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INTRODUCTION

During the Apollo 10 flight a com-
pact SEC color television camera was
used to communicate with the earth
by providing real-time color scenes of
the earth, the moon, spacecraft maneu-
vers, and interior scenes. The per-
formance of the camera under these
abnormal and adverse conditions was
excellent, as may be attested to by
millions of viewers of this color televi-
sion camera first from space. This
camera was designed and developed
for the NASA Manned Spacecraft Cen-
ter by the Westinghouse Aerospace
Division in Baltimore, Maryland.

The camera is unique in its concept
as associated with the total system and
as a television camera in its configura-
tion and performance. As part of a sys-

tem, it generates a field sequential
color signal using a single image tube
and a rotating filter wheel. A ground
station color converter later changes
the sequential color signal to a stan-
dard NTSC color signal. This approach
is new in that a simple and reliable
method is used in the camera where
it is most important and relegates the
complexity of generating a compatible
broadcast signal to the ground where
it is readily handled.

The Apollo 10 color television cam-
era is shown in figure I. It is 17 inches
long including the zoom lens, weighs
only 13 pounds (weightless in space)
and is completely self-contained. A
small four wire cable containing a
single dc input voltage and a com-

FIG. 1 APOLLO COLOR TELEVISION CAMERA

posite video output suitable for mod-
ulating the transmitters was the only
connection required. During the space
flight a small viewfinder monitor, oc-
cupying a volume of only 85 cubic
inches and using 2.5 watts of power,
was used to assist the astronaut in
aiming and focussing the camera.

Besides providing real-time com-
munications useful to NASA ground
personnel and the public, another sci-
entific feature should not be over-
looked. The particular configuration
using the calibrated color filter wheel
allows true color information to be ob-
tained by proper data reduction of the
recorded video transmission.
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THE SYSTEM

A general diagram of the system is
shown in figure 2. The image is fo-
cussed by the lens through the filter
wheel onto the faceplate of the image
tube. As the wheel positions a red
filter in the field, the image tube-stores
the red information of the scene being
viewed and then reads it out. This in-
formation is processed by the electron-
ics of the camera and is sent to the
Mini Monitor and to the transmitter.
The same is true for the green and
blue filters, and since the wheel is
rotating at the field rate the color
information is generated at a field
sequential rate.

The field sequential color signals are
transmitted to the earth from the com-
mand module spacecraft in the S-band
region. The received signal is placed
into a series of two tape recorders for
the purpose of compensating for Dop-
pler shift and presenting real-time in-
formation. This is accomplished by re-
cording the information as it occurs in
the first unit and driving the second
unit with the subcarrier standard (fre-
quency) which corrects the tape speed
for any errors introduced by the Dop-
pler shift. One tape recorder could
have been used, but the transmission
would have to be complete before per-
forming the second operation thereby
delaying the presentation at least that
long. As it now stands, there is only an
approximate 10-second delay from in-
put to output.

The sequential color information is
then put into the scan converter. The
scan converter is a storage and read-
out device holding the two previous
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FIG. 2 APOLLO COLOR TELEVISION
SYSTEM
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fields in memory and presenting the
three fields at once at the output on
the incidence of the third field. As the
new field is placed into memory the
oldest field is erased, updating the in-
formation at the field rate.

THE APOLLO
COLOR CAMERA

A block diagram of the color cam-
era is shown in figure 5, where por-
tions of it are shaded to give a repre-
sentation of the amount of integrated
circuits used. As can be seen, almost
70 percent of the functional blocks are
integrated circuits exclusive of the
power supplies.

An internal view of the color camera
is shown in figure 3. It consists of three

FIG. 3 COLOR CAMERA-INTERNAL
VIEW
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FIG. 5 BLOCK DIAGRAM

sections, the first being a monochrome
camera with the addition of synchro-
nization, pulse forming, and drive cir-
cuitry for the color adaptation. The
second section is attached to this
camera forming the housing for the
transformer and motor, and finally, the
section containing the motor, gearing,
and filter wheel assembly which also
serves as the mounting for the lens.

An internal view of the predecessor
to the color camera, the monochrome
camera, WTC-13, is shown in figure
4 with one circuit board open. This
is the sync/sweep board displaying
the three techniques of packaging with
modules, medium scale integration,
and conventional printed circuit wiring.

FIG. 4 MONOCHROME
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On both cameras the printed circuit
boards are mounted with the tracks to
the outside, projecting the modules
and components in around the cylin-
drical housing that holds the deflection
assembly. This is done to conserve
space.

The large flat package in the center
of the board is the synchronizer which
has a 5-Vdc and oscillator input. It
delivers horizontal drive, vertical drive,
mixed blank, and mixed sync at its
outputs into 500 ohms. Figure 6 shows
the interior of this 1 “square by %"
package having 22 integrated circuit
chips of which 14 are dual bistable
multivibrators and 8 are gate circuits.
The synchronizing generator is com-
pletely bistable, has no adjustments,
and was ideally suited for medium
scale integration.

The camera input voltage is 28 + 4
volts dc using 20 watts nominally. Its
output is a standard EIA format at
color standard frequencies with the
exception that it does not carry the
color burst which is added on the
ground. It is a black negative signal
from —0.75 to +2.75 volts into 100
ohms constrained within 20 percent to
prevent over-deviation of the transmit-
ter.

The bandpass of the camera is 4.5
megahertz with a 20 dB/ octave roll-off,
therefore having a theoretical limiting
horizontal resolution of 360 TV lines/
vertical dimension. Due to the fact that
the S/N is high and that the roll-off is
finite, more extensive calculations and
experience has shown the resolution

FIG. 6 SYNC GENERATOR

to be in excess of 425 TV lines/ vertical
dimension. The limiting vertical resolu-
tion fixed by the number of scan lines
and Kell factor is approximately 350 TV
lines/ vertical dimension.

The system limiting horizontal res-
olution is set by the bandpass of the
Command Module transmitter and is
less than 2 megahertz, resulting in
slightly more than 200 horizontal TV
lines referenced to the vertical dimen-
sions, which again exceeds the theo-
retical limit because of an even higher
S/N and finite roll-off. Since the S/N
was high, approximately 40 dB for a
broad scene, it was decided to include
aperture correction to boost the image
tube 200 TV line response by 40 per-
cent, which also improves the resolu-
tion.

The Apollo color camera controls are
limited to one switch associated with
the electronics and the common lens
adjustments of focus, iris, and zoom.
The switch is used to change the auto-
matic light control detector from an
averaging type for “inside” scenes to
a peak detector type for “outside”
scenes. A typical scene for the “out-
side” mode would be the earth sub-
tending one-third of the vertical field
of view.

The lens is a standard Cine com-
mercial lens that has been extensively
modified. The most significant modifi-
cations were to the format, adjusting
it from a 12.7mm to 25mm, and to
space qualify it.

The lens has the following character-
istics:

T-5:1
Zoom Ratio — 6:1
Focal Length — 25-mm to 150-mm
Field of View
Wide Angle — 43° horizontal
Narrow Angle — 7° horizontal
Near Focus f#

Wide Angle 20" 4.4
Wide Angle g 44
Narrow Angle 3" 44
Narrow Angle 2% 44

The color camera was designed en-
vironmentally to meet military specifi-
cations. The delivery schedule did not
permit sufficient time to evaluate the
camera performance as set forth in
those military specifications and there-
fore the testing was limited to the com-
mand module environmental condi-
tions.

Shock and vibration at lift-off and
splash down was accommodated by
testing to determine a safe level that
the camera could stand and one that
could be acquired by typical storage
techniques. This level was set as a limit
and was achieved by appropriate pack-
aging.

The thermal picture in the Command
Module while it is in space is unusual.
The atmosphere, O,, is reduced to 5
psia and is weightless, presenting a
question of efficiency in cooling. Con-
vection would depend on forced flow
only under this condition. The amount
of forced flow is an unknown; there-
fore,it was necessary to ensure that the
camera was passively cooled by radia-
tion.

Evaluation of the design indicated it
could be used indefinitely in the Com-
mand Module. This evaluation was
borne out during the long uninterrupted
transmissions.

Another requirement was that the
camera be subjected to a vacuum in
a nonoperating condition and survive
the test.

Although testing in other areas was
limited, the camera, lens monitor, and
cables were thoroughly tested for the
vacuum transition and for complete
operation in the Command Module en-
vironment.
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THE SENSOR

The color camera uses a Westing-
house type WL30691 SEC image tube.
The SEC has been recognized for some
time as ideally suited for space applica-
tions because of its size, weight, power
requirements, ruggedness, stability,
and simplicity of operation. It has in
addition the features of wide dynamic
range, tolerance to high saturation
levels, and an electrical gain mech-
anism. The two latter features are
necessary for a portable camera such
as this one with little or no operational
controls to handle changing or uncon-
trolled scene lighting.

Two outstanding characteristics of
this image tube for a color camera are
its low-light level capability and lack
of lag. The low-light level capability
comes from the noiseless gain mech-
anism and general noiseless perform-
ance of the tube. The lack of lag-is
due to the conduction process and low
relative capacitance. Lag is a problem
when viewing a moving scene, gen-
erally resulting in a loss of resolution
for a monochrome system and in addi-
tion an edge color breakup in a field
sequential color system. In most image
tubes such as the vidicon or image
orthicon this characteristic becomes
more severe at low light levels. The lag
characteristic of the SEC at low light
levels is quite good and therefore its

performance remains useful in that
region.

The need for a low-light level ca-
pability arises from two basic condi-
tions: the command module lighting
and the color wheel mechanism.

In the case of the Command Module,
it has a wide spread of light levels
from spectral reflections of the sun
to levels less than 1 footcandle. Spe-
cial lighting for the purpose of televi-
sion is not a practical consideration
because of power, space, weight, and
layout problems; therefore, the entire
light range extending to the low levels
needs to be detected by the image
tube. The color wheel losses are not
unusual, as in any television camera
losses of light are experienced through
lens systems and filters for color sig-
nals. This is overcome in a studio
by simply turning on more light. The
losses were kept to a minimum for the
Apollo Color Camera but they did exist.
The lens in a wide-open position was a
T = 5:1, or a 100:1 loss. The ratio of
the photocathode area to the product
of filter and photocathode area is ap-
proximately 5:1 for all filters, and the
ratio of field time to transmission time
is 2.5:1; therefore, the total loss is ap-
proximately 1300:1. For a 1.3 foot-
candle scene illumination with unity
reflectivity, the image tube would re-
ceive approximately 10~ footcandles

FIG. 7 SEC IMAGE TUBE LAYOUT

faceplate illumination, a level well be-
low the capability of a standard vidi-
con. The SEC image tube at the 2-
megahertz bandpass in this color cam-
era has a S/N of approximately 30 dB
at this light level, which is a signal
more than acceptable.

A brief explanation of how the SEC
image tube functions is as follows,
with a basic layout shown in figure 7.
The light image is focussed by a lens
on the image faceplate. This light im-
age causes the photocathode to emit
photoelectrons which are focussed by
the geometry and an electrostatic field
to the SEC target. The photoelectrons
have enough energy to penetrate
through the ALO and AL layers to the
KCL where they strike a particle caus-
ing secondary electrons. Since the AL
layer is positive, these electrons move
to it where they position with respect
to the positive particle. If there is no
electron beam they will remain there,
and if the light continues to enter the
faceplate the charge continues to build
up; thus, the target is an integrator.
As the electron beam is scanned
across the target the beam discharges
these positive areas causing a current
in the load resistor which is amplified
for the video signal.
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Preamplifier

The preamplifier is made up of dis-
crete components, primarily to acquire
a low noise device. The input is an
FET stage with a tube load resistor of
300 Kohms. This is followed by a feed-
back pair. The equivalent input noise
current is approximately 1 nanoampere
for 2 megahertz.

Postamplifier

The postamplifier as indicated in
the block diagram includes all the cir-
cuitry from the preamplifier to the high
voltage driver. The majority of this
circuitry is made up of hybrid inte-
grated circuits. The output is a current
source delivering a 3.5-volt swing into
100 ohms.

Deflection Circuits

The vertical deflection circuit is of
the Miller run-up variety using a total of
two integrated circuits and a dual
transistor for the active components.

The size of the scan is varied by adjust-
ing the feedback resistor and the cen-
tering is adjusted by offsetting the
input operational amplifier.

The horizontal deflection circuit is a
high efficiency reaction type with a 1
percent linearity.

Power Supply

There are two power supplies in the
color camera, a high voltage one driven
by the ALC loop and the low voltage
one receiving the primary power from
the spacecraft.

The low voltage power supply de-
velops all the voltages for operating the
circuitry and the image tube with the
exception of the image section. Its
efficiency is approximately 60 percent
at the nominal input voltage. Its con-
figuration may be seen in figure 4.

CONCLUSION

The feasibility of using color televi-
sion aboard a spacecraft has been
proved beyond all doubt, and the public

interest generated by its use has been
similarily indicated. The question now
arises as to its practical application.
During the Apollo 10 flight the astro-
nauts showed some of these applica-
tions when they televised the crew, in-
dicating their condition, and when they
televised the instrumentation, and also
the unusual condensation in the tunnel
for ground support evaluation. There
are a multitude of other applications,
most of which may be classified under
the one heading of remote viewing and
this may be further broken down into
viewing at inaccessible points because
of position and because of a hostile
environment. For the present these are
the most likely conditions for television
applications in the space program
since the spacecraft has limited view-
ing positions and outer space is at
least a hostile environment for man.

The spectacular aspect of color tele-
vision seemingly passed a peak with
the splashdown of Apollo 10 It is ex-
pected that this will be repeated many
times but it may never be exceeded.
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Westinghouse Defense and Space Center
P. O. Box 1693, Baltimore, Maryland 21203
Area Code 301, 765-4441

FOR USE: Immediate

APOLLO LUNAR TELEVISION CAMERA

BALTIMORE -- The television camera that American astronauts will use on
a "space walk'' during the Apollo 9 mission and which they will later take to the
surface of the moon was built by the Westinghouse Electric Corporation for the
National Aeronautics & Space Administration's Manned Spacecraft Center, Houston,
Tex.

The camera can withstand temperature extremes ranging from 250 degrees
Fahrenheit during the lunar day to 300 degrees below zero at night. Because of
a special electronic tube it uses, it can produce pictures even in lunar darkness.
It is designed to operate in the vacuum on the lunar surface as well as in the
special atmosphere of the spacecraft.

Stanley Lebar, lunar camera program manager, recently conducted a camera
demonstration at the Westinghouse Defense & Space Center near Friendship

International Airport for members of the press.



APOLLO MOON TV CAMERA SHOWN TO PRESS -2
IN WESTINGHOUSE DEMONSTRATION

Through the use of television monitors, press representatives saw TV
pictures similiar to the kind the world will see when Apollo astronauts use the
7.25-pound (earth weight) camera in space or on the moon. Light levels in the
room ranged from normal to near darkness to simulate the lunar night.

On the next space mission, now scheduled to be launched no earlier than
Feb. 28, 1969, the camera is scheduled to be removed from the earth-orbiting
lunar module by one of the Apollo astronauts who will use it on a'space walk' to
show television viewers both the spacecraft and the earth as seen from his point
of view,

Later, on the lunar landing mis sion, the camera will be placed on an access

hatch of the descent stage of the lunar module. After the lunar module has landed

on the moon, the access hatch will open, aiming the camera at the ladder the
astronauts will descend and also at the point where the first American will set
foot on the moon.

Mr. Lebar said that one of the unique capabilities of the camera is its
sensitivity to low light levels. During the lunar night, he said, the camera will
produce clear images using only the light reflected to the moon by the earth's

surface. A conventional vidicon camera does not have this low-light capability.

- more -




APOLLO MOON TV CAMERA SHOWN TO PRESS -3
IN WESTINGHOUSE DEMONSTRATION

In scientific terms, Mr. Lebar said, the camera is capable of operating over
a light range from 0. 007 to 12, 600 foot-lamberts. This wide range is accomplished
through the use of the secondary electron conduction (SEC) imaging tube, which was
invented and developed by scientists at the Westinghouse Research Laboratories,
Pittsburgh, Pa., and the company's electronic tube division, Elmira, N.Y.

The SEC tube converts light into electrical signals much as in a standard
imaging tube in a conventional television camera. Before the electrical signals
are converted into a visible image, however, they are amplified hundreds of times.
The SEC tubes are extremely sensitive. They are used for low-light level sur-
veillance in military, industrial and security applications and in astronomy, be-
cause of their inherent ability to literally "'see in the dark."

The lunar television camera has been designed so that astronauts will have to
make no adjustments other than to change lenses and to switch from slow to fast
scan operation. The four fixed focus lenses include a wide angle lens for cabin
interior use, a 100 millimeter telephoto lens for viewing the earth and moon
during the flight and two general purpose lenses -- one for the lunar day and the

second for the lunar night.

- more -



APOLLO MOON TV CAMERA SHOWN TO PRESS -4
IN WESTINGHOUSE DE MONSTRATION

The camera's handle serves as an electrical connector that can be engaged and
disengaged without the contacts welding in the vacuum in space or on the moon's
surface. The camera will be equipped with one of two handles -- one with a nine-
foot cable for use inside the spacecraft and the other with a 100-foot cable for use
outside the spacecraft. The cable carries d-c voltage to the camera and a video
signal back to the transmitter in the spacecraft. In operation, the camera needs

only 6 1/2 watts of power. A conventional TV camera needs several hundred watts.

Live picture signals from the camera will be sent to the Earth and will be
received at NASA's Manned Space Flight Network where they will be converted to
commercial broadcast signals for home television viewing.

Mr. Lebar said that in building the camera, Westinghouse engineers concen-
trated on three "essential characteristics' -- reliability, performance and porta-
bility. Eighty per cent of the camera's circuitry is, therefore, made up of
molecular electronic functional blocks and thin film circuits. About 250 components
make up the electronic portion of the camera. If standard components had been
used throughout, 1300 would have been required.

The camera was vigorously tested at the Defense & Space Center and sub-
jected to a variety of environmental conditions. These included shocks of more
than 8 G's, 130 decibels of acoustical noise, severe vibrations of from 10 to 2000
cycles per second, pressure variations ranging from sea level to approximately the
vacuum found in space as well as the high and low temperatures found on the moon.

- more -



APOLLO MOON TV CAMERA SHOWN TO PRESS
IN WESTINGHOUSE DEMONSTRATION

The camera's internal operating temperature will range between zero and plus

130 degrees Fahrenheit. This level will be maintained due to the reflective quality

of the camera's highly-polished external surface finish and internal design for

minimum power consumption.
Since convection is not possible in a vacuum, heat generated within the camera

will be conducted to a radiating surface.

The camera is designed to operate indefinitely in these environments (or on the

lunar surface) without the aid of heating or cooling elements.
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HEADED FOR THE MOON -- One of these five television cameras will be used by American
astronauts when they land on the surface of the moon. The cameras, built by the Westinghouse
Electric Corporation's aerospace division under contract to NASA, are all "flight'" models.

As such ali of the cameras are capable of operating in the vacuum of space or in the special
atmosphere of the Apollo spacecraft. Holding one of the 7 1/4 earth-pound units is Stanley Lebar,
manager of the lunar TV camera program for Westinghouse. Each camera will have a set of
four lenses. The wide angle lens is mounted on the camera Mr. Lebar is holding, and three
others shown in the foreground.
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VIDEO EYES FOR APOLLO -- WESTINGHOUSE TV CAMERAS

The flight of Apollo-11 will carry two television cameras to
transmit visual reports to earthbound scientists and home viewers on
man's first journey to the surface of the moon.

A compact color television camera will be used in the command
module to take pictures of the astronauts enroute to and returning from
moon orbit. But a much smaller black-and-white camera will televise
pictures of Astronaut Neil Armstrong when he first sets foot on the moon.

Both cameras were built by the aerospace division of Westinghouse
Electric Corporation for NASA's Manned Spacecraft Center in Houston.
Westinghouse TV cameras were used during the two previous Apollo missions
-- the black-and-white camera on Apollo-9 and the color camera on
Apollo-10.

Lunar TV Camera

The little camera that will televise black-and-white pictures
of the first men on the moon is designed to be both sensitive and rugged.
Its sensitivity comes from a special electronic tube that enables it to

take bright pictures in the lunar darkness.

- more -




Video Eyes For Apollo -- Westinghouse TV Cameras =10 15

Program Manager Lebar with color camera (left) and lunar camera.

Stanley Lebar, camera program manager for Westinghouse, said
the camera can operate in light ranging from .007 to 12,600 foot-lamberts
or from near total darkness to glaring brightness. The component which
gives it this capability is the secondary electron conduction (SEC)

imaging tube developed at the Westinghouse Research Iaboratories in
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Pittsburgh, Pa., and at the company's electronic tube division in Elmira,
N.Y.

Like the more common vidicon imaging tube, the SEC tube con-
verts the light on an object into electrical signals. But the SEC tube
goes a step farther by amplifying the signals hundreds of times before
they are converted back into visible images.

Mr. Lebar said the rugged characteristics of the camera are
largely a result of the microminiature electronic components used in its
construction. Eighty per cent of the components are in the form of
integrated circuits and thin film circuitry -- some of them no larger
than the pupil of your eye and others as thin as a photographic negative.

The Westinghouse camera expert said the use of the micro-
miniature components and circuitry accomplishes two things:

* It greatly reduces the size of the camera and
makes it more portable. The camera weighs only
7.25 pounds earth weight even though it contains
more than 250 components.

* The tiny but solid electronic innards of the
camera enable it to withstand severe shock and
vibration. During tests at the company's
Defense and Space Center the camera was sub-
jected to sharp jolts, deafening noises,

vibration and a wide range of pressures.
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Mr. Lebar said another important consideration in the design
of the camera was heat. The lunar TV camera will have to contend with
heat from both internal operation and from the sun.

To compound matters, conditions on the moon don't permit the
cooling process we know as convection here on earth. Here's an example
of how Westinghouse engineers solved the problem.

When an overheated pan is removed from the stove, the heat is
transferred to the air circulating around it and carried away. But such
convection doesn't exist in the vacuum of the moon and so special heat
conductors have been built into the camera to transfer heat generated
by operation to a radiating surface.

Another factor which keeps the internal operating temperature
of the camera to a minimum is its low pbower consumption. It needs only
6.5 watts of power -- less than a child's night light.

But the most severe heat on the moon comes from external
sources. Lunar temperatures plummet to 250 degrees below zero Farenheit
then soar to 250 degrees above zero.

To ward off direct rays of the sun and the glare from the
lunar surface, Mr. Lebar said, the housing of the camera has a highly
polished bottom and a top cover treated with special heat resistant
paint. Other than these simple features, the camera requires no heating
or cooling elements for operation.

The lunar television camera has been designed so that astronauts

have to make no adjustments other than to change lenses and to switch
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from slow to fast scan operation. The four fixed focus lenses include
a wide angle lens, a telephoto lens and two general purpose lenses --
one for lunar day and the other for lunar night.
The camera's handle serves an an electrical connector that
can be engaged without the contacts welding in the vacuum on the moon's
surface. The handle is equipped with a cable to carry d-c voltage to
the camera and to return a video signal back to the transmitter in the IM.

How the Camera Will be Used

The Westinghouse lunar TV camera will be stowed in a compart-
ment in the descent stage of the IM along with experimental equipment
(MESA) the astronauts will deploy on the lunar surface. Here is how
NASA spokesmen have described use of the camera.

Astronaut Neil Armstrong is scheduled to exit from the IM
about 12 hours after it
touches down on the moon or
shortly after 2 a.m. (EDT)
on July 21. Once out of
the access hatch he will
descend on the ladder and
stop at the second rung.

At that point

he will pull an easily

reachable D-ring attached

Lunar camera looks at IM.
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to a lanyard which will deploy the MESA pallet. The pallet is a small
hinged panel on the descent stage of the IM which contains the camera.

Deployment of the pallet will aim the camera at the bottom of
the ladder, a view which should only be partly obstructed by the pallet
and one of the legs of the IM. The astronaut will continue his descent
on the ladder and the scene that should appear on home television screens
-- as described by NASA spokesman -- is a "knothole view" of Astronaut
Armstrong stepping on to the moon.

After Astronaut Armstrong reaches the lunar surface, checks
out his balance and mobility and collects a contingency sample from the
lunar surface, he will go about placing the TV camera at a site which
should provide picture coverage of the area where the astronauts will
be working.

He will remove the camera and a small tripod from the MESA
pallet and set it up about 30 feet from the IM. The camera will then
be in a position to show Astronaut Buzz Aldrin as he climbs down the
ladder on the IM to the lunar surface.

If the television pictures being received on earth at that
time are not of sufficient strength, the astronauts will stop and set
up an umbrella-like high-gain antenna on the lunar surface. NASA
officials said the TV signals being beamed back from the moon will be
picked up by a 210-foot-diameter radio telescope at the National Radio

Astronomy Observatory in Parkes, Austrialia.
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From Parkes the signals, converted to a standard U.S. televi-
sion picture, will be transmitted to Sidney, Austrailia, by microwave
and then via the Intelsat III Pacific satellite to NASA's Mission Control
Center in Houston.

Houston then will feed the signal out for home viewing.

Plens call for the little Westinghouse camera to be in opera-
tion for the entire two hours and 40 minutes the astronauts are on the
surface of the moon. 1In fact the TV camera should be operating right
up to the time the LM ascent stage 1lifts off. Once the vehicle reaches
staging the camera will lose power.

Apollo-1ll Color TV

Westinghouse also provided the 13-pound camera which will be
carried in the command module during Apollo-1ll to televise astronaut
activity enroute to and returning from moon orbit. A similar Westinghouse
color TV camera was used during Apollo-10. The color telecasts from
space won the astronauts honorable Emmys from the Television Academy of

Arts and Sciences.

The color TV camera weighs almost twice as much as the black-
and-white lunar camera but it is still far smaller than commercial
broadcast cameras. Unlike the lunar camera, it was not designed to work
in the vacuum of space and it is equipped with a more sophisticated lens
system enabling astronauts to zoom in and focus more accurately on

subjects.
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