SECTION IV
MILITARY TELEVISION EQUIPMENT

To what extent television in its prewar stage of development
could aild a nation at war, posed an intriguing question. The
problems to be met were different, Could the electronic Icono-
scope and Kinescope compete with the photographic camera in
displaying clear -and unmistakable pictures of battle scenes,
eneny aircraft, or bombing targets, under extreme variations
in lighting, and in the presence of severe electrical inter-
ference® Would the range of the transmitter be satisfactory,
particularly in small, speedy aircraft, where the transmitter
power and antenna area would be limited? How small could &
television transmitter and receiver be made and still be
practical ¥

The answers to these and inumerable other guestions came out
of the experimental, developmental and procuction work done
by RCA and its subsidiaries in negotiating approximately 10
million dollars worth of contracts for the Army, Navy, and
the Office of Scientific Research and Development. With this
work came proof that television-eqguipped aircraft could be a
Tormidable weapon.

An Idea in 193Y4: In recounting the history of airborne tele-
vision development, we must go back to 1934 —- more than five
vears before the start of World War II -- when televisiords
potentiality as a weapon wase visualized by RCA's television
ploneer, Dr. Zworykin. It was at a time when the Japanese,
according to newspaper reportg, had organized a Suicide Corps
to control surface and aerial torpedoes. Dr. Zworykin, in a
report commenting on this fact and disclosing his new proposal,
declared that "one possible means of obtaining practically

the same result ig to provide a radio-controlled torpedo with
an electric eye." He then added: "This torpedo will be in

the form of a steep-angle glider, without an engine, and equipped
with radio controls and Iconoscope camera. One or several such
torpedoes can be carried on an airplane to the proximity of
where 1t is to be used, and released. fter it has been re-
leased the torpedo can be guided to its target with shortwave
radio control, the operator being able to see the target
through the 'eye'! of the torpedo as it approaches." The pro-
posal is illustrated in Figure U8, '

The RCA television pioneer included in his memorandum detells
as to radio-control equipment involved in the flying torpedo,
and went so far as to estimate that this.entire equipment,

the television transmitter and all, could be bullt to weigh
only 140 pounds. He also told how the systen might be applied
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in more elaborate form to an explosive-carrying plane which,
like the flying torpedo, could be radio-controlled and guided
to enemy targets by television. Such airecraft, he pointed
out, had the advantage of easy launching from land pointe or
from vessels at sea. His estimate of the total weight of a
satisfactory radio and television system for thls use was 160
pounds, including an automatic pllot.

Television equipment in 1934 was not light enough to be used
in an airplane. But in 1935 RCA, on its own initiative, began
the construction of an airborne reconnalssance television
equipment which was successfully demonetrated in 1937--the
first television apparatus for aircraft use (Figure 49).

Research work on the project progressed toward lighter and
smaller equipment and before our entry into the war, RCA had
succeeded in bullding an airborne television camera and trans-
mitter welghing only 35 pounds.

To recall a most significant step in airborne televislon develop-
ment, RCA in 1939 installed newly designed televiecion field
equipment in a Boelng 247 and successfully transmitted pletures
of New York City from several thousand feet above and around
Manhattan to a battery of receivers installed in Radio City.

This demonstration was witnessed by Army and Navy officlals.

It was then that RCA began its development program on compact,
lightweight alrborne equipment. Work was started by engineer-
ing groups headed by M. A. Trainer and W. J. Poch of RCA Victor,
and R. D. Kell of RCA Laboratories.

Reduced weight was paramount, so Trainer and Poch, with some
sacrifice in pilcture quality, redesigned their portable
Iconoscope equipment, and in 1940 produced a 100-megacycle,
15-watt airborne camera-transmitter (Figures 50 and 51).
Flight tests with this set proved that compact, lightwelght
television equipment could be developed and used in aircraft.

Multipath reception -- always troublesome in television trans-
mission -- as well as fluctuating power-line voltages and

humidity and temperature changes in the aircraft were certainly
problems to be dealt with, but the somewhat lower than broad-
cast quality of the received picture seemed adequate.

Thie RCA equipment —- later named "BLOCK" for securlty reasons
-- interested military authorities. During April, 1941, the
compact BLOCK set was flight-tested in a B-18 Army alrplane

at Wright Field. Three months later i1t was installed in a Mogel
TG Navy plane at the Philadelphia Navy Yard. As a result

of thesge tests, development and productlon contracte were
established between RCA Victor and the Army, Navy, and the
National Defence Research Committee.
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Figure 48. Aided by an image of the target picked up by
a television camera in the flving torpedo, the pilot of the
"“mother” plane deftly steers the deadly
craft into the targes.

Figure 49. The first television system designed specifically
for aircraft use by RCA engineers, installed in a Ford
Trimotor plane. The camera is in the foreground.

Figure 50. An early television transmitter which sprang Figure 51. An interior view of the camera-transmitter.

from RCA’s development of lightweight airborne television The r-f compartment at the right contains an oscillator,

equipment. This single unit contains the I ope and buffer and power amplifier. The power-amplifier is
its deflection circuits, a six-stage video amplifier on the opposite side of the chassis.

and a 12-watt 100-megacycle transmitter.




Use of the Iconoscope in BLOCK Eguipment: Prior to the
Nippon attack on Pearl Harbor, RCA had completed the design
of a lightwelght airborne television transmitter, monitor,
and receiver particularly suited for use in gulding pllotless
planes and glide bombs q1rectly to their targets. The
transmitter, welghing only 35 pounds, was -small and could be
used in minlature flving models like the one illustrated in
Figure 52. The nonitor, which served for pre-flight adjust-
ment of the transmitter, was often carried aloft in the control
plane with the receilver and used as an auxiliary means for
viewing the picture. The combined weight of these two unlits
was only 57 pounds

Between 1941 and 1942, over 500 of these early BLOCK I equip-
ments were manufactured in the RCA Camden plant and delivered
to the Army, Navy, and NDRC.  The Navy was concentrating on
the use of the TDR, powered drone gs a carrier plane and ex-
perimenting with a glider -- "GLOMB", which in later tests
proved very- satisfactory \leuPB 5%). The Army Air Forces
chief interest was in tne GB-U glide bomb, and in the use of
"war-weary" bombers which ceoculd be expended in carrying up to
14 tone of explosives into the target.

Requirements for small sgize and welght resulted in the

light
use of compromise television stendards in the BLOCK I sets;
although, for highest picture quality, commercial or broadcast
practice was adhered to as closely as posgible. After con-

sideration had been given to picture quulity vs power demand
and circuit complexi ty, tentative standards were adopted for
the first military equipments. Actually, thece standards pro-
vided the general basis for the design of all the subsequent
BLOCK equipment:

(1) 50 lines, sequentially scanned

(2) LO frames per second

(%) Y4.5 megacycle video bandwidth, double-sideband
trancmissio“

(4) Horizontal and vertical synchronizing pulses
different than RMA gtandards

(5) No d-c transmission

(6) Vertical polarization of the radiated signal

BLOCK I transmitting equipment, shown in Figures 54 to 59,
consisted of three units:; The Camera-Transmitter unit, housing
the r-f transmitter, modulator, picture amplifier, Iconoscope
and deflection circults; a Dynamotor Power Supply; and the
transmitting antenna. The operating frequencies ranged from

78 e 114 megacyoleso 59 L ; :

Fimure 59 is a block dlag”aw of the transmitter. For the r-f
section a 6V6 tube master oscillator, operating on the carrier
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frequency was capacity-coupledto a 6V6 tube buffer, which was
in turn linked to an RCA 829 tube output power amplifier. The
20-watt output stage was grid-modulated by the picture signal

in the directlion of increasing carrler for "black, " and was
plate modulated by the synchronizing pulses which were "blacker-
than-black." At first, the output stage was grid-modulated
entirely, but plate modulation for the synchronizing pulses

was later adopted because it helped to maintain recelver.
synchronism.

In the camera-transmitter unit, the synchronizing generator
and shaping equipment customarily used in television broad-
casting was replaced by three dual-triode vacuum tubes and as-
sociated circuits. This simplification was accomplished with
an attendant lower number of scanning lines, lack of inter-
lacing, and higher blanking intervals. Reasonably good plcture
quality resulted. The usual Iconoscope deflectlon system was
replaced with just five vacuunm tubes and their circuits.

Beside deflection, these tubes performed keystone, shading and
high-voltage functions. The picture amplifier was somewhat
simplified by combining it and the Iconoscope in the same unit.

The monltor coneisted of an RCA 1811-P1l seven-inch Kinescope,
a plcture amplifier and the necessary deflection circults for
the Kinescope.

Extensive simplifications such as were effected in the design
of the camera-transmitter unit could not be applied, 1n
general, to the receiving equipment, because 2 receiver with
fhe utmost sensitivity was needed to complement the low-power
output of the transmitter. By clever disposition of components,
however, a complete receiver including the power supply and
Kinescope was bullt into one case. It can be seen from the
block diagram that the design of the recelver was in accordance
with standard practice. It was unnecessary to eliminate the
synchronizing pulses from the picture- and blanking-signals
since these pulses drove the grid of the Kinescope into the
infra-black region of its grid characteristic, and thus were
not harmful to the plcture.

The antenna used with the BLOCK equipment conslsted of a ver-
tical rod slightly less than a quarter-wave long, one end of
which wae mounted at the center of a ground system congisting
of two horizontal, quarter-wave rods. A matching stub con-
nected between the base of the antenna and the juncture of the
ground rods provided a terminating impedance of 72 ohms for the
coaxial Teed line. On metal aireraft, a "plate" type antenna
was used, wherein a circular disc supplanted the ground rods.
The transmitting antenna had, in addition, a quarter-wave para-
sitic reflector mounted behind the radiator.
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Figure 52. In November, 1914, the first three television-guided missiles on record—nbuilt
by RCA under an NDRC contract—uwere tested at Muroc Lack, California, This early
missile was designed entirely by RCA engineers: the fuselage was built under their direction
by a well known aircraft company. The pictures above show the missile itself (left) with
cords to the landing parachute which permitted repeated flights; the bomb attached to
the plane (center); and one of the bombs after an accidental crash (right).

Figure 53. This is the Navy Model LBE-1 "Glomb,” a television-equipped, radio-controlled
glider, which was loaded with explosives, towed by plane to the
vicinity of the target, and then released.




Field Tests with BLOCK I Eguipment: Numerous flight tests with
BLOCK I television were conducted by the Army Air Forces. Tests
at Eglin Field, Florida, and at Wright Field, Ohio, with the
transmlitter installed in a small PQ-8 target plane, and the
recelving equipment in a B-23% bomber, demonstrated that airborne
television was practical. During the latter part of 1942, a
complete PQ-& radio-controlled target plane was flown at simu-
lated targets with the aid of the television picture transmittcd
back to the control plane. This was one of the first alrplanes
to be flown "nullo" with a television camera to assist in steering
a collision course.

Other tests were made at Muroc Lake, California, using a General
Motors BUG ae a gulded missile. A BLOCK I Camera-transmitter,
SCR-549-T2, was installed in the BUG, and a BLOCK I Receiver,
SCR-550-T2, was installed in the B-23% control plane. In this
particular installation, the television camera-transmitter

unit, housed in a streamlined nacelle, wags suspended beneath

the fuselage of the BUG, while the antenna was mounted on top

of the BUG. The radio-control and flight equipment were

mounted inside the fuselage. Due to the locatlion of the camera,
a large part of the viewed scene was intersected by the propeller,
resulting in the generation of low-frequency transients. This
interference was reduced by lowering the value of the coupling
condenser between the fourth and fifth picture stages, thus
attenuating the amplifier gain at low frequencies.

After all the necessary ground checks had been completed, the
BUG was launched. A satisfactory plcture was obtained during
the entire flight. Finally, the BUG was dived into a target
by radio control, using the television pleture as a means of
ruidance.

ther successful tests were made at Muroc Lake, using different
typees of aircraft. In one test, BLOCK I equipment was installed
in Army YPQ-12A target airplanes to be used as power-driven
bombs. The YPQ-12A was of the single-engine type, making 1t
necessary to mount the television camera so that its line of
vision would be outside the propeller arc. A nacelle Tor hold-
ing the camera-transmitter was mounted under the right wing of
the plane, Jjust outside the propeller disc. A lead welght
mounted on the left wing counteracted the unbalancing effect
of the camera.

In spite of the shock-mounting and acoustic treatment glven
the camera, noises from the exhaust, vpropeller and wind were
so great that the low-Trequency response of the plcture ampli-
fier had to be altered as had been done-in previous tests with
the BUG. 'Also, the operation of a television transmitter and
radio-control receiver in close proximity in the missile made
special protection of the  radio-control recelver imperative.
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Freedom from interference was obtained by the addition of a
wave trap in the antenna circuit of the radio-control receiver.

During the preliminary tests, approximately ten hours of flight
were made in which a YPQ-12A was under radio control, the
television picture being the sole source of information for the
pilot of the B-23 control plane. For the final run, a 500-
pound bomb was placed in the safety-pilot cockpit of the YPQ-12A
target plane and a hatch was used to cover the compartment.

The television picture was adequate, and complete control over
the bomb-laden ship was maintained throughout its flight.
Ultimately, the ship wae maneuvered to a position éirectly behind
a radio-controlled PQ-8, and then exploded by radio contrel.

The television picture in the control plane was good, and it

was possible to explode the bomb approximately 75 feet behind
the target plane.

NBC made several tests with BLOCK I eauipment for both the Navy
and the National Defense Regsearch Committee. As a matter of
fact, under the terms of a contract awarded RCA by NDRC for the
development of alrborne television equipment, fleld service was
rendered entirely by NBC technical personnel. Assistance was
given during a demonstration of BLOCK I equipment at Anacostia
in October, 1942, to determine the usefulness of the equipment
for reconnaissance work. Other flight tests were made at Wings
Field, Ambler, Pennsylvania, and at the Naval Aircraft Factory,
Philadelphia.

Altogether, these tests showed that satisfactory plcture trans-
mission from aircraft demanded exact operating characteristics
of the television equipment. After the pilotless, transmitting
plane had taken off, it was impossible to readjuet any of the
camera-transmitter controls. Frequently, poor picture quality
and loss of synchronization resulted from variations in power
supply voltage, changes in light-intensity at the camera, and
in signal strength at the receiver. Acoustic vibration of the
transmitter components was in many cases responsible for loss
of picture definition. These imperfections formed the basls
for further development of airborne television equipment.

Under the Army and Navy contracts, work was done on all the
BLOCK components -- cameras, transmitters, receivers, power
supplies and antennas. More efficient optical systems were
provided; pickup tubes with greater sensitivity were designed
and built, and several circults were developed to make the
receivers immune to "jamming."

Television-Equipped High-Angle Bombs: A great deal of develop-
ment work was requlred to adapt Television to the high-angle
bomb (Figures 60 to 6%). If the course of these weapons could
be effectively controlled from altitudes of severasl thousand
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Figure 54. BLOCK I was supplied to both armed forces. Figure 55. BLOCK 1 receiving eauipment, Navy Model
This photo shows the Navy Model ATE ARE, comprised the Type CRV-46 ABP Receiver,
Transmitting equipment. and Type CRV-23ACR Line Voltage Control Unit.

Figure 56. The Camera-Transmitter with the Side Shield Figure 57. Interior view of the 27-tube suberbeterodyne
Removed. The r-f section is at the right. receiver, employing an RCA 7-inch Kinescope.

Figure 59. BLOCK 1 Camera-Transmitter (Block
Diagram).

Figure 58. The BLOCK I Monitor. As in the receiver,
4000 d-c volts for the Kinescope was obtained from
the horizontal output transformer.






