


TO THE CONGRESS OF THE UNITED STATES:

I transmit herewith the Twenty-Second Semiannual Report of
the National Aeronautics and Space Administration.

This Report covers the six month period ending December 31,
1969.

Richard Nixon

The White House,



Twenty - second
REPORT TO
CONGRESS

JULY 1 ~ DECEMBER 31, 1969

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D. C. 20546



RCN-10F0010

Editors: G. B. DeGennaro, H. H. Milton, W. E. Boardman, Office of
Public Affairs; Art work: A. Jordan, T. L. Lindsey, Office of Organiza-
tion and Management.

For sale by the Superintendent of D« ts, U.S. Government Printing Office
Washington, D.C. 20402 ~ Price $1.25.




THE PRESIDENT October 2, 1970.
The White House

DEAR MR. PRESIDENT :

As required by law, I have the honor to submit this Twenty-
Second Semiannual Report of the National Aeronautics and Space
Administration for transmittal to Congress. The report covers the
period July 1 through December 31, 1969.

The period was highlighted by the Apollo 11 manned lunar
landing. On July 20, Astronauts Neil A. Armstrong and Edward
E. Aldrin, Jr. landed on the Moon, explored its surface, gathered
samples, and then rejoined Astronaut Michael Collins in the com-
mand module for a safe return to Earth. Their feat, reported in
direct television transmissions, thrilled millions of viewers all over
the world. Again, on November 19, the Apollo 12 astronaut team—
Charles Conrad, Jr. and Alan L. Bean—landed on the Moon and
carried out an extensive exploration of its surface. The two suec-
cessful Moon missions fulfilled the national goal of a manned lunar
landing and safe return within the decade of the sixties and con-
vineingly demonstrated the technological competence of the Apollo
program. In addition, these flights showed the value of the space
program as a unifying force in international relations; for interest
in the Moon landings and in the astronauts transcended national
boundaries. This Nation, in turn, took the view that the achieve-
ment was a triumph for all mankind even though the deed itself
was performed by American astronauts.

Having thus achieved the goal we set for ourselves in the decade
just ended, we can now turn our attention to new accomplishments
in a continuing effort to expand knowledge and extend our tech-
nical ability for the benefit of all the people of the Earth.

Respectfully yours,
GEORGE M. Low,
Acting Administrator.
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ACTIVITIES &
ACCOMPLISHMENTS







MANNED
SPACE
FLIGHT

During this period, the Nation achieved its manned space flight
objective of a lunar landing within the sixties when the Apollo 11
crew set foot on the moon’s surface in July. This flight, and subse-
quently Apollo 12, demonstrated the ability of man to live, work,
and conduct detailed scientific explorations on the moon.

Progress was also made in other areas of activity. Development
of the Lunar Roving Vehicle, which will enable the astronauts to
approximately double their significant scientific activity on future
lunar missions, was begun in October. In addition, a major change
occurred in the Apollo Applications Program (since renamed Sky-
lab) when NASA decided to replace the “wet workshop” with a
“dry workshop.” (p. 20) The reconfiguration of the Saturn
workshop significantly increases the probability of total mission
sucecess.

Major space station activity centered on obtaining the technical
and managerial information required for a single approach to a
station concept to be selected from the alternate approaches avail-
ble. In the Space Shuttle Program, the important decision was
made that all major systems would be fully reusable. Accordingly,
shuttle technology programs were initiated, and major issues and
problems were defined.

APOLLO PROGRAM

The initial objective of the Apollo Program was achieved in
July, when two Americans landed on the moon, successfully car-
ried out their assigned tasks in the lunar environment, later re-
joined their companion astronaut in lunar orbit, and returned
safely to Earth. This event was the consummation of the most
extensive technological endeavor ever undertaken by mankind,

1



2 SEMIANNUAL REPORT (JULY-DECEMBER 1969)

Figure 1-1. Apollo 11 liftoff.
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clearly demonstrating this Nation’s capability for future manned
space exploration.

The successes of manned space flight achieved in Apollo 11 were
reaffirmed by the flight of Appollo 12 in November. This flight
marked a shift in emphasis from achieving the national goal of
landing a man on the moon to conducting scientific explorations of
the moon.

Apollo 11 Mission

The Apollo 11 space vehicle was launched from the Kennedy
Space Center (KSC) at 9:32 a.m. EDT on July 16. The crew was
composed of Commander (CDR) Neil A. Armstrong, Command
Module Pilot (CMP) Michael Collins, and Lunar Module Pilot
(LMP) Edwin A. Aldrin, Jr. (Fig. 1-1.)

Performing perfectly, the Saturn V booster inserted the third
stage and spacecraft into a 100-mile circular earth orbit. One-and-
a-half revolutions later, the third stage powered the spacecraft
into a translunar trajectory. Three days later, the service propul-
sion system (SPS) decelerated the spacecraft, placing it in lunar
orbit. The spacecraft circled the moon for a day, then the lunar
module (LM), with Astronauts Armstrong and Aldrin aboard, sep-
arated from the command and service module (CSM) and de-
scended toward the lunar surface.

To this point, the Apollo 11 misgsion was much the same as
Apollo 10. In the descent to the lunar surface, however, there were
dramatic differences. During the final approach phase, the crew
saw that the LM was headed for the general area of a large,
rugged crater, filled with boulders 5 to 10 feet in diameter. Com-
mander Armstrong took manual control and guided the LM to a
landing approximately 1,000 feet farther downrange.

As the LM settled on the lunar surface with a slight jolt at 4:18
p.m. on July 20, Armstrong radioed mission control “The FEagle
has landed.” (The LM was named Fagle, the CSM, Columbia.)

At 10:39 p.m., Armstrong opened the lunar module hatch and
started the slow process of descending to the lunar surface. As he
descended the ladder, he deployed the Modularized Equipment Sto-
wage Assembly (MESA) containing a television camera which
commenced transmitting the event. At 10:56 p.m., he placed his
left foot on the moon and radioed “That’s one small step for a man,
one giant leap for mankind.” (Fig. 1-2.)

Approximately 15 minutes later Aldrin emerged from the LM
and joined Armstrong on the lunar surface. The astronauts had no
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Figure 1-2. Armstrong steps onto the moon.

difficulty in adapting to the lunar gravity, which is one-sixth that
of earth.

The landing site area contained numerous boulders approxi-
mately 2 feet in diameter, and the predominant colors recorded
were various shades of gray. The foot pads of the LM had pene-
trated the lunar surface to a depth of only 3 to 4 inches, and the
Astronauts reported sinking approximately one-eighth of an inch
into the fine powdery surface material.

Their activities on the lunar surface congisted of collecting 54
pounds of lunar material, including two core samples from depths
of from 6 to 8 inches below the lunar surface, and discretely se-
lected surface samples. Also, they deployed the Early Apollo Scien-
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flag on the moon.

S.

igure 1-3. The U.
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tific Experiment Package (EASEP). This package included a solar
cell-powered seismometer designed to measure the seismic activity
of the moon, as well as to detect meteoroid impacts, lunar oscilla-
tions, and tidal effects. The package also included a Laser Ranging
Retroreflector, a passive device consisting of an array of 100 preci-
sion reflectors which is being ranged upon by earth-based laser
systems. This experiment will make it possible to measure the
earth-moon distance much more precisely, the motion of the Moon
about its center of gravity, lunar size and orbit, changes in the
gravitational constant, and the distance between continents on
Earth. The astronauts also deployed an aluminum foil panel to
collect solar wind particles.

The astronauts also unveiled a plaque on the LM descent stage,
erected an American flag on the lunar surface, and talked directly
to President Nixon in the White House through NASA’s extensive
communication network. (Fig. 1-3.)

Their activities completed, the astronauts returned to the LM,
concluding a 214-hour period on the lunar surface for Armstrong,
and about a 2-hour period for Aldrin. Several hours later the as-
tronauts lifted off the lunar surface, rendezvoused with the CSM,
and docked with it as planned.

The first visit of man to the moon’s surface was concluded suc-
cessfully on July 24, with splashdown in the Pacific and recovery
of the astronauts by the USS Hornet. During recovery, extreme
- precautions were taken against possible contamination. Special
biological isolation procedures, designed to protect the earth’s
biosphere from possible lunar contamination, were employed dur-
ing the mission and during the after recovery. (Fig. 1-4.)

All elements of the communications system (voice, telemetry, tel-
evision, and tracking) performed satisfactorily throughout the
flight and lunar stay. Flight crew performance was outstanding.
All three astronauts remained in excellent health and made contin-
ued references to the excellence of the food. Their good spirits and
great proficiency (as well as that of the ground crews) were
evident throughout the mission and were major factors in its
success.

Apollo 12 Mission

The second lunar landing mission, Apollo 12, was launched on
schedule from KSC, at 11:22 a.m., e.s.t., November 14. Crew mem-
bers were CDR Charles Conrad, Jr., CMP Richard F. Gordon, Jr.,
and LMP Alan L. Bean. Approximately 36 seconds after liftoff, an
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Figure 1-4. Astronauts move to quarantine facifity.

electrical discharge passed through the spacecraft to the ground,
causing an automatic disconnect in the electrical system. The crew
acted swiftly, closing the circuit breakers and overload detectors to
restore power. Otherwise, all launch vehicle stages performed sat-
isfactorily, inserting the spacecraft and third stage combination
into an earth parking orbit of approximately 101 nautical miles.
After orbital insertion, the inertial measurement unit platform
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Figure 1-5. Apollo lifts off in rain.
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was realigned and special checks were made in the CSM and LM.
(Fig. 1-5.)

After one-and-a-half earth orbits, a second firing of the S-IVB
stage injected the spacecraft into a translunar trajectory, and the
CSM separated, turned around, and docked with the LM. The
Apollo 12 trajectory differed significantly from that of previous
manned lunar migsions. On those, a free return trajectory was
flown-——that is, one which in an emergency would return the space-
craft to Earth after it circled the Moon with no need to fire the
main spacecraft engines. In Apollo 12, however, the astronauts
made a mid-course correction which put'the spacecraft into a hy-
brid or non-free return trajectory. The hybrid trajectory for this
mission permitted a daylight launch and translunar injection over
the Pacific Ocean, conserved fuel, and resulted in an approach to
the landing site when the sun was at the desired elevation for best
visibility.

The spacecraft went into lunar orbit at 10:47 p.m. e.s.t. on No-
vember 17, and CSM/LM undocking took place at 11:16 p.m. e.s.t.
on November 18. Certain techniques developed for Apollo 12 to
improve landing accuracy proved effective and the LM (Intrepid)
landed about 600 feet from its target, Surveyor 3. (Fig. 1-6.)

The Apollo 12 mission had several purposes: to develop tech-
niques for a point landing capability ; to perform geological inspec-
tion, survey, and sampling in a mare area; to deploy and activate
an Apollo Lunar Surface Experiments Package (ALSEP) ; to de-
velop man’s capability to work in the lunar environment; and to
photograph candidate exploration sites. '

The point landing capability was clearly demonstrated. After a
period of rest and preparation, Astronauts Conrad and Bean left
the LM and began to carry out the tasks related to the scientific
objectives of the mission. The first extravehicular activity period
started at 6:44 a.m. e.s.t.,, November 19, when Commander Conrad
first touched the lunar surface. About 30 minutes later, he was
joined by Bean.

Television transmission was lost shortly after the camera was
removed from the bracket in the MESA and, despite repeated ef-
forts, was not regained for the remainder of the EVA. While
direct exposure of the camera lens to sunlight was considered the
most probable cause of the TV failure, the problem was still being
analyzed as the period ended.

After taking a contingency sample and deploying the S-band
erectable antenna, the Solar Wind Composition Experiment, and an
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Figure 1-6. Intrepid prepares to land on the moon.

American flag, the two astronauts unloaded the ALSEP and de-
ployed it about 600 feet from the LM. The ALSEP, a much more
sophisticated array of experiments than that deployed on the
Apollo 11 mission, contains its own energy source—a radioisotope
thermoelectric generator which supplies nuclear electrical power
for the six experiments. The ALSEP experiments are: a passive
seismometer to measure seismic activity of the moon ; a magnetom-
eter to measure the magnetic field of the moon; a solar wind spee-
trometer to measure the strength, velocity, and directions of the
electrons and protons which emanate from the sun and reach the
lunar surface; a suprathermal ion detector to measure the charac-
teristics of positive ions near the lunar surface; a cold cathode ion
gage to determine the density of any lunar ambient atmosphere;
and a detector to measure the amount of dust aceretion on the
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Figure 1—7. Surveyor 3 photographed during second EVA.

ALSEP to provide a measure of the degradation of thermal sur-
faces. The ALSEP array will remain on the surface to transmit
scientific and engineering data to earth for at least a year.

After a first EVA of about 4 hours, the astronauts reentered the
Lunar Module, rested for about 5 hours, and discussed with Hous-
ton the plans for the second walk.

The second EVA began at 10:55 p.m. e.s.t. November 19 and
lasted for 3 hours and 49 minutes. The crew walked to the ALSEP
deployment site, to several craters, to Surveyor 3, and back to the
LM, They went between 1,500 and 2,000 feet from the LM, cover-
ing a total distance of about 6,000 feet. During this EVA, the crew
took photographs, gathered samples, and retrieved parts from the
Surveyor for later analysis on earth. (Fig. 1-7.)

After the walk, the astronauts retrieved the Solar Wind Compo-
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12

ing splashdown

Apollo 12 spacecraft near
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Figure 1-9. Astronaut Bean climbs out of CM.

sition Experiment, reentered the LM, stowed all the collected sam-
ples, parts, and equipment in it, and repressurized the cabin.
Lunar liftoff occurred at 9:26 a.m., e.s.t., November 20, concluding
a total lunar stay of 31 hours, 31 minutes. No difficulty was en-
countered during rendezvous and docking with the CSM Yankee
Clipper.

After the two astronauts transferred back to the CM, the LM
ascent stage was jettisoned and deliberately impacted on the moon
to provide a signal for the seismometer. It landed about 45 miles
from the ALSEP at a speed of about 5,000 m.p.h. Scientists were
surprised at the length of time (55 minutes) that vibrations con-
tinued to be recorded by the instrument after impact. On earth
they would have registered for about 2 minutes on an earth-type
seismometer. The CSM continued in orbif to achieve the final
objective of the mission—obtaining photos of candidate future
landing sites, Fra Mauro, Descartes, and Lalande.

The maneuvers for return to earth were all nominal; and the
spacecraft splashed down in the Pacific at 3:58 p.m., es.t.,, on
November 24. (Fig. 1-8.) The USS Hornet again made the recov-
ery, as on the Apollo 11 mission. (Fig. 1-9.)

Post mission analysis indicated that the space vehicle triggered
two lightning events soon after liftoff. At 36.5 seconds ground
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elapsed time (GET), a cloud to ground discharge via the space
vehicle occurred, and at 52 seconds GET a cloud to space vehicle to
cloud discharge occurred. Most of the effects of these discharges
were temporary and were corrected by the crew. The only perma-
nent damage was to temperature and pressure measuring devices;
their functions were performed by alternate means.

Guidance and control functions were excellent on this mission as
on previous ones. Three of the four programed mid-course correc-
tions during translunar trajectory were not required and were
eliminated. On the earth-return trajectory, one of three planned
corrections was eliminated.

Communications were very good throughout the mission except
for occasional problems with the High Gain Antenna (HGA) and
failure of the television camera after its removal from the MESA
early in the first EVA. On several occasions communications with
the CSM experienced some degradation because the HGA could not
hold lock. Two special HGA tests were conducted during the trans-
earth coast to attempt to resolve the anomaly. Results of these
tests identified probable causes which the Agency was still investi-
gating.

Performance of the Apollo 12 astronauts was outstanding
throughout the mission in every way. Their fast thinking and alert
reaction during the two lightning events quickly corrected the
problem and dispelled the anxiety of ground observers.

Agtronauts Conrad and Bean provided a detailed and compre-
hensive commentary on the lunar surface activities. They were
initially cautious in their movements but eventually adapted well
so that they were able to move about with relative ease and with-
out tiring. Commander Conrad fell once but was able to recover
easily from the prone position without assistance. He suggested,
however, that a strap be added to facilitate buddy assistance. Both
astronauts became somewhat thirsty during the extended EVA’s in
the lunar surface suits, but they were able to accomplish all lunar
surface requirements. For Apollo 13, drinking water will be avail-
able to the astronauts during EVA.

Minimum medication was used by the crew, mostly deconges-
tants to relieve stuffiness attributed to lunar dust transferred to
the CM by the suits and gear used on the lunar surface. Astronaut
Bean used sleeping pills before two of his rest periods following
LM ascent stage separation. Skin cream was used by Commander
Conrad for relief of a rash caused by his biomedical sensors. The
crew was exceptionally enthusiastic during all phases of the mis-
gion, especially during EV A and television transmissions.
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Apollo 13 Mission Summary

The Apollo 13 mission is scheduled to be launched in April 1970,
with the Fra Mauro landing site as its objective. Flight hardware
for this mission is to consist of the SA-508 launch vehicle,
CSM-109 Command and Service Module, and LM-7 Lunar Module.
This is to be the second of four flights planned in the H-series
missions which use standard Apollo flight hardware for lunar ex-
ploration. The Apollo 13 astronauts are scheduled to be on the
lunar surface about 35 hours, including two EVA periods. An
ALSEP is to be placed on the Moon to record and transmit the
important scientific data to Earth for up to a year.

Production, Development, and Test

Fifteen Saturn V vehicles were procured for the Apollo Pro-
gram. Seven have been launched and two are scheduled for launch
in calendar year 1970. One Saturn V, which is capable of placing
145 tons into low earth orbit or sending 50 tons to the moon, will
launch the Apollo Applications Workshop, which has been renamed
Skylab, in 1972; it had previously been scheduled for an Apolloc
lunar mission.

Production of the 15 Saturn V’s was nearing completion. Some
completed stages are to be placed in storage to await the dates
when they must be delivered to XSC to meet the revised Apollo
launch schedule. Procurement of additional Saturn V vehicles, be-
yond the 15 on order, was suspended. However, manufacturing
techniques, test and checkout procedures, and associated data are
to be preserved to provide the basic capacity for the resumption of
Saturn V production.

The Command and Service Modules achieved all major objectives
during the Apollo 11 and Apollo 12 missions as they had in Apollo
9 and 10. Only minor discrepancies occurred, presenting no hazard
to crew or spacecraft. NASA was planning to modify the CSM to
enable Apollo 16 and subsequent flights to support lunar landing
missions of up to 16 days from launch to splashdown. Changes are
to include an extra oxygen tank and an extra hydrogen tank. Also,
configuration changes will make it possible to stow additional con-
sumables, science experiments, and EVA equipment, and more
lunar samples.

Other changes will make it possible to carry out scientific experi-
ments while the CSM is in lunar orbit. Additions will include a
Scientific Instrument Module (SIM) in one bay of the Service Mod-
ule, appropriate displays and controls in the Command Module, and
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wiring between the CM and the SM. EVA handrails are being
added to the SM to facilitate retrieval of experimental data.

The Lunar Module also demonstrated operational maturity on
the two lunar landing missions. However, it, too, will be changed
for the extended time missions. Plans are to increase the lunar sur-
face stay time to at least 54 hours and to carry both a Lunar
Roving Vehicle (LRV) and an ALSEP.

To make room for the LRV, the LM batteries will be relocated.
Additional batteries are also being provided. The LM descent stage
propellent tanks are being enlarged to increase their capacity by
some 1,200 pounds. This increase can either permit a greater pay-
load or increase maneuver time during landing approach.

The astronauts will continue to use the A7L model spacesuit
with changes to increase mobility and to allow for interface with
the modified Portable Life Support System/Secondary Life Sup-
port System (PLSS/SLSS) and the LRV. (Fig. 1-10.)

The Apollo 11 model PLSS (the —6PLSS), which can be re-
charged at the LM, and its backup Oxygen Purge System (OPS)
will be used through the Apollo 15 mission. The OPS is an emer-

gency device to support the astronaut for 30 minutes in case of
PLSS failure.

A modified PLSS, for use on Apollo 16 and subsequent missions,
will have a 4-hour rating at a metabolic rate of 1,600 Btu/hour.
('The metabolic rates experienced on the Apollo 11 and 12 missions
averaged about 1,000 Btu/hour during EVA.) Increasing the ox-
ygen charge pressure and capacity and enlarging the water tank
will give the added capability. This model (designated the
—TPLSS) will enable the astronauts to range farther from the
landing site because they won’t have to interrupt the EVA to visit
the LM for recharge. To further support this range increase, an
SLSS will replace the OPS, providing improved back-up capabil-
ity. It will be 20 pounds heavier than the OPS but will occupy the
same volume and will provide emergency life support for 114 to
2 hours in case of PLSS failure.

Cameras and other small orbital experiments are carried in the
CM on all missions. On Apollo 16 through 19, a number of orbital
experiments will be carried in the Service Module.

NASA approved additional experiments for flight on the CSM in
lunar orbit to complement and extend knowledge gained from sur-
face experiments. Examples of such experiments are those which
can analyze lunar composition from lunar orbit by detecting ra-
dioactivity and measuring spectral reflectivity; radar sounders



18 SEMIANNUAL REPORT (JULY-DECEMBER 1969)

i
,/f‘ff:gf?"ﬁ’igf
RO
Ga
2

Z
:‘;‘}

S
A

3
o

3

* N Figure 1-11. l.;lnur Roving Vehicle models.



MANNED SPACE FLIGHT 19

which can probe the subsurface of voleanic features examined on
the surface by the astronauts; instruments which can measure
geochemistry, imagery, geodesy, temperature, subsurface profile,
particles and fields, and transient atmosphere.

The Lunar Roving Vehicle, being developed under contract since
October 1969, will increase the astronauts’ range of travel on the
lunar surface. Four LRV’g are on order and the first is expected to
be carried aboard Apollo 16. A two-man crew will ride the LRV 3
to 5 miles from the LM at speeds up to 10 miles per hour. In
addition, the battery-powered LRV will earry up to 170 pounds of
equipment and lunar samples. LRV missions will approximately
double the significant scientific activity possible on walking mis-
sions. (Fig. 1-11.)

Astronauts will first use the LRV to explore what appear to be
volcanic domes, plugs, cones, and wrinkle ridges in the Marius
Hills region, photographed by Lunar Orbiter 2. The LRV will
carry a portable TV communication system, providing a fix at the
numerous stops for investigation and sampling, thus making net-
work tracking easier. (The LRV can also be used as a rescue
vehicle for a disabled or otherwise imperiled astronaut.)

Lunar Science

The Manned Spacecraft Center (MSC) began distribution of
approximately 18 pounds of moon rocks and dust to scientifie in-
vestigators in September. Lunar samples collected by the Apollo 11
astronauts went to 106 principal investigators in the United States
and 36 in eight other countries for analyses in university, in-
dustrial, and government laboratories. About 4 kilograms of fine
materials and chips and slices of about 80 rocks were distributed
for first generation experiments.

Since its return in sealed containers on July 25, all the material
was under quarantine in the Lunar Receiving Laboratory (LRL)
at MSC where tests on animal and plant life revealed no harmful
effects. Release of the samples was approved by the Interagency
Committee on Back Contamination, set up to review NASA safe-
guards against contamination of the Earth by organisms brought
back from the Moon.

Preliminary examinations in the LRL revealed two basic rock
types: compacted lunar soil, and igneous rocks. The preliminary
examination indicated that the rocks have been lying on the lunar
surface from 10-150 million years, and that the igneous rocks
crystallized 3 to 4 billion years ago.
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The Apollo 12 lunar samples are scheduled to be distributed in
February 1970.

APOLLO APPLICATIONS

During this reporting period, momentum continued to build in
all facets of the Apollo Applications (Skylab) Program. The most
important event was the decision to simplify and improve the Sat-
urn Workshop.

Before July 1969, the plan was to employ the spent Saturn 1B
second stage as the first Orbital Workshop. The solar astronomy
observatory would have been launched by another Saturn 1B, and
the two would have been docked. However, tests and systems engi-
neering analyses indicated that flight hardware, launch facility
requirements, and space flight operations would be simplified con-
siderably by launching the workshop with a single Saturn V, com-
pletely outfitted on earth. The operational simplicity also enhances
safety and makes it possible to fly experiments earlier.

The probability of achieving success is improved by the reduced
number of launches required, by the greater payload capacity of
the Saturn V launch vehicle; by the elimination of the LM ascent
stage; and by the ability to check out most systems and experi-
ments on the ground.

Missions

The Apollo Applications Program (Skylab) is designed to
conduct scientific investigations in earth orbit, to develop methods
of assessing the earth environment from space, and to obtain
detailed understanding of man’s capability to live and work in
space for increasing periods. In flight missions scheduled to begin
late in 1972, the AAP will enable NASA to fly the Saturn work-
shop and obtain much information affecting future manned earth
orbital operations.

The principal scientific effort in the program will use a solar
astronomy module to make detailed observations of the sun in
various parts of the spectrum. An astronomer-astronaut will prob-
ably be a member of the crew on at least one of the missions to
decide on the conduct of the research program and to direct instru-
ments toward various areas of the sun as conditions change.

Another significant area to be emphasized is applications. This
includes activities such as observations of meteorology, communi-
cations, material processing, and earth resources. In the last activ-
ity, multispectral photography will be used to gather data for ex-
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perts studying oceanography, water management, agriculture, for-
estry, geology, geography, and ecology. The AAP efforts in these
areas will add to and complement the knowledge gained from
ground-based research and automated space programs.

The third major activity concerns habitability, medical, behav-
ioral, and work effectiveness experiments on missions of increas-
ing duration, probably as long as 8 weeks. A physician-astronaut
may be a member of the crew on one of these missions to conduct
an intensive program of such experiments. The medical and behav-
ioral studies will focus on the effects of space flight on man and the
sequence of these effects through time. The results are expected to
add to understanding of healthy human subjects, thus contributing
to medical knowledge of value on earth. Biological experiments are
also planned to study the effect of zero gravity on living organisms
and the effect of alteration of the basic rhythms, such as the se-
quence of day and night at 24-hour intervals, which influence the
life processes.

The first Saturn Workshop mission will consist of two launches
—AAP-1 and AAP-2 (redesignated SK-1 and SK-2). In the first
launch, a Saturn V will place the unmanned Workshop and Apollo
Telescope Mount in an approximate 235 mile orbit inclined 50° to
the Equator. This orbit covers most of the heavily populated areas
of the earth. The AAP-2 will be launched a day later, using a
Saturn 1B vehicle to place the manned Apollo CSM in the same
orbit. After the two sections dock the three-man crew will set the
Workshop and astronomy module in operation, and carry out an
open-ended mission, possibly lasting as long as 28 days.

There will be two Workshop revisits—AAP-3 and AAP-4 (re-
designated SK-3 and SK—4). On these missions, Apollo-Saturn 1B
vehicles will be launched at 3-month intervals after the first Work-
shop becomes operational.

Development and Testing

Subsystems and complete assemblies of the Saturn Workshop,
Airlock Module, Multiple Docking Adapter and Apollo Telescope
Mount were well advanced into the design, development, and
ground testing stage. The first flight article, Saturn Workshop I,
was being fabricated, and the flight systems were scheduled for
delivery to KSC in late 1971. The launch was put off from mid-
1972 to the last quarter of that year for budgetary reasons. Hard-
ware for a second Workshop was being procured as a backup to the
first mission. (Fig. 1-12.)
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Figure 1-12, Saturn Workshop | concept.

In addition to earlier Preliminary Requirements Reviews on all
modules and Ground Support Equipment hardware, an overall
Apollo Applications Cluster Technical Systems Review was held at
the end of 1969. This review evaluated the impact on the individual
module systems and made a technical assessment of the integrated
structural, electrical communication, environmental, thermal, and
crew systems of the Saturn Workshop L.

Saturn Workshop (Skylab 1).—During the period, the test pro-
gram was evaluated to make certain that the test plans and results
determined for the Workshop launched by a Saturn 1B could be
used to the greatest extent possible in the shift to the Saturn
V-launched configurations. A major effort was applied to systems
design verification and identification of design changes, resulting
in establishing test plans to develop and verify the revised hard-
ware designs and sequences.

The Saturn Workshop I engineering mockup was equipped with
the Habitability Support System (HSS) in July, and a crew station
configuration review was conducted in August. This review, con-
ducted by Government and contractor engineers, crew members,
and program and contractor management, resulted in several
major improvements. These included the addition of a ground
access door and a window, and elimination of the two back-to-back
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Figure 1-13. The flight article (top) and Airlock Module concept.
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floors (the floors will be oriented right side up, with reference to
the launch pad).

Since most of the activation crew tasks were deleted, emphasis
for neutral buoyancy testing shifted to the in-orbit operational
crew tasks. Activity was primarily devoted to obtaining and equip-
ping the neutral buoyancy test article with the special crew quart-
ers and HSS features required to verify work station operations,
hardware concepts, and applications. The emphasis for zero grav-
ity testing was also shifted, and the activities were primarily de-
voted to preparing for and evaluating the HSS related crew tasks.
A fecal collector system was evaluated in zero-g in October.

The flight article, S-IVB/IB-212 stage, assigned to the AAP
program in April 1969, was taken out of storage. Propulsion and
other stage equipment not required, including the after interstage,
forward and after skirt, the J-2 engine, cold helium bottles, and
other propulsion items were removed.

Adrlock Module (AM).—The Agency stressed redefining test re-
quirements and developing revised test plans for the Airlock Sys-
tems affected by the program change to the “dry”” Workshop con-
figuration. Major changes in the electrical, environmental control,
structural, crew provisioning, emergency and warning, and the
audio system were analyzed for test impacts. Adding the newly
designed gaseous oxygen and nitrogen system and the fixed airlock
shroud (which structurally supports the gaseous oxygen/nitrogen
systems) will require additional development and qualification test
efforts. (Fig. 1-13.)

Static structural tests at the Marshall Space Flight Center were
postponed to early 1970; the postponement will allow additional
time to evaluate the launch load impacts on the Airlock structure
caused by the Saturn V launch vehicle. The same Airlock structural
test article will be used for dynamic and acoustic tests. Tests be-
ginning in late 1970 should verify the integrity of the structure
and its major installations under launch and docking environ-
ments.

Engineers and flight crew personnel, in some 12 flights, con-
ducted three tests of the AM zero-G test articles installed in an Air
Force KC-135 test aircraft. These tests verified that crew mem-
bers have the mobility and capability to operate the Airlock equip-
ment in a gravity free environment.

The Engineering Mockup was revised to the latest “dry” Work-
shop configuration to include the Fixed Airlock Shroud with its
gaseous systems tanks and components.
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Figure 1-14. Multiple docking adapter.

Multiple Docking Adapter (MDA).—The shift to the Saturn
Workshop I concept had a significant impact on configurational
changes to the Multiple Docking Adapter. The removals (most
Workshop experiments and the remote docking station) and addi-
tions (Earth Resources Experiment Package, the ATM film vaults,
the ATM Control and Display Panel, and the Thruster Attitude
Control System Control and Display) affected the structural, zero-
@G, neutral buoyancy, and components test program. (Fig. 1-14.)

Development testing of MDA components and subsystems
started during this period and will continue into 1970; qualifica-
tion testing of the MDA structure, subsystems, and components
will be initiated. The MDA engineering mockup and neutral buoy-
ancy test articles were shipped to the contractor for updating to
the latest configuration and preparing them for final verification
tests, expected to be run during the second quarter of 1970. (Fig.
1-15.)

Apollo Telescope Mount (ATM).—The ATM—one of the major
modules of the Apollo Applications Program—provides a stabi-
lized platform for a group of advanced astronomical instruments
designed to study the sun. With all its supporting subsystems—
electrical power, thermal control, pointing control, instrumentation
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Figure 1-14. Multiple Docking Adapter.

and communication, controls and displays—it becomes a true solar
observatory. The major ATM test units—the thermal system unit
(TSU) and the vibration unit (VU)—were being fabricated, with

the TSU about 80 percent complete and the VU about 50 percent.
(Fig. 1-16.)

The principal ATM subsystems were being fabricated, with
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many of the flight hardware components already on hand at
MSFC. These components should be assembled into deliverable
subsystems for the prototype ATM by the end of 1970. By then,
most of the flight subsystems will also be assembled and delivered.

The “wet” to “dry” Workshop change resulted in an integrated
ATM, thereby affecting the ATM’s development. For example, its
pointing control system, designed for a 56-day mission, became the
attitude control system for the total Workshop and must function
for 8 months instead of 56 days. Additionally, the control and
display console, previously in the lunar module, was moved to the
MDA.

Nevertheless, the development testing of the ATM subsystems
was well underway. Among the items undergoing tests were the
solar wing deployment mechanism, the film translation and EVA
concepts, the control moment gyros, and other elements of the
experiment pointing control system. Items previously qualified in-
clude the fine sun sensors, the acquisition sun sensors, the tape
recorders, and the solar cell modules.

An important milestone in the development of two of the ATM
experiments were the rocket flights in November of experiment
design verification units—scale models of the experiments which
will fly on ATM. The results were excellent, with both flights pro-
viding important feedback to the experiment development pro-
gram.

ATM experiments—The ATM solar astronomy experiments
being developed for the AAP workshop are the White Light Coro-
nagraph, the X-Ray Spectrographic Telescope, the UV Scanning
Polychrometer/Spectroheliometer, the X-Ray Telescope, the UV
Spectroheliograph, and the UV Spectrograph.

While a certain number of individual tests remain, development
testing was nearly completed for the ATM experiments during
1969. The testing was conducted to verify experiment design and
to prepare for qualification testing. The development tests include
vibration and acoustic tests to simulate the launch environment,
and thermal-vacuum and electromagnetic compatibility tests to
simulate the in-orbit operational environment.

All of the ATM experiment flight units were being fabricated.
They are scheduled to be completely fabricated, assembled, and
checked out during 1970.

Command and Service Module—Effort was underway to rede-
fine the CSM fo support the “dry” Workshop mission. The “wet”
Workshop CSM had been configured to operate independently of
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Figure 1-16. ATM mockup.

the Workshop and to supply expendables and provide systems sup-
port to the earth orbiting cluster. As a result of the change, the
CSM would be powered down to a standby mode during the orbital
operations and be reactivated for descent. (Fig. 1-17.)

The dry Workshop CSM concept reduced considerably the re-
quirements for developing and qualifying new and modified sys-
tems. Those primarily affected are the reaction control system pro-
pellants and pressurization subsystems (to provide a backup deor-
bit capability) ; the SM Thermal Control System ; and the SM struc-
ture (to accommodate the modifications). Also, existing critical
components previously tested for 14-day missions must be changed
to support missions lasting as long as 2 months.
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Figure 1-16a. ATM on Saturn Workshop.
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Figure 1-17. Dry Workshop.

NASA began procuring long leadtime test components. Some of
the test articles will be provided by Apolle spares and other usable
hardware.

Ground Support Equipment.—The dry Workshop concept re-
quires the use of Saturn V launch capabilities and elimination of
one Saturn 1B launch pad. The decision was made to use LC-34
because it was qualified during the Apollo program and also be-
cause its reactivation costs will be considerably lower. In 1971, it
will be reactivated and refurbished to accept the first Saturn 1B
launch vehicle for the Apolle Applications {Skylab) Program.

One Apollo Acceptance Checkout Equipment (ACE) station lo-
cated at a contractor’s facility was selected for shipment tc MSFC
to check out the ATM. Some changes will be necessary to accom-
modate the ATM checkout, but they will be made without interfer-
ing with the Apocllo program work of the LM contractor.



MANNED SPACE FLIGHT 31

Operations

NASA revised its planning documents to ;'eﬁect the wet to dry
workshop change and the change resulting from the increase of the
orbital inclination from 33 to 50 degrees. The Agency also began
work on a new document, “Operations Directive,” which sets forth
objectives, constraints, guidelines, and requirements for planning
the AAP missions.

NASA began procurement of a Saturn V Workshop Simulator to
be developed and used for crew training. When the Manned Orbit-
ing Laboratory (MOL) program was canceled, the MOL systems
simulator was transferred to NASA, resulting in a net saving of
several million dollars. (The MOL was a Department of Defense
program canceled in June 1969.)

ADVANCED MANNED MISSIONS

The Advanced Manned Missions Program is an integrated plan-
ning activity directed toward defining and evaluating possible pro-
grams, missions, and systems. A key element of this program is a
continuous review, updating, and refinement of the manned flight
requirements, their relationship to the overall NASA program,
and their association with evolving national objectives and ad-
vances in both space flight technology and knowledge.

" Studies made in 1969 led to the conclusion that it appears feasi-
ble to develop a fully reusable transportation system between the
Earth and the Moon and that its elements could be adapted for
manned planetary exploration. The recommendations of the Presi-

tent’s Space Task Group, issued in September 1969, were based on
this conclusion.

In consonance with the Space Task Group recommendations, ad-
vanced missions studies were conducted to identify major long-
range manned space flight objectives and concepts; to propose al-
ternative approaches to achieve these objectives; and to provide
guidance for appropriate supporting research and development
activities. The following are representative studies:

e Mission Planning and Activity Scheduling for Long Duration
Space Mission.—The Agency conducted this study to provide a
computerized model that could conduct mission in time-line anal-
yses to show the interrelations of spacecraft subsystems, experi-
ment performance, crew skills, and schedules of activity. The com-
pleted model permits non-real-time scheduling as intended. Subse-
quent studies should develop a real-time capability.
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e Saturn V Derivative Launch Vehicle System.—Engineering
and program aspects of a two-stage Saturn V derivative were
evaluated. The proposed vehicle, intended for use in the post-1970
time period, could accommodate a variety of manned and un-
manned misgions. Maximum use of existing flight-proven hard-
ware and of Saturn V manufacturing, test, and launch facilities
was stressed to keep down costs. The study showed this concept to
be a valid and viable approach to development of an intermediate
payload launch vehicle.

* Space Station Safety Study.—This study resulted in the devel-
opment of guidelines identifying crew safety measures to be taken
during space station operation and associated activities. These
guidelines will help NASA evaluate the impact of safety measures
on other space station considerations (cost, design, and opera-
tiong). Results of this study could also apply to safety problems of
other manned space programs.

* Information Management Systems Study.—NASA needs an
information system to control and condition the total data gener-
ated and distributed before, during, and after a space station mis-
sion. The four major tasks of the study were developing an earth
orbital space program model, establishing information manage-
ment requirements, determining an information management sys-
tem approach, and performing an analysis of system alternatives.
Results indicated that the decentralized computer system is desir-
able aboard a space station for reliability and effective program-
ing.

NASA continued working on the technology and development
plans for the Space Shuttle and Space Station to avoid redundancy.
Based on previously developed technology, the Agency began, or
continued, development of those subsystems that would be required
for a space shuttle or space station.

The Agency also began developing a prototype long-duration
Environmental Thermal Control/Life Support System, and efforts
were continued on a redundant strapdown inertial reference unit
and an onboard checkout system. Certain habitability mockup
work was authorized to help determine improved living conditions
for long-duration space flight. The Integrated Medical Behavioral
Laboratory Measurement System hardware effort was continued.
This system would allow better onboard monitoring and prediction
of man’s condition during future long-duration flights.

In support of other studies, NASA continued its activity to iden-
tify candidate payloads for the Space Station and a possible second
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Saturn Workshop. This effort was staffed by a planning team with
members drawn from the Manned Spacecraft Center, the Marshall
Space Flight Center, the Langley Research Center, and from
NASA Headquarters program offices.

Candidate experimental areas for an AAP second Saturn Work-
shop include building an ATM technology in a continuing program
of astronomical investigations; conducting advanced earth obser-
vation experiments using the unique capabilities of manned flight;
and carrying out biomedical studies directed at further extension
of man’s ability to live and function in the space environment.
Additional possibilities were identified in the areas of bioscience
and technology/engineering.

NASA developed and documented a comprehensive candidate
experiment program for the Space Station. The document went to
the Space Station Phase B contractors who will incorporate it as an
intringic part of their study efforts. Considerably wider ranging
than the second Saturn Workshop effort, this document embraces
astronomy, life sciences, physics, applications, and technology/en-
gineering.

In-house payload planning capability was augmented by initiat-
ing a contract to investigate requirements for manned space flight
experiments. Expected results include significantly increased in-
sight into the problems connected with payload planning for fu-
ture manned space missions.

SPACE STATION

The Space Station is to be the next major advance in manned
earth-orbital flight. It is presently planned for flight in the late
1970’s, following the flights of the Apollo Applications (Skylab)
Program. (Fig. 1-18.)

During this period, the Space Station activity centered on the
Phase B definition of the program. The overall objective of this
effort 'is to obtain the technical and managerial information re-
quired so that NASA ecan choose a single approach to a Space
Station from the available alternate approaches. In support of its
efforts to define the program, NASA initiated two $2.9 million
contracts with industry, one monitored by MSC, the other by
MSFC.

To conduct the Space Station Program activities, a task force
was organized with the Deputy Associate Administrator of
Manned Space Flight as its Acting Director. This Task Force is to
manage the program definition effort, prepare the overall in-house



Figure 1-18. Space Station concept.

report evaluating the results of the definition phase, and prepare
the plan for later phases of the program. Individuals from all
NASA centers are to assist the Task Force. MSC and MSFC estab-
lished in-house tagk teams for this specific activity and assigned
personnel needed to manage their portions of the effort.

A Space Station technology management team was also organ-
ized; it will be directed by the Office of Advanced Research and
Technology. The team, composed of representatives of all Centers
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Figure 1-19. Space Shuttle concept.

and Headquarters program offices, is responsible for focusing re-
search and technology to support Space Station developments.

SPACE SHUTTLE TASK GROUP

NASA refined its Space Shuttle objectives, initiated technology

study programs, planned management and procurements, and gen-
erally defined all major issues and problems.

The Agency decided that the shuttle would be designed so that
major systems would be reusable, thus eliminating the partially
reusable concept, referred to as the stage-and-a-half, as a phase B
bageline characteristic. In addition, the aerospike engine was elimi-
nated from further consideration because it would restrict the
flexibility required for vehicle configuration design and not offer
any compensating advantage. Further, this engine was not as far
along in the development cycle as the bell type engine. (Fig. 1-19.)

Planners and designers fixed an engine sea level thrust of ap-
proximately 400,000 pounds as a baseline for further studies. They
conducted trade-off studies to determine shuttle configuration
characteristics, space traffic and attendant costs, and payload
weight and size factors.

Throughout this period, NASA continuously reviewed the shut-
tle program with DOD to insure maximum DOD participation and
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to meet the joint needs of both agencies. DOD representatives
attended and participated in the NASA Manned Space Flight
Monthly Program reviews, Configuration Design reviews, and
other shuttle activities.

In mid-August, NASA assessed the technical progress of the
Integral Launch and Reentry Vehicle (ILRV) studies initiated in
February. The results of configuration studies and critical design
trade-offs were reviewed and then discussed with all five ILRV
contractors (four funded, one unfunded). All contractors submit-
ted their final reports by November 1.

The Langley Research Center, the Manned Spacecraft Center,
and the Marshall Space Flight Center participated in the subse-
quent analysis. Along with DOD inputs from its space transporta-
tion studies, these ILRV reports will serve as a basis from which
the activities for the phase B definition studies will proceed. A
Statement of Work and a Request for Proposals of in-depth studies
to satisfy future requirements was to be issued to industry in
February 1970,

In July, NASA designated its Office of Advanced Research and
Technology (OART) to develop a base program from which de-
tailed technology support for the Space Shuttle could proceed. The
key technology areas, broadly classified, are propulsion, integrated
electronics (avionics), aerodynamics and configuration verifica-
tion, and structure and thermal protection. OART has since organ-
ized for the shuttle technology support and established the follow-
ing technology panels: Structural Design Techniques, Thermal
Protection Sytems and Materials, Dynamics and Aeroelasticity,
Propulsion, Aerothermodynamics, Integrated Electronics, Biotech-
nology, and Operations and Maintenance.

NASA set up a Design Reference Review Board (DRR) to ex-
amine issues and deal with problems. In October, a DRR meeting
reviewed the major space shuttle issues. This was a follow-on re-
view to one held in September in which technical goals and data
requirements were established. These were reviewed in October
along with the shuttle engine concept and thrust level, vehicle size,
and payload criteria in preparation for the Phase B studies.

A Source Evaluation Board (SEB), composed of both NASA
and DOD members, was established in September to prepare for
evaluating and negotiating engine definition studies. The Board
submitted a procurement plan and started reviewing material for
the Phase B proposed Statement of Work. The first approved revi-
sion of the work statement prepared jointly by MSC, MSFC, KSC,
and OMSYF wag issued on September 29.
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In December, NASA prepared to convene a Source Evaluation
Board for the planned vehicle Phase B definition studies. A Project
Approval Document (PAD) for the fotal shuttle effort was also
prepared. It defined the integrated work plans, schedules, and re-
sources for both the technology and the systems programs. The
document was in the executive review stage as the period ended.

A NASA-DOD-Industry Space Shuttle Symposium was held in
Washington, D.C., in October. Its primary objective was an ex-
change of information on the space shuttle and related technology.
Presentations included results of industrial studies, mission stud-
ies, and investigations of applicable technology. Appoximately 500
people attended, including 48 representatives of eight different
foreign countries. Twenty-nine scientific papers were presented in
three technical sessions over a 2-day period. Subjects emphasized
were engine development, reentry heat protection, and the develop-
ment of an autonomous on-board checkout and control system.

MISSION OPERATIONS

Mission operations activities were concerned with flight crew
training and support, launch and flight operations support, mission
confrol systems, launch information systems, and the Huntsville
Operations Support Center.

Although operations support necessarily grew because of the
four Apollo launches during 1969, Mission Operations devised plans
for reducing it after the first lunar landing. Such reduction was
made possible by the reduced manned mission launch schedule
(two per year) and the proved capabilities of the overall support
complex.

Flight Crew Operations

The successful Apollo 11 and 12 misgsions were the result of an
extensive and varied training program for the flight crews. All
elements required for training were operational and supported the
effort in an outstanding manner.

Flight crew assignments for Apollo 13 and 14 were made and
specific mission training for each was begun.

Cancellation of the U.S. Air Force’s Manned Orbiting Labora-
tory (MOL) resulted in the availability of a group of qualified
astronauts from which NASA selected seven MOL astronauts for
its active astronaut force. By special agreement, three of those se-
lected, who were attending graduate school, will complete this work
{two Ph.D.’s and one M.S.) before reporting to NASA.
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AAP Data Relay Terminal Study

The mid-1969 decision to launch the first AAP Workshop in a
“dry” configuration with a Saturn V booster eased the Workshop
weight and space constraints. NASA proposed and supported a
study for adding a communications terminal on the Workshop to
operate through the INTELSAT relay satellites which would be
available in time for the scheduled Workshop launch.

Communicating through relay satellites offers the primary ad-
vantage of near-continuous communications access between the
spacecraft and the ground, which, in turn, increases data transmit-
ting capacity, mission flexibility, and mission safety. Without relay
satellite support, the Workshop would be in contact with the
ground only about 30 percent of the time.

NASA completed the AAP Data Relay Terminal design study in
December. No major technical problems were identified. The Ter-
mal hardware is a straight-forward application of current technol-
ogy, estimated to cost less than $10 million. However, because of
unknown costs to integrate the Terminal into the overall workshop
configuration and possible schedule slippage from the launch date,
NASA decided not to include the Terminal in the first Workshop.
Possible application to a second Workshop must await further
clarification of the AAP program.

Operations Support Requirements

Through its Support Requirements Office, NASA continued its
Agency-wide study to consolidate and delete support requirements.
Immediately after the successful Apollo 11 mission, it made the
following deletions: C-Band radars at Patrick AFB, Grand Ba-
hama Island, Grand Turk Island, Antigua, Ascension, Pretoria,
Hawalii, California; Unified S-Band at Grand Bahama Island, An-
tigua, Guaymas or Texas; VHF telemetry at Grand Bahama Is-
land, Antigua, Guaymas or Texas, Tananarive; and air-to-ground
voice at Grand Bahama Island, Antigua, California, Guaymas or
Texas, and Tananarive. Three Apollo ships were taken out of serv-
ice and returned to Department of Defense (the Redstone, Mer-
cury, and Huntsville), as were four Apollo Range Instrumentation
Aircraft (ARIA).

NASA continued its associate membership on the DOD-spon-
sored Inter-Range Documentation Group (IRDG). This group
made some progress in the further design of the Universal Docu-
mentation System (UDS) which will ultimately give a standard
and common format for all Requirements/Support documentation.
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Mission Control Systems

The Mission Control Center (MCC) at Houston completed pre-
mission program development, system testing, and mission simula-
tions and provided real-time flight control for Apollo 11 and 12.
The first lunar landing mission (Apollo 11) in July climaxed devel-
opment activities and indicated the amount and kind of sustained
support required for follow-on lunar missions such as Apollo 12,
launched in November.

Early in 1969, NASA realized that it would be both possible and
necessary to reduce premission program development and mission
support requirements for follow-on lunar missions; therefore, it
initiated an intensive effort to identify areas where support costs
might be reduced. As a result of this effort and the experience
gained on Apollo 11, it reduced the MCC computer complement by
two units; one Mission Operations Control Room (MOCR) was
placed in “mothball” status; and the Apollo Simulation Checkout
and Training System (ASCATS), moved to a converted warehouse
at the beginning of the Apollo program, was moved back into the
MCC, resulting in more efficient use of computer software and
hardware systems. In addition, NASA reduced the number of con-
tractor employees supporting MCC operations.

NASA continued to develop the Digital Television Equipment
(DTE). As tentatively planned, the DTE will replace the present
optical system by 1972 to provide improved quality displays while
requiring less maintenance, floor space, power, and air condition-
ing.

The ALSEP control room provided support for the Early Apollo
Scientific Experiment Package carried on Apolle 11 and for the
ALSEP deployed by Apollo 12. This ALSEP facility has only those
gystems which are essential to support the ALSEP. Work was
completed on the Communiecation, Command, and Telemetry Sys-
tem (CCATS) restart system to provide both rapid switch-over to
a backup CCATS computer in the event of prime computer failure
and more efficient use of computer resources.

The spacecraft TV scan converter project was completed, as was
the Computer Aided Communications Analysis System project
which provides real-time prediction of spacecraft communications
performance. NASA used the latter in support of Apollo missions
11 and 12 to provide flight controllers information needed to deter-
mine the optimum on-board equipment configuration and opera-
tional modes for each mission situation. The system provides capa-
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bilities for syntheses and post-mission data analysis as well as real-
time performance predictions.

A color television scan converter, developed along with the mod-
ified commercial format color television system flown for the first
time on Apollo 11, was tested and placed in operation at MSC. This
system is unique in that basically three standard commercial TV
pictures are combined in a prescribed manner so that the original
image coloring can be reconstituted. Performance evaluation of a
large-screen color TV projection system was completed, and the
system was installed in the MCC for use during Apollo 11. The
system makes it possible to receive color television transmissions
such as those from the color television scan converter for projec-
tion on a large screen in the Mission Operations Control Room
(MOCR) for use by the flight controllers and the mission director.

In the spacecraft-to-ground communications system compatibil-
ity area, NASA conducted investigations of system anomalies ob-
served during Apollo missions and used the laboratory communica-
tions test system to establish proper operating modes, system con-
figuration, and design limitations in each encountered situation.
The responsible hardware groups used the resulting problem solu-
tions to make corrections.

Launch Information Systems

Launch Information Systems at KSC provided prelaunch and
launch ground instrumentation, telemetry support, data process-
ing, operational communications, and calibration services for
Apollo 11 and 12. They also provided support for NASA unmanned
launches and some DOD launches from AFETR. Following Apollo
11 in July, an Apollo launch interval of 4 months was established
and contractor manpower was reduced 15 percent.

NASA continued its effort to improve prelaunch voice communi-
cation quality and coordination of systems interfaces. A Mission
Operations Directive issued in November 1968, assigned KSC lead
center responsibility for prelaunch communications; on July 25,
1969, KSC issued an intercenter implementation plan. This inter-
center working agreement, the minor systems changes, and the
overall systems configuration drawings resulted in significantly
improved performance of the prelaunch voice communications sys-
tem for Apollo 11 and 12. NASA continued its effort to eliminate
remaining voice-operated switching devices in the KSC voice path
to the spacecraft to improve voice communication reliability ; these
were being removed in preparation for Apollo 12 support.
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Figure 1-20. Huntsville Operations Support Center.

Huntsville Operations Support Center

The MSFC Huntsville Operations Support Center (HOSC) pro-
vided prelaunch and launch support to KSC and mission support to
MSC for Apollo missions 11 and 12. MSFC cut the HOSC opera-
tions cost nearly 50 percent for fiscal year 1970 by reducing con-
tractor support, reducing communications costs, and freezing
hardware configuration (fig. 1-20).

SPACE MEDICINE

NASA’s space medicine activities econtinued to support the var-
ious aspects of manned space flight in the specialized areas of
Liomedicine and bioenvironmental engineering. The Director of
the program also continued to carry out administrative actions
associated with extraterrestrial exposure.

Quarantine operations were conducted successfully for Apollo 11
and 12. After a detailed study of the biotest and relevant geochem-
ical and geological findings, however, NASA concluded from avail-
able evidence that lunar materials represent an extremely low
probability of hazard to this biosphere; quarantine, as applied to
lunar exploration, could be safely discontinued. The Interagency
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Committee on Back Contamination (ICBC) supported this posi-
tion, but a special panel from the National Academy of Sciences
recommended that quarantine be invoked for Apollo 13 because of
the new highland environment and deep core sample to be taken.
Therefore, NASA decided to continue quarantine for Apollo 13. If
nothing new, significant, or relevant were found, the quarantine
would be discontinued although the sample would continue to be
biologically characterized.

Apollo Clinical Experience

The 5,000 plus man-hours of exposure to space flight through
Apollo 12 have added greatly to knowledge of man’s response to
the space environment. The spacecraft environment has been
maintained ini a suitable range for man, and the radiation environ-
ment has been benign in the absence of solar flares. Crews have
generally adapted to weightlessness and used its advantages.

Improvements in inflight food have evolved with the addition of
moisturized packs and such items as sandwiches and dried fruit.
Crew weight loss not entirely caused by fluid loss is still noted. The
methods of supplying potable water have been effective. Progress
has also been made in removing dissolved gases from the drinking
water supply, as reported in earlier flights. (Ch. 4, p. 108.) Waste
management remains an area that requires further design efforts.
Work/sleep cycles have improved with the adoption of simultane-
ous sleep periods and with constant effort in mission planning to
keep the sleep periods related to crew cycles in training. The medi-
cal kit has been adequate, with the contents being adjusted as the
need arose. Bioinstrumentation has functioned well.

A preflight preventive medicine program was implemented to
reduce preflight, inflight, and postflight diseases. Infectious ill-
nesses, usually viral-type upper respiratory or gastrointestinal,
were noted in all these periods on early missions. Motion sickness
was noted in varying degrees, but all crews adapted well to space
flight. Some cardiovascular deconditioning has been noted post-
flight in response to provocative testing of the cardiovascular sys-
tem. This finding has been gimilar in degree and duration to that
noted after the Gemini flights. A decrement in work capacity tests
gimilar to that in Gemini has been noted immediately after the
flight and has lasted 24 to 36 hours.

Astronauts conducted lunar-surface activity at less than pre-
dicted energy costs. The average hourly by-energy expenditure ex-
pressed in British Thermal Units (and commonly called the meta-
bolic rate) was estimated as follows for Apollo 11 and 12:
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Eaxira Extra
Vehicular Vehicular
Activity I Activity IT
(Bitu/hr.) (Btu/hr.)

Apolio 11:
Command Pilot_ . . . e 900 ...
Lunar Module Pilot. ... ___. 1,200 ...
Apollo 12:
Command Pilot._ ... 975 875
Lunar Module Pilot. . ___ o __ 1,000 1,000

Based upon this metabolic information NASA is considering
extending lunar surface extravehicular activity in Apollo 13 and
subsequent missions.



SCIENTIFIC
INVESTIGATIONS
IN SPACE

The Nation’s space program made far-reaching contributions fo
science during recent months. Astronauts set up a geophysical sta-
tion on the moon to transmit data to earth and brought back
samples of the lunar surface for analysis; two spacecraft flew past
Mars to collect extensive data; and scientists received invaluable
physiological data from an instrumented Biosatellite carrying a
primate.

PHYSICS and ASTRONOMY PROGRAMS

Orbiting Observatories

Orbiting Solar Observatory—6, launched on August 9, resembles
earlier spacecraft of this type but scans the solar disk better from
a similar orbit. It weighs 640 pounds and is spin-stabilized (fig.
2-1). Its stabilized “sail” section is able to point, with an accuracy
greater than one minute of are, at 16,384 points in a grid over the
solar disk. This sail carries an ultraviolet spectrometer-spectrohe-
liometer developed by the Harvard College Observatory and X-ray
spectrometers developed by the Naval Research Laboratory. The
Harvard instrument can be programed from the ground on an
orbit-by-orbit schedule as needed for “real time” scientific analy-
gis.

On the “wheel” of OS0-6 are a British instrument to study
important solar helium spectral lines, an Italian one to measure
solar X-rays and cosmic gamma rays, and three American instru-
ments to measure solar X-rays, zodiacal light, and neutrons. All of
these provided data as planned.

On December 7, Orbiting Astronomical Observatory-2 com-
pleted a year in orbit (20th Semiannual Report, p. 56, and 21sé
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figure 2—-1. 0OSO-46.

Semiannual Report, p. 50). The Smithsonian celescope on board
has taken over 6,000 pictures of the celestial sphere ; the Wisconsin-
designed instrument has observed 762 celestial objects and trans-
mitted data in geophysics, stellar astronomy, and interstellar mat-
ter in the ultraviolet energy range. Data received on Mars were
being compared by scientists with information supplied by the
Mariner Mars missions (p. 56).

In December, the fifth Orbiting Geophysical Observatory com-
pleted the first total sky survey of hydrogen Lyman/alpha
radiation. (0GO-5 was launched in March 1968.) This radia-
tion—emitted by hydrogen at 1,216 angstroms—indicates the pres-
ence of neutral hydrogen gas around the sun and the existence of
several strong sources in the Milky Way. The measurements, ob-
tained by an ultraviolet photometer of the University of Paris,
were made possible by the highly elliptical orbit of the satellite
{perigee 186; apogee 92,000 miles).

AZUR Satellite
The first cooperative satellite with West Germany, AZUR, was
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launched on November 7 to study the trapped radiation belts (ch.
7, p. 140). Placed in a nearly polar elliptical orbit at altitudes up to
1,600 miles, it carries eight instruments developed in German labo-
ratories for measuring magnetic fields, protons, electrons, and a
band of ultraviolet radiation between 8,000 and 3,900 angstroms.

Second Airborne Auroral Expedition

An 85-hour study of the Aurora Borealis (the Northern Lights)
and the polar cap airglow was made from a NASA jet airplane
between November 20 and December 8. The Canadian Churchill
Research Range, Fort Churchill, Manitoba, was the primary oper-
ating base, with other flights from Fairbanks, Alaska, and Bodo,
Norway. Instruments of NASA, ESSA, several universities and
industry, as well as from Canada and France, and TV and photo-
graphic equipinent were aboard the aircraft, which was staffed by
scientific teams from the United States, Canada, and France. The
14 instruments carried out measurements in spectrometry and
broadband photometry from the near ultraviolet to the infrared,
riometry, and magnetometry. Most of the 15 flights included coor-
dinated measurements with overpasses of the 0GO-6 satellite and
the geostationary ATS spacecraft.

The results of this study confirmed those of a similar one in
January—March of 1968 (19th Semiannual Report, p. 42) and pro-
vided new data. For example, flights from the Norwegian base
could be made during total darkness to observe geomagnetic mid-
day auroras.

Sounding Rockets and Balloons

Sounding rockets were continuing to play an important role in
space research and in testing instruments to be flown on satellites.
Twenty-five launches were made—among them simultaneous tests
during a solar flare of two instruments being developed for the
Apollo Telescope Mount, and tests of an improved solar X-ray tele-
scope-proportional counter spectrometer, and a near-ultraviolet
high resolution spectograph. There were also 24 balloon launch-
ings, the most important of which was a successful engineering
test.of major mechanical components of the Stratoscope IT optical
stellar telescope. This instrument is being developed for very high
quality photography from above the lower atmosphere. In addi-
tion, a number of the balloons carried equipment fo measure heavy
cosmic-ray ions and electrons.
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APOLLO 11 SCIENCE SUMMARY

To meet the scientific objectives of the first manned landing on
the moon, the Apollo 11 astronauts were assigned a number of
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Figure 2—4. Solar wind composition experiment.

tasks, which they carried out during their stay on the lunar sur-
face (p. 4). All of the objectives were achieved. (Fig. 2-2 through
2-4.) The accounts of the scientists who examined the lunar sam-
ples and the observations of the astronauts who collected them are
detailed in the Apollo 11 Preliminary Science Report (NASA
SP-214, app. N).

APOLLO 12 SCIENCE SUMMARY

Lunar Surface Experiments

The first ALSEP was set up by the Apollo 12 astronauts. It is
discussed in chapter 1 (p. 10) and shown in fig. 2-5. The ALSEP



SCIENTIFIC INVESTIGATIONS IN SPACE 49

Figure 2-5. First ALSEP.

passive seismometer (fig. 2-6) records waves traveling through
the moon’s body or along its outer surface. It recorded the astro-
nauts’ footsteps and other activities, and, after they leff, over 30
unexplained long duration events. Some signals received lasted for
more than 20 minutes—some up to 40 minutes. The shocks re-
corded were small in comparison to major earthquakes (about 3 on
the Richter scale of 10, in contrast to the 1964 Alaska earthquake
which registered an 8.3) and might have been caused by meteoroid
impacts rather than internal moonquakes.

Another instrument, the lunar surface magnetometer (fig. 2-7),
measures the moon’s permanent magnetic field and the one caused
by the interaction of the moon with ions and electrons of the
solar wind. (If the moon is a perfect insulator, the solar wind
particles will not induce a magnetic field. If the lunar material acts
as an electrieal conductor, the particles can cause a magnetic field
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Figure 2-6. Passive seismometer on the moon’s .st;?fgéé. ’

to be induced in the moon. This is due to the ‘fact that when
electricity flows through a body a magnetic field is generated.)
When the magnetometer passed through the magnetosphere of the
earth, it recorded an increase in the lunar field of from 30 to 45
gamma. And as the moon passed from this region into interplane-
tary space, it moved through a transition zone—the normal field
bouncing on three occasions to 80, 90, and 120 gamma. Fach of
these lasted for about 3 minutes with several hours between
“bounces.” The data, being analyzed at Ames Research Center,
should lead to a better understanding of the influence of the solar
wind on earth’s magnetosphere and the method by which it is
decelerated and deflected around the magnetosphere.

The lunar surface magnetometer data will be used to estimate
the internal lunar temperature, contributing to a better under-
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Figure 2—7. The lunar surface magnetometer.

standing of the moon’s origin and history. (Preliminary data indi-
cate a field of between 30 and 45 gamma.)

The solar wind spectrometer (fig. 2-8) measures the density and
direction of protons and electrons from the sun which reach the
lunar surface. Knowledge of the solar wind will contribute to un-
derstanding of the sun and the physical processes at work on it,
and to knowledge of the moon’s magnetic field and atmosphere.

The lunar atmosphere detector—a cold cathode ionization gage
{fig. 2-9)—is essentially a pressure gage. It was designed to meas-
ure the density of neutral particles to provide information on pres-
sure at the moon’s surface. {The instrument operated for 14 hours
and shut itself off. Causes of this failure were being investigated.)
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Figure 2-8. Solar wind specirometer.
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figure 2—9. Suprathermal ion defector.

In addition to the ALSEP experiments, the Apollo 12 mission
repeated the solar wind composition experiment of Apollo 11 (fig.
2-10). This time the aluminum foil was exposed on the lunar sur-
face for 18 hours and 40 minutes. Ten times as many solar wind
particles were expected to be trapped during this long exposure
time.

Lunar Surface Samples

During two 4-hour periods of exploration (EVA’s) the astro-
nauts collected contingency, selected, documented, and tote bag
samples from the moon’s surface to be returned to the Lunar Re-
ceiving Laboratory at Houston for analysis. The contingeney and
selected samples were collected early in EVA—1. Documented and
tote bag samples were gathered during the second EVA.

- The Lunar Module landed in the eastern part of the Oceanus
Procellarum. (Sea of Storms) on the northwest rim of the crater in
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Figure 2—10. Solar wind composition experiment.
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Figure 2—11. Apollo 12 LM and Surveyor 3.

which the unmanned Surveyor 3 touched down on April 20, 1967
(fig. 2-11). The site is among a cluster of craters from about 150
to 1,200 feet in diameter, several of which the astronauts exam-
ined. They collected samples from the rims of the craters and their
ejected deposits, as well as specimens which may have originated
some distance from the landing site and been thrown into the area
from a meteor impact.

Scientists found the surface in this region to consist of a layer of
fragmental debris made up of particles ranging from those micro-
scopic in size to blocks several feet across. They also discovered
marked differences between the specimens from the Apollo 11 and
12 landing sites. Samples collected during the Apollo 12 mission
varied widely in composition and texture, whereas Apollo 11 speci-
mens were much more homogeneous in composition and consisted
largely of breccias (rocks made up of smaller pieces “cemented”

together). Very few breccias were returned with the Apollo 12
samples.

A detailed preliminary science report of the Apollo 12 mission
will be published in the near future.
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Biology and Organic Chemistry

No viable organism has been found in the lunar samples, nor
any evidence of previous living or fossil material. Naturally occur-
ring organic matter was present in extremely small amounts (no
more than 10 to 200 parts per million). Studies of the specimens
were continuing.

PLANETARY PROGRAMS
Mariner Mars 1969

Early in the report period two Mariner spacecraft flew past Mars
collecting and transmitting the most comprehensive data on a
neighboring planet yet provided. The Mars flyby marked the suc-
cessful completion of NASA’s Mariner Mars 1969 program and
paved the way for future planetary exploration (21st Semiannual
Report, p. 57).

In the evening of July 29, Mariner 6 started its investigation of
the planet by photographing the entire surface of Mars exposed to
the television camera during a 2-day cycle. Near encounter opera-
tions began July 31 as the spacecraft came within 2,150 miles of
the surface (fig. 2-12). Its instruments—including an ultraviolet
spectrometer, infrared spectrometer, and an infrared radiometer
in addition to two TV cameras—continuously scanned the surface,
collecting and returning information to the Goldstone, Calif.,
tracking station in real time. By the time Mariner 6 crossed the
lighted side of Mars and entered into the planet’s occultation
shadow, about 60 far-encounter photographs were obtained; 25
overlapping high- and low-resolution pictures were acquired as the
spacecraft passed over the equatorial region of the planet. The
photographs, along with the hundreds of spectra and temperature
measurements, were recorded and transmitted to earth in simula-
taneous real-time operation.

Mariner 6’s mission was to cross the equatorial zone while the
instruments mounted on its movable-scan platform examined spe-
cific regions of Mars. Three separate scans were executed perfectly
by this platform, and an occultation experiment was performed as
the spacecraft passed behind the planet where its radio signal was
lost. These provided measurements of the Martian surface pres-
sure at the spacecraft’s points of entry and exit (where the radio
signal was reacquired).

In 8 days of photography, Mariner 7 sent back 90 far-encounter
photographs of higher quality than those obtained by the Mariner
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Figure 2-12. Mars from 2,150 miles away.

6 spacecraft (fig. 2-18). Its near encounter sequence (similar to
that of Mariner 6 except that the spacecraft passed over the south-
ern polar region on August 5) also supplied about 25 overlapping
wide and narrow angle closeup pictures and spectral data from the
other science instruments. The South Polar Cap, which Mariner 7
passed over on August 5, like iced surfaces on earth, seemed white
in contrast to surrounding land surfaces and was heavily eratered
as were other areas of Mars. The ice cap is probably made up of
golid carbon dioxide with little, if any, water ice present. After
passing over and photographing the South Pole, Mariner 7 entered
the night region of the planet and its occultation zone.

A preliminary analysis of the data supplied by both spacecraft
does not encourage the belief that life exists on Mars; if it does, it
must be microbial. As determined by earth-based experiments and
confirmed by Mariners 6 and 7, there is water vapor in the atmos-
phere but not enough to provide liquid water on the surface. The
photographs reveal three distinet types of Martian surface: a
chaotic ferrain with features such as upheavals and ridges, a cra-
tered terrain similar to the type shown by Mariner 4 in 1965, and a
featureless terrain represented by the area Hellas.
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Figure 2—13. Mars seen from 293,200 miles away by Mariner 7.

Mariner Mars 1971

NASA’s Mariner Mars 1971 program (Mariners H and I) was
proceeding on schedule without major problems. It will use, when
possible, Mariner Mars 1969 hardware. Detailed spacecraft system
design and mission operations system functional design were fin-
ished in September. In October, the mission operations-tracking
data system integration functional design was completed, as was
the spacecraft Atlas/Centaur launch vehicle interface design.

The spare spacecraft from the Mariner Mars 1969 project was
received for the Mariner Mars 1971 project. The spacecraft was
disassembled, inspected, and was being modified to become the
second of the two Mariner 1971 class.

Viking

In September, scientific investigators reviewed the results of the
Mariner 6 and 7 Mars flybys. Following the review, the Lunar and
Planetary Missions Board unanimously endorsed the Viking pro-
gram as planned. The Viking project (21st Semiannual Report, p.
61) calls for the launching of two automated spacecraft during
1975, each consisting of a soft lander of the Surveyor class and an
orbiter of the Mariner type. They will collect additional data on

Mars, with particular attention to the question of life on its sur-
face.
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In answer to a NASA announcement, over 300 scientists from
around the world submitted 165 proposals for scientific investiga-
tions. In December, 62 of the proposals were evaluated as ready to
participate in the project, but only 25 could be accommodated in
the payloads. The principal investigations to be performed during
this Martian exploration will be imagery, and temperature and
water mapping from the orbiter; and atmospheric composition,
imagery, seismometry, organic analysis, meteorology, and a direct
search for life from the lander. Major responsibilities for the
program were assigned as follows: overall project management,
Langley Research Center; orbiter system and tracking and data
acquisition, Jet Propulsion Laboratory; lander system, Martin
Marietta Corp. (Denver) ; and the Titan III/Centaur launch ve-
hicle, Lewis Research Center. NASA also reached an agreement
with the Atomic Energy Commission to furnish nuclear power
sources for the lander.

In addition, the basic configurations for orbiter and lander were
established, preliminary design begun for all system elements, and
work initiated on critical long lead items such as secience instru-
ments and radar and propulsion subsystems for lander.

Pioneer

The first series of Pioneer spacecraft (nos. 6 through 9)—
launched into solar orbits 1965-68—were still measuring solar
wind flow, magnetic fields, and electron densities, as well as ob-
serving energy spectra fluxes and the direction of galactic cosmic
rays. They make up a network of deep space weather stations.
(Pioneer E, or Pioneer 10, the last in this series of spacecraft,

was lost during launch in August because the launch vehicle mal-
functioned.)

During November and December, Pioneer 6, which has operated
longer in interplanetary space than any other spacecraft, and
Pioneer 7 reached orbital positions to enable their radios signals to
be received simultaneously by one earth-based antenna. In addition,
the two detected the flow of the sun’s energetic particles in se-
quence.

In the second series, Pioneers F and G (11 and 12 when success-
fully launched) were scheduled to be orbited in 1972 and 1973 for
exploring interplanetary space, including the asteroid belt and the
environment and atmosphere of Jupiter. The spacecraft of the type
launched in earlier missions will be modified to compensate for the
lessening of solar radiation and the more demanding communica-
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tions and thermal conditions. Radioisotope Thermoelectric Genera-
tors will provide their electric power (p. 82). Negotiations for the
spacecraft and scientific instruments were completed and its de-
sign work begun.

Project Helios

NASA and the Federal Republic of Germany will cooperate in
the Helios project to send two probes to investigate interplanetary
properties and processes in the direction of and close to the sun.
(21st Semiannual Report, p. 62.) The spacecraft will be developed
in West Germany. Three of the 10 scientific instruments, the
launch vehicles, and tracking and data acquisition support will be
provided by NASA.

The first project working group meeting was held in Bonn dur-
ing September, at which time spacecraft specifications, launch ve-
hicle characteristics, and other technical details of the mission
were reviewed. Also, basic project organizations were set up, a
training program for the Germans initiated, and the design of the
scientific instruments begun. A first launch was planned for 1974.

ADVANCED STUDIES and TECHNOLOGY

Studies were made of a wide spectrum of future missions identi-
fied by NASA’s Planetary Exploration Planning Panel. Conclu-
sions drawn from the studies were that—

* Multiple, simultaneous probes from one spacecraft, launched
by a Delta class vehicle, could carry out a specific investigation of
the atmosphere of Venus.

« The basic spacecraft developed for the planetary ‘“Grand
Tour” missions would be able to orbit Jupiter or Saturn.

® A solar-electric spacecraft might be flown through the aster-
oid belt in 1975, and a multimission approach using this type of
spacecraft would be feasible for either an asteroid belt survey or a
Jupiter flyby.

¢ Low thrust, electric or nuclear-electric propulsion for space-
craft-—reducing flight time while increasing the payload—could
make comet rendezvous missions possible during 1975-95. Typical
missions launched in 1977 to explore comets might be: a ballis-
tic, Jupiter-gravity-assist rendezvous with Halley’s comet; a ballis-
tic, three-impluse rendezvous with the comet Enke; and a ballis-
tic, Jupiter-gravity-assist rendezvous with the comet D’Arrest.
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For the prolonged, radioisotope-powered planetary “Grand
Tours” the most critical requirements are equipment to operate
reliably for 9 years, to locate and replace failed parts when mal-
functions occur, and to keep earth informed of the operational
econdition of a spacecraft during a three billion-mile flight.

To meet these stringent requirements, several concepts for
spacecraft subsystems were being prepared for feasibility demon-
strations. They included a self-test and repair spacecraft computer
able to diagnose failures and switch in redundant parts without
ground assistance; a flight telemetry subsystem that can adapt its
operation to changing conditions in the spacecraft as they occur so
as to send back the most useful data; and a new single channel
command system of higher reliability with reduced acquigition
time.

BIOSCIENCE PROGRAMS

Biosatellites

Biosatellite 8, carrying a 14-pound pigtailed monkey, was re-
covered July 7 after 814 days in orbit (fig. 2-14). During this very
complex biological experiment all systems functioned satisfactorily
and valuable physiological data were obtained from the space-
craft’s instruments. (21st Semiannual Report, p. 63.) A blood
pressure increase in the large veins and auricles of the monkey’s
heart—apparent during the period of weightlessness—resulted in
reflex mechanisms causing the body to discard water. This resulted
in deterioration of the animal’s health and necessitated recovery of
the capsule and the monkey early in the mission, originally
planned for 30 days. Although recovered alive, the animal died
about 12 hours later.

Data from the Biosatellite 8 experiments were being analyzed
further. The spacecraft and its sophisticated experiments (for ex-
ample, atmosphere and environment controls, telemetry data
acquisition systems, bioinstrumentation systems, catheterization
procedures, and the automated urine analysis system) made signif-
icant contributions to the state of the art. Practical applications of
the Biosatellite spacecraft and experiment equipment were being
developed ; they may have benefits in the public health area.

Exobiology

A primary objective of the Viking Mars lander mission is to
detect and study extraterrestrial life and life re-
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Figure 2-14. Monkey in test capsule.

lated molecules (p. 58). The responsibilities of the two groups of
scientific advisors organized to support this mission—a life detec-
tion team made up of five exobiologists and a molecular analysis
team also composed principally of exobiologists {organic chem-
ists), were detailed in the 21st Semiannual Report (p. 65).

In the course of this mission, scientists will also look for water
and the evidence of past life forms. If life should not be found
there, Mars will not be considered scientifically less important,
since the finding of evidence related te the origin of life is a basic
goal of planetary exploration. Further, an absence of life would
afford an opportunity for investigating planetary evolution which
could be highly significant in understanding how earth evolved.
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Gravitational Biology

In space flight, the principal environmental variable is
a change in gravity known as weightlessness. Ground based re-
search on the effects of an increase in gravity (by centrifugation)
helps in the design of space experiments and aids scientists in
understanding the role of gravity in living processes. Gravity is a
constant characteristic of earth’s environment but very little is
known of its effect on man. For this reason, chronic acceleration
research—increasing the gravitational field by centrifugation—al-
lows investigators to study the influence of this change on human
physiology and behavior.

For example, obesity is the most modern and prevalent of
human diseases, and chronic acceleration research at the Univer-
sity of California (Davis) has produced evidence that a mechanism
may operate during acceleration which can regulate deposits of fat
in the body. It is possible that degenerative cardiovascular disease
and other diseases of aging are gravity related.

Investigators at the University of Texas Southwestern Medical
School (Dallas) built a small centrifuge to study the effects of
increased gravity on human cells. Preliminary experiments with
liver and embryonic lung cells in tissue culture chambers, exposed
in this certrifuge from 50 to 600 g for up to a month, revealed no
significant differences over non-accelerated control cells. The ex-
perimenters concluded that single human cells in tissue culture
should be able to grow and funection normally at high g levels, as
did the frog eggs and other cellular systems flown on Biosatellite 2
in September 1967.

Behavioral Biology

Measuring the activity, body temperature, and urine excretion
of human subjects isolated in underground bunkers, bioscientists
have made noteworthy discoveries in the field of circadian
rhythms. (Earlier investigations of these regular changes in phy-
siological and behavioral functions occurring in about 24-hour
cycles were described in the 16th Semiannual Report.) The sub-
jects were exposed to constant (natural) lighting conditions and to
artificial light-dark cycles. Under constant lighting they experi-
enced “free-running” rhythms—lasting about 24 hours but not de-
pending on the external environment. Also, differences in their
natural circadian rhythm periods were demonstrated. For early
risers the period lasted less than 24 hours; for Iate risers longer
than a day. The differences in natural rhythm of subjects were
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Figure 2—-15. Instrument records temperature changes.

noticeably related to their ability to “follow” changes in the light-
dark cycle.

In experiments shifting the dark-light schedule to simulate tran-
continental aircraft flights, subjects generally readjusted to local
time quicker when traveling toward the east than the west. The
studies showed that an ability to readjust to an eastward to west-
ward geographical shift was one of individual differences—that
late risers would probably shift more easily to westward flight.

Physical Biology

Research on biotelemetric instruments for spaceflight use at
Franklin Institute (Philadelphia) has produced a stable, accurate,
long-lived implantable device to record temperature changes indie-
ative of circadian biological clock phenomena. It will supply data
for almost 2 years. (Fig. 2-15). Weighing about 3.5 grams and
with a volume of 2 cc., it can detect and transmit temperature
changes of 1° C. a minute from four different organs of the human
body.

Other bioscientists, studying various known rhythmic fluctua-
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tions in the chemistry and physiology of mammals and man, dis-
covered that living systems also exhibit smaller, more subtle cyclic
oscillations, which may be regulatory processes in the biological
system. They were observed in the heart beat, respiration, temper-
ature regulation, blood flow, and sugar levels in the blood. Similar
beats, or pulses, were found in the outpouring of the endocrine
system, the nervous system, water balance, weight control, and
behavior responses.

SMALL and MEDIUM LAUNCH VEHICLES

In this period, NASA used Scout, Delta, Agena, and Atlas-Cen-
taur vehicles to launch automated spacecraft (app. O).

Scout

Scout orbited ESRO 1B on October 1 and the German AZUR
satellite on November 7. Improvements were being made in the
Scout first stage motor (Algol 3), with completion scheduled for
late in the fourth quarter of 1970.

Delta

Four launches were made by Delta. On July 26, in an attempt to
launch the INTELSAT 3 F-5 communications satellite, a malfunc-
tion of the third stage kept the spacecraft from being placed into
its proper orbit. Delta successfully launched OSO-6 on August 9.
Later in the month, however, the Pioneer E spacecraft launch was
unsuccessful due to an hydraulic failure in the first stage Thor
booster, resulting in loss of control of the vehicle.

After thorough investigations of these two launch vehicle fail-
ures by review committees, Delta launches resumed with the suec-
cessful orbiting of the Skynet A communications satellite Novem-
ber 22.

Agena

Preparations were underway for Agena launches of the Space
Electric Rocket Test experiment (SERT 2) early in 1970 and Nim-
bus D during the second quarter of that year. The Nimbus space-
craft is the last approved mission currently scheduled for Agena.

Atlas-Centaur

Atlas-Centaur orbited Applications Technology Satellite 5,
August 12.
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NASA and the Air Force have agreed on the integration of
Titan III with the Centaur stage and the use of this vehicle to
support NASA’s programs. In addition, Atlas-Centaur was chosen
by the Communications Satellite Corp. for NASA to use in launch-
ing the INTELSAT-4 communications satellites (on a reimbursa-
ble basis). Procurement of four of these vehicles was begun, with
a first launch planned for 1971.
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During the period, the national network of weather satellites
continued to monitor the atmosphere and to provide the world’s
meteorologists with daily local and global cloud cover photographs.
Nimbus 8 supplied the first quantitative measurements of the at-
mospheric structure of the earth, spacecraft of the ATS clags—
being used in communications tests—also transmitted meteorologi-
cal data, and the operational system of INTELSAT gatellites was
used increasingly for international communications.

METEOROLOGICAL SATELLITES
ESSA and TIROS

Development of TIROS-M-—the prototype for a second genera-
tion of operational meteorological satellites—was completed. It
was scheduled to be launched by NASA for the Environmental
Science Services Administration (ESSA) in January 1970. This
advanced spacecraft (fig. 3-1) will combine an Advanced Vidicon
Camera System (AVCS) for global observations with an Auto-
matic Picture Transmission (APT) System for local readout of
cloud photographs. A dual-channel Scanning Radiometer (SR)

67
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Figure 3-1. TIROS-M flight spacecraft.

System, which will afford operational night coverage for the first
time, will enable the satellite to double its daily observations of
earth’s cloud cover. The SR will also be able to determine cloud-
top height, providing a third dimension for these weather satel-
lites.

Five satellites of the TIROS-M clags were being procured to
meet ESSA’s operational needs in the early 1970s.

Synchronous Meteorological Satellites

NASA was also developing prototype operational Synchronous
Meteorological Satellites to be orbited for ESSA early in 1972
(21st Semionnual Report, p. 70). The preliminary system design
was established for these SMS-A and —-B spacecraft. They will
carry a spin-scan camera system of the type flown on the ATS
satellites for daytime cloud cover observations. The design of the
satellite also provides for future inclusion of improved versions of
the spin-scan camera system and an infrared scanning radiometer
for nighttime viewing.

Nimbus
Designed as observatories in space to test sensors and subsys-

tems for meteorological satellites, the Nimbus spacecraft have
made substantial contributions to the national operational meteo-
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Figure 3—2. IRLS tracking helped recover a drifting buoy.

rological satellite system. They were used in the development of
the AVCS and APT cameras and the High Resolution Infrared
Radiometer (HRIR). Nimbus 3—Ilaunched April 14, 1969 (21st
Semiannual Report, p. 71)—marked a breakthrough in meteor-
ology by providing the first quantitative measurements of the
world’s atmosphere.

The Infrared Interferometer Spectrometer (IRIS) aboard Nim-
bus 3 measured terrestrial and atmospheric radiation from which
scientists were able to deduce vertical temperature profiles and
ozone and moisture content. (The IRIS sensor circuit failed on July
23, 1969, and this instrument no longer provides useful data.) The
Satellite Infrared Spectrometer (SIRS) was measuring atmos-
pheric energy in a carbon dioxide absorption band from which the
vertical temperature distribution can be computed; it was also de-
termining surface temperatures in cloud-free areas. Nimbus 3 also
carries an HRIR sensor for day and night cloud cover observa-
tions; an Image Dissector Camera experiment to obtain high-
quality pictures ; an Interrogation, Recording, and Location System
(IRLS, fig. 3-2) to acquire data from remote sensor platforms;
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and a Monitor of Ultraviolet Solar Energy (MUSE) experiment
to monitor ultraviolet solar flux.

Development and fabrication of the next Nimbus spacecraft,
Nimbus D, were completed, and it was being prepared for launch-
ing in the spring of 1970. Its nine experiments will be mainly
improved sensors to use infrared sounding techniques for measur-
ing vertical profiles of temperature. These (described in the 21st
Semiannual Report) are: an improved Infrared Interferometer
Spectrometer; an improved Satellite Infrared Spectrometer; an
Image Dissector Camera; a High Resolution Infrared Radiometer;
a Monitor of Ultraviolet Solar Energy Experiment; an Interroga-~
tion, Recording, and Location System; a Back-Scatter Ultraviolet
Experiment; a Filter Wedge Spectrometer; and a Selective Chop-
per Radiometer.

Proposals for experiments for Nimbus E and F were evaluated.
Emphasis will be placed on atmospheric measurements in the pres-
ence of clouds by microwave soundings and the use of advanced
infrared sensors. The flight payload was selected for Nimbus E,
and a tentative selection of experiment for Nimbus F was made.
Launches were planned for 1972-73.

Meteorological Sounding Rockets

Meteorological sounding rockets were used to obtain data on the
structure and characteristics of the atmosphere at heights from 20
to 60 miles—regions generally inaccessible to satellite sensors or
the instruments carried by sounding balloons.

Research Rockets.—Research sounding rockets used acoustic
grenades, pitot-static tubes, and light-reflecting or luminous vapor
trails to provide information on atmospheric wind, temperature,
and density; they used instruments employing a chemiluminescent
reaction to determine vertical ozone distribution. One pitot tube
and two vapor trail releases were flown from Wallops Station, Va.,
to transmit data on temperature and the vertical structure of the
wind. However, bad weather forced postponement of 17 other
flights from Fort Churchill, Canada, and Wallops Station, which
were planned to explore day-to-night ozone variation, diurnal var-
iation of winds, temperature structure and gravity waves, as well
as atmospheric energy changes. They were rescheduled for early in
1970.

Rocket System.—In the NASA-Army program to develop an
efficient, low-cost intermediate rocket motor for routine probings
up to 45 miles, four research and development rockets underwent
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successful flight tests. They returned useful data and represent
noteworthy progress in the research on an inexpensive operational
meteorological sounding rocket system.

Field Experiment Support—Seventy sounding rockets were
flown from Wallops Station—in conjunction with others launched
from Argentina, Brazil, and Spain—to provide research and devel-
opment data in an international cooperative program. During
October, representatives of the space agencies of Argentina and
Brazil met with NASA representatives, and reaffirmed the inten-
tion of both countries to add another launch site as soon as practic-
able. These two nations participate with the United States in the
experimental inter-American meteorological rocket network,
EXAMETNET.

APPLICATIONS TECHNOLOGY SATELLITES

The cameras of Applications Technology Satellites 1 and 3 were
proving to meteorologists their value as continuous observers of
earth’s cloud cover. The spacecraft (orbited in 1966 and 1967)
transmitted photographs of the viewable disk of the earth as often
a3 every 20 minutes, and were thus able to supply data on the
formation, growth, and decay of clouds associated with thunder-
storms and tornadoes. This data, on which forecasts might be
based was also furnished to ESSA, the Department of Defense,
and the Federal Aviation Administration (fig. 3-3).

In addition, ATS-3 was used in radio propagation studies with a
German research ship and by British ground stations in aireraft
communications tests. The Japanese conducted meteorological and
communications experiments with ATS-1.

After NASA has completed its program of technical experi-
ments with these satellites, they will be made available (during
their operating lifetime) to users of future operational systems for
experimentation. Users could be other Government agencies, edu-
cational institutions, or private concerns willing to bear the costs
of ground facilities and to provide message content. For example,
NASA has received a proposal from the Governor of Alaska for an
experiment to improve communications in his State by using either
ATS-1 or ATS-3. The Governor proposed that instructional and
other public programs be telecast from Fairbanks to three rela-
tively heavily populated areas, and that voice communications be
provided to remote areas. Alaska has begun planning, designing,
and site selection for this system.

Applications Technology Satellite 5 (ATS—E)-—orbited in Au-



72 SEMIANNUAL REPORT (JULY-DECEMBER 1969)

Figure 3-3. Hurricane Camille photographed by ATS-3.

gust—malfunctioned shortly after launch, but more than half of its
experiments were providing useful data, including the L-band
aeronautical communications and navigation experiment and the
wave propagation experiment. The spacecraft, by means of the
IRLS carried by Nimbus 3, helped track a free-drifting buoy (fig.
3-2).

The launches of ATS-F and ATS-G, originally scheduled for
1972 and 1974, were postponed until 1973 and 1975. Preliminary
designs were completed by the contractors, and spacecraft and
integration contractors were being selected. About 20 experiments
were chosen for ATS-TF, and almost 60 proposals for ATS-G expe-
riments were received. Also, a memorandum of understanding was
signed between NASA and the Department of Atomic Energy of
India which would make ATS-F available to India (on a limited
basis) for a year of experimental instructional telecasts direct to
community receivers.

COMMUNICATIONS SATELLITES
INTELSAT

In July, NASA launched the INTELSAT-3 ¥-5 communications
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Figure 3—4. INTELSAT—4.

satellite for ComSat, on a reimbursable basis. However, a launch
vehicle malfunction kept INTELSAT-3 F-5 from achieving a
proper transfer orbit. INTELSAT-3 F-3 (launched in February)
placed in service over the Pacific, was repositioned over the Indian
Ocean to begin service July 1. INTELSAT-3 F-4 (launched in
May) was in service over the Pacific Ocean. A malfunction of the
mechanically despun antenna of INTELSAT-3 F-2—positioned
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over the Atlantic since December 1968-—caused the satellite to stop
operating in July and required the reactivation of Ikiarly Bird,
INTELSAT-1, to help provide communications services for the
North Atlantic region and Europe. When the spacecraft began
operating again in August, Early Bird was turned off.

Three more INTELSAT-8 satellites were scheduled for 1970
launches, followed by the orbiting of the first of a new generation
of operational communications satellite, INTELSAT-4, in 1971.

INTELSAT-4 will provide up to 9,000 two-way voice circuits or
12 TV channels for 7 years. (INTELSAT-3 provided 1,200 voice
circuits during a 5-year lifetime.) ComSat selected the Atlas-Cen-
taur vehicle to launch the INTELSAT-4, and NASA and ComSat
have agreed on the launch services and the purchase of the vehi-
cles. This satellite will weigh about 3,080 pounds at launch and be
almost 18 feet high and about 8 feet in diameter (fig. 3-4). NASA
will also serve as consultant to ComSat, on a reimbursable basis,
and as adviser to the Federal Communications Commission.

GEODETIC SATELLITES
GEOS

The instruments aboard GEOS-1 (launched in 1965) measured
time variations in the earth dnd its gravity field and provided an
accurate global description and a direct comparison of geodetic
systems. GEOS-2 transmitted additional data of the type being
secured by GEOS-1 and aided in comparing and calibrating laser
tracking equipment of NASA and the Smithsonian Astrophysical
Observatory (Mount Hopkins, Ariz.). Orbited in 1968, the second
GEOS satellite continued to support Air Force camera teams in
geodetic observations of South America and to assist in the cali-
bration of selected C-band radar systems in order to determine
whether data acquired by them might be used to position geodetic
stations and measure intersite distances (21st Semiannual Report,
p.79).

The next spacecraft of this type—GEOS-C planned for a 1972
launching—will be able to measure mean sea level and the dynamic
variations of the ocean surface, as well as provide other data
needed to describe the earth’s gravity field.

PAGEOS

The passive spherical satellite PAGEOS-1, launched in 1966,
was still supplying geodetic data.
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NAVIGATION and TRAFFIC CONTROL SATELLITES

NASA and the FAA continued cooperative work on developing a
system description of a preoperational UHF navigation-trafiic con-
trol satellite experiment for the North Atlantic (21st Semiannual
Report, p. 78). NASA has also discussed cooperative testing of this
satellite experiment with the European Space Research Organiza-
tion, ESRO (p. 141).

EARTH RESOURCES SURVEY

Preliminary analyses were completed and the contractors se-
lected for system definition and design of the first two Earth Re-
sources Technology Satellites (ERTS-A and ERTS-B). Other con-
tractors were chosen to study spacecraft definition and the data
management system. The design specifications for the satellites
were reviewed and approved by the Earth Resources Survey Pro-
gram Review Committee made up of representatives of NASA and
the Departments of Interior, Agriculture, Commerce, and Navy
(21st Semionnual Report, p. 80).

The ERTS spacecraft—scheduled for 1972-73 launches—will
circle the earth at an altitude of 570 miles in a nearly polar orbit,
providing repeated earth coverage every 17 days. Their objectives
will be to help determine if an operational earth resources survey
system would be useful and efficient; flight-test sensors; and sup-
ply earth resources survey research data to users of the satellites.

Examples of the ‘“products” to be developed by users of
ERTS-A and ERTS-B data would be photo images at about a
1:1,000,000 scale, as well as photo images of large geological fea-
tures, and land-use, coastal area, and snow cover plots. The photo-
graphs and data will be supplied by the high-resolution TV cam-
eras and multispectral point scanners carried by the satellites.
NASA, its contractors, and the other Government agencies cooper-
ating in this program were developing methods to handle this in-
formation.

Aircraft Program

In support of future earth resources survey satellite programs,
aircraft flights were made to obtain experimental remote sensor
data. The flights were made over the Atlantic to obtain informa-
tion on sea state and sea surface temperatures and over test sites
in the United States. Other areas overflown were in Mexico (21st
Semiannual Report), Brazil, and other parts of South America.
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Figure 3—5. RB—57 aircraft and instrument pallet.

Data in support of the International Biological Program were ob-
tained from flights over Argentina.

The ability of aircraft equipped with remote sensors to assess
damage and help planners during emergencies was illustrated in
the aftermath of Hurricane Camille (fig. 3-3, p. 72) which
struck in the Gulf Coast area in August. NASA planes flew over
this area the day after the storm to take color photographs which
clearly revealed the nature and extent of damage to natural and
manmade features. This information was forwarded to the Corps
of Engineers, the Office of Emergency Planning, and the Small
Business Administration for use in recovery operations.

During the past 6 months the payloads of these aircraft were
increased. For example—as recommended by the National Acad-
emy of Sciences—NASA arranged with the Air Force for part-
time use of an RB-57 jet reconnaissance aircraft (fig. 3-5). Sen-
sors for earth resources surveys were mounted on a pallet for easy
attachment to this airplane, which has made a number of flights.

Also, a C-130B (fig. 8-6) was obtained to replace an earlier
cargo type aircraft used in such surveys. In addition to handling a
considerably larger payload, the C—130B can carry more observers
and perform at higher altitudes and greater ranges. Further,
its facilities for loading and off-loading surface vehicles allow the
inclusion of a specially equipped mobile ground-truth vehicle as
part of the sensor verification equipment. The vehicle provides
ground instrumentation at test sites which lack the field equipment
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Figure 3-6. C—130B used for earth resources surveys.

to collect the correlative data required for proper sensor evalua-
tion. The 24-channel multispeetral research scanner being devel-
oped for NASA will also be installed in this aireraft.

Supporting Research and Technology

The SO—65 multispectral camera experiment, conducted during
the Apollo 9 mission in March 1969, supplied the first space-ac-
quired pictures of the specific type needed for earth resources sur-
veys. Primary purpose of this experiment was to verify the choice
of spectral bands for the ERTS television cameras. The green band
was found to be suitable for measuring water penetration, red and
near-infrared bands for crop and feature identifications, and the
near-infrared band for plant stress determination and identifica-
tion of surface water.

Also, a first attempt was made during the Apollo 9 mission to
evaluate the use of simultaneous spacecraft and aircraft imagery
and sequential imagery to inventory natural resources. A combina-
tion of the photographs taken from the spacecraft and from high-
and low-altitude aircraft revealed tonal signatures of agricultural
fields well preserved in the small-scale spacecraft imagery. The
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tonal signatures, combined with sequential coverage, established
the feasibility of constructing calendars for identifying crops, esti-
mating their yield, and determining their vigor.

The Forest Service used a similar technique to develop an accur-
ate, time-saving method for inventorying forest timber volume. In
this procedure, timber volume was calculated by five stages of
sampling and calculations based on space-aircraft imagery, along
with a limited (but detailed) tree volume measurement on the
ground.

In addition, at Purdue University digitized data obtained from
sophisticated multispectral sensors were used as an aid in the auto-
matic classification of soils and to help geologists classify terrain.
Elsewhere work continued on developing other sensors sensitive,
accurate, and reliable enough to be flown aboard spacecraft for
remote surveys of air pollutants.



ADVANCED
RESEARCH
AND
TECHNOLOGY

The Office of Advanced Research and Technology continued to
make progress in the many activities for which it is responsible.
Its operations, which serve to establish the technical base for fu-
ture aeronautics and space developments and missions, to evaluate
the potential of new technology, and to support the development
and operation of specific new vehicles, include a wide variety of
projects. Some of them are described in the following section.

SPACE POWER TECHNOLOGY

Solar and Chemical Power

Progress continued on solar cell, battery, and fuel cell technol-
ogy. Work on large-area (1,000 to 5,000 square foot) solar cell
arrays made consistent advances during the years 1965-69, and in
this period important steps were taken toward the goal of technol-
ogy readiness of a 250-square foot module (2.5 KW) rollup array
with a power to weight ratio of 30 w/1b.

Experimental data were obtained on the degradation mecha-
nisms for thin film cadmium sulfide solar cells. These cells may
significantly reduce power system costs if key problems of degra-
dation and low efficiency can be solved.

Work on rechargeable silver zine batteries also made excellent
progress, and research continued on materials and components
needed to extend fuel cell life beyond the present 2,000 to 3,000

9
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hours. The third-electrode nickel cadmium battery, a product of
the NASA research and advanced technology program (21st Semi-
annual Report, p. 83), completed a full year of operation on the
0OAO-2 satellite.

Nuclear Electric Power Research and Technology

Research continued in several experimental and analytical pro-
grams concerned with isotope and reactor space dynamic systems.

Ranlkine Turbogenerator Technology.—The current objective of
this program is to develop component technology suitable for the
eventual development of a 300 KWE reactor power system. The
three-stage potassium turbine (21st Semiannual Report, p. 84)
accumulated 1,700 additional hours of experimental erosion data
in a planned 5,000 hour test. In addition, life testing of a full-scale
electromagnetic, potassium boiler feed pump was started, and
3,000 test hours were completed. Finally, a three-loop experimental
boiler tube test facility neared completion and testing of single
full-scale tubes is expected to begin next year.

Thermionic Conversion Technology.—The thermionic diode ki-
netics experiment at JPL has now operated successfully for several
thousand hours. This facility, whose primary purpose is the study
of fast (neutron spectrum) thermionic reactor system dynamics
and control, utilizes four high performance cylindrical diodes
cooled by flowing liquid metal to simulate an actual nuclear reactor
application. (Fig. 4-1.) The testing to date has verified the exist-
ence of a ‘“thermionic burnout” condition previously postulated
only analytically; achieved stable startup of series-coupled diodes
including the effects of reactor dynamic feedback factors, and
showed satisfactory recovery from abrupt transient load and reac-
tivity perturbations utilizing constant voltage output control.

Irradiated thermionic fuel capsules from the NASA Plum Brook
test reactor were examined and showed some swelling of uranium
dioxide fuel specimens and good dimensional stability of “porous”
uranium carbide specimens. Testing of the carbide specimens was
resumed, and fuel burnups equivalent to more than 20,000 hours of
operation (of a 100 kilowatt power system) were achieved.

An “uninsulated” externally fueled protype diode was in the
final fabrication stage before testing, and an unfueled diode of sim-
ilar design began what is expected to be extended out-of-pile test-
ing. '

Phase I detailed design studies were completed on a typical 300
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Figure 4—1. Thermionic diodes operating at 1,800° C.

kilowatt thermionic reactor power plant for unmanned electrical
propulsion applications. The total power plant/propulsion unit
would weigh approximately 18,000 pounds and would be configured
for launch by a Titan III-class booster. Such a system may be
suitable for a Jupiter orbiter mission.

Brayton Cycle Technology.—The objective of this program is to
investigate the performance and life limits of the Brayton cycle
for use with either isotope or reactor heat sources. Initially, the
program is aimed at developing the technology for a 2-10 KWE
space power system which would use an isotope heat source.

A combined turboalternator-compressor unit, mounted on gas
bearings, has now been operated for 1,014 hours. Startup and shut-
down characteristics were determined and performance demon-
strated. Other individual components of a power conversion sys-
tem were also placed in test.

The first test of a complete 2-10 KWE power conversion system
designed for eventual use with an isotope heat source giving a
turbine inlet temperature of 1,800° F. was initiated in the Plum
Brook Space Power Facility. In the tests, which used an electrical
heat source, 532 hours of running were achieved and a conversion
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Figure 4—2. Brayton power system.

efficiency of 22 percent demonstrated at 1,400° F. turbine inlet
temperature. (Fig. 4-2.)

Isotope Power.—The SNAP-19 radioisotope thermoelectric gen-
erator (RTG) power units on the Nimbus B2 satellite continued to
supply useful power 9 months after launch. Performance data are
continually being evaluated to provide a basis for degign and per-
formance prediction of RTG’s for future space missions.

The SNAP-27 RTG power supply for the Apollo Lunar Surface
Experiment Package (ALSEP) was placed on the moon during the
Apollo 12 mission. Performance to date has been as predicted and
satisfactory.

NASA selected RTG’s to be the primary power source for the
Pioneer F and G missions and for the Mars Lander of the Viking
mission. Arrangements were made to obtain suitable power units
through the AEC. Several required experiments to evaluate RTG/
spacecraft interactions in these missions were identified. Programs
to define and resolve RTG/spacecraft integration and operational
problems and tests of RTG’s for stability and long-term reliability
were continued.
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Figure 4-3. SNAP-—8 system; endurance hours as of December 31, 1969.

SNAP-8 Technology Development.—The objective of the
SNAP-8 program is to develop the technology for a 35-50 KWE
space power system which will use a nuclear reactor as the heat
source. During this period, the boiler and turbine, which in past
years experienced major difficulties, successfully completed 10,000
hours of testing, and all major components of the power conver-
sion system have now achieved a demonstrated life of 10,000
hours, with some components reaching 14,000 to 20,000 hours.
(Fig. 4-3.)

An experimental program to define system startup and shut-
down dynamic characteristics was completed, using a bread-
boarded power conversion system located at the Lewis Research
Center. (Fig. 4-4.) Data essential for designing the power conver-
sion system for testing with the reactor were obtained.

The Atomic Energy Commission terminated testing of the
seconds NAP-8 reactor after 7,000 hours of power operation be-
cause the fuel element cracking observed in the test of the first
reactor was also occurring in this reactor. The reactor will be
opened for an examination to determine the cause of this problem.

The Electric Propulsion Program
Electric propulsion systems are of interest for difficult auxiliary
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Figure 4—4. Breadboarded system startup test facility.

propulsion missions, such as long-term satellite station keeping,
and for many primary propulsion applications, such as those in-
volved in planetary exploration. The development of the technology
required for such applications continued to progress.

Auzxiliary Propulsion.—Cesium contact ion engine experiments
were carried on ATS-V (launched August 12), but their operation
will depend on whether satisfactory spacecraft performance can be
achieved. These engines, designed for satellite east-west station
keeping at a thrust level of about 10-5 lbs., were first operated on
ATS-IV (20th Semiannual Report, p. 95). North-south station
keeping requires a higher thrust level (10-® 1bs). The bombard-
ment ion engine appears best suited for this role because of its
economical use of electrical power, and plans were made to include
an engine of this type on the ATS-F. (Fig. 4-5.)

Following the successful life tests of resistojets deseribed in the
21st Semiannual Report (p. 89), recent space station studies have
included the use of such engines in the baseline designs. Initial
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Figure 4-5. lon engine for station keeping.

Figure 4-6. SERT 1 flight spacecrafi.

tests of resistojets capable of operating on biowastes such as
carbon dioxide, methane, urine, and water, were conducied, re-
search was begun on thrusters, and work was started to develop
the technology required for integration with life support systems.
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Figure 4-7. Mission simulation—automatic closed-loop operation.

Prime Propulsion.—The launch date of the SERT II orbital test
was moved into the first quarter of 1970 to permit additional test-
ing of the thruster and power conditioner. (Actual launch date was
February 3, 1970.) The objectives of this flight are to verify long-
term (6 months) bombardment ion thruster performance in space,
and to carry out experiments aimed at assessing interactions be-
tween ion propulsion and spacecraft. (Fig. 4-6.)

The ground test program designed to prove the feasibility of
solar-powered electric propulsion made progress toward realistic
simulation of all required operational functions for an interplane-
tary mission. The hardware and various logic subsystems needed
to achieve automatic closed-loop system operation were being as-
sembled for tests expected to begin toward the end of 1970. (Fig.
4-7.) The completion of this test program and the SERT II flight
tests will significantly advance electric propulsion technology
based on bombardment ion engines toward mission use.

SPACE VEHICLES PROGRAM

Environmental Protection and Control

Radiation Shielding.—As a result of research on charged parti-
cle radiation shielding, the ability to calculate the effectiveness of
shields against high energy protons was improved. Codes which
were previously applicable for particles up to 400 MEV were ex-
tended to energies as high as 3 GEV. In addition to their value in
space vehicle shielding studies, the codes will be useful for shield-
ing calculations connected with the supersonie transport program
and high energy particle accelerators.
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Figure 4-8. Heat pipe application in outer planet spacecraft.

Meteoroids.—The Pegasus ITI meteoroid detection satellite reen-
tered the Earth’s atmosphere on August 4. For about 2 weeks
before reentry, a sequence of commands was carried out to ascer-
tain the status of the various spacecraft components, and all sub-
systems were operating properly at the time of reentry. During the
4-year lifetime of the spacecraft no major failures were experi-
enced.

Temperature Control.—In research on the heat pipe—one of the
most useful devices to transfer heat on a spacecraft—bronze was
found to be the most suitable material for heat pipes using water
as the condensible fluid. When water was used in a stainless steel
pipe, hydrogen, a noncondensible gas was generated causing per-
formance to deteriorate markedly. One important possible use of
the heat pipe will be in spacecraft for outer planet missions to
distribute waste heat generated by RTG power sources to various
components. (Fig. 4-8.)

A family of stable thermal control coating pigments, which uses
powdered insulator materials rather than semiconductors or die-
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Figure 4-10. lifting-body flight vehicles.

lectrics, was developed. The stability of the new pigments should
be highly useful in applications where a higher solar absorptance
is tolerable. For large spacecraft which will require low solar ab-
sorptance, zinc orthotitanate pigment formulations were nearly
ready to be put into use.

Thermal/Vacuum Test Technology—A prototype solar simula-
tor arc was operated at power levels up to 400 KW using xenon,
krypton, and argon. Spectral measurements were made and will be
used as the basis for selecting the best choice for solar simulation.
Results of a space flight experiment to study the phenomenon of
cold welding were compared with results of tests in a conventional
vacuum facility and in the JPL MOLSINK (space molecular sink
simulator) facility. The tests in the MOLSINK facility produced
results equivalent to space operation whereas the tests carried out
in the conventional vacuum facility did not. Studies were being
conducted to determine whether such testing requires a facility
with the sophistication of the MOLSINK. (Fig. 4-9.)

Space Vehicle Aerothermodynamics

Lifting-Body Flight Program.—Since the last report, the HL-10
made 10 powered flights, expanding the flight envelope to near the
maximum capability of the vehicle with flights at Mach 1.6 and to
an altitude of 80,000 feet.

The X-24A made six glide flights to obtain basic flying qualities
information before powered flight. Beginning with the next flight,
which will be powered, the flight envelope will be expanded grad-
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Figure 4—-11. Radio telescope.

ually to near Mach 2.0 and an altitude near 100,000 feet. (Fig.
4-10.)

Advanced Decelerator Concepts.—The flight test program on su-
personic parachutes suitable for use in planetary entry and land-
ing was extended to obtain additional data. In a fourth flight, a
reefed Disk-Gap-Band parachute was successfully tested at Mach
2.5. Drag and stability of the parachute were determined by on-
board load sensors and motion picture cameras.

Space Vehicle Structures

Radio Telescope Technology.—A spinning small scale structural
model of an orbiting radio telescope was tested in a vacuum cham-
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ber. (Fig. 4-11.) The tests are part of the technology development
effort for achieving a parabolic antenna 1,500 meters in diameter
capable of operating in space and receiving natural radio signals
in the 1 to 10 MHz range. Current research is concentrated on the
solution of difficult structural and dynamic problems related to an
advanced concept of a spinning antenna constructed as a parabolic
net which maintains its shape by a combination of centrifugal
forces and a system of filamentary stays attached to a central
mast. The entire structural system is packed on drum-like devices
mounted on a storage cannister. It is deployed by spinning and
unreeling the antenna net with its stays and extending the central
mast.

The model tests showed that the deployment can be simulated in

the laboratory and that preliminary dynamic characteristics can
be demonstrated.

Space Vehicle Design Criteria

Six space vehicle design criteria documents were published in
this period. The new publications, prepared by technical specialists
from the aerospace community and published by NASA as guides
for the design of new space vehicles and for modifications in exist-

ing vehicles, are listed in Appendix N. (SP-8013, 8017, 8020, 8021,
8023, and 8029.)

Space Shuttle Technology

Preliminary investigations have been initiated to define configu-
rations and to investigate aerodynamiecs, structures, materials, dy-
namics, and aeroelasticity characteristics. Significant results have
already been obtained particularly with regard to understanding
complex flows surrounding candidate configurations.

SPACECRAFT ELECTRONICS and CONTROL

Communications and Tracking

Optical Propagation Tests.—Plans were completed for two se-
ries of flight tests to determine the effect of the atmosphere on
optical communication systems for space vehicles. The tests will
emphasize the collection of data on laser beams projected verti-
cally. Goddard Space Flight Center will test equipment on high
altitude balloons by pointing laser beams of various wavelengths at
the balloon equipment as it rises and floats. A sensor on the balloon
will record variations in amplitude and coherence width, meteoro-
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Figure 4-12. Microinch actuator.

logical data will be taken at the same time, and the two sets of data
will Iater be correlated.

Marshall Space Flight Center will conduct propagation tests
using a U-2 or similar aircraft. These tests will determine the
effect of the atmosphere on propagation of laser beams at various
elevation angles and meteorological conditions, including cloud
cover. Lasers and communication receivers will be installed in the
aircraft and on the ground.

The flight tests are two parts of a single unified program de-
signed to achieve results for researchers in propagation effects and
for engineers designing practical communication systems.

Active Optics Technology.—A microinch actuator for use in
active optics systems was developed and successfully demornstrated
under an Electronics Research Center contract. The actuator,
which is used to change the position of the various parts of a
primary mirror for a large space telescope, can achieve controlled
movements as small as one ten-thousandth the diameter of a
human hair. An array of such actuators can completely control a
large mirror and compensate in space for changes in the gravity
field, thermal effects, and structural deformations. (Fig. 4-12.)
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Figure 4—13. Optical PWI test concept.

Pilot Warning Indicator.—The microwave pilot warning indica-
tor (PWI) developed at Langley Research Center was flight tested
in two aircraft with satisfactory results. Primary effort will now
be to make the equipment light and inexpensive enough for use by
general aviation aircraft.

Optical pilot warning equipment was also being developed by the
Electronics Research Center. Similar equipment, developed and
funded by an electronics concern as a result of the request for
quotations by the Electronics Research Center, was purchased and
will be flight tested early in 1970. (Fig. 4-13.)

Spacecraft Attitude Control

The Ames Research Center has developed a new and powerful
attitude control concept for large-angle satellite maneuvers re-
quired to change the pointing direction of spaceborne telescopes.
The new concept (derived from Euler’s theorem) permits closed
loop coordinated rotation that allows any change of attitude to be
carried out by a single rotation. It is insensitive to unexpected
force or system performance changes and is stable under any ma-
neuver.
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Guidance and Navigation

The radiometric calibration of infrared devices used in horizon
sensors and measurement equipment is limited to an accuracy of
about 5 percent. Future flights will require system calibration ap-
proximately five times more accurate. The Langley Research
Center researchers demonstrated the feasibility of developing a
1-percent system. A precision blackbody source was built and
tested, and a design study for the complete calibration system was
completed.

General Aviation Avionics

The objective of work in this area is fo provide avionic system
technology, development, and criteria that will enhance the safety
and utility of general aviation aireraft. Simulators and flight vehi-
cles were used to investigate new concepts in flight control, dis-
plays, and system components. Projects completed included an in-
vestigation of the effectiveness of yaw dampers during the critical
prhase of a final approach under turbulent conditions and an exami-
nation of the efficiency of angle of attack as a control display. In
addition, various elements of a total electronics system were being
developed or studied. A digitally controlled frequency synthesizer
capable of time shared operation to give two Very High Frequency
Omni Range (VOR) bearing inputs to a course line computer and a
Morgse code VOR station identification decoder were fabricated and
being evaluated, and a liquid crystal chart overlay was undergoing
feasibility studies.

Instrumentation

Photodetectors—Many experiments involving detection of very
low level light signals require a sensitive detector—the photomulti-
plier. Langley Research Center developed a system which will dis-
play in real time a color coded sensitivity map of a photodetector
on a color TV receiver. Immediate observation of changes in area
sengitivity make it possible to determine optimum performance
conditions and to record the effects of localized fatigue of photo-
cathodes and the time required for their recovery. This informa-
tion, in turn, makes it possible to improve such photomultiplier
characteristics as stability and uniformity of area sensitivity.

Irradiated Semiconductors.—Earlier Langley studies of changes
in the electrical and optical properties of semiconductors (silicon
and germanium) caused by controlled radiation showed that the
changes were similar to those caused by chemical doping; as a
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result, radiation doping was used to obtain a substantial improve-
ment in the temperature-critical characteristics of semiconductor
strain gages. More recently, radiation-doping techniques used in
making infrared photodetectors from silicon produced detectors
with better uniformity and stability than commercial photodetec-
tors. The radiation-doping technique permits better process control
in the manufacture of semiconductor detectors without increase in
cost.

Scanning Imaging System.—Langley Research Center con-
ducted preliminary tests of a laboratory version of a multispectral
facsimile camera (an imaging and multispectral radiometry sys-
tem) and completed a first analysis of its application in a plane-
tary lander. The system is intended to demonstrate a simple but
effective and reliable way of obtaining spatially well registered
multispectral images; it is light (4 1b.), low in power requirements
(6 W), small (2 in. dia., 6 in. long), and provides an adjustable
scanning rate which can be matched to the data transmission rate.

Data Processing

Magnetic Logic Circuits.~A materials processing technique was
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Figure 4-15. Avutomatic inspection.

developed that permits the batch fabrication of ferrite structures,
thereby eliminating the individual ferrite cores required in
previous all-magnetic logic devices. This is a major advance to-
ward the development of small, low-cost all-magnetic logic circuits
with high reliability and radiation resistance. Another important
achievement was the construction and successful operation of sev-
eral ring counters using batch fabricated devices. The counters are
used for controlling the sequence of events in computers and telem-
etry systems. The advantage of batch fabrication of such devices is
the reduction in the soldered interconnections which are a major
source of failures in many electronic gystems. (Fig. 4-14.)

Electronic Component Technology

Coplanar Triode.—A triode was developed which is coplanar (all
elements are films on a flat substrate) and whose cathodes operate
at relatively low temperatures (600° C. compared with 1,800° C.
for conventional tubes). It will consume very much less power and
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generate much less heat than conventional tubes. It is also very
small so that a complete circuit (an operational amplifier) can be
laid down on a single ceramic wafer about the size of a 5 cent piece
and placed in a very small vacuum envelope. The coplariar technol-
ogy makes active electronic devices available for use on inner
planet or near solar missions. Work was also continuing to develop
more efficient solid state devices for high temperature use.

Automatic Visual Inspection.—A method was developed to auto-
matically examine each circuit of a high reliability microcircuit
under a microscope to determine its quality and detect any defects.
The system employs an ordinary light source which is scanned
across the surface of a microcireuit. The reflected light is detected,
converted to an electrical signal, and compared with a known
standard to detect anomalies in the circuit. (Fig. 4-15.) The tech-
nique offers increased economy and reliability in microcircuit pro-
duction, and should be the basis for complete automation of the
inspection process.

AERONAUTICAL RESEARCH

Aircraft Aerodynamics

Current programs providing aerodynamic design information on
wings, bodies, and combinations for speeds ranging from low sub-
sonic to hypersonic were giving particular consideration to the
fixed cropped double-delta wing planform. Such wings have found
wide application in supersonic cruise transport and military air-
craft, but very little systematic data are available for such wings
as they are used on the SST, the A-11, and the Swedish supersonic
fighters.

To furnish research information in this area, a systematie
investigation was conducted, using modified subsonic compressible
lifting surface theory with appropriate boundary conditions. Its
purpose was to determine lift-curve slope, aerodynamic center,
damping in roll and pitch, and lift due to pitch rate for nine
families of cropped double-delta supersonic wings. (Fig. 4-16.)
The results were compared with the limited available experimental
data from wind tunnel tests, and found to predict reasonably well
the principal aerodynamic characteristics of the wide variety of
wings investigated. The same method was used to prepare a series
of design charts for the double-delta planform wings in subsonic
compressible flow.

Flight tests have indicated that the ammoyance and potential
destructive effects of sonic boom are likely to be aggravated by
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focusing of the shock wave flow field emanating from a supersonic
airplane. Because focusing phenomena are difficult to study in na-
ture, an arrangement was devised for studying sonic boom N-Wave
focusing in the laboratory. Using a spark to generate and mirrors
to focus the N-Wave, the system was able to produce both line and
point focusing.

Experiments were conducted to evaluate two conflicting theories
concerning the behavior of a sonic-boom pressure signature in the
vicinity of a focus. It was found that a line focus was produced
when an N-Wave was reflected from a two-dimensional parabolic
mirror. (This finding agreed with the laws of geometrie acoustics.)
When the wave passed through the focus, it underwent a shift in
phase of 90°. With a three-dimensional parabolic mirror, a point
focus was produced, and the phase shift was 180°, resulting in a
complete inversion of the wave. Thus, a classic theory predicting
the failure of a focal point or line to form because of unknown
nonlinear effects was shown to be bagically in error and therefore
the beneficial effects it suggested could not be relied upon to alle-
viate the problem in practice.
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Aircraft Structures

The widespread use of cylindrical structures in aerospace vehi-
cles requires accurate methods for predicting their strength. In a
review of current methods, test data on stiffened cylinders which
failed by general instability under uniform axial compression
and/or bending were studied and buckling test data were com-
pared with results obtained from a buckling theory. Buckling fail-
ures of well-constructed cylinders with about 45° waffle stiffening
were experienced at loads as low as 65 percent of their calculated
loads, and other eylinders of different construction (isotropic and
corrugated cylinders with ring stiffening) failed at loads ap-
proaching the 65-percent value. Thus, it appears that testing has
not revealed any type of stiffened cylinder construction that fails
by general instability but is immune to low failing loads, and de-
sign methods which neglect the disparity between theory and test
are likely to be unconservative.

In other work, titanium alloy skin-stringer panels were tested to
evaluate the effect of various fabrication methods on the compres-
sive strength. Fabrication methods included riveting, resistance-
and arc-welding, tungsten inert-gas (TIG) and electron-beam fu-
sion welding, and diffusion bonding. Panels machined from thick
plate were also included. The maximum strength test results
showed good conformity with results calculated by compressive
strength analysis. Residual fabrication stresses were found to have
a significant effect on buckling and a somewhat smaller effect on
strength. Diffusion bonding and TIG fusion welding exhibited the
least effect of fabrication.

Supersonic Aircraft

In research on materials that may have supersonic aireraft
structural applications, pyrrones, a new class of heat resistant
plastics, were given serious consideration. (20th Semiannual Re-
port, p. 133.) Specimens of pyrrone foams were prepared and their
thermal and mechanical properties evaluated. Chemically blown
and syntactic foams were prepared in 1- and 2-inch diameter
samples with densities ranging from 15 to 16 pounds per cubic
foot. The compressive stengths and moduli of these unreinforced
foams are high, and these properties are retained over a wide
range of tempertaures from —100° F. to 700° F. Weight loss and

dimensional shrinkage tests indicate that the foams remain stable
for at least 100 hours at 550°F.

An experimental study was made of the influence of steady-state
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Figure 4-17. YF-12 airplane.

and dynamic pressure disturbances on engine system characteris-
tics and operating limits. For this program, experimental tech-
niques were devised for inducing the fan/compressor-inlet disturb-
ances to replace the screens used in the past to induce steady-state
pressure distortions. In the new techmique, secondary air is in-
jected through an array of small nozzles uniformly distributed in a
plane normal to the inlet duct centerline to achieve air momentum
interchange with the primary air forward of the fan/compressor
face. By controlling the secondary-air distribution and flow rate,
variable amplitude steady-state or dynamic pressure distortions or
dynamic uniform pressure oscillations can be produced. Good
agreement was achieved between the results obtained in tests with
pressure distortions made by a screen and by the air-jet distortion
simulator. When the results between flight and ground tests are
correlated, it should be possible to reduce the amount of expensive
flight testing currently required in an aircraft/engine development
program.

With the conclusion of the XB-70 and X-15 programs, a joint
NASA-USAF supersonic research plan was formulated to con-
tinue aeronautical research and development using YF¥-12 aircraft
capable of sustained mach 3 flight. (Fig. 4-17.)
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In this two-phase flight research program, phase I is oriented
primarily toward Air Force interests which include a further defi-
nition of the tactical performance and support requirements of an
advanced interceptor, and phase II is oriented primarily toward
NASA objectives, which include investigations of propulsion sys-
tem, airframe-propulsion system interactions, stability and control
predictions of an aerothermoelastic airplane, structural deforma-
tion and flight loads, and aerodynamic characteristics.

A NASA-USAF Memorandum of Understanding which covers
such areas as test management, operations and specific loan ar-
rangements of the aircraft was executed on June 5, and the first
YF-12 flight took place on December 11. The airplane was in flight
over 2 hours, flew faster than Mach 8, and reached an altitude ex-
ceeding 70,000 feet.

Hypersonic Vehicles .

An investigation was conducted at Mach 6 to determine the in-
terference effects of jet exhaust flows on a typical hypersonic
cruise configuration and to evaluate a theory for predicting the
effects. The overall results show that proper utilization of the un-
derexpanded jet exhausts from ramjet engines can extend the
cruising range of a Mach 6 hypersonic transport by 5 percent; the
increase results from direct improvements in lift-to-drag ratio and
from reduction in the aircarft trim drag penalty. The theory pre-
dicted adequately these performance improvements.

A preliminary study was made of the feasibility of using an
active cooling system for the wing, fuselage, and tail surfaces of a
Mach 6 transport vehicle. A candidate system was identified: a
liquid convective system in which water-glycol or a silicon-based
coolant circulates through the wing skin combined with a hydrogen
cooled heat exchanger. The results indicated that at the cruise
condifion an wuninsulated aireraft can be maintained at
400° F. Thus, it may be possible to use a light-weight, long-life
structural material such as titanium rather than the heavier super-
alloys which are required for an uncooled aircraft.
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