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.



Figure 60. Special BLOCK I Transmittine Antenna Figure 61. Mounted in the fuselage of the high-angle
Mounted to the Tail of a High-Angle Bomb. bomb, the BLOCK 1 Camera-Transmitter unit and its
components were shiclded from acoustic vibration
by a felt-lined plywood box.

Figure 62. A Rear View of the Bomb’s Fuselage with the Figure 63. Batteries for the BLOCK I equipment and the

Camera-Transmitter Unit Installed. radio-control equipment were mounted
bebind the camera.



feet, the percentage of direct hits could be made high. The
conditions to be met, however, were somewhat different from
those encountered with the glide bomb. The average high-
angle missile was smaller and greater speed was developed by
1t in f3ipht.

Several high-angle bombs equipped with BLOCK I Camera-
Transmitters were dropped at Tonopah Airfield, Nevada. While
the results of these tests were encouraging, 1t was found

that a number of difficulties must be overcome 1f television-
equipped missiles were to be accurate weapons. Multlpath trans-
mission too often caused serious interference to reception, pre-
venting positive identification of the target as the misslle
sped to earth. Also, the camera was not always in the proper
position to indicate the instantaneous path of the bomb, a
mechanical crosshalr provided for this purpose, did not prove
accurate enough. Noise and vibratlon generated high-frequency
microphonics which greatly marred the picture, unless extreme
care was taken in acoustically shielding the equipment. Fur-
thermore, 1t was discovered that some of the radio frequency
energy from the BLOCK I transmltter was being coupled into the
camera. There were also more fundamental problenms Tactical
considerations required additional r-f ohan;ela to permit
simultaneous operation of several missiles. Also, the sl:ze

of the antenna prohibited the use of the equipment in high-
speed missiles, the requirements for its rigidity and strength
increasing as the speed of the missile, which often reached
several hundred miles per hour.

These difficulties were, however, partially compensated by the
success of several experimental changes made during the course
of the tests: An automatic synchronizing system, developed

in RCA laborstories and employed in twoof the receivers, was
found to be greatly superior to the standard triggering systen,
in maintaining receiver synchronism. A low-impedance, fast-
acting a-v-c syﬂtem wae another step forward in vreventing
loss of synchronism, particularly through severe radar and
other pulse interference; also the acoustic borves placed on the
cemera-transmitters in the later test and the sound-deadenlng
felt with which the bombs were lined, were highly effective in
reducing microphonic interference.

Nevertheless, it was not until pickup tubes of greater sensl-
tivity and smaller size were developed that television actually
became practical for use in the high-angle bomb The equip-
ment finally designed for this qpp1icatlon 1s. described under
YMIMOY in a ‘later section. .:

Speclal TestvKuipment: Arter BLOCK I had been in use for a
short time, 1t became apparent that some form of speclal test
equipment was needed to expedite flight tests. Ordinary
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slide projectors and other laboratory test equipment was )
found to be inadequate for adjusting the camera-transmitters.

Fre-flight adjustment of the camera-transmitter lnvolved a
number of operations. The r-f system had to be checked for
proper alignment to insure adequate power output. Proper
modulation of the transmitter was to be assured, and this re-
quired that the correct lnput levels of sync and video be
delivered by the modulator. Also, the controls of the Icono-
scope, such as bias, size, contrast, centering, and shading,
as well as the gain control of the picture amplifier, had to
be properly adjusted before flight. Thus, the TS-95/AX
Alignment Test Bench (Figure 64) and an associatedTS8-93/AX
Frojector (Figure 66) were developed to provide a set of
known parameters for testing the equipment. Figure 65 illus-
trates an I-2%1-T1 Alignment Test Set, a different packaging
of the same components used in the TS-95/AX, which was developed
for the Signal Corps; the TS-95/AX was developed for the Navy.

On the Test Bench were guide blocks to position the test pro-

jector and the camera-transmitter to be tested. When the unite

were properly positioned, a test pattern could be projected on

the mosaic of the BLOCK equipment under test. At the same tine,

many of the characteristics of the equipment could be determined;

the transmitter's power output and modulation percentage, the

system's resolving ability and contrast, the required level of =
input illumination, and the correct settinge for the operating
controls. - .

For checking transmitter power output, the test set provided
an r-f load, and measurements were made possible by an asesoecl-
ated dlode rectifier and microammeter. There were terminals
to which an oscilloscope could be connected for observing the
r-f envelope. A base line for checking percentage modulation
was provided by a vibrator-keyer which periodically shorted
the input of the osellloscope to be used in the test. Using
this device, percentage modulation was adjusteéd so that the
"white" picture element caused the carrier to go to zero
amplitude. :

A tubular fluorescent lamp was used as the light source 1in the
projector, to insure uniform illumination. The lamp current
could be measured and adjusted, if necessary. Directly behind
the lamp was a cylindrical reflector and condensing lens,
giving uniform distribution of light over the test slide. The
illumination of the projected image could be varied from one
to 20 foot-candles by means of & calibrated iris diaphragnm.
Details of the light source are shown in Figure 67-

The projector lens, which was the type used in later BLOCK III
cameras, was so located with respect to the test slide as to —~
secure infinity focus. Since the emerging light rays were g
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Figure 64. Test Rench., Navy Mod=l TS 95/AX. This Figure 65. Test Set Type 1-231 was developed for the

unit when used with the Navy Mndel TS-93/AX Projector Army. 1t cqntained the same components and offered the
provided about all the facilities needed for testing same .galumt fealuref as the Navy Test Berfcb. The
the BLOCK Camera-Transmitter. unit was used with the Army 1-232 Projector.

Figure 66. Army Model 1-232 and Navy Model TS-93/14AX Figure 67. This interior view of the Projector shows
Projector. details of the six-watt fluorescent light source and the
cylindrical reflector. The lamps at the
bottom are spares.



parallel, the distance between the camera and the projection
lens was not critical. Also, there was no magnification in

the optical system and the size of the picture on the mosaic
and that on the glide were identical.

A variety of patterns on a set of test slides provided lmages
to test the resolving and contrast capabilities of the BLOCK
eguipment.

The frequency and power output of the self-exclted BLOCK trans-
mitter required checking prior to flights to insure good re-
ception in the control plane. Therefore, a portable field
strength indicator (Figures 6& and 69) was designed. The instru-
ment, weighing only two pounds including a self-contained bat-
tery power source, consisted of an RCA 957 triode connected as

a diode rectifier, and an 0-200 microampere d-c indicating meter.
In meking transmitter adjustments, the fleld strength meter

wee placed about fifteen feet from the transmitting antenna.

With the Range dlal of the test instrument set to the desired
frequency, which was between 250 and 350 megacycles for the
later BLOCK equipment; the transmitter was tuned for maximum
indication on the microammeter.

Dummy_Loads: A new type, non-radiating load for use with the
BLOCK transmitter was developed by Dr. H. N. Kozanowskl of

RCA Victor Division. The dummy load illuetreted in Filgures

71 and 72, is an incandescent lamp with two filament wires of
finely coiled tungsten stretched straight and parallel to each
other inside & shield-cage of six parallel wires. The cage
simulates the outer conductor of a concentric line, while the
two filaments, electrically in parallel, form the inner conductor.
The cage and filaments ere shorted to, ether by a metalllc disc
at one end of the lamp. The wires of the cage and the fllament
wires are brought out through seals in the glass, and welded

%o two concentric collars which slide over the end of a 55-ohm,
concentric transmission line.

This load was used for several months and was found to be su-
perior to standard incandescent lamps for determining power
output. At frequencies up to 400 megacycles, the very nearly
uniform current distribution in the filament made photometric
calibrations taken at low frequencies reasonably reliable.
These lamps, which radiated very little energy, were made in
two sizes having maximum power ratings of 10 and U0 watts.

There was one difficulty in the use of these lamps. A large
inductive component in the impedance was introduced by the

colled filaments, making it difficult to change from the lamp
load to an antenna load without readjusting the transmltter.

The 40-watt lamp, for example, is one-quarter wavelength at

375 megacycles. Impedance transformers were therefore devel-
oped tc match the lamps to the 50-ohm line at the various carrier
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frequencies. However, the use of stralght carbon filaments
in the lamps to replace the coiled tungsten was expected to
reduce the inductance to a minimum and eliminate the need for
matching transformers.

Modulation Monitor; The Modulation Monitor (Figure 70) con-
sisted of en r-f tuning indicator which when used with the BLOCK
video monitor or an oscilloscope served as a pilcture signal
monitor and a percentage modulation indicator. The unit in-
cluded g short rigid section of 50-ohm concentric transmisslion
line fitted with a female connector, and a short plece of 50-
ohm copolene line and male connector. This composite 50-ohm
line was connected in series with the antenna transmission
line at the transmitter. The demodulated output from an RCA
9004 diode, tapped on the inner conductor of the rigid line,
was amplified by an RCA 6AC7 tube feeding a 75-ohm flexible
line to the monitor or oscilloscope. A five-milliampere meter
indicated the diode current. Even at BLOCK III frequencies,
very little reactance was introduced by inserting the unit

in the antenna line; at BLOCK I frequencies, no adjustment of
the Transmlitter was necessary.

Motion Picture Cameras: With the flight-testing of television
equipment, particularly in expendable missliles, came the need

for permanent, visual records of the results. Missile flights
in some cases were very short. For that reason 1t was impor-

tant that adequate information be assimilated quickly.

A project was carried out for the developument of portable
equipment for taking pictures of the receiver screen. Cameras
of different manufacture were tested until one was found which
offered the greatest flexibility in operation. The televislon
receiver and the film camera had to be mounted on a common base
plate to minimize the effect of different vibration pericds of
the two units. Heavy-duty B batteries supplied 110 volts to
run the camera motor. These batteries would run out 10,000
feet of film before replacement batteries were required. The
total weight of the equipment was 88 pounds.

300- MEGACYCLE BLOCK III EQUIPMENT:. Out of the BLOCK I tests
and further development work came the more efficlent, more
compact BLOCK III television equipment. BSo acceptable were
these units that over four thousand BLOCK III equipments were
supplied by RCA Victor Division under Army and Navy contracts.
The small, lightweight cameras, which were now constructed as
individual units, were placed at gunmounts on larger naval
aireraft, and thus were used as Television Gun Sights. This
reduced the overall weight of the aircraft, because the cock-
plt and crew quarters could be made smaller with the camera
located outside. On large ocean-golng vessels such as alr-
craft carriers, crulsers and battleshlps, cameras were placed
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Figure 69. Interior View of the Field Strength Indicator,
Showing the “Power Supply” and the
RCA 957 Acorn Tube.

Figure 68. Powered by a 1.5-volt cell, this portable fre-
quency meter and field strength indicator, Army Type
1-237-T1, provided for checking transmitter output.

Figure 70.

The Modulation Monitor. Figure 71. Dummy Load Developed for V-H
Transmitters.

Figure 72. Dummy Load Disassembled to Show

Construction.




in the plotting rooms to reproduce at a remote location aboard
ship the information recorded on the plotting board. Indus-
trially, too, the equlipment found application. Seven cameras
and receivers were supplled to a well known chemical company
to monitor potentially unstable chemical reactions which might
prove too violent and dangerous for personal viewing. In fact,
BLOCK III was used in the development and manufacture of the
atomic bomb. -

The Gun Sight, Plotting Room, and Industrial television equlip-
ments were all similar in design and all utilized coaxial

cable to link the pickup equipment with the remote viewing
equipment. 1In general, each consisted of an Iconoscope camera,
picture amplifier, deflection~control circuits and a power
supply located at the pickup end, and a monitor and power sup-
ply at the receiving end. The equipment is illustrated in
Figures 73 to 78.

There were two versions of the higher-frequency BLOCK III
equipment: BLOCK III-A and BLOCK III-B. The BLOCK III-B was
tunable over ten channels in the frequency range from 264 to
372 megacycles, while the BLOCK III-A covered only five chan-
nels, from 264 to 312 megacycles. Significant improvements
in the BLOCK III-B receivers culminated in a BLOCK III-BB re-
ceiver. BLOCK III transmitters, on the other hand, were de-
veloped through four models: BLOCK III-A, III-AB, III-B, and
III-BB. This was partly because undesired frequency-modulation
appeared in early models, and partly because simplification
of transmitter controls later became a requirement. The
earliest BLOCK III televlision sets are illustrated by Figures

79 to 94,

The camera circults of the earliest 300-megacycle BLOCK III
television sets were similar to those of the 100-megacycle
equipment. As previously mentioned, the camera and the $trans-
mitter were constructed into two separate units. The camera,
or Conversion Unit as it was sometimes called, contained the
RCA 1846 Iconoscope, optical lens, picture amplifiers, syn-
chronizing and blanking circuits and the deflection circuits.
There were two electrical outputs; a plcture and blanking
output delivering 0.5 volts peak-to-pesk, and a synchronizing
output delivering 3.5 volts peak-to-peak. These two signals
were not mixed because, as in the BLOCK I equipment, the trans-
mitter was grid-modulated by the picture signal and plate-
modulated by the synchronizing signal.

The BLOCK III transmitter employed a master oscillator and

power amplifier, each stage using two RCA 8025 tubes in grounded-
grid, push-pull ecircuits. Amplifiers in the transmitter unit
increased the plcture and synchronizing inputs to the required
levels to modulate the power amplifier. A dynamotor supplied
plate and blas voltage for the camera and transmitter, and
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a-c filament voltage for the four 8025 tubes.

Bias (back) lighting, used in the later BLOCK I design, was
also incorporated in the BLOCK III Conversion Unit. A small
lamp placed at the back of the Iconoscope adjacent to the
mosalc, provided constant low-intensity illumination of the
walls of the pickup tube, permitting greater varlations in
scene brightness and contrast, with no change in blgck spot
signal. :

An RCA 6L6 tube was added to the Conversion Unit to supply
heater voltage for the Iconoscope. Operating approximately

as a class A amplifier, and fed by the horizontal discharge
tube, the 6L6 tube supplied sufficient heater current through
a step-down transformer. This novel arrangement, the circult
for which 1s shown in Figure 93, reduced the high-voltage cab-
ling for the conversion unit to a minimum.

Inasmuch as higher frequencies were used, the converter section
of the BLOCK III receiver was completely newin design. Two
gang-tuned lines for the mixer and oscillator, driven by gears,
provided good tracking. Later, the r-f sectlon was further
improved when the tuner was redesigned to cover ten channels.
The new r-f section utilized lines tuned by a capacltor,
eliminating all sliding and rotating contacts, and providing
mechanical simplicity and ease in ganging the circults. By
employing an r-f stage ahead of the detector, the slgnal-image
ratio increased from 3%.5 to 100, and the more efflclent con-
struction of the tuner, together with the use of new tubes,
gave a 1ll-db improvement in signal-to-noise ratio.

These tunable head ends were constructed for 14 BLOCK I re-
ceivers, which were used in Navy Project RING, and ln the
latter series of tests conducted in the Bigh-Angle Mlssile
Project.

Field Tests of BLOCK III: The first Army models of BLOCK III,
Models SCR-5L49-T3 Transmitting equipment and Models SCR-550-T3
Receiving equipment were delivered during June 1943, At agbout
this time a few GB-U4 glide bombs became availsble, and the
first installation of the transmitting emipment in the bombs
was completed in July.

The GB-4 glide bomb consisted of a standard 2000-pound bomb
to which an ailrframe had been fitted. The flight-servo,
radio-control and television transmitting equipment were housed
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in the body of the alrframe, while the camera was mounted
inside a streamlined nacelle beneath the bomb. Two seven-cell
storage batteries connected in series provided 28 volts for
the SCR-549-T3 equipment. The television transmitting
antenna was mounted on top of the bomh toward the rear, with
the reflector in the forward position.

Preliminary fliﬁhts made at Eglin Field, Florida, without re-
leasing the GB-4 from the control plane indicated satisfactory
operation. (It was customary to test the costly television

set in this manner before it was demolished in 1its plunge).

An Air Corps trailer, completely equipped to receive and photo-
graph the television pictures, served as auxiliary equlpment.
Several GB-U's were dropped to determine the practicabllity

of hitting a small pyramidal target constructed for the tests.
The results were not too encouraging. The power output of the
transmitter in one of the bombs suddenly decreased tc zero
after release, while with other bombs, numercus disturbances
appeared on the recelver screen during flight. Some of these
effects were also seen on the receiver at the ground station.
Interference such as fine-to-heavy horizontal lines, vertical
black bars and loss of synchronization occurred more frequently
in the control plane.

It was fortunate, however, that motion-picture cameras had
been set up to take plctures of the television secreen, both

in the air and on the ground, making possible a thorough analy-
sis of the disturbances. It was found that the fine horizon-
tal lines in the picture were produced by acoustic pickup in
the camera, and their frequency was approximately 3000 to

4000 cycles per second. This high-pitched nolse was apparentl
generated by the wind rushing past the glide bomb, and a solu-
tion was found by placing the camera in a soundprecof box.,

Heavy horizontal lines in the picture were produced by acoustic
pickup in the transmitter. The low-frequency noise in this
case was approximately 120 to 200 cycles per second, and was
generated by the plywood body of the airframe, acting as an
effective sound chamber or resonator. It was eliminated by
coating the airframe on the inslde with automobile-body silenc-
ing compound and a thick layer of felt.

Changes in plcture shading were caused by the influence of

the earth's magnetic field on the Iconoscope, especlally when
the video galn control was turned to a high level. This was
overcome by the installa tion of a magnetic shield around the
entire Iconoscope in addition to the shield around the electron
gun. :

Iconoscope saturation under high light levels caused blooming
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of the top half of the picture and consequent loss of video
information. Various experiments were conducted with com-
binations of lens stops and light filters. A yellow filter
seemed to be the most effective counter measure, especially
under conditions of low contrast caused by haze.

The most significant disturbance was the appearance of the
vertical bars having a molre-like appearance and bearing no
direct relation to the picture itself. This effect was much
more pronounced in plane-to-plane transmissions, in some cases
being completely absent in plane-to-ground transmission.

It was thought that the interference must be due to some reflec-
tive phenomenon; its true cause, frequency modulation of the
master osclllator of the transmitter, was not established until
after some time had been spent in field tests. Still more
field work was done in an effort to determine how much fre-
quency modulation could be tolerated without causing undue
disturbance to reception. The results were not conclusive,

but 1t was shown that any frequency deviation from the carrier
of less than the line frequency, in this case 14 kilocycles,
would have no objectional effects. Early BLOCK III trans-
mitters had as much as 200-kc deviation. In the later BLOCK
III-BB transmitter, equipped with a buffer amplifier, the
2b-watt carrier could be modulated at maximum on the highest
frequency band with attendant frequency modulation of less

than ten kilocycles.

Finally a television transmitter incorporating all these and
other improvements was dropped in a glide bomb at Eglin
Field, in November, 19U3,«and a flawless television picture
was received in the control plane during the entire flight.

An Electronic Crosshair: One of the greatest problems in
gulding missiles with the aid of television was target identi-
fication. In general, if the target could be identified, hits
or near misses would be scored; but often the operator, although
thoroughly familiar with the terrain, would get "lost." The
television camera, unlike the human pilot, could not "look
around." Consequently, if for some reason the target was ob-
scured or Jjust outside the picture, it was difficult to locate.
An 1deal solution might have been a lens in which the viewing
angle could be changed by remote control. The equipment neces-
sary to accomplish this was found to be too complicated, and
more emphasis was put on dropping the bomb accurately with a
bomb sight. Later, however, an electronic crosshalr was de-
veloped by RCA engineers, though the war ended before the de-
vice could be put into use.

In the system developed, an electrically produced crosshair
appearing in the received picture indicated the bomb's line
of flight. This signal was produced at the camera by a cathode-
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Figure 79. The first BLOCK III Transmitting and Receiving equipment—Navy Model AT]
and AR] Aircraft Television Equipment, and Army Radio Sets Types
SCR-549-T3 and SCR-550-T3.

Figure 80. The BLOCK III Camera contained five video Figure 8. Interior View of Camera.
amplifier stages and the deflection and blanking circuits.

Figure 82. The r-f section of the first BLOCK III Trans- Figure 83. An Interior View of the Transmitter.
mitter used a push-pull master oscillator and
power amplifier, but no buffer stage.




Figure 84. The BLOCK III Receiver. The RCA GJ6 first
detector, coupled directly to the antenna, was followed
by a six-stage 23-megacycle i-f amplifier.

Figure 85. The Receiver Removed from its Cuse. Note the
Dynamotor Power Supply.

Figure 88. BLOCK III Transmitting
and Receiving Antennas. The trans-
mitting antenna (top) used a
parasitic reflector.

Figure 86. The BLOCK III Monitor.

Figure 87. Interior View of the
BLOCK III Mounitor.
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coupled multivibrator driven from the vertical deflection cir-
cuit. The square wave so produced was differentiated and the
resulting signal was added to the picture signal. By changing
the value of the cathode resistor in the multivibrator, the
crosshair could be moved from the top to the bottom of the
picture. Using this principle, a variable resistor having the
proper change in resistance per degree of rotatlion, was mounted
inside the body of the glide bomb in such a position that it
could be mechanically coupled to the lever system operating
the elevator. Thus, after the initial alignment of the elec-
tronic crosshalr with the position of the fin, the crosshalr
would indlcate the line of flight of the bomb. The only re-
quirement for flying a collision course in elevation was to
apply control so as to make the crosshair and the image of the
target coincide. -

Special BLOCK Equipment: Under an NDRC development contract,
NBC, subcontracting for the RCA Victor Division, developed a
narrow-band system of television to be adapted to "Telemetering”,
the transmission of alrcraft instrument indications from a
pilotless, experimental or radio-controlled plane to the con-
trol plane or to the ground.

Electronic television as applied to telemetering had a number
of advantages over other telemetering systems. The image of
practically any standard indicating instrument could be trans-
mitted without the necessity for altering the meter mechanisnm,
and the television pickup imposed no external lcading on the
meter mechanism which might impair its accuracy.

Lightweight BLOCK equipment already developed had been tested
experimentally for telemetering with good results. But the
equipment required a radio-frequency bandwidth of nine mega-
cycles. For many cases the occupation of such a wlde r-f
channel was prohibitive due to lack of channel space. Further-
more, other specialized telemetering systems had been developed
utilizing a comparatively narrow r-f channel.

In the design of the telemetering equipment, the narrow band-
width requirement was met by the use of a ten-frame repetition
rate and 300-line definition, which reduced the bandwidth to
750 kc. A two-inch orthicon tube was used 1n the camera, and
a long-persistence Kinescope was used in the receiver to re-
duce flicker resulting from the low frame rate. The number
of tubes, weight of the equipment and power drain were about
the same as for the wilde-band television systems. The RCA
Type C-7475 Kinescope used in the receiver has a screen per-
sistence many times longer than the usual kinescope screens.
The screen material of this tube has a blue fluorescence of
very short duration which excites a yellow phosphorescence
lasting for an appreciable period. Because the blue fluores-
cence produced by the electron beam was much brighter than
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the ensuing yellow, an optical filter was mounted in front
of the screen to effectively eliminate the blue component
of emitted light.

The 15-watt transmitter utllized an RCA g29 tube as a power
amplifier, grid-modulated by combined video and synchronlzing
signals. To lnsure better synchronization of the receiver,
the synchronizing pulses were fed also to the plate and sereen
of the &29 tube, increasing the peak carrier output for the
duration of the pulses. Several successful demonstrations

of the equipment were glven for the Army, Navy, and NDRC
representatives during 1943.

Compact BLOCK: For another special television service, fif-
teen Compact BLOCK equipments were designed and supplied to

the Navy for the Wolf Project. In this project, airplane wing
stresses and other technical characteristlics were studied by
diving pilotless, television-equipped alrplanes to earth at
great speed. During flight, the Compact BLOCK equipment trans-
mitted television pictures of instrument readings within the
experimental alrcraft to either a ground installation or to
another plane. The Compact transmitting equipment (Figures
95, 96, and 97) consisted of four units: The camera, using

an RCA Iconoscope; a camera control unit: the transmitter,
tunable to 190, 202 or 214 mégacycles; and a dynamotor pover
supply. The Compact receivers were BLOCK III-A receivers, con-
verted to embody some of the improvements described in the

next section. .

General BLOCK Improvements: From the earliest flight tests

it was learned that picture degradation, after the missile

was launched, was caused principally by the following conditions:
Power-line voltage variations in the alreraft, the presence of
microphonics, radar or ignition interference and unstable
synchronization, insufficient signal at the recelver, and
variation in light intensity on the pickup tube. With the de-
velopment of BLOCK III equipment and the consequent use of
higher frequencies, multipath reception and doppler effect
were given a prominent place in the 1list of difficulties to

be overcome.

Altogether, these problems were satisfactorily solved by the
design of new circults for the cameras, transmitters, and
receivers, and by marked antenna developments. The creation

of much more sensitive pickup tubes with greater stability
contributed in large measure to the solutlion of these problems,
while further steps were taken. to reduce the size of the equip-
ment and to simplify its operatlon. : ;

Very often, productlon was under way while improvements were
being investigated. =~ Some were incorporated in later production,
others were not used, elther because of added circult complexity,
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Figure 95. The Compact BLOCK Equipment. Left to right are the Camera, Camera Control
Unit, and the Transmitter.

Figure 97. An Interior View of the Compact Transmitter.



or because the required parts were not available. The most
significant developments, however, will be described in the
following paragraphs according to the particular problem
leading to thelir development.

Variations in the primary d-c voltage supplied by the air-
craft made proper adjustment of the television equipment quite
difficult, since the voltage with the plane engine ldling or
stopped was usually much lower than in flight. In later
stages of the development, dynamotors were obtained which had
a constant output voltage over a considerable range of primary
voltage change. However, speclal B+ voltage-regulator cir-
cults were developed, and for installations where small size
was less important, these circuits were also used. They pro-
vided a low-impedance source of B+ voltage for the various
circuits of the equipment, ‘eliminating, to a great extent,

the need for high-capacity electrolytic capacitors to prevent
crosstalk.

The problem of microphonics became less important with the
proper shock-mounting of the camera and transmitter. Still
further improvement in operation resulted from better tube
construction, and by application of the "clamp" circuit, pre-
viously used in RCA's Orthicon equipment. This circuit clamps
the blas of the output plcture stage at the beginning of each
line. As a result, low-frequency microphonics, introduced in
-preceding picture stages, are eliminated. Further, the cir-
cult permits designing the picture amplifier so that 1t 1is
flat only down to line frequency. Space limitations prevented
the use of the clamp circult in the BLOCK camera; however, a
leveling circult providing many of its features was used 1in-
stead. The chief difference between the levellng and clamp
circuits is that the leveling circuit employs the amplifier
output tube instead of a separate diodg and depends for 1ts
operation on the time constant of a resistance-capacitance
network located in the grid circult.

Radar signals proved to be one of the most disturbling types

of interference. The radar frequency was sometimes very

close to that of the television receiver, and the power used,
particularly in the larger radar installatlons, produced an
interfering signal that could easily over-ride the 20-watt
signal from the television transmitter. In the first BLOCK
receivers, a high-impedance, resistance-capacitance fllter
circuit was used in the a-v-c¢ section. While this provided
the greatest immunity from nolse and other random disturbances,
in the presence of large amounts of signal such as accompanied
radar interference, sufficient grid current flowed to blas

i-f stages to cutoff. The time constant of the filters was
long compared to the duration of a line, so that considerable
degradation of the plcture resulted.
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It was observed that while the amplitude of the radar signal
was large, the energy content was small. This characteristic
was used to improve the operation of the a-v-c clrcult.

Under normal conditions, the a-v-c voltage 1s determined by
the amplitude of the synchronizing pulses appearing at the out-
put of the receiver second detector. Since the energy con-
tent of the synchronizing pulse is usually much greater than
that of the radar pulses, i1t was possible to change the con-
stants of the a-v-c circuit so that it operated to an extent
on signal energy rather than on peak amplitude. Thls circult,
known as the low-impedance a-v-c circult, permitted satisfactory
operation of the receiver under radar-interference conditlons
at least 100 times as severe as formerly possible. A stlll
further improvement was made possible by introducing pulses
from the horizontal output circuit into the a-v-c circuit in
such a way that signals could reach the a-v-c detector only
during a short interval which was slightly greater than that
required by the horizontal synchronizing pulse. This keyed
a-v-c clrcult prevented interference from affecting the opera-
tion of the automatic volume control during the interval the
plcture was transmitted.

Figures 98 and 99 show the pertinent part of the BLOCK re-
ceiver a-v-c¢ circult before and after low impedance automatic
volume control was incorporated. The time constants in the
grid-return circuits were reduced to approximately three micro-
seconds. - The d-c resistance of the a-v-c¢ circult was reduced
approximately 40 times, so that the voltage developed across
the resistance of the circuit, due to the sum of all the grid
currents, would be small. The circuit was then by-passed wlth
a one-microfarad capacitor to provide flltering for video
frequenclies.

In early BLOCK receivers, the second half of the 6H6 second-
detector tube was used as a clipper to limit the magnlitude of
noise or interference peaks. When interfering pulses of large
amplitude were received, the clipper was biased by the recti-
fied current through 1% so that the cathode became more
positive, thus closing the gate and preventing the desired as
well as the undesired signals from passing through. This
disadvantage was overcome in the modification by the use of
a-¢ coupling between the second detector and the clipper, and
by ueing low values of resistance in the clipper.circults
(Figure 100). Thus, the direct current developed through the
clipper, by the interfering pulses, could not change the blas
of the clipper enough to impair its operation.

During tests conducted in Florida, radar interference did not
prove objectionable with the modified receiver. The usefulness
of the circuit was further proved when a recelver incorporating
the modificatlion was demonstrated to the NDRC Commlttee at

the RCA Manufacturing plant in Camden on February 13, 1943,
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For this test, the input leads to both the modified receiver
and a standard recelver were connected in parallel. A four-
microsecond, one-volt pulse at the carrier frequency was
applied at a repetition rate of 2000 cycles together with a
video-modulated carrier wave to both receivers. The voltage
of the television signal had to be increased at least 4o
times to give approximately the same interference ratio on
the standard receiver as on the modified receiver. The
pictures on both receivers would tear out at the edges over
small portions of the picture. However, the results were con-
sidered satisfactory for the purpose. The new receiver held
in synchronism while the video signal was reduced to approxi-
mately 500 microvolts.

To prevent the interfering signal in the receiver from at-
taining an amplitude greater than the desired signal, adequate
clipping or limiting was provided. The multiple clipping cir-
cuit requires the addition of the 6H6 tube second-limiter
clipper to supply voltage to the synchronizing separator.

This clipper is adjusted to clip at the peaks of the synchroni-
zing pulses, or preferably below these peaks on strong signals.

As previously stated, in the standard recelver a clipper limits
the noise peaks to approximately the amplitude of the synchroni-
zing pulses. This limiter, however, cannot be set at the peaks
of the synchronizing pulses, or motorboating in the a-v-c

system will occur. The second clipper is provided, therefore,
to 1imit the peaks of noise to the amplitude of the synchron-
izing pulses. Since the a-v-c does not hold the signal ab-
solutely constant, the clipper is adjusted to 1limit the syn-
chronizing pulses as well as the noise pulses on strong slgnals.
On weak signals, it limits the amplitude of the nolse pulses

to that of the synchronizing pulses. Voltage appearing at

the synchronlzing separator will then contain no nolse pulses

of greater amplitude than the desired synchronizlng pulses.

Tearing out at the edges of the picture is reduced considerably
by the multiple clipping circuit (Figure 101). The repetition
rate of interfering pulses can approach the frequency of the
synchronizing pulses to within less than one per cent before
the interference ratio is markedly decreased. :

A demonstration was made at Princeton before the NDRC Committee.
The circuit was arranged so that the clipper could be switched
in and out of the circuit. The interference was increased to

a point where the receiver, equipped with low impedance auto-
matic volume control circuits, would not eynchronize. When

the second clipper was switched in, the receiver synchronized
properly and the picture was acceptable.

Another effect of noise and interference was to disturb the
synchronization of the picture at the recelver, resulting in
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many cases in a loss of much more intellligence than caused
by the actual presence of interference in the plcture.

A fundamental difficulty with the first BLOCK equlpment was
scanning oscillator instability. Both the vertical and hori-
zontal scanning oscillators were cathode-coupled multivibrators
whose frequencies were a function of a large number of varli-
ables including the supply voltage, amblent temperature and

all the resistors and capacitors in the feedback circult.

These oscillators were used because they produced wave shapes
which served directly for blanking and synchronlzing. Many
other types of relaxation oscillators were tried in an effort
to find one with better frequency stablility, but none exhiblted
stabllity comparable to that of the sine wave oscillator.

The sine wave oscillator, therefore, was finelly used, and
relatively simple circuits were developed to produce the neces-
sary blanking and synchronizing pulses from the sine wave of
the oscillator. The oscillator was of the inductance-capacity
type with an adjustable powdered iron-core for tuning the cir-
cult to the proper frequency. ,

The addition of automatic-frequency-control circults to re-
ceivers incorporating low-impedance a-v-c¢ circuits improved

the picture quality of the receiver. The a~f-c clrcults pro-
vided a means for integrating the received synchronizing pulses
over a long period of time, thus providing immunity from

noise. When receiving weak signals with this circuit, the
edges of the plcture did not tear out as readily, and the de-
tail of the plcture was improved.

It is obvious that 1f an independently stabilized -deflection
circuit in the receiver is to provide satisfactory synchroni-
zation over any period of time, the frequency of the trans-
mitted synchronizing pul ses must be constant. In the original
camera equipment, the line scanning frequency varied during
vertical scanning due to cross-modulation between the circults.
This was not serious with the synchronizing system then in

use a8t the receiver. However, when the a-f-c system was em-
ployed, the edges of the picture were displaced an intolerable
amount. The solution was to stabilize the horizontal and
vertical oscillators in the camere, in the same manner.

In stabilizing the horizontal oscillator either of two methods
could be employed. A tuned circult could be made a part of
the pulse oscillator, or the pulse oscillator could be syn-
chronized by the signal obtained from a separate osclllator.
‘The first method introduced a slight ripple on the horizontal
axls, although, this could be reduced so that it was not ob-
jectionable. The second method required an additional tube.
Both resistance-capacltance and inductance capaclftance os-
cillators were tried. The oscilBtor utilizing the inductance
was preferred as 1t was more stable. An adjustable, powdered
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Figure 95. The Compact BLOCK Equipment. Left to right are the Camera, Camera Control
Unit, and the Transmitter.

Figure 97. An Interior View of the Compact Transmitter.
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the BLOCK III-A Receiver.

V10
240 DET. LIMITER

Figure 100. A Circuit for Improving the Operation of
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iron core served for tuning the circuit to the required fre-
quency.

The vertical pulse oscillator was stabilized by an r-c oscil-
lator, since the size of the coll and capacitor required for
an inductance-capacitance oscillator was prohibitive.

Beside the additional tubes required, the a-f-c circuit had

at least one disadvantage, in that, when a-f-c¢ circuits were
used to control the vertical deflection, it was very difficult
to eliminate an unsteadiness or vertical bounce in the plcture
due to power supply variations.

The circult was demonstrated to the NDRC Committee at the same
time the low-impedance a-v-c system was demonstrated. The
receiver held in synchronism with signals as low as two hun-
dred microvolts together with the one-volt interfering pulse
described. This represented a ratio of interference-to-signal
of five-thousand-to-one. .

A number of flight tests were made to determine the relative
value of the l-i-a-v-c¢ and a-f-c circuits. A camers-transmitter
was located on the roof of Building Six at Camden, New Jersey,
with a directional antenna aimed at Atlantic City. Flights

were made in an AT-11 plane which was equipped with two re-
ceivers, one of which was a standard BLOCK 1 receiver, and the
other a receiver equipped with the improved circuit. The route
taken was a round trip from Wings Field over Camden to Atlantlc
City. Near Camden, the effects of reflection due to the bridge
and other tall structures could be observed, and toward the-coast
the effects of radar and other types of interference were present.

In summarizing the results-.of these tests to determine what
modifications were desirable in future production, account was
taken in each case of the complexity of the new circuilt and

the addlitional parts required. Since the equipment was designed
for use 1in alrcraft, small size and light weight were primary
requirements. Obviously, circuit simplicity was desirable as

a time-saver in production as well as in servicing the equlp-
ment.

The order of preference in the circulits discussed was as follows:
The l-i-a-v-c circults, (2) the l-i-a-v-c¢ circults with
multiple clipping, and (3) the l-i-a-v-c circuits with auto-
matic frequency control.

It was estimated that probably 75 per cent of the advantages
obtained by the more complicated circuits were obtained with
the 1-i~a-v-c circuits. These circuits did not requlire ex-
tensive rewiring of the standard receiver.

By adding a-f-c to the l-i-a-v-c circuits, the réceiver's
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susceptibility to interference was decreased by perhaps
another 25 per cent. The picture quality was also improved.
However, for military purposes, it was believed that the
complication in circuits, additional tubes, etc., more than
offset the increase in picture quality and improvement in
operation through interference.

The performance with multiple clipping plus l-i-a-v-c circults
almost equalled the performance with a-f-c circults, except
at very low signal levels. - :

With a carrier output of about 15 watts, the BLOCK I alrcraft
television transmitter provided a reliable operating range

of approximately ten miles. Reception at greater distance
was possible, but the signal was usually lost with a change
in the position of the plane. An increase in the range was
desirable, and since any appreclable increase in the trans-
mitter would necessitate a larger and heavier transmitter, 1t
was decided to first improve the signal-to-noise ratio of the
recelver.

Thus, a new type r-f tuner was developed for the receiver.
This tuner gave an improvement in signal-to-noise ratio of at
least two-to-one over previous circuits, and increased the
effective range of the transmitter to at least 25 miles. A
push-pull r-f stage employing RCA-6JU's was included which
considerably improved the r-f selectivity and prevented ex-
cessive oscillator radiation. Flight teste made with recelvers
in which the new tuner had been installed, showed considerable
improvement in selectivity as well as sensltivity. It was
possible by slight tuning to elimipate or greatly reduce 1in-
terference. This was, of course, impossible with the earller
fixed-tuned receivers.

Mechanical failure was the chief difficulty encountered in the
‘use of early BLOCK I antennas. As a result of severe vibra-
tion, the ground rods crystallized at the clamp and then broke
off. ©Steel instead of aluminum was used in later antennas.
The structure was so small that increased welght with the use
of steel met no objection. '

A series of transmitting antennas for the ten channels used

in BLOCK III equipment was designed (Figure 102), - These anten-
nas, identical except for overall dimenslons, utilized para-
sitic reflectors. The radlator, reflector, and ground rods
were all of elther copper or silver-plated steel tublng,

having an eliptical cross-sgection to reduce wind resistance..
The matching section was made of round, steel tubing, the
inner and outer conductors being fastened together at the :
base with serews. All other metal parts were brazed together,
making a sturdy, solid unlt.
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In checking production models of the BLOCK III transmitting
antennas, it was found that the impedance-change taking place
when an antenna designed for the nominal center frequency in
one channel was operated on the center frequency o the channel
~above, was in most cases less than ten per cent. However, the
impedance deviation to the next lower channel was greater, and
the antenna would not operate satisfactorily. This seemed to
offer a possibility for reducing the number of transmittin
antennas required for several adjacent channels.

A study of the broad-banding effect obtained by increasing the
dliameter of the radiating element, however, led to the develop-
ment of an antenna which covered the entire frequency range of
BLOCK III. The radiator, approximately eight inches long,

was made of airfoil steel tubing, the eliptical cross-section
measuring 4 inches by 1 3/4 inches (Figure 103). The band-
width characteristics are shown in Figure 104. Measurements

of horizontal directivity showed substantially constant radl-
ation in all directions. The polar plot of the vertical pat~
tern is shown in Figure 105. i

Requests were made by NDRC for two special BLOCK antennas, one
for 100-megacycle operation and the other for 300 megacycles.
The antenna which was to be used for transmitting from an ex-
perimental fighter, was to project straight out the rear of

the ship's tail, using the tail structure as a ground system.
An accurate mock-up of the tip of the fuselage was made from
plywood covered with copper, and a speclal antenna was deslgned.
The cadmium-plated; steel radiator projected from a short-
circuited quarter-wave section of concentric line which served
as a rugged mechanical support. The radiation reslstance
measured about 140 ohms, hence a 100-ohm series matching
section was required to couple the antenna to the 72-ohm trans-
mission line. The matchling section is the small tube mounted
along the side of the large quarter-wave sectlon as shown

in Figure 107. The rugged construction used was intended to
withstand stresses and vibration anticipated at a flying speed
of 700 miles per hour in a power dlve.

The antenna when flight tested gave good and unexpected results.
Though it was designed to radiate a vertically polarized signal
while the plane was diving, 1t apparently produced a vertically
polarized wave even when the plane was in level flight and the
antenna horizontal.

A vertical receiving antenna was always used, and plane-to-
ground reception was found to be consistent over dlstances
of 65 miles, regardless of the aspect of the plane. It was
thought that the close proximity of the plane's rudder and
stabilizer orientated the polarization of the radiated signal.
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In wide contrast to the illumination on the ground, scenes
observed from an alrplane during daylight hours are very

often characterized by an extremely high light-level and low
contrast, caused by either moisture or smoke in the atmosphere.
This further complicates the problem of adjusting the camera
equipment on the ground for satisfactory performance in the
air.

The test bench equipment, developed for adjusting the camera-
transmitter unit, greatly improved the performance. Another
development was an a-v-c circuit which automatically changed

the gain of the video amplifier as a functlon of the

Iconoscope output, eliminating the manual gain control and in-
creasing the reliability of operatlon under varylng conditions
of incident illumination. The design of such a circult was dif-
ficult because of the spurious signal delivered by the Icono-
scope. The circuilt was used in the Compact BLOCK gquipment

and in some of the Orthicon cameras.

A much more compact video amplifier was made possible by the
use of RCA 6AGS miniature pentodes to replace 6ACT and 6SHY
video amplifier tubes previously used (Figure 108). Frequency
compensation was then obtained by means of small capacitors
bypassing the cathode resistor, thus eliminating all the peak-
ing coils. The lower gain per stage due to low frequency de-
generation required the use of more stages, but this was more
than compensated for by the saving in space. In fact, 1t per-
mitted the addition of an r-f buffer in the BLOCK III trans-
mitter without increasing the size of the transmitter (Figures
109 and 110).
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Figure 103. Cross-Sectional Drawing of the Special
Broad-Band Antenna.
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Figure 105. Vertical Directivity Pattern of Wide-Band
Antenna.

Figure 104. Bandwidth Characteristics of the Antenna.

Figure 106. A "Skin”-Type Antenna, Used on Metal
Aircraft.

Figure 107. The Special Tr itti

2 Made for Use in Fighter Planes.



Figure 108. A Compact Video Amplifier made possible
by the Use of RCA Miniature 6AGS Tubes. Figure 109. The BLOCK III-BB Transmitter. Use of
miniature tubes and the elimination of peaking coils and
electrolytic cathode by-pass capacitors saved enough
space for the addition of an r-f buffer.

Figure 110. An Interior View of the BLOCK III-BB Transmitter (Left). For Comparison,
the BLOCK I1II-A Transmitter is also shown.



