“HOW IT WORKS”

Special Section of Volume X

by
John F. Rider

404 Fourth Avenue New York 16, N. Y.

‘Printed in the United States of Ameriea

Copyright 1939 by John F. Rider




HOW IT WORKS
Special Section of Volume X
RIDER’S MANUAL

CONTENTS

PAGE
TELEVISION—HOW IT WORKS ..... 3 Average Brightness and D-C Restorer
Comparison with Sound Broadcasting ....... 3 Circuits ............cooiiiiiierennenen
SCANMING v vvvvvvnnnnenieennnnennennnnss 4 D-C Restorer Circuits ....................
The Picture Tube ..........ccovvevveennn. 8 Brightness Control ......................
The Camera Tube .........coiiieiennn.. 11 Grid Leak-Condenser Restorer ............
Scanning and Synchronization ............. 13 The Contrast Control ....................
Flicker and Hum on the Raster ........... 14 ' . L
X Synchronizing Circuits ............c.c....
Scanning Waveform ...................... 14 L.
. Sync Separator Circuit ...................
Overall View of a Television System ....... 13 . L
' ‘ Horizontal and Vertical Sync Selectors ......
The Television Signal .................... 16 ,
the Lelevision Signa - Deflection Circuits ..........c.ccovveiinn...
- Signal and Sync Pulses ................... 18 . Lo
. Electromagnetic Circuits ................ .-
RMA Standard Television Signal ........... 19 ‘ ] .
R ‘F ios in Video'Sioral 20 Blocking Oscillator ..............coo0otn.
ng uencies ; gnal .......
ange ol frequencies in video Signa Width and Height Controls ...............
The Modulated Wave .................... 22 . a :
Ch | Mak 23 Damping Tube .........coiiiiieinoinn
: annel Make-up ........coviiiniiinnnnn.
P Electrostatic Deflection ...................
Television Receiver Circuits .............. 24 . .
Power Supplies ..... et
R-F and Oscillator Circuits .............. 26 ' .
) . Antennas and Installation ................
High-Frequency Section of Belmont X-466.. 27
High-Frequency Section of DulMont 180-183 28 FREQUENCY MODULATION ........
LF Gi t ‘ AdVantages ...c..eiiiiniiiiianeneananns
- ITCUILS .. ..itiinieieneeeannannn eeveas 2
: 8 How Noise is Reduced ...................
Video I-F Circuits ..........eeeeeenenn.. 30 What the Limiter Does ........ e
Video I-F Circuit in Andrea 1F5 ........... 31 Special Detector Used ...................
Video IF Circuit in RCA TRE-12 ......... 32 How the Discriminator Detects ...........
_ The G.E. GM-125 Receiver ...............
Video Second Detector Circuits ........... 34 Alignment ........iiiiiiiiii i
Video Second Detector in DuMont 180-183.. 34 .
. IRELESS RECORD PLAYERS ......
Video Second Detector in RCA TRK-12 .... 34 w S
_ ; General Service Notes .............ocu.nn
Video AVC Circuits ..................... 35
R FACSIMILE RECEIVERS .............
Video AVC in RCA TRK-12 .............. 36
\fidéo' Amplifiers ...... ... .. . i 37 SERVICING BY SIGNAL TRACING



P ap g ———

PREFACE

1939 witnessed the start of commercial exploitation of modern

television. With two stations in operation, one at each end of
the continent and other stations under construction in a number
of the larger centers of population, television received a very
definite stimulus. As a matter of fact, a number of different
makes of television receivers are being demonstrated here in New
York, with the NBC station W2XBS as the source of signals.

It therefore is only natural that television receivers be in-
cluded in Rider’s Manual Volume X and concurrently with the
appearance of these service notes, we feel that an explanation of
the subject of television transmission and reception should be a
part of this “How It Works” section.

In this discussion you will find not only an explanation of the
“how” of television but also a breakdown of some of the circuits
to be found in the commercial television receivers contained in
Rider’'s Volume X. Inasmuch as a certain amount of stand-
ardization in television transmission has been accomplished, the
facts given herein will be found of interest at least for several
years to come. _

The presentation of facts is by no means complete. To cover
the subject fully would take volumes. However, we feel that
what is here presented is the actual “meat” and will be sufficient
to give an insight to the modus operandi of television.

You also will find some facts pertaining to another develop-
ment in transmission, one with myriad possibilities, namely fre-
quency modulation. At present only a few receivers suitable for
the reception of such signals are in use, but if what the origi-
nators say is true, we can look forward in the years to come to a
general transition from the present amplitude-modulated form
of transmission to the frequency-modulated form of transmission,
with a corresponding radical change in receivers.
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TELEVISION—HOW I'I‘ WORKS

No coMMENTS can be made on advances in the radio
art during the past year without recognizing that after
many years of development, television has finally
reached the stage where servicemen can no longer af-
ford to ignoxe its existence, In some parts of the
country television is already an accomplished fact;
hundreds of receivers have been installed and sold, and.
all sxgns point toward the gradual expansion of tele-
vision facilities into sections which do not have cov-
erage at the present time.

Recognizing, then, that the radio serviceman’s job is
being extended. to include not only radio servicing as
we know it today, but also the servicing of television
receivers, this section explaining the fundamentals of
television is being offered in the belief that it will be
of help to many of you in dealing with the problems
introduced by television. Throughout you will find
that it is written from the viewpoint of the man who
is called upon to install and service television receiv-
ers; and yet, although there is this emphasis on the
practical aspects of television, you will find that an
essential amount of theory is included. Lest any of
you feel that this inclusion of what might be called

“theoretical” material is unnecessary, it should be

pointed out that television is an extremely complicated
subject, much more so in fact than is radio, and that
television receivers cannot be serviced efficiently by
any one who does not understand the principles under-
lying the operation of the system. The different situa-
tions which can arise are so numerous that it is indeed
impossible to list them, to explain the reasons for each,
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and in the case of faulty- operatmn to locate the source
of the trouble. As in radio servicing, so it is in tele-
vision servicing: a thorough understanding of the
fundamental principles of operation is invaluable.
Fortunately for the radio serviceman, the advent of
television does not mean that an entirely new field
must be learned. The more you study television, the
more you will come to realize that television embodies
every principle that has ever been used in radio—and
more besides. You will marvel at the ingenuity of
television engineers in using the same old time-proved
principles of radio, in adapting these to the needs of
television, and in discovering new principles and new
techniques ' wherever the available ones were inade-
quate. Thus, for example, you will find the simple
diode rectifier being used in clipping circuits, in d-c
restoring circuits, in video detector circuits, and in
many other applications. If you understand how the
diode rectifier operates, then you will recognize in each
one of these “new” circuits an old friend. True, it
will take some time before you become familiar with
the need for these circuits and the specific modifica-
tions to achieve certain results, still you will be amply
repaid for the effort in the new opportunities which
television offers to the trained serviceman and tech-
nician,
Comparison with Sound Broadcasting

Just as it is the problem of radio broadcasting to
recreate sound at places distant from the actual sound,
so it is the problem of television to recreate a scene at
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Fics. lf\, 1B.—A television system uses an arrangement similar to that employed in sound broadcasting. Note that in
the television system the photoelectric tube replaces the microphone and the light reproducer replaces the speaker.
8



4 HOW IT WORKS

places distant from the original scene. In the case of
sound broadcasting, as Fig. 1A shows, sound vibrations
produced by, let us say, a tuning fork are picked up by
a microphone which converts these vibrations into cor-
responding electrical vibrations. This electrical signal,
which now carries an electrical image of the sound vi-
brations, is amplified, used to modulate the carrier, the
radio wave is radiated, picked up by the receiver, am-
plified, detected and finally, as vou know, the electrical
impulses (similar in shape to those which were origi-
nally produced by the microphone) are used to actuate
the speaker which in turn recreates the original sound.

Fig. 1B shows that a system very similar to this is
used in' television and that in general a very close re-

semblance exists between sound broadcasting and tele-

vision. To simplify the explanation at the present
time, we assume that only a very small part or element
of a scene is being televised. For example, we might
allow the light from a neon tube operated from the
60-cycle power line to fall on a small piece of ground
glass. The illumination on the ground glass would

then change from dark through various shades of

brightness and back again to dark, and repeat this
cycle 120 times per second. (Note that the rate is
120 cycles because both positive and negative cycles
cause the neon tube to illuminate the screen.) In the
same way that sound broadcasting uses a microphone
to convert the sound pressure variations into electrical
variations, so the heart of any television broadcasting
system is the “television camera” which converts the
time-variations in illumination of the scene into cor-
responding electrical variations. In the simple illus-
trations we have chosen, because only a single small
area is being televised, an ordinary photoelectric cell
can serve as the television camera.

Once the varying light values have been changed
into corresponding electrical values by the television
camera, the protess of transmitting the information

follows exactly the same procedure as in the case of
sound broadcasting. Note that the carrier is modu-
lated in the same way, and that it remains stationary
in amplitude during the period before the screen is
illuminated. Once the neon tube is turned on and
illuminates the screen, the amplitude of the carrier
varies in proportion to the amount of illumination.
Note that the maximum amplitude of the carrier cor-
responds to a black image, and that the image gets
progressively lighter as the amplitude of the carrier is
decreased. In passing we might say that this is called
negative modulation about which we shall have a great
deal more to say later on.

For the present, the important thing to note is the
similarity between the two systems, the one for trans-
mitting information on light values, and the other for
transmitting information on sound values. At the out-
put of the television receiver, we of course have an
important change. Whereas the output of the sound
receiver is a speaker which converts the electrical im-
pulses into corresponding sound impulses, the output
of the television receiver is a “picture tube” or other
device which converts the electrical impulses into cor-
responding light values.

We see then, that the sound system and the tele-
vision system are identical with the exception that the
television camera is substituted for the microphone
and the picture tube for the loudspeaker. We might
also mention here that in the RCA television system,
the trade-mark name “Iconoscope” is used for the tele-
vision camera tube and the trade-mark name “Kine-
scope” is used for the picture tube. As will be
explained in detail later on, the Iconoscope consists of
a very large number of minute photoelectric cells
which create an electrical picture of the scene being
televised, while the Kinescope consists of a cathode-
ray tube on the screen of which is built up a visible
image. '

SCANNING

No doubt you have noticed by this time that in
comparing television with sound broadcasting we
limited ourselves to televising the simplest type of ob-
ject, one which was uniformly illuminated over its en-
tire area. We then showed that the two systems are
identical provided that the television camera replaces
the microphone and the picture tube replaces the loud-
speaker. Unfortunately, however, television is not as
simple as this or television would have “arrived” many
years ago. In television, we are confronted with the
problem of conveying information on the light value
not at one point but at every point over the com-

plete area of the scene being televised. Thus, the
scene must be broken up into a great many elements
or elemental areas and information on the light values
over each one of these elements must be conveyed to
the receiver and finally to the picture tube. And not
only must this information be conveyed, but it must
be reassembled in the correct order at the receiver and
the corresponding light value reproduced for every one
of the many elements into which the image has been
broken down. \

As a matter of fact, this process of breaking down
a picture into a great number of elements is nothing
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