr.2 oo 59.5K

Pr.3 .. about 400 ohms
Pr.b o, about 110C ohms
Pr.5 .; choice "b!

Pr.6 .. about 22K

70 ohms: about 5 ohns

1.6 mega; 68 ohm resistor;
answer 'c!

& megs
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ANSITRS

Pr A
0B
v :::h! s

Pr B

TO_BOOK TIT PROBLES

—AAA
L2

AN

X L3

7YY AP

L4

33082

Ls 27K

Fr.A ... C2 i8 short

Pr.B .eo R4 is open

Fro.C .. Canft tell

Pr.D .e¢ T3 probably is open
Pr.E «ee All of the above

Pr.A oee choice "o¥ w. broken lead from pin 7

Pr.B ¢4 cholce !
Pr.C ... reading

b we T2 43 open

is correct

Pr.D ... reading is incorrect; C52 is short
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WITHIN STAGE TROUBLESHOOTING
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Directions

This book tells how to find bad parts in electronic
chassis. It will give you practice by means of a set of
problems.

Everything you will need to solve these protlems 1s here
in the booklet. This i1s a scrambled book. As you read through
the booklet, you will notice at times you will be asked a
question. Sometimes the questions are of the completion
type. In the space left for you to ccmplete the question,
£111 in the word or words you think best answers the question.
You will be told to go to a page where you will find en
answer to the question you have just answered. Some pages
have answers to several questions on them. In order %o keep
questions and answers related, the answers are lettered as
well as numbered. For example, ycu mey be told to go to
page 4-10b. Do not go to L4-10a or 4=10c since the answer
will be on page 4-10b,

The next page gives the table of contents. Notilce
the location of the diagram. You will use it later on.

Turn to page "1" and begin.
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- WWITHIN-STAGE TROUBLESHOOTING vt
You start "Within-Stage Troubleshooting" after you
have found a bad stage. Once you have named the bad stage,
you know all of the parts which are connected to the tube
in that stage. The tube and the parts connected to it are

shown on the schematlic diagram.

First you should check the tube in the bad stage.
Second, you should "eyeball! the stage for charred resistors,
bad solder joints, broken parts, etc. Third, if you can't
f£ind the trouble, you then begin using statilc checks.
(Resistance measurements) You should use static checks at
this point beceuse the wreslstances of the parts dontt
depend on each other, and you want to have independent measures

now rather than over-all measures. On the other hand, when

the equipment is turned on you should use hot (voltage,
oscilloscope) checks in measuring stage outputs because the
parts act together as a whole to cause the overall stage
output.

To find the exact part(s) causing the trouble, you

measure resistance with the set turned off. You must prepare

a————

1t for static resistance checks. You do this by grounding

all power inputs. Vhy do you ground power inputg?-~to make

: small networks of the parts between each tube pin and ground.

a Bach network will contain some combination of reslstors,
capacitors, inductors or other gpecific parts. 3IYou, as a repalr-

man, must determine which parts in the stage belong in each net=-

-

I eneas o
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work. All networks are between tube pins and ground so you start at
a tube pin to determine each network and trace it to ground. A bad
part will usually change the resistance value of the network measured
at the tube pin. The correct resistance values for each tube pin are
easily figured out from examining the schematic.

The next Within~Stage Troubleshooting step is for you to

measure the resistance value of each tube pin until the one 1is found
which is bad. The network attached to that pin will contain the bad
part. You then look at the network schematic to find out 1f you can
measure smaller portions of 1t without unsoldering parts. Assuming

you can, you contlnue measuring smaller portions untll you have elther

found a single bad part or you must unsolder a connection to separate

one part of the network from the remainder.

Sometime tube pin measurements fall to show bad resistance even
though the stage is known to contain a bad part. In these cases, the
trouble is a "hidden part." A hidden part is a faulty part which

will not produce bad resistance readings at a pin because of the nature
of the network it is in. There are only a few network circult arrange=

ments which produce hidden parts, they are:

(1) Capacitor in gerles.

¢
[ =

The resistance at pin 1 in the clrcult above will be
infinite. Thls is the correct reading at pin 1.

7
Nemmom
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"ote, however, if the resistor is either open or short-circuited, the
rosistance pin 1 is still infinite, Therefore, the resistor could be hadly
damaged, or completely destroyed, and a resistance measurement at pin 1 would 3
not show it. The resistor in this case is a "hidden part," This circuit is i
alco an oxample of how a notwork can be split up so as to measure smaller

portions of it. Tt is impossible to measare the resistor directly since

09= and conneets to zround and the other to the capacitor., Thus, waien possible,

measure the regsistance of individual parts in the chain, A resistance :

measurement of the resistor will show it to he good or bad,

(2) Coil connected across part.
The resistance at pin 1 in the circuit above will be that of the

cotl, Coil resistances are usually very low (of the order of five or less

0% SN o SRR SR iy B, O SRR A P T S an e

ohms). Often the resistor connocted across the coil has a resistance which

18 thousands of timos greater than the coil., In these instances, the ;
resistor could be openecircuited, and the measurement of resistance at
pin 1 would still show the value of the coil, or in other words, a good reading, ;
Therafors, a part connected across a coil may be elther good or bad without :

having its condition revealed by a pin resistance measurement, The resistor

in this case is the hidden part,
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Remedy. This circuit is an example of when 1t 1s not possible to
split up the circult into smaller portions. In this case, you must

actually detach one end of the part under test and measure the resls-

tance of the individual parts. Such resistance measurements will show

,@ up the bad part. You will often have to unsolder one end of the part
under test from other parts in the chain in order to isolate it. This
is an important part of troubleshooting but should only be done when

i necesgsary.

I iy g

] (3) Transformer secondaries
‘ The resistance at pin 1 in the circuit above is that of the

primery winding of the transformer. A bad secondary winding would not

affect the resistance measurement. g
i Remedy. You must note the presence of secondary windings and
Ly measure them separstely by detaching other parts from at least one end

of the winding under test. Do this to all windings of a transformer.,

2 -
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(4) Input=Output Connections.

The resistance measured at pin 6, V5 is 12 ohms as shown

above. This resistance is the sum of the resistances of the windings

numbered 1-~2, 3-4, and 5-6. It has nothing to do with Z1, the delay :

network. Therefore, if the delay network contained the malfunction,
pin resistence measurements would not show it.

When two stages are on different chassis, the output of one
is often conmnected tc the imput of the other by means of a "coaxlal

cable.," When such a chassis 1s removed from the set in order to

troubleshoot it, the coaxial termination, however, ls left unconnected.
Therefore, any part connected to the coaxlal terminations will not be
checked by means of the pin resistance measurements.

Remedy. Check the resistance of the parts individually, openlng

connections between them in the process. In the clrcult above, a
resistance measurement should be made between terminals 1 and 3 of the ;

71 network. If the resistance is infinite, the trouble has been local=-
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1zed to the network, since the registance between 1 and 3 should be
that of a string of colls connected. It should be low, not infinite.
If you have to continue to troubleshoot this componen? rather than to
replace it, that is done by disconnecting terminal 1 of Z1 from Ti and
checking the reslstance between pins 1 and 2 of the network Z1. This
resistance should be infinite; if it is not, the malfunction has been
discovered. This is because the measurenent includes capaciltors.

We are now going to take a 100k at some examples.

Tt will be assumed you have used dynamic checks to jgolate the
trouble to a stage. Look at the schematic dlagram in the back of the
vook. Your statlc troubleshooting begins with a visual check of the
chassis. We assume you have done this and the chassis looks 0K. You
have also checked the tubes and they are good. Let!s say you had an

ohmmeter. Now you begin measuring the reslistance of a chain of parts

connected to the pins of tube V8 by placing one probe of your ohmmeter b

on the pin in question, and the other at ground. But waltl What
should you do before making resistance measurements at the tube pin?

Right! OK, go to the next page.
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You ground the power supply. of course!
{% Now, let's see what value we get. We start a pin 1 and note
‘ that the reading must be zero because its grounded. Next, pin 2

should measure 6.8K, since it is connected to 4130V through BL15

and we have grounded the 130 volt line. Next letts find the re-

§ sistance at pin 8., The parts of interest are shown below:

iy
g ViV ) '
; L .:” nn ’ - N ;4
— N = 19 . Pl

(I
ml' LMY

e

Al has a eircuit equal to that shown dotted.

| The AL circuit completes another path through 82K resistance
ﬁ near the picture tube which is grounded.

Compute the resistance®reading which you should get at pin 8

N . .

and go to page 3-21a for verification of your answer.

|

oo
—

¢

% Add up the resistance involved end write the sum in the space,

then go to page 4-2la.
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D. Right. In circuits of this sort, your best choice 1s
to measure the individual parts. Go ahead. h.f2

In cases of this sort, the strategy of repalr will depend on
how the parts are actually physically wired into the circuit. If
it is possible to do it, it is probably worthwhile grouping the parts
in two sections, and measuring each section separately.

This is, of course, applying the old "split<half! technique,
which will probably save you some Time and effort if you have no
speclal reasvn for measuring at any particular place. If you do this,
you will find that C29 has shorted. You replace it and measure your
pins again to find they are OK.

Notice that C30 is within a dotted line representing a can.,

It might be difficult to replace C30 were it shorted out; therefore,
the whole assembly might have to be replaced.

You have just completed a series of problems desligned tc give
you practice in troubleshooting within a chassls. You have learned
how de resistance checks can be used to help find a falled part,
how to interpret pin resistance readings, what to do 1f all checks
are good (hidden part troubles) and how to make simple deductions
based on the circult and the values of your measurements.

Practice of this sort will help prepare you to do your Jjob.

This concludes the booklet.




From
T-21b

B, Right! Since Al could have opened up without changing the value
of the pin reading at pin 8, Moreover, the 47K or 82K resistor attached to
the right side of Al should be opened.,

Grounding the power supply created a parallel path that didn't exist
before, So, you are probably wondering why should you ground the power
supply if it is only going to make your job harder? You will find, however,
that 1t generally makes your job easier. Let!s see whyl

Suppose you didn't ground the power supply and measured at pin & of
V&, %hat now would be the circuit and the resistance reading? Whatever

K rosistor

schematic and find out where the circuit goes after it leaves 39K through
the 4130V 1ine. Ve will assume that capacitors will block the DC current
of the ohmmeter and will look like open circuits,

The 4130 line can be found at many places in the diagram. Notice that
every branch of this circuit is blocked by a capacitor or & tube (which in
a deenerglzed chassis blocks current like a capacitor), except one which
goes through the br%ghtnaas control (located above V9B on your schematic).
Pecauge of this, the reading should be 99K+ 250K in parallel with about
120K or about 85K,




Why then, do we ground the power supply?
A. Because in most instances, it helps restrict the
number and location of parts to measure. Go to L=l 6D,
B. Because you might burn out the set 1f you didn't.
Go to 4~13b.

Extra Problem #l1: Draw the equivalent circult for the

following schematic:
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C. You measure 405K at one extreme of Rll, and 11.5K at the
other. This is because C34 has shorééd through and ex-
plains why the pin reading was so low. That 1s, since C34
has shorted, the ohmmeter was actually measuring 680K in
paral lel with the 1 Meg part, Rll. (The other resistors

are so small they can be ignored.)

Go ahead. h-lla
| liow you have found two bad parts. Do you think you have
Y them all? L-11b
5£ A. Yes. Go to 4-22c.

B, No. Go to w~18c.

T

e

5 A. T.is could happen but it is probable that you would have
noticed it when you were handling ClL9 before. Try again.
Go to L«33Db. Lallc

— N M

A. If you did this, you would still have the short clrcuilt.
Try again. Go to UY-L2a. bolie

A. We sald opened not shorted. Try again. Go to 4~354. Lhelld
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: B. This would certalnly give you the answer, but the

l accuracy of the capacitance checker is not needed.

l And besides, you don't have one in the shop. Try again.
' Go to h-24d.

You can use this space for figuring or drawing cartoons or

schematics or equivalent circults.
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L=13
4-16b C. Right! After studying the schematic, you will find
that there is a capacitor which could produce this
result, if it shorted. Thig is CL7B. Co to 26a, a

A. Not at all. You must always disconnect the TV from

the wall outlet before working on the parts inside of

it. Try again. Go to 4~10a. b

4~28v B. You will have time enough for this. You'd better

act now., Try again. Go to 4~29a. c

4-%2a ILlA, RL, C2, CL, 68/, 4704, 22 Heg, R2
Go ahead. d

The parts in the network of Tl are so interconnected that e
a variety of alternate paths exlist which result in relative-
ly little change, regardless of how the parts go bad. This
is because they all connect through the 680K, 220K and 4.7

Meg resistor to the grounded supply, and thesz parts dominate

the resistance reading.
i@ R2 is hidden with respect to pin 5 because it is across
| the primary of T2, a low resistance.
True Go to 4=17c.
Falgse_______ Go to L4-22a.

e, ‘:“ :.;:;j
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You have isolated the troutle to V7. You have made the

following measurements:

Corxrect Measured
2in Ohms 2in Chms

1 Fil 1 Fil

2 1K 2 1K

3 1801\ 3 1801

L 687K I LO6K

5 5h 5 5.

6 10K 6 10K

7 ~210 7 ~2 .0

8 350" 8 350.%

9 16001 9 1600.".
11 500KVar 11 350KVar f
12 . FiL 12 Fi1

Q~1 As your next step you would: |

C. Measure at pin 11 and rotate the volume control to

extremes. Go to U=20a.

g A. BReplace the tube socket since there must be a short

in it. Go to 4.l3a.

[

B. Examine the 680K resistor connectins pin 4 through

680 ftesistor to the B+ boast since it must have §

changed its value out of tolerance. Go to 4-18a. a




b-38 1, If it opened you'd have infinity.
If 1t shorted you'd have zero ohms. Try again.
4-37¢  Three, go ahead. k

Of the types of parts connected to the tubeoat that pin,
which do you think most likely to short?

A. Resistor. Go to 4-33d

B. Capacitor. Go to 4-36D.

C. Transformer. Go to 4=2Ug.
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B. The socket might have a shoxrt in it but your measure-~
ments so far should not have suggested this Fo you.
Therets a better choice. Try again. Go to 1lla,
=224 Youtve got the trouble narrowed down to V5 and its

varts. Your check of the pins! resistance shows you
the following:

Heasured Correct
Pin Ohms Pin  Omms
1 2 1 2
2 0 2 100
KL Fil 3,4 Fil
5 220 5 220
6 220 6 220

You have checked the tube and itt's good. You
have examined the vicinity of the tube for obvious
signs of fallure and found .none.

Clearly the trouble hasg to do with pin 2. Which

part appears to have changed its value? - ?
(Turn to page U4-24c).
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A. You said yes. And you are right becsuse pin 6
actually connects directly to the other side of
T2 primary at the junction of C6 and the 220 ohm
resistor.

Go ahead to page 4~1llha. N NT)

L=10a B. Right. Since the 4130V line is now open, the
brightness control 1s in the circuit.

We ground the power supply to make little circuits out
of bigger ones, so that you can more easily spot the source of an
incorrect reading. h=16b

Let's look at an example where thepower supply hes not been
grounded.. Such an example can show the problems you get into if
you dont't ground the power supply.

Let's suppose that without grounding the power supplies, you
measured at pin 8 of V8 and got a reading of 30K. That's what the
reading is supposed to be when the power supplies are grounded.
That should make you suspiclious. You get a "correct! reading with-
out making the measurement correctly. That suggests that scmething
is wrong someplace. In fact, it suggests that the +130V power sup-
ply is grounded, even though you didn't do 1t. So.... your Jjob now
is to find out what could go wrong that would ground the +130V PS.
Q=3 As your next step you would:

A. Measure the 39K resistor circultry directly. Go to U4-25a.

B Measure the 100K and 22K resistors by measuring between

pins 8 and ground. Go to 4-23a.

C. Study the schematic dliagrams to see what might be wrong

and still give a 30K reading. Go to 4=13a.
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T=214d

Pins 2 (which should have been 1K) and 9 (which should have
been 1600). Go ahead.

You have found the pins with the bad reading. Looking at the
schematic diagram, you can see that one of the resistances
you should have read would have been due to the series com=
bination of the resistance of two parts. 8ince you measured,
in fact, infinite resistance for both pins, you could de-
duce that cne part had:

A. Opened up, GO to 4=19a.

B. Shorted out. Go to 4~24a.,

4e13e B, You said True. Good. You know that coils usually
have low resistances and that this 33K reslistor is in
parallel with it. Go ahead.
Would it be hidden with respect to pin 67
A. Yes (page U=16a)
B, No (page 4~25d)

RP—
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4-18

It!'s possible that R26 changed its value, but notice that

]
3
4
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there are resistance measurements which are wrong. You'd
better think a little about why and try an easlier vay
first. Return to 4~lka. a

Well you could do that, but it!s grasping for straws.
Remember you've got two bad readings. Try again with 4-20b b

You probably do have them. The tube V7 was bad and
you found that by making a routine check. Go ahead to
page 4-22d. c

You sald "yes." Noi! You've already checked the tube
L and it's OK. Go to page U=37a. )

i B. It's possible that this was the trouble but there's a

- better answer. Try again. U4=lk2a, e
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A. Right. It would have pveen very unlikely that both parts

would have opened up to produce exactly the same resist-

ance of infinity. 8o it is probable that only one part

opened up. Go ahead.
Take another look at the resistance values listed for your

measurements at V7.

Measured Correct
Pinsg Reslstance Reslstance
1-12 Fil Fil
2 cu 1K
R 180 180
687K 687K
5 54\ 5.0
6 10K 10K
7 5 5.0
8 500 500
9 oo 1600
11 «5 Meg Varl «5 Meg Varil

Notice there are two incorrect pin readinzs. The resistance at
pin 2 is made up of RL2 to ground. Whereas pin 9 has R12 and the

primary of the outpub transformer T8.

Which part do you think opened?

A, Primary? Try 4-23c.
B. R12%? Try 4-30a. b




From
T-1la

A. This is a good "next" step. Since Rll is in one

pin chain which had a bad resistance reading, you

N

would be interested to see if it might be the source
of trouble. Youvr measurements at the extremes give
you 1K and 405K. a
Go ahead.

Allright, you think you have found a bad part, but re~

member you had two readings which were wrong. Pin 11 and pin 4.

Q-2 Your next step is tos
| A. Measure Rll by putting the probes directly across
it. Go to 4=-2Ub.

:i B. Replace Rll with a good volume control. Try fe22b. %
RB C. Measure between pin 11 and pin 4. Back to 4-lla. f
,1 H
f% D. Check for shorts in shielding. Back to 4~18b. b

J3 R

[% 4=38b 2. Right. If shorted, it would put the 33K resistor

Jﬁ in parallel with R22, providing 23.5K ohms. Go to
ilﬁ 4=3lc. 4u20c

© e et o e
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e

About 30K. Go ahead. a

If you measure 30K at pin 8 does this mean all the parts are

Q.

good?

A. Yes. Go to 4-25Db.

B. No. Back to 4-9a. L.
L=29a,

A. Good choice.
this.

You can profitably spend a few minutes doing
If you find a damaged part or parts, looking at your
schematic diagram will help you decide which parts to check
Go ahead. c
Unfortunately, you didn't find the bad part by looking at the
You've checked the tube and 1tt's OK.

chassis. Now you decide

to measure the pin resistance readings at V7. You ground the

power supply and begin measuring. This is what you find, d

Measured Correct

Pins Reslstance Hesistance

1.12 Fil Fil

2 x 1K

"Z 180.". 180...
687K 687K

5 5.7 3,

6 10K 10}

7 <540 <5.

8 500... 500.~

9 ce 1600..".

11 «5 Meg Vari » 5 Meg Vari

Note: (<)means "less than" and (>) means "greater than.!

Which pin or pins have bad resistance readings?

Go back to page 4-17a to check your answer.
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A. You said False. Tf you will trace the path from pin 5 of V3, you
will find that R2 is connected to T2 at one end and to pin 6 at
the other end of T2, So R2 is actually acrossthe transformer
primary., Since the resistance of this winding is low, R2 could

open and not be noticed, Go back to hel7c. a

B. You just cost the bhoss another $5,00 because the new one acts the

way the old one did. Try again. Back to ha20b, b

4.1lh
A, Yes. You seem to have them all, becausc heing a rocd tooubleshooter,
you have already checked the tube V7 and found it bad, Go ahead, ¢
You won't really be certain youfve got them all until you have replaced
the parts you have found to be defective, and checked ovt the resistance
readings bofore energizing. Then, after you have energized the set, you can

measure the stage outputs and find out if they are 0K . d

i
|
g

In this particular problem, you found all the bad parts, Uhat happened

— %

was that C34 shorted, This gut a high voltage on pin 11 of V7. Such a high

positive voltaze drew grid current which saturated the tube, thus pred.cing
k) an excossive plate current which damaged the tube, The set owner turned the
1 sot off fast onough to prevent any additional damage from occurring. Zut
k; sometimes other parts can fail, too.

S0 the failure of one part can cause other parts to fail. As a
consequence, you have to be ready %o dotect and replace all bad parts,

lJ Let!s pgo on to the next problem, which 18 found on page 4-156.
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4-16b

B.

You measure between pins 8 and ground and find the
same result~-~30K. You can't readlily measure this
combination without unsoldering some parts. Go to

4*26&0 23a

[i=29

D.

No. While it's true the tube pin resistance measure-
ment will not show this resistor to be bad, itts far
too early to begin measuring individual parts, even

if they are hidden. Try agaln., Go to =298« b

l=19b

Ao

No, the primary is alright. But you should have known
this because the reading at pin 2 was also bad. If the

primary had opened, pin 2 would have read 1K ohms as
before rather thancc. R12 is open, go ahead to page
L4308, c

Y244

C.

NS

Yes. You find the capacitor has a very high resistance
so it is not shorted out. Go ahead to page 4=33b. a

C.

R22 opened, not the 33K reslstor. Try again on page

4-35d. 23e




Erom

=170

B.

You said "shorted out." If one branch had shorted out,
the resistance at pin 2 would have been zero and not

that of the other branch. Try again. Return to 4~17b. a

L-20b

A.

You measure 405K ohms. You haven't got much more in-
formation than before. There's a better cholce, try

again on 4=20D. 24

Q.

L-15b

C9 appears to have shorted.

You could be sure about that only by:

G

A. Pulling the tube and measuring across the capac~
itor. Try 4~33a.

B. Disconnecting it from the circult and imasuring
on a capacitance checker. (4 capacitance checker
is used to measure capacitance very accurately.) d
Try 4-12b.

C. Disconnecting one end and measuring its resist-
ance. Back one page to 4-23d.

D. Asking your boss. Go to 4-3la.

4-38Y

4,

The resigtance measurement would be unaffected by 1t.

Try again with 4-38b. 2le 5

Lali2a

C.

029 has a smaller value; lt!s true, but that doesnt't

mean it will go bad first. Try again on page L-li2a. 24f§

C.

i
i

Transformers can go bad by shorting out. When they do,
they can short between turns, short from one winding to

another or short to ground. But they are not so likely !
as are capacitors. Go ahead to page 4-l42a. 243§
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A. You could do this accurately only by opening one end.
If you do, you find it's OK. Go to page 4~26a. 252
L4-21D A. You said "yes."! You are wrong. The Al network could
have opened up, and you would not have known it bhecauwe
the effect of these parts 1ls so small on the total re-
sistance measured. Try agaln~-=bhack to 4~-21D. b
L4=29a, C. Since you have been told the very stage where the trouble
has ocqurredg you need not go to specialized equipment
since it's primary uses are in calibration, and in meas~
uring electrical parameters of the operating chassis.
Try again on 4-29a. c
{§ h=17c B. You said no. But you should have sald yes since pin

6 is aztually connected directly to the other end of
T2 primary at the junction of C6 and the 220 resistor,
Go ahead to page UY=lha. d g
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G=13a
If you chose to measure 39K directly, you learned that it wes
good, Of course you can always measure directly resistance of a
part which has one end connected to a tube pin. This measurement

15 made between the tube pin and the other side of the part. Also,

if you measure between the tube pin and ground, its DK where no other

parts are in the pin chaln; otherwlse, you may have to unsolder
one part in order to measure it individually.

Suppose you decided to measure the combination of 100K and 22K
singly. Were you surprised by the results? They were due to the fact
that the 39K was still connected ia parallel. If you sald you were
going to study the schematic, 1it's pOﬁsibie that you would have
come across the part which could have produced thils trouble; nanmely

C17B. MNotice that it is functionally unrelated to the circuilt of

V8 when the system is energlzed, yet if CLl7B chould fail by shorting,

the 1K resistor associated with it would be connected into the meéé-

uring circuit through the 4130V supply and ground., Let's assume
C17B shorted and nobe what parts would be measured at V8 pin8.,
See sketch below. Check this with the schematic.

IKS Al sERK R
SN hIR 250K IKi/ +13C

“~

|
1K =1
T ) CIZHI-

If the +136V point had tsen grounded, we would never have had

to look beyond that point; all the parts that could affect pin

measurements would be confined to a small, easily-examined region of

the diagram. You might think that if C17B had shorted and we had
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From To
G-20 4-20a

+ grounded +130V, we would not have been able to find the trouble.
This is not true, because if C17B had shorted, and that were the
preagon for checking -this chassis, we would not be measuring the
pins of V8, Rather, our dynamic checks would have isolated the
trouble to the sound output stage (of which V7 pin 2 15 a part

instead of to ‘the Sync Clipper). (Go to page 4e27.)
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Fron To
L=2¢C 4=27

We would therefore be measuring the values at tube V7 instead
of at V8. And of course, if power supplies were grounded, +130V
would be connected to ground and pin 2 of V? would read zero because
of C8 belng shorted.

Tn this example, we have tried to show that there 1s a disg=
tinct advantatage to grounding the power supply. We shall assume
this in the troubleshooting exercises which follow.

(5) Grystal Diodes

Special attention must be pald to pin measurements which

include the resistance of crystal (semi-conductor) diodes. If you

don't measure_the correct resistance, reverse the ohmmeter leads
and check again. If itfs still wrong, then you'fve found a chain
containing a malfunctioning part. Thls is because crystals (or
semi-conductor diodes) have a resistance which depends upon the
direction of current through them. Sometimes they are in circults
which place them in parallel wilth résistors. he combined resiste-
ance of such a combination will depend upon which ohmmeter probe 1is
grounded. Rather than specify each time which lead gces to ground,
we simply note that if the value is incorrect, you are to reverse
leads and remeasure.

9ince an ohmmeter actually supplies a voltage to the unit

being measured, there is a danger that an ohmmeter might ruin the

diode., Usge the low range X1, X10 for measuring them. Go to page 428, |

¢ e ki i A S
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There is the story of a man who was told to check ouv a ship~
ment of 10 microampere fuses. He rejected the shipment, saying that
ne had not found one good fuse in the lot. His supervisor thought
that this was unlikely and asked him how he checked the shipment.
The man replied, "With an ohmmeter, of coursel! Unfortunately, the
ohmmeter burnt out each fuse measured!

You should not expect to be able to reliably measure the re-
sistance of a semiconductor dlode since the actval value depends

upon the voltage applied and the temperature at which the measure-

ment is made. For troubleshooting purposes, it is sufficient if
you can measure within the tolerance specified for the tube pin re=~

sigtance you can calculate.

(7)

Variable Resistors

Occasionally you will find a rariable resistor connected Y428 D}
to a circuit at a tube pin. The variable resistors are used, so

that a certain amount of ad justment can be made for changes in

the operation of the chassls. Since the pin resistance reading

will depend upon the setting of the variable resistor, you may find,

on measurement, what appears tc be an out~of=-tolerance reading.
If you do, record gomewhere the value you have measured and then

ad just the resistor through its range of values to see 1f you can

obtain the required value. (Go to page 4=29)

T ——
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523 | =29
If you are able to obtaln the required resistance value,

you may still find that the reading on the pin does not vary as

1t should when the variable resistor is turned. This is a clue

for you to measure the values of other parts in the clrcult. ir

you find that there is ample range of adjustment svailable, then

return thewaﬁanstmentVbowthe;nin,read%nsquuwreqorded and continue

with your checks. If not, replace the part(s) to make it possible
to adjust the variable resistor to the proper resistance value
for the pin.

Now that you know some of the tricks of troubleshooting

within a chassis, you are going to have a chance to practice them.

Let us begin with the first npug."==dontt swat it, solve it!

Bug #1

You've been handed the TV set. You are told that the trouble

has been narroved down to V7 by gsymptoms and by dynamic checks.
=) Your job is to find the bad parts or part.

- Q. Your first step is to:

A. Eye ball the chassis for obiriously damaged parts.
Try back on page 4=2lc.

B. Study the schematic diagram. Try again with 4-13c.

C. Get the sweep generator ready. Take a crack at U=25c.

D. Measure the value of the 10K registor connected to

¢34 near the volume control. Go for 423D,

S S——
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A. Correct. You, of course, recognized that if the primary
had opened, you would have had a good reading at pin 2,
which you did not. Go ahead.
You have just worked through a sample exercise. The ones
which follow may not include so much help as this one, nor will

they be so easy. Now, let us try the second "bug."

This problem is intended to glve you some practice in spot=
ting "hidden parts" which, as you recall, can change their resist~
ance without showing any effect on tube pin resistance measurements.
Turn to the schematic diagram again. Look at V6. List below all
the parts which could go had in this stage and not affect the pin
registance measurements:

1.
2.
3e
b,
5
6.
7e
8.

When finished, go to page 4=3la.




The following are true;
Pin
2  secondary of L6 is T5.
3 Secondary of 76, €31,
n 39K tied to Cl5, L5, Ccil
9 22K, 100K resistors near C2l, c18, C21.
031 and Secondary of T6 are isolated from pin 2 of V6 by a

26, It could go bad by shorting or by opening and their condition
wouldn't be noted. L6 is blocked by Cz0.

Likewise, the condition of the 39K resistor wouldnt!t be
noticed bescause there is no path to ground through it. Both the

100K and 22K resistors joining the sync clipper to the video amp

are isolated by C37. (Go to page L-42b.)

Scmetimes, when you have a circuit like this: b

- L-42b

T —
23 RS i e

e you can tell if the regsistor is conducting and if the capacitor will
L blogk when you touch the ohmmeter probe to Pin 1. The d.c. voltage

-

gource in the ohmmeter will Woharge" (that is, store electric energy)

L

on the capacitor. The ohmmeter pointer will indicate the charging

1 current. In such cases, you may notice the ohmmeter pointer swing

from maximum resistance (infinity) to some lower value and start

pr===s

back toward infinity. If the pointer moves at all, you know at least
that the resistor hasntt opened. If the pointer returns to infinity, 5

£

e
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To
k=31a

you Xnow that the capacitor hasn't shorted. Go to page 4=32,

T
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You can use this method only part of the time.
If the capacitor is too amall, it will draw so little

current that the meter will not register 1t. Also, if the resistance

is too small, the capacitor will chrge before the peinter has a

chance to move. The meter will continue to read infinity. This

1g no reason to think that the resistor or capacitor has opened. a
If the capacltor and resistor toth are of a high value, the

charging current may 1ast for a minute or two, while slovily decreas~

ing as the capacitor becomes fed~up (charged). During this time,

the meter will indicate a low resistance, tut this is no reason

to think the capacitor has shorted.

. Let us now continue with the exercise. Come on students,

try to solve this third problem!

Bug #3

Find and 1list all the hidden parts in the circuit of V3.

Assume that all cables have been disconnected from the chagsis {

end that only the power supply has been grounded. :

1 [ 5. PN
2' P © M ooxx memz=oS 3 6' - = = T
i
i
3 & o © prmsssesawce - 7 P cowmass=I SR ‘;
1
u’ 8 P e =. s

Go to page 4=-13d to find the answers.
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A. Since you've checked the tube, you would not need to pull
3t out. And vpesides, C9 is connected across the R100 ohm
resistor. You still measure zeco. This leads you to dis~

connect one end of the capacitor and measure its value,

What do you know! You £ind that is not shorted! Go ahead.

8
Qe You have discovered that C9 is good when disconnected from

the circuit and apparently bad when connected. What can you

make of that? b

A. C9 has an intermittent short which appears only when
held in the circuit. Hk-1lc.

B. When soldered into the circuit, something 1s shorting
09¢ Q”BS&Q

s o - -

3. Whether open, or shorted, c¢onuld not be determined with resis-

tance measurements at pins. It's a hidden, part. Try

again. Go to page 4-38b. 4-33¢ §

L1444
A. Composition resistors can change theilr values sufficiently,

that for all practical purposes they have shorted. You
can sometimes find them in chassis which have been
de-energized before the resistor burns out. But, in gener-

al, the capacitor is more likely to short. Go ahead to

page 4-U2a. b-33dj;

e

e
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D. What are you being paid for? Vork a little!
Try-again. 24d. a

D. No, just make some caleculations using the information

on the schematic and try again. 4~35d. 4~34b;

This was a little exerclse in making an educated guess about

the possible site of a malfunction and then checking to see 1f you

were right. Go on to the next probtlem. h-3hc

"Here's a TV Set," Wr. Joiner, your hoss, says to you. He
says, "I figure the trouble's in the V8 stage, fix it up." The

boss lights a butt and leaves you to your job.
0K, you look at the schematic, ground the power supplies (the

tube!'s O0K); you measure:
Pin Resistance(ohms)

0

6.8K

L,9 Meg
il

1.04 Meg
50 Meg
29.6K

10 Meg

wo~oFuwh -
-
n

You gaze at the schematlc for a while, comparing the measured
values with what you figure you should get. Then, you decide that
either the 3.3K connected to R13 off pin 7, or R4 off V6 pin 8 could
have falled and you wouldn't know it. Turn to page 437 for

verification.

TNt i e B
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B, That's right. Even though the schematic doesn't show it,
something is providing a parallel path at pin 2,
Go ahead. a
Q. Could it be a grid cathode short in the tube?
A. Yes. H~18d.
B. No., 4=37a. b

Lulid Youtve been measuring the resistance of +he pins on V10.

You measuxre at pin 6, 23.5K ohms. You are to decide which part is

most likely bad by considering the pin resistance readings result-
ing from the failure of specific parts. For example, supposing R22

opened, what would the resulting resistance at pin 6 be? c
A. O Ohms, U4-11d
B, Infinite ohms., U~38a
C. 82K ohms. 4=~23e §
D. Impossible to tell., H4=34Db d ;




6. We sald pin 6, not pin 2. Try.again. 40D L-36a,

B. Right. Although composition resistors can change thelr
values sufficiently to be called shorted (especlally if
they are in chassis which have veen de~energized prior to
the resistor opening), they are less llkely to short than

capacitors. Go ahead to page b=l?2a,, 36D

o ————

L4370
The 100 ohm shorted out. 3But if you disconnect one end from

the tube pin and measure it, you find 1t measures 100 ohms.,

Therefore, the only possibility left is __ R .

(Go to 4=39a after you have made your conclusion.) L-36¢c
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B, You sald no., Right ~- You checked the tube. Go ahead. h=37a
You disconmect one lead of €9 from the tube socket agaln.
But this time you measure at the hube pin and Tind zero. Since it
should be 100.n.(the value of the resistor) you conclude that _____ .

Go to page 4~36c when done.

L]
Aightt Such low reslstances are completely masked by the

higher 50 Meg R13. B13, incidentally 1s a voltage sensitive resistor,
With the set off, the reslstance measures about 50 Megohms. With it L 37
on, it will measure something different because of the voltage appli-
ed to it. The schematic doesn't show the value of this part and you'll
nave to measure known good ones or ask for manufacturert's data on it
to be able to calculate the resistance.

Now, let's try one more problem:

Bug #9 .

You've got probtlems! Itts V6, You don't heve a 1list of

correct resistancg measurements. Your pin measurements are below:
Pin Resigtonce (ohms)

Zero
100K
Zero

Fil
Fil
2o
68K
bo7K

By calculating the values yourself, you are easily able to say 4=37

that pin---has the incorrect reading. Turn to page 4=-1lc for veri-
fication of yaur answer.




B. Right. Go ahead L-38a

Now that youtve got the idea, flgure out which part, belng
‘ bad, would give 23.,5K ohms at pin 6 and select an answer bhelowW. 38t
| 1. R22. Go to page 4~1hb.
2., Cs54, Go to page 4=20c.
} 3, 33K. G0 to page H4=33C.
| 4. €53, Go to page 4=2He.
5, C51. Go to page Y360
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Pin 2 is shorted to pin 1 in the socket, placing R17 in the
circuit of pin 1 in parallel with C9 and its resistor. Actually,
pin 1 measures two ohms btut you changed meter renges to measure pin
2, and then thought that you were measuring "O" when it was "2W

Fortunately, this sort of thing doesn't happen very often,
tut you should be prepared for it when it does. Go on to the next
problem.

Here it is!

Bug #6
You have been told that there is trouble in the V10 stage.

You have checked V10, examined the chassis for obvious signs of |

fallures, and found nothing wrong. In addition, you have measured all

the pins of the tube and the resistance is good. (Grounded supplies)

List all the parts which, if bad, could result in such a con-
dition:

1’ cg S e & EE € WRITTae

2 ‘ LTI DRSNS CHER MR S MR

3. .
b,

[T
6. .-

10 # oo ommmszorececees CRTED BT T ——

11.
12. _—

F @ ©  CUCHED R et S S0 &8

g
8 ] - o.ms = EE%es ’}
%
3
¥
9..

When you are finished turh to page 4-40a.
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Ew 39 ’ 4“‘E6
All those parts, which could have caused such a condition are
ph

as follows:

2 cho It is always shorted by the relatively low L=li0a |
value of the Horizontal Hold coil. |
6 33K This is a classlc hidden part, whose value

could never be measured directly from pin 6

since the capacitor C54 blocks the DC measurement.
9 150K This resilstor, connected to pin 9 is connected

through €52 to ground. Regardless of how it fails,

the resistance measurement would not show the

effect.

9 330K These resistors, which are part of the network

forming the Worizontal sync circuit, are interest-

ing because they become hidden paﬁts. depending on

Z! how the pin reslstance measurement is made. Since
the dual selenium diode is connected, so that each
| nalf is across a 330K resistor, if the polarity of ‘
' the ohmmeber is plus at the pin and minus to ground, ;
5‘ fhe upper 330K resistor hides, and vice versa for t
reversed polarity.

Go to page U=lla. §

3




From To

L=T0a ]

So this means that you must pay very close attention to
circuits that contain semi~conductors, like diodes, since the
resistances you measure depend on polarity of the measurement.

You will recall that resistors are rarely at thelr nominalt
value. Ten per cent resistors are actually in a band which ranges
from either 5-10% low or 5-10% higher. So that a 1 Megohm resistor
actually, when purchased, might lie in a range either from 900K
to 950K or from 1100K to 1050K, but never at 1 Meg. This is due
to the way resistors are sorted by their maker. The result of all
this is that you must be prepared to.measure a value off of the rated
velue. Besides, your ohmmeter Ls probably in error by between 3=5%.

So you see, "exact! measurements are not required. Ib*s when
you get very large errors, 30% to 100%, that you can confidently
expect something to be wrong.

(Sure, you didn't 1list parts in the Low Voltage Power Supply
as it is grounded!)

Go ahead to ?he next problem on page 4=35c.




This heing the case, as your next step in repailrineg this
chassis, you would:
A. Replace R8. Go to U=lle
B, Replace C30. Go to 4=~18e
C. HReplace CZ9 because it's smaller and more likcly
to go bad. Go to 4=~24f

D. Heasure each part separately. Go to U-8a

Lw3la
12 and 13, within T4 are not properly classified as hicden
partsy since if they short, they can he detected by meking use
cf your knowledge of the way diodes btehave. Remember that the
back resistance is much higher than the forward. S0 to checlt on
the goodness of those capacitors--at least if you suspect they
are ghorted-~you would expect the resistance at pin 7 to ve arocund
500 to 1000 ohms, if you connect the ohmmeter up right.)
But 1if you get the same reading, regardless of how you connect
the meter up, the capacitor Cl2 or C13 is shorted, or the dicde
is shorted.

The 100K resistor in T5 is not a hidden part because it
can be measured from pin 2 of Vé.

Go ahead to 4-31b.

baltor




ITEM  PART DESCRIPTION V3 r
no. wo 4BZ6
ci 22:217  4Y0 PF DBC 205 00V ST IF :
€2  22:39% UPFDBCCAPS 00V | .
€3  22AST S MFDDBC 00V ’
€4 22501 13MFDDIC20 80V ;
I e seormy
= < e —
ca s 1 W ST SN P W Y
€9 216 4% PFDBC Wi 500V - 1 ,
Ci8 211 .09 MFD DBC W% 1020V m ]
€l 2232 59 PFDABC %% soay -
opm dramoss o o i
Ci 224160 622 MFD MOLDED W% 460V OUTPUT | I
€3 22ANT 61 MF] 500V e I
CI§ 22163 .M MFD MOLDED W% 200V ¢
Ci'A 224586 4 MFD ELECTROLYTIC 208V | % L
cite #) MFD ELECTROLYTIC 09V '
Cid 222481  ATPF : 500V
Ci8 222343 2.3 PF GIMMICK 20% 500V '
€20  22:3%3 ) PFDIC 2 soov
€N 226 410 PF DBC 2% 1090V | ‘:
€22 22:2458 ) PF GIMMKK 205 S0V 5} , p
23 22:4M% .| MFD MOLDED 20% 209V e p ;
cu 2 <061 MFD DB 20% 500V b vy | p
B ﬁﬁ?ﬁ%%% Kooy g = ;‘7} A ] 2v0i |
€21 221 A0 MFDDBC 207 10V e 30V 3 Zesox T )
€28 22-4M5 LW PF GIMMKCK 8¢ 580V A 22uce 220K !
€29 222508 2N PF MICA WG #9V : 20
&8 B oot ioaws: ety ¢4 2e1 ,
L |OI¢ jove o gmm {
{ X1 & s
Gi o nm o ame a o w1 1210478 1/2 17X10
34 : A
€38 22:4w1 &uFDDBC se0v o| o i SOUND LIMITER SOUND DISCR.
€M 22 0033 MFD DBC 2% seo0v e of o @ ‘ ax 2 oxP
2 I3 MFD DRC e 450V 1
€33 22 <} MFD MOLDED 2¢% 0OV
€4 22:314 03 MFD MOLDED /i 40V
€4 222 82 MFD MOLDED 1% 200V
c2 433 813 MFD MOLDED ooV
CO 22447 1 MFD MOLDED 2% 468V ‘
cH 2 (601 MFD D S50V :
Ci3A 20305 300 MFDELECTROLYTIC 209V :
C438 JOMIDE 29¢ %
2:33  1XHPFDBCI%: $3V ]
C4T 221 2X .00 MFDDBC N3 $59V
cid 226 410 PF DISC 20 10V
G} 22T 3300 PF MOLDED Wi 450y
& nun Mo sV
(1 s
€51 22412 041 MFD MOLDED %R 36V HTRS
22:12  06i% MFD DBC K 9V ra— ‘
C 2218 0022 MFD DBC 0% X
€34 22161 .13 MFD MOLDED 3
€1 23:4602 PFD 3KV vi
CH 22414 033 MFD MOLDED Wi
€3 A8 MFDD v . )
CH 2114 6811 MFDDBC 09V ;
€O mE. M " |
R 63280 1M A6, ONLY 1w . J VIOA
33K GliM A.B, ONLY 13w & Vs ,
Kl 638 33K WM AB, OKLY V2w Sl s A I/2 6LNE ‘1
K 63315 4IKOHM W ] L—/ N g
g mencomTsn A HORIZ.CONTR.
2. 3 |
M G5k 1 oul Buze contaoL W ¢ —/m\": X
NL 610031 | MECONM VOLUMECONTR, | .85'1 4 N\ (
: b —d !
RiZ  63:5610 100D OHM w F‘ v? ;
A3 6:$417  VOLN DEP. RESBTOR { 1 !
Rt €3:5110 900K OVM A.G.C; CONTR, .
RIS 63605 G8K OHM w ve |
63:4505 1.0 MEGOHM A.D, OHLY ,
RIT  €3:6020 3.4 MEGOHM VERT: SIZE CONTR. ‘
i gan Lt o N o |
¢ . ;€
R0 G440 6ONM oW A/ N F !
RN GJ-B(f 154K OHM LR.C, ONLY 1w v
R 63510 81K OMiM W ‘
RI) 66610 1K OHM W
R G155l 4.7 OHM W.W, VW Vil
A5 €3-6231 THERMISTOR 55
RK €356  VOLT. DEP. RESRTOR

LA 5576 18T LF. & TRAP COIL ASSEM,

8550 4TH LF. ASBEMBLY
ﬁ 20-2613 g'BTKCTOR EEE!E! PEAK. COIL

{OKE
L5  20:W4  DET. SUNT PEAK. COI = "
L 8:S33E  SOUND TAKE-OFF Assmﬁw es

8:4512¢ QUADRATURE COIL AMEMBLY
L H0:130  CIOKE COIL
L2 05:3M4  FILTER CHOKE
2] $:56875  HORIZ; OSC, COIL,

L 20:3005 XP00K COiL INTERLACK
Tl ; 20V, ¥

Ly -3001 KING COIL
L9 §:65105 INTEHCARRIER COIL AMEMBLY
LW oLy

. NSFOHM
TE 86850 4TIl LF, TRAMEFORMER . ' LoutvALERT ﬂ':ﬁug"” (HTECHETS
TS 866819  SOUND TAKE-OFF COIL " W

T S58T QUABRATCHE COfl » g : r I

TH  $5:2M3  SOUND OUTPUT TRANSFORMER (e H (h { f

T8 653347 Vﬂﬁf OUTPUT TRAMSFORMEN 2 et e H ""W"‘:I » :
T S N sweme TRAKSFORMER - | 210 i w} i
i %222:}3& g«;g NETWOK EQUIVALENT CIRCUIT 1 T 2 BN
AP BTy Y As) and A2 INTEGRATORS s aymaR

FI 13662  FUSEL L 3

TR T R H smctm ﬂﬁcﬂntn ! :
Tl 1 -}
X1 10 DUALSEI LN DIoDE 877 Ris 68K B

87-8 R is 82K | B
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Schematic of the 13M15 & 13M15X chassis.
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