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Television in Theory and Practice

INTRODUCTION

This discussion of television will include a brief explana-
tion of how the synchronizing and blanking signals of the
composite television signal are generated at the transmitter.
It is belived that a practical understanding of just how the
characteristic wave-shapes of a standard R.M.A. signal are
generated will lend reality to the readers notion of a tele-
vision signal. Then, when the same wave-shapes are encount-
ered in the consideration of the receiver a familiarity will
have been achieved which is most helpful in following the
signal through the various amplifying, separating and syn-
chronizing circuits.

Before a detailed explanation of the synchronizing signal
is undertaken, however, it may be well to give a very brief
description of the entire system from the transmitter to the
receiver.

At the transmitter, light reflected from the scene to be
telecast, is collected by a lens system and focused on the plate
of the television camera tube. This plate is covered by a
“mosaic” of photoelectric cells. The camera tube also includes
an electron gun similar to that used in a standard cathode ray
tube. Scanning at the camera tube is accomplished by elec-
tromagnetic deflection of the electron beam using external
coils. These coils are energized by currents which cause the
“spot” (at which the beam strikes the mosaic) to move hori-
zontally across the mosaic, then snap back and scan another
line in much the same manner in which the eyes follow the
lines of a printed page. At the end of 1/30 of a second the com-
plete mosaic (and hence the scene) has been entirely scanned
by a succession of 441 lines in a desired order. When the
electron beam 'strikes a bright portion of the mosaic a maxi-
mum current will flow through the output of circuit of the
camera tube, and this current will vary in proportion to the
amount of illumination on the portion of the mosaic being
scanned. These current pulses, corresponding in time se-
quence to the light and dark areas of the picture, are called
video signals. After being amplified, they are combined with
synchronizing and blanking signals separately generated. At
the transmitter, the synchronizing and blanking signals are
used to “time” the deflection of the electron beam and to ex-
tinguish the beam during retrace time.

The method of combining the video signal with the syn-
chronizing and blanking signals is accomplished in such a
way that it causes no interference with the portion of the
signal conveying information about the picture. These pulses
can be separated from the picture and finally used for blank-
ing and synchronizing corresponding to those functions at
the transmitter. The composite video signal, of course, is us-
ed to modulate a high frequency transmitter.

At the receiver the received signal is amplified and sepa-
rated into sound, picture and synchronizing signals. The pic-
ture signal, with the blanking signal, is applied to the cath-
ode ray picture tube in such a way that the intensity of the
electron beam varies in proportion to the light and dark
areas of the scene being scanned at the transmitter. The syn-
chronizing sighals with the video portion removed take con-
trol of the sweep circuits at the receiver and keep the elec-
tron beam in the cathode ray tube in step with the electron
beam in the camera tube. Thus the receiver places on the
screen of the picture tube, the right amount of light at the
right place at the right time and thus produces a pattern of
light and dark areas which is a reproduction of the trans-
mitted picture. J

SCANNING FREQUENCY

This over-all descripton necessarily gives little attention
to many very interesting details of the television system.
For instance, the scanning method demands additional ex-
planation before we may logically consider the generation of
synchronizing signals. The 441 scanning lines into which the
picture is horizontally divided are not successively scanned
but are “interlaced” to reduce flicker. That is, the top line
of the picture, if called No. 1, is followed by line No. 3, No. 5,
No. 7, ete., until No. 441 at the bottom is scanned. This scan-
ning (one field) is completed in 1/60 of a second after which
the spot goes back and “gets” the even numbered lines, fin-
ishing the complete picture in 1/30 of a second. Hence the
frame frequency becomes 30 per second. In motion picture
projection the frame frequency is 24 per second. In motion
pictures, however, the “frame” is the picture element, while
in television thousands of picture elements are required for
one frame.

Some simple arithmetic involving the foregoing figures on
scanning lines and picture frequency will serve to introduce

the frequencies with which the synchronizing and blanking
generator at the transmitter are most concerned.

PICTURE SIGNAL GENERATOR CONSIDERATIONS

Since 441 lines are scanned in 1/30 of a Second it is evi-
dent that the time required to scan one line is the product of
1/30 by 1/441 or 1/13,230. This 13,230 cyecle frequency
(which for purposes of discussion is often referred to as 13
KC) thus becomes the first of the frequencies with which
the synchronizing generator will have to deal.

A second frequency inherently important in the picture
generator is the 60-cycle frequency since the time required
to scan one field is 1/60 of a second. An equalizing pulse at
a frequency of 26 KC must be available for injection during
a short interval to secure proper interlacing.

The frequencies involved, therefore, in the composite pic-
ture signal used to modulate the carrier are as follows:

1. Picture information, 60 cycles to 4 MC.

2. Horizontal synchronizing and blanking, 13 KC.
3. Frame frequency, 60 cycles.

4. Equalizing pulses, 26 KC.

With these three fixed frequencies in mind we may now
consider the wave shapes of the pulses at these frequen-
cies and see how they are generated and used.

In a synchronizing and blanking signal generator some
method must be used to “tie in” the 60 cycle frame frequen-
cy, the 60 cycle supply frequency and the 13 KC frequency.
This may be accomplished by starting with a 18 KC oscillator,
doubling to 26 KC and then with a series of multivibrators
di\;iding by ratios of 7, 7, 3, and 3 to arrive at a 60 cycle
pulse.

This chain of events may be pictured with a block diagram
and wave forms showing the starting 13 KC sine wave and
the 60 cycle pulse which is shaped to last exactly 7% of 1/60
of a second. See Fig. 1.

13KC 26KC
Oscillator Doubler
I H Hsvao H 540H 180 H?l
L - J
Multivibrators
FIG. | l |
7% of
rséw Second 1/60 Sec. f—

To tie the 60 cycle pulse to the 60 cycle supply and the 13
KC oscillator it is necessary to combine some low voltage
60 cycle supply frequency with the 7% pulse in a 6H6 phase
detector. Through a 6K7 control tube the resultant d.c. volt-
age is used to control the frequency of the 13 KC oscillator,
increasing its frequency if the 7% pulse lags the 60 cycle
sine wave and decreasing its frequency when it leads. Fig.
2 shows this arrangement. and will be called the timine unit.
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The chain of multivibrators has been omitted in Fig. 2 to
simplify the control arrangement and to call attention to the
fact that only two wave shapes are taken fromr this part of
the generator, one a 13 KC sine wave and one a 60 cycle
pulse of a duration of 7% of 1/60 of a second. The 26 KC
frequency is obtained in circuits following the timer, the 26
KC oscillator in the timer being used only for purposes of
correct frequency division.

It has been stated that but three frequencies are used in
the synchronizing and blanking generator. However, in the
clipping, delayed, and narrowing circuits following the tim-
ing units the pulses at these three frequencies are altered as
to shape and duration to produce the standard R.M.A. tele-







