DESCRIPTIbN OF EXPERIMENTAL TELEVISION
TRANSMITTING APPARATUS

By

R. D. KeLL
(RCA Victor Company, Inc., Camden, New Jersey)

Summary—A description is given of an experimental television trans-
mitter. This equipment was installed in the Empire State Building and was
used in making practical tests on an experimental television system. The

THEORETICAL CONSIDERATIONS

HE utilization of that part of the radio-frequency spectrum

in the vicinity of 50 megacycles has removed from tele-
vision the limitations of a narrow communicafion channel.

The remaining question to be answered before an experimental
system could be decided upon was how great a resolution of the
picture would be practicable with the available terminal equip-
ment. In the resolution of the picture, the limiting factor was
found to be in the quantity of light available for scanning in the
studio. In other words, as the picture resolution is increased with
a corresponding decrease in the scanning spot size, the signal-to-
noise ratio reaches a value beyond which the television signals
are unusable. A ratio of ten to one has been found by experience
to be about the limit of usefulness. From measurements on 48-,
60-, and 80-line television studio pick-up equipment, it was de-
termined that with a light source of the highest intrinsic bril-
liancy available, the ratio of signal to noise would approach the
limiting ratio of ten to one with 120-line mechanical scanning.
The terminal equipment developed for use at the transmitter
consists of the usual photo-electric tubes with their associated
amplifiers and scanning disk, using modified forms of the con-
ventional type. At the receiver, a special cathode ray tube re-
places the well-known scanning disk with its associated neon
lamp. The scanning beam is made to move across the fluorescent
screen of the receiving tube in synchronism with the scanning
spot at the transmitter by means of special deflecting circuits.
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170 Kell: Ezperimental Teolovision Transmitting Apparatus

The scanning spot produced at the transmitter moves with con-
stant velocity across the object being scanned. To produce an
undistorted image of the object on the cathode ray tube, the
scanning spot at the receiver must also move at constant velocity.
After tracing a line across the screen, the beam must return
before it can start the scanning of the next horizontal line. The
scanning beam is often spoken of as being inertialess, which
should allow its return across the screen in zero time. This is
practically true, but the inertia of the deflecting circuits is such
that approximately one tenth of the scanning time is required
for the return of the scanning beam across the screen. To allow
for this at the transmitter, the spacing of the apertures in the
scanning disk is such that for ten per cent of the time there is
no scanning spot on the object. Fig. 1 shows the useful picture
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of the system may be simply arrived at by assuming that the
maximum frequency is produced when alternate elements are
black. This produces 18,960-+-2=9480 cycles per picture. At 24
pictures per second, the top frequency is then 9480 X 24—=227,-
520 cycles.

The lowest frequency that may be produced in the scanning
of a stationary object is produced when the scanning field is half
black and half white about a horizontal axis. For a scanning
speed of 24 pictures per second, this lowest frequency is 24 cycles
per second. These frequencies, 24 and 227,620 cycles, define the
frequency band required for the production of a 120-line picture.

The synchronizing signals, to be sufficiently accurate for a
picture having as many as 17,000 elements, must be supplied to
the receiver directly from the transmitter. The use of even a
common power supply for synchronizing the transmitter and
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receiver introduces difficulties when such a great number of pic~
ture elements are used. The horizontal synchronizing signals
must have a frequency at least equal to the line frequency of the
picture if the synchronizing is to be sufficiently accurate in a
horizontal direction. A second frequency is required to frame
the picture properly in the vertical direction. This also must be
supplied from the transmitter.

Because of the time required for the scanning beam to return
across the screen at the receiver, a loss of 1968 picture elements
per picture is unavoidable. The use of this lost time for trans-

mitting the synchronizing signals seemed, if possible, to be the
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172 Kell: Eoperimental Television Transmitting Apparatus

most desirable solution of the problem. The system developed
makes use of this time during which no picture is transmitted for
the transmission of both horizontal and vertical synchronizing
signals. The first advantage of this is that it is possible to mix
the synchronizing and the picture signals at the transmitter,
and utilize them for their distinctive purposes at the receiver
without the use of filters. The second advantage is that no addi-
tional width of frequency band is required for the synchroniza-
tion of the picture.

At 24 pictures per second, the vertical synchronizing signal
is 24 impulses per second and the line frequency of a 120-line
picture repeated 24 times per second is 120 X 24=2880 impulses
per second. These then are the two impulse rates that must be
transmitted to the receiver for the proper synchronizing and
framing of the picture. The term “impulse” is used here instead
of cycles, because the synchronizing signals are square-topped
waves having a duration of approximately one fiftieth of their
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repetition rate. Fig. 2 shows the general shape of the impulses
and their relation to the picture signal. These impulses are gen-
erated at the end of each scanning line and last for 10 micro-
seconds. They are produced by means of an auxiliary set of slits
in the scanning disk at the transmitter through which light is
directed into a photo-electric tube. At the end of each scanning
of the picture, or every 24th of a second, a vertical synchronizing
impulse, lasting for 350 microseconds, is produced by means of
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a longer slit passing between the same lamp and photo-electric
tube as used for the production of the horizontal synchronizing
impulses. These synchronizing impulses are mixed with the pic-
ture in such a phase that all synchronizing signals are in the same
direction as picture signals produced by the scanning of black,
that is, all synchronizing impulses extinguish the scanning beam
at the receiver. The vertical synchronizing impulse causes the
scanning beam at the receiver to start its return to the top of the
picture for the next vertical scanning. The beam moves from
bottom to top across the scanning area on its return path, and
would produce a bright diagonal line across the picture if some
means of extinguishing the scanning beam during its return path
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were not employed. The signal produced by light passing through
the low amplitude end of the vertical synchronizing slot serves
this purpose, that is, it extinguishes the scanning beam until it
has reached the top of the scanning area. During the horizontal
return of the scanning beam it is extinguished, as no light falls
into the picture photo-electric tube during the scanning of the
ten per cent area at the side of the picture during which time
the receiving beam is returning. The horizontal and vertical
impulses are so adjusted as to have the same amplitude. Also,
the picture signal level is maintained at such a value that it never
exceeds the synchronizing impulses in amplitude. This allows the
use of “amplitude selection” in the receivers to separate the syn-
chronizing from the picture. Fig. 8 shows the condition of oper-
ation of the final synchronizing amplifier tube in the receiver,
for selecting between the picture and synchronizing signals by
amplitude selection. The grid bias is adjusted to such a value
that the picture signal causes practically no change in plate cur-
rent, and only the synchronizing impulses are amplified. The
selection between the horizontal and vertical synchronizing im-
pulses depends upon the difference in steepness of the wave front
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