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TO THE CONGP,.F_S OF THE UNITED STATES:

This is a report of a period--July 1 through December 317 1965--

charactel_zed by outstanding progress in the Nation's space program.

Manned space flights were extended to 8 and 14 days by Gemini V

and Gemini VII_ and rendezvous was achieved as Gemini VI-A was

maneuvered to within a foot of Gemini VII in a spectacular demon-

_'_+;"_ Gf precision a. - _......... _,y_ng m space.

In space science, Mariner IV transmitted remarkably clear pictures

of the surface of Mars_ and communications satellites supported

Gemini operations and provided channels for TV coverage of the

renovery of the Gemini astronauts.

-" - 'ontinued to stimulate growth in the educa-

ustrial, and scientific competence of the Na-
_tended to the field of international affairs

Jm with other nations helped advance the
_use of lllt_l_tClOIlal peace.

The success of the Gemini flights gives encouragement to all who

look forward to safety and success in conquering the hazards of space

gravel. We have learned that man can function effectively in space

and we believe that he is capable of the lunar mission. Now, with

the support of the Congress and the American people, we proceed to

meet with confidence our greatest technological and managerial ad-
venture--the exploration of the moon.

THE WHITE HOVS_.

October 197 1966.
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HUGH LATIMER DRYDEN

1898-1965

His words reflect his vision . . .

"... the real values and purposes are not in the mere accom-
plishment of man setting foot on the moon but rather in the great
cooperative national effort in the development of science and
technology which is stimulated by this goal . . . The national
enterprise involved in the goal of manned lunar landing and
return within the decade is an activity of critical impact on the
future of this Nation as an industrial and military pewer_ and as
a leader of a free world.

"None of us knows what the final destiny of man may be, or if

there is any end to his capacity for growth and adaptation.
Wherever this venture leads us_ I am convinced that the power
to leave the earth--to travel where we will in space and to return
at will--marks the opening of a brillizmt new stage in man's
evolution."

And his faith . . .

"The horizons of our spiritual lives must be commensurate with
the far horizons of our physical universe and of our intellectual
and scientific accomplishment. In order to see the natural hori-
zon around us it is necessary to rise above the ordinary level of
things close to u_ We must leave our ordinary surroundings
and climb t_ the top of the hill or mountain, or better still into

the atmosphere in a balloon or airplane. The higher we climb,
the farther away is the horizon, and the farther we can see if the
air is clear . . .

"One characteristic of many persons of our present age is the
stunted development of the spiritual life and the atrophy of
spiritual strength. A man of the Space Age without religious
faith is incomplete, crippled, deformed, as if he bud 10st his sight,

his hearing, or his hands."



Dr. Hugh L. Dry den, Deputy Administrator, National Aeronautics 
and Space Administration, 1958-65 
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HIGHLIGHTS

The Gemini V mission was successfully conducted in August. The

spacecraft, launched August 21, remained in orbit for 8 daw_--twice

as long as the Gemini IV mission.

Gemini VII, launched on December 4, established a new time-in-

space record of 14 days in orbit.

Gemini VIA, launched on December 15 while Gemini VII was

still in space, rendezvoused with the previously orbited spacecraft.

Astronauts Schirra and Stafford, in Gemini XrI-A, maneuvered their

spacecraft to within 1 foot of Gemini VII, with Astronauts Borman
and Lovell aboard.

Gemini V relied on fuel cells in place of batteries for electrical

power, a first for the use of this power source in a manned space flight.

The Gemini VII 14-day flight, the "medical mission" of the Gemini

program, carried all eight Gemini medical experiments. The results

support the belief that physiologically man can withstand the rigors

of a lunar mission and tend to confirm similar findings of the Gemini
V flight.

The last Saturn I vehicle, launched on July 30, carried a Pegasus
satellite into orbit. This launch was the 10th success in 10 tries.

More than 46,000 seconds of systems R. & D. testing of the F-1

engine were carried out by the end of December. (A cluster of five

F-1 engines provides propulsion for the first stage of the Saturn V.)

The J-2 engine qualification testing was completed in Dec_nber,

after 1,400 tests with an accumulated ground test firing time of 90,000

second_ Five-engine clusters of the J-2 engine (second stage of

Saturn V) were also test fired.

Launch Complex 34, Kennedy Spaze Center, became operational

during the period. This complex will be used for the uprated Saturn
I launches.

On July 14_ Mariner IV passed within 6,118 miles of Mars and

televised 22 clear pictures of its heavily cratered surface.

preparations continued for launching the 2200-pound Surveyor I

spacecraft for a soft landing on the moon. (After the close of this

period, Surveyor I successfully landed on the moon--June 2, 1966--

and transmitted many high-quality TV pictures of the lunar surface.)

3
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Plans were completed for the Lunar Orbiter mission, and the first
launch was scheduled for 1966.

Prints of high-quality lunar photographs supplied by Rangers VIII

and IX early in 1965 were being processed and will be sent to indi-
vidual scientists and institutions in the United States and overseas.

The Pioneer VI launching on December 16 inaugurated a program

to investigate interplanetary phenomena during a complete solar cycle.

The spacecraft, first in a series of four, is designed to send back data

from distances up to 50 million miles from the earth.

Five Explorer-class scientific satellites were launched--two to deter-

mine the earth's size, shape, mass, and variations in gravity; the
Canadian Alouette II in a dual launch with a NASA spacecraft to

make simultaneous in-flight studies of ionospheric phenomena; and

the French-built FR-1 to measure very low frequency radiation prop-

agation and electron density.

An Orbiting Geophysical Observatory carrying 20 experiments was

launched and an Orbiting Astronomical Observatory was being pre-

pared for launch in 1966.

The Agency _heduled its first Biosatellite for launching in the fall

of 1966. In a 3-day flight, this orbiting biological laboratory will

investigate the effects of outer space on plants, animals, and other life

forms to determine the hazards for astronauts during prolonged space
missions.

Photographs of the earth and its weather taken by Project Gemini

astronauts were being studied by geologists, oceanographers, meteorol-

ogist, s, and other scientists.

Four orbiting TIROS meteorological satellites made possible un-

interrupted use of satellite data for operational purposes. In August,

TIROS X warned of a hurricane near the planned recovery area of

Gemini V; the flight was therefore terminated one orbit earlier to
avoid the storm area.

Photographs from the more advanced meteorological satellite, Nim-

bus I, revealed marked changes in the map of Antarctica. A second

Nimbus spacecraft to observe the earth's heat balance was being pre-

pared for a 1966 launch. (This satellite was successfully orbited on

May 15, 1966.)

Early Bird, the first commercial communications satellite of the

Communications Satellite Corp., made possible live December tele-

casts of the Gemini VI-A and VII spacecraft recoveries from the
deck of an aircraft carrier.

Another communications satellite, Syncom III--used by the Defense
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I)epartment for transmissions between the United States and the Far

East--was part of the communications network for the Gemini V

flight in August.

Assembly of the prototype model of the spin-stabilized Applications

Technology Satellite began, with launching scheduled for late 1966.

The Pegasus III Meteoroid Technology Satellite, launched July 30,
has returned useful data on the near-earth meteoroid environment.

The HIll0, one of the two NASA lifting body research vehicles,

was completed and prepared for delivery. The M-2, the other vehicle,

after wind tunnel tests and preflight checkout, was approved for

flight.

Fire II, the reentry heating experiment flown on May "22,gave very

accurate da_a on the heat load borne by an Apollo-type vehicle entering

the atmosphere at lunar return speeds.

The three X-15 research aircraft were used for a wide variety of

investigations, making a total of 18 flights during the period.

The second XB-70 aircraft entered the SST flight research program,
making its first flight during the period. Both aircraft collected data

on the sonic boom and on operating, structural, and other problems.

The 260-inch solid motor was successfully test fired on September

25, producing a peak thrust level of 31/_ million pounds.

A 2,000-hour endurance test of a two-stage potassium vapor turbine

was completed in late December; the post test inspection showed little

erosion damage.

A boiling potassium corrosion loop made of an advanced columbium-

base alloy successfully completed a 5,000-hour test.

A gas-bearing-supported, radial flow turbocompressor was delivered

to NASA and at the end of the period was being installed in Lewis

facilities for "hot gas" testing.

An isotopically fueled generator, the SNAP-27, was selected to

power the Apollo Lunar Surface Experiment Package.

During the Gemini VII/Gemini VIA flights, the Manned Space

Flight Network simultaneously tracked and maintained communica-

tions with the two spacecraft and the four astronauts in real-time_

Construction of facilities to support the Apollo program was com-

pleted at Guam; Carnavon, Australia; Bermuda; Cape Kennedy;

Hawaii; Guaymas, Mexico; and Ascension Island.
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Construction continued on the five instrumentation ships which will

provide tracking, communication, telemetry, navigation, and data

processing facilities for the Apollo program.

A contractor was selected to modify and instrument eight C-135

jet aircraft; these will be used in the Apollo program for voice and

telemetry transmission from the spacecraft to the ground network.

Deep Space Network facilities at Goldstone and Pasadena, Calif.,

received the Mariner IV transmissions of 22 photographs of Mars.

In December, the network received signals transmitted from Mari-

ner IV when it was 20 million miles away (a one-way record).

The Deep Space Network supported the Pioneer VI mission,
launched December 16.

The Satellite Network supported 50 satellite programs, 11 of which

were launched during the year (including 3 DOD satellites).

A new 85-foot antenna at Canberra, Australia, became operational

in September, rounding out the prime support for the Orbiting Geo-

physical Observatory (eGO) program.

Q • •

As part of a NASA-CNAE (Brazilian National Space Commis-

sion) cooperative project, three sounding rockets were launched (two

from the Barreira do Inferno range near Natal, Brazil, and one from

Wallops Island).

NASA and CNAE also agreed on two other cooperative sounding

rocket projects.

Under its cooperative program with Canada, NASA launched the

ISIS-X payload (Canadian Alouette II and the NASA Direct

Measurement Explorer-A spacecraft).

The FR-1, first cooperative satellite with France, was launched
December 6.

More than 2,500 foreign nationals from 112 locations visited NASA

centers during _he period.

Twenty-five graduate students (under the NASA international

university fellowship program) completed their studies; 50 o_hers

either entered the program or continued their studies.

In September, 1,275 new students began studies under the sustain-

ing university program. This made a total of 3,132 _rainees engaged
in full-time work for the doctorate at 142 universities.

One hundred fifty-two institutions were selected for the fiscal

year 1966 training program; 10 of these were participating for _he
first time.
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The summer faculty fellowship program provided training for about
100 faculty members with the cooperation of 1"2universities and 7
NASA field centers.

Summer institutes for outstanding undergraduates were held at 3

locations, offering 6 weeks of training in space science and technology
to about 140 senior students.

Support was provided for multidisciplinary space-related research
at 36 educational institutions; grants for new programs were awarded
3 institutions. Facilities gra_ts were awarded 5 in_itutions; "2uni-

versities initiated work--making a t_tal of 10 projects under con-
struetion--and 6 NASA-supported facilities were completed.

NASA's informational-educational programs provided exhibits on
the space program for more than 8.5 million viewers at a unit cost of
about 3 cents a viewer.

Over 3"2,000 requests for educational publications and 3,100 for

motion pictures were answered, and a Dictionary of Tectmdcal Terms
for Aerospace Use and a _qourcebook on the Space Sciences were
released.

Special spacemobile programs supplied information on space science
and exploration to students in culturally deprived areas in Philadel-
phia, Pasadena, and Boston. In cooperation with Howard Uni-
versity, NASA instituted a series of lectures for adult culturally de-
prived groups in New York City, suburban Jacksonville, Fla., and
rural Cheneyvilleb La.

An estimated 77 million persons saw NASA's educational TV docu-

mentaries and other telecasts, and over 2,000 radio stations broadcast
the Agency's weekly 5-minute "Space Story" program.

More than 950 NASA personnel participated in such training
courses us procurement management, incentive contracting, contract
cost management, and PERT seminars.

Dr. Robert C. Seamans was appointed Deputy Administrator of
NASA, succeeding the late Dr. Hugh L. Dryden.

Eighty-eight NASA employees received a total of $_7,100 for in-
ventions on which patent applications were filed by the Agency.





GeminiVI-A and VII astronauts (clockwise from top right)
Lovell, Schirra, Stafford, and Borman. Prel_red by NASA
artist Alfred Jordan.



MANNED

I
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FLIGHT

During the period covered by this report_ NASA's manned space

flight activities made significant progress, with three successful
manned space missions in the Gemini program, completion of the

Saturn I flights and further gains in the development of the uprated

Saturn I and Saturn V launch vehicles, advancements in the develop-

ment and fabrication of the Apollo spacecraft, and the construction/

activation of essential support facilities.

Manugement of the manned space flight program continued being

improved, with certain organizational refinements designed to obtain

the best use of the capabilities of the people, the ground facilities, and

the flight equipment. The Office of the Associate Administrator for

Manned Space Flight was strengthened by the appointment of a gen-

eral deputy who is concerned with relationships between the field

centers and the Office of Manned Space Flight.

The Agency gave increased time and attention to planning for

future matured space flight efforts. Toward this end a new organiza-

tion, the Saturn-Apollo Applications Office, was established in August.

This office is responsible for the direction of activities that may make

us% for purposes other than the current Apollo program_ of the Saturn

launch vehicles and the Apollo spacecraft. At period's end, this office

11
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was engaged in defining Apollo applications based on maximum use
of both the Gemini system and the Apollo capabilities.

In another effort to improve the management of its manned space

flight activities, NASA established the Operations Executive Group.
Members of the group are senior executives of NASA, of the Depart-
ment of Defense, and of industry whose organizations are significantly

involved in manned space flight operations. The purpdse of the
group is to strengthen the interface between operational elements and
to familiarize these executives with manned space flight abjectives
and the anticipated problems in achieving them. The group will

meet periodically to review results of completed missions and to pro-
vide policy guidance as appropriate for current and forecast opera-
tional problems.

As an auxiliary to the Operations Executive Group, the Agency
also established an Operations Management Group, made up of oper-
ating management officials within NASA and DOD. This group is

expected to convene as required to conduct postflight critiques and to
resolve operating problems.

As mentioned in the previous (13¢h) Semiannual Report, NASA
entered into a cooperative arrangement with the Air Force to obtain
198 trained military personnel to perform flight operations functions

at the Manned Spacecraft Center. These individuals are being utilized
to fulfill part of NASA_s requirement for personnel to handle opera-
tions-oriented functions. Also, NASA was in the process of trans-
ferring 200 positions from the Marshall Space Flight Center to the
Manned Spacecraft Center in preparation for the Apollo missions.

The Gemini Program

In three manned flights during this period, the Gemini program con-
tributed to the major objectives of manned space flight and advanced
this Nation's capability to perform useful tasks in space.

In August, the second long-duration mission, Gemini V, proved that

men could function effectively in space for 8 days. In December, the
14-day Gemini VII mission was accomplished successfully. Con-
current with the Gemini VII mission_ the rescheduled Gemini VI
(designated Gemini VI-A) was conducted. The Gemini VIA was
launched 11 days after Gemini VII and rendezvoused with that space-
craft on December 15. This was the first successful rendezvous of _wo

spacecraft in space, a major milestone for the U.S. manned space flight
program.

During this period the investigation of long-duration flight_ a major
program objective_ was completed. The Gemini VII 14-day mission
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demonstrated that man can perform effectively during long periods of

orbital flight and validated the life-support technology that is being

developed in our manned programs.

Gemini V

The third manned Gemini mission, Gemini V, was launched on

August 21, 1965, within 11 weeks of Gemini IV. (Fig. 1-1.) Gemini

V, 8 days in duration, was tlm second of three lor_g-duratio_ minions
conducted in 1965. This mission demonstrated from a medical and

crew standpoint the feasibility of the Apollo lunar mission which re-

quires 7 or 8 days to land on the lunar surface and return. A major
technical achievement of this mission was the use of fuel cells in lieu

of batteries as the primary electrical power supply for the spacecraft.

Fuel cells produce electrical energy by chemically reacting hydrogen

and oxygen in the presence of a catalyst. Early in the mission, a drop

in pressure of the oxygen tank supplying the fuel cell occurred because

of a malfunction in the tank's heater circuitry. The fuel cell, howover,
continued to work well.

The Gemini V mission demonstra/ced the spacecraft weight that

call be saved by using fuel cells as a power source. (Fig. 1-2.) The

Gemini V spacecruft fuel cell installation including the hydrogen and

oxygen supply weighed about 600 pounds. If Gemini had used

batteries, spacecraft weight would have increased approximately a

thousand pounds. The Gemini fuel cell will be used in NASA's

biosatellite program and similar fuel cells will be utilized in the

Apollo Command and Service Module as _he primary power source.
Seventeen scientific, medical, technological, and engineering experi-

ments were planned for Gemini V und 16 were successfully conduc ._.

The results of these experiments along with the results of the Geminis

VIA and VII experiments will be published for public dissemination

as a major part of the proceedings of the Gemini midprogram review

scheduled for February 1966. The medical results of Geminis V and

VII are described in another section of this report.

Gemini VII

The fourth maxmed mission of the Gemini program was launched

on December 4, 1965. The successful completion of this mission

14 days after launching was the final vital step in the attainment of

the long duration objective of the Gemini progTam. Gemini VII

demonstrated that man can operate and perform useful functions in

orbit for extended time periods and significantly increased medical

confidence in the feasibility of manned orbital flight in exce_ of

thirty days.
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mission was excellent. Four years of extensive development, testing,

and production efforts to meet the stringent performance requirements

of a 14-day orbital mission were culminated by the successful comple-
tion of the Gemini VII mission.

Gemini VI-A

The Gemini VI mission, the first rendezvous mission in the Gemini

series, was first attempted on October 25, 1965. The simultaneous

countdown for the Atlas-Agena and the Gemini launch vehicle and

spacecraft continued through the Agena launch at 10 a.m., e.s.t., as

shown in figure 1-3. Tlm mission was terminated within the hour

because the Agena target vehicle failed to achieve orbit. It was

determined later that a severe hard start of the Agena engine resulted

in a premature engine shutdown, the propelhmt tanks burst and the

vehicle was destroyed. An intensive investigation, analysis, and test

program was instituted by NASA and ,the USAF to determine the
cause for the hard start and corrective action required. This effort

has continued through the end of the year and will be completed in

]_[arch 1966, in time for the second rendezvous mission, Gemini VIII.

Because of the Agena faih_re an alternate plan for rendezvous was

activated in order to utilize the extensive planning and preparation

that had been accomplished for Gemini VI. The pl.an was to launch

Gemini VII and use it as ,_ rendezvous target for Gemini VI (re-

designated VI-A). This type of planning was feasible because the

Gemini VI space vehicle had been completely checked out and counted

down to within an hour of launch, and required minimum rechecking

before launching it as Gemini VI-A. Additionally, the level of

training, experience, and proficiency of the launch operations and

flight operations personnel in Gemini provided the flexibility and

capability to accommodate the new mission plan. This proficiency

in all phases of launch and flight operations is another major contribu-

tion of Gemini to the manned space flight program.
After a normal countdown for a scheduled liftoff on December 12, the

Gemini VI-A launch vehicle ignition occtLrred, but was terminated

1.19 seconds later. The immediate cause was the premature separa-

tion of a pad liftoff disconnect tailplug. Subsequent data analysis

revealed that ignition would also h,_ve been terminated before liftoff

because of a difference in thrust buildup between the two first-stage

engine assemblies. The launch vehicle, pad, and umbilical tower
were refurbished in record time and on December 15 the Gemini VI-A

spacecraft and launch vehicle were successfully launched from Com-

plex 19 within one-tenth of a second of the planned time for launch,
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h'gure 1-3. Launch of Atlas-Agcno hrget ,  October 25. 1965. 

~ 
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Figure 14. Astronauts Borrnan and LovelI in Gemini VII. 

11 days after Gemini VI1 was launched from Complex 19. Five hours 
and 56 minutes later the first successful rendezvous by two spacecraft 
was accomplished when Gemini VI-A maneuvered to within 120 feet 
of Gemini VII. For 31/2 orbits after the rendezvous Gemini VI-A 
and VI1 conducted stationkeeping maneuvers at  distances that varied 
from 1 foot to 300 feet. 

The high performance and sensitive control characteristics of the 
spacecrait Orbit Attitude and Maneuvering System were vividly 
demonstrated during the rendezvous and stationkeeping maneuvers 
by Gemini VI-A. The rendezvous radar performed exceptionally 
well from the time it locked on Gemini VI1 at 248 miles until it was 
turned off a t  a distance of 50 feet from Gemini VII. Three experi- 
ments were successfully conducted during the flight. Gemini VI-A 
flew a controlled reentry and landed within 7 miles of the planned 
landing point. The high decree of accuracy in controlled reentry 
attained by Geminis VI-A and VI1 w-as another indicator of the 
proficiency in flight operations developed in Gemini in 1965. (Illus- 
trations 1 4  through 1-12 depict the Geminis VI1 and VI-A missions.) 
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Figure 1-5. Astronauts Schirra and Stafford in Gemini VLA.  

Development, Production, and Tesi 
The Gemini space vehicle consists of a spacecraft and a modified 

Titan I1 launch rehicle. The target vehicle used for n rendezvow 
mission consists of an Atlas Standard Launcl~ Vehicle (SLIT-3) and 
the Geiuini-Agena target vehicle. These major elements hare com- 
pleted their derelopment and qmlification phases and are well into 
their production phase. 

Spacecruft 

this period. 
clelix-ered in January 1966. 
test. 
and assembly. 

Gemini Launch Vehicle 
Deliverj- of Gemini Launch Vehicle (GLI-) 6 was completed in 

-1ugust 1965. GLY 7 was delivered in October and delkery of GLTT b 

will be completed in January 1966. GLT 3 was in s_vstems test in the 
Tertical Test Facility, GLV 10 was in horizontal test, and GLV‘s 11 
:md 12 were in h a 1  stages of manufacture and assembly. 

Spacecrafts TI and 1-11 were delivered to Cape Kennedy during 
Spacecraft VI11 completed systems test and was to be 

Spacecraft IS xas  in assembled systems 
Spacecrafts S, SI, and XI1 were in final stages of manufacture 
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F- 

Figure I d .  Launch of Gemini VII. 
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Figure 1-7. Launch of Gemini VI-A. 
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Figure 1-8. Gemini VI1 photographed from distance by Gemini VI-A crew. 

Atlas SLV-3 

The Atlas launch vehicle for Gemini VI11 (Atlas 5302) was deliv- 
ered in August 1965. Atlas 5303 for Gemini IX is to be delivered in 
February 1966. At.las 5304 was in final assembly, and 5305 and 5306 
were in various stages of manufacturing. 

Agena Target Vehicle 

Agena 5002 was delivered to Cape Kennedy in July 1965. Agena 
5003 was scheduled for delivery in January 1966. The basic Agena D 
for Agena 5004 was accepted by NASA from USAF in October 1965. 
The basic Agena D for Agena 5005 was midway through manufactur- 
ing and Agena 5006 manufacturing has started. 

Augmented Target Docking Adapter (ATDA) 
To provide a backup for the Agena target vehicle, an Augmented 

Target Docking Adapter has been added to the Gemini program. 
This vehicle was being manufactured by the Gemini spacecraft manu- 
facturer, and was to be delivered in February 1966. All of its critical 
components are qualified spacecraft components presently available in 
the Gemini inventory. In  the event of another Agena failure or 
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Figure 1-9. Clorrup of Gemini VII, taken from Gemini VI-A. 

serious schedule delaj- this vehicle will be used as n rendezvous and 
docking target for the spacecraft. 

Experiments Symposium 

'The first Gemiiii Esixrinients 8-mposium was held in V~asiiiiigton, 
U.C.. on October 1s and 19, 1965. The object of this ymposium was 
to disseminate as widel?; as practicable to  the Sation's scientific coni- 
iiiunitF the results of experiments conducted on Gemini missions I11 
and 

Another symposium will be held in January 1966 on experiments 
conducted on the Gemini V mission. An overall review of Gemini 
experiments results will be presented in conjunction with the Gemini 
Midprograni Conference. 

Gemini Midprogram Conference 

X %day Gemini Midprogram Conference will be held a t  the Nanned 
Spacecraft Center in Houston beginning on Februaq 23, 1966. 
Administrative and operational achievements that hare contributed 
to the Gemini success to date will be presented. h broad segment of 
Government, industry, and the scientific communitr will attend the 
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Figure 1-10. Gemini VI1 photographed as Gemini VI-A moves away following rendezvous. 

conference. This will be the first of two such conferences and will 
mark the successful attainment of the long-duration flight objectives. 
The second and final conference will be held in early 1967 following 
completion of the program. 

Medical Results of Gemini 

The Gemini VI1 flight, the “Medical Mission” of the Gemini series, 
was the first to carry all of the eight Gemini medical experiments. 
Because of the time span of Gemini VII, the medical results were 
significantly more important than the findings obtained from pre- 
vious flights in the series. Also, in addition to the greater number of 
medical experiments on board, preparation for the flight provided for 
longer and more demanding periods of baseline studies than ever 
before. 

The 14-day flight indicated that there is very little likelihood of 
any phpiological barrier to a manned lunar mission. The medical 
conclusion that man can be supported in long-duration orbital flights 
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Figure 1-1 I .  Gemini V I A  a f t e r  rploshdown. 

Figure 1-12. Gemini VI1 astronauts aboard carrier. 
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without any major changes in life-support techniques was justified b'y
this mission.

Throughout the flight, the physical condition and the psychological

adjustment of the crew were excellent. Blood pressures and heart rates

remained within normal ranges during the various phases of launch,

rendezvous with Gemini VI-A, and reentry. Postflight tests on a

bicycle ergometer showed only little differences in work capacity

from similar tests conducted prior to flight. Postflight tilt-table

studies, which provide some quantitative measure of the effect of zero

gravity on cardiovascular system adaptability, revealed changes that

were no different in character from those observed in shorter flights.

Gemini VII therefore showed that man is both physically and psy-

chologically able to function adequately through 14 days in space,

thus assuring the feasibility of the Apollo earth-0rbital missions. The

flight also provided a reasonable basis for predicting that man can

endure in space for periods considerably beyond the 14 days achieved
thus far.

Earlier in the reporting period, in August_ the 8-day flight of

Gemini V occurred. This flight was significant medically because

it demonstrated the physiological capability of man to undertake

the lunar mission, a conclusion which was confirmed and strengthened

by Gemini VII some 3 months later. The medical results of this flight

were completely satisfactory. Physiological data obtained during the

course of the mission remained within normal and predicted limits,

and no unexpected physical effects were observed in postflight exami-

nations. The same general pattern of results applied to Gemini VI-A

as well. Thus, in the three manned space flights in the latter half of

1965 no medical operational information was acquired which could

be considered to compromise the crews' ability to function during the

in-flight or postflight phases of the missions.

The program of operational medical information acquisition is con-

cerned with the safety and welfare of space crews during a flight

mission. It emphasizes symptoms or overt manifestations of dysfunc-

tion, since any appearance of these would indicate the need for medi-

cal response during the flight.

The Apollo Program

In the Apollo program, the extensive and intensive test program

initiated during the previous report period reached maturity in the

last half of 1965. Thousands of tests were performed on equipment

ranging from the smallest part to the complete space vehicle. Devel-

opment and qualification tests of spacecraft modules, launch vehicle

stages, and supporting equipment were successfully conducted to as-
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s6re the reliability of Apollo components being readied for upcoming

flight testing. The flight test phase of the Apollo program will begin

early in 1966.

Spat_cz_

The Apollo Command and Semdce Module spacecraft ground test
program continued, with the use of two distinct types of test hardware :

boilerpla, te and airframes. The boilerplate test article, though heavier,

has the same external size, shape, and center of gravity as the air-

frame; the instrumentation and subsystems aboard the boilerplate will

vary. depending upon the test mission.

The boilerplate spacecraft testing was nearing completion while

testing of the flight-weight airframe spacecraft was underway. Air-

frame testing was conducted to verify the structural design of the

spacecraft and the operating characteristics of the subsystems before

flighty

The airframe ground test program is being conducted in two phases.

The Block I ground test program is expected to verify the earth-

orbital Command and Service Module (CSM) configuration that will

be flown on four of the first six Saturn IB flights and on the first two

Saturn V flights. The Block II ground test program is expected to

verify the Command and Service Module that will be used with the

Lunar Module during earth-orbital flights and the lunar mission.

Test firing on Airframe 001 (of flight weight design) which began

in the first half of 1965 at the White Sands Test Facility, continued

throughout the report period. (Fig. 1-13.) Testing included system

checkout runs; engine starts, restarts, and shutdowns; the CSM-009

mission duty cycle; and several runs of the CSM-011 mission du_"

cycle. Runs were made with varied engine mixture ratio, with high

and low chamber pressure, with propellants conditioned hot or cold,

and with the Service Module engine being gimballed.

A most significant accomplishment, of Airframe 001 testing was

completion of the tests necessary for the support of the CSM-009 mis-

sion. As the payload for the SA-201 launch vehicle in the first launch

of the Apollo uprated Saturn I (Saturn IB) space vehicle early in

1966, CSM-009 was a focal point of activity during the report period.

Factory checkout tests of Airframe 011 (CSM-011) began in No-

vember at the North American Aviation plant, to place this spacecraft

in readiness for the second Apollo uprated Saturn I flight in 1966.

A boilerplate spacecraft (No. 14) was used in support of those _sts.

Another flight spacecraft (CSM-008) was in systems installation.

This vehicle will be used in the critical thermovacuum testing program

at the Manned Spacecraft Center.
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. 

Figure 1-13. Service Module Airframe 001 in propulsion engine test stand. 
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Airframe 004 was used for structural static tests to determine its

behavior under various loads that could be experienced during flight,

such as boost and service propulsion system engine firing. The com-
bined Command and Service Module was subjected to simulated loads

that will result during the Saturn V boost phase.

CSM-007, another Block I spacecraft, was also in test during the

period. Acoustics tests of its Command Module at the contractor's

plant were completed in September, and in November flotation and

water impact tests were initiated at the contractor's facility. These

will be followed by flotation tests at, the Manned Spacecraft Center

beginning in 1966. Subsequently, Command Module 007 will be used

for Block II postlanding tests. Manufacture of the lunar-configured

Block II spacecraft began in August, an important milestone for the

period.
Lunar Module. Another spacecraft milestone was the beginning

of fabrication of four additional Lunar Module (formally Lunar

Excursion Module) test versions for delivery in 1966. Also, the last

of three previously manufactured Lunar Module test versions was

being prepared for equipment installation. (Fig. 1-14.)

Testing of the Lunar Module spacecraft began shifting from com-

ponents to subsystems. Component and subsystem-level testing was

conducted by the subcontractor_ Higher level rig and Lunar Module

test version testing was conducted at the prime contractor facilities,

Arnold Engineering Development Center, White Sands Test Facility,

Marshall Space Flight Center, and at the Tulsa Facility of another
contractor.

Lunar Module ascent-stage proof pressure tests were successfully

completed in September 1965 on the Lunar Module full-scale thermal

model. The ascent stage of this model will be refurbished for u_ as

the ascent stage of Lunar Module Test Article 5 in Lunar Module

propulsion system tests at White Sands Test Facility.

At the Arnold Center in Tullahoma, Tenn., heavyweight ascent and

descent engine rig firing tests were conducted to determine the Lunar

Modulo engine performance characteristics in flight.

Heavyweight and prototype-weight ascent and descent engine tests

were conducted at the White Sands Test Facility. The prototype

|ests consisted of nonfiring (cold flow) tests of the descent engine fuel

system. These are conducted prior to engine firing tests to make sure

that the fuel system functions properly.
At contractor facilities in Tulsa, Lunar Module Test Article 10

ILTA-10) was subjected to static structural texts in combination wifll

the spacecraft adapter. In August, the adapter for the first Apollo-

Saturn flight early in 1966 was delivered to Kennedy Space Center.
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Figure 1-14. A mockup of the Lunar Module. 

The adapter is the external space vehicle structure which houses and 
supports the Lunar Module between the spacecraft Command/Service 
Module and the instrument unit of the launch vehicle. LTA-10 later 
will be refurbished to become the Lunar Module of the spacecraft pay- 
load for the first Saturn V flight test in 1967. 

At Marshall Space Flight Center, LTA-2 was mated with the 
Saturn launch vehicle to undergo dynamic structural tests. Such tests 
verify the launch vehicle-payload structural integrity under the sim- 
ulated launch and flight dynamic load conditions for both earth-orbit 
missions and the lunar mission. Preparations began during the period 
for the higher level integrated Lunar Module systems tests which will 
get underway in 1966. 

Guidance and Navigation h’ystem.--All development and essential 
ground qualification testing of Block I Command Module guidance 
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and nsvigation syateins was completed during the period. Ground 
qualificrttion vi11 be completed early in 1966. Tm-elve of fifteen produc- 
tion Block I systems, to be used for flight testing and earth-orbital 
flights, were assembled, tested, and delivered for spacecraft in&lla- 
tion. (Fig. 1-15.) 

Figure 1-15. A Block I Command Module guidoncc ond navigation system. 

Design and development of the lighter Blwk I1 system, which will 
be used on boTh Command and Lunar Modules for lunar flights, also 
\\-ere completed during the period. Engineering models of this system 
underwent extensive ground testing. 

Laitnch Escape System..--Qualification of the Apollo spacecraft 
launch escape system neared completion during the period. The final 
test using the Little Joe 11, originally scheduled for December, was 
postponed until January 1966 when a malfunction was detected in the 
test vehicle guidance system. 

LogBfics.-The logistics Ease for the Apollo program was built up 
during the period. Barges for transportation of hardware on the 
West Coast, and from the West Coast to the East Coast, were placed in 
operation. The second stages of both the uprated Saturn I and the 
larger Saturn V were transported by barge during the period. The 

232-010 @-4&--4 
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first of the big Saturn V first stages also was barged from Michou'd

Test Facility, La., to Marshall Space Flight Center.

Work continued on 'the five ships and the various aircraft associated

with the Apollo operations network in preparation for future Apollo-
Saturn space vehicle flights.

Lounch Vehicles

The last of the Saturn I vehicles was launched on July 30, 1965,

carrying a Pegasus satellite into orbit. With this success, a perfect
10.out of 10 launches was achieved.

The Saturn I program w_ the steppingstone to Apollo manned

flights with the uprated Saturn I and the Saturn V. Its accomplish-

ments included the development of new fabrication _techniques, .new

transportation methods for large rockets, and successful clustering of

several large rocket engines. Saturn I also provided the first extensive

use of multiengines and liquid hydrogen in the upper stages. In addi-

tion, the program advanced the technology of guidance, of instrumen-

tation and of handling and storing large quantities of cryogenic fuel.

Finally, Saturn I proved the validity of NASA's ground test philos-

ophy, verified the aerodynamics of Apollo spacecraft, and served as

the launch vehicle for three meteoroid satellites (two in the pre_rious
report period).

Uprated Sat tern /.--During the report period, tests were nearly

comple'ted in the major ground testing activity required to launch the
first uprated Saturn I launch vehicle.

The first stage (S-IB) test program carried out during the period

included structural tests, component qualification tests, and intensive

checkout tests of the flight stages. During the structural tests, all

stage components were, subjected to loads exceeding design limits.

These tests were conducted both at the Marshall Space Flight Center
(MSFC) and at Michoud.

The intensive component qualification testing program initiated

previously was continued during the period. More than 10,000 of

these tests were conducted at MSFC, and at both contractor and sub-

contractor plants. During these tests the components were subjected

to environmental conditions which are expected to be experienced

under actual flight.

In addition .to the developmenr, tests conducted for the first stage,

the first flight version of it. completed its checkout tests during the
period.

The first stage of the uprated Saturn 1 is a direct deriwt,tive of the

Saturn I first stage with uprated H-1 engines. Both of the AS-201

(Apollo-Saturn-201) flight stages were static fired and delivered to
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KSC as planned during the period. The first stages of both AS-202
and AS-203 and the second stage (S-IVB) of AS-202 also were

static fired. (Fig. 1-16.)
Tests of the uprated Saturn I second stage (S-IVB) during the

period included structural, component qualification, and checkout tests

of the flight stage for the first flight. Structural tests were successfully
conducted on all major stage assemblies at Seal Beach and were

subjected to l_,yadsexceeding design limits_
In September 1965 the first stage of the Apollo upra.ted Saturn

I-AS-201 space vehicle (S-IB-1) was delivered to KSC. Following
routine manufacturing, static firing, and poststatic checkout, this stage
was mated with the facilities checkout stages and spacecraft modules
on Launch Complex 34 for integrated launch facility/space vehicle
checkout. The use of the S-IB-1 flight stage for these tests allowed

the continued use of the S-IB-1 dynamic/facility stage for dynamic

testing at MSFC.
During a prelaunch test operation, inadvertent damage to one of

the S-IB stage fuel tanks resulted in the replacement of the damaged
tank while the stage remained on the pad. This replacement took
place in about '24 hours without impact on the prelaunch test schedule.

On August 8, 1965, the AS--201 second stage (S--IVB) was success-
fully acceptance-fired at _he Sacramento Test, Facility. The stage
arrived at. KSC on September 3, 1965, following postfiring checkout
and shipment via oceangoing freighter through the Panama Canal.

The instrument unit, ground tests also were completed during the
period. Assembly of the instrument unit to be flown on the first flight
vehicle was completed in August and it was then delivered to

Cape Kennedy.
Sc_tum_ V.--Consistent wi_h the Apollo test philosopl,y, extensive

Saturn V vehicle ground tests were accomplished during the report,
period. Testing was performed on flight-type stages down _hrough
the components level to insure tha_ the Saturn V hardware will meet

operating requirements encountered during the manned lunar mission.
(Fig. 1-17.)

The all-systems first stage (SIC) test program for the Saturn V
launch vehicle was completed at Marshall Space Flight Center in
November, "2months earlier than planned. The early completion was
made possible by timely hardware delivery and a highly successful

firing program.
Captive firing of the all-systems first stage was initiated in the

previous period ¢o verify the overall propulsion system performance
and establish system limits.
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Figure 1-16. Test firing f i r s t  stage of the uprated Saturn 1. 
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Figure 1-17. Line drawing of Saturn V. 
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A single-engine firing of the first stage was subsequently expanded

to a full cluster of five engines; manual firings were converted to

automatic; and firings of but a few seconds duration were progres-

sively increased to full duration of 150 seconds.

Five flight and 4 ground test first stages out of 19 to be "delivered

were in various phases of manufacture and assembly at. the end of

1965. The first flight stage was delivered from manufacturing to

checkout at MSFC. (The first two flight stages were being manu-

factured at MSFC and subsequent stages manufactured at Michoud.)

Delivery of the dynamic test stage was made to MSFC by Michoud

to support the Saturn V dynamic test program, scheduled to start

early in 1966. This was the first Michoud-built stage. The second, a

facility checkout stage to be used for checking out the Saturn V launch

complex, was also completed and will be delivered to KSC early
in 1966.

Structural integTity testing on the flight-type second stage (S-II)

and instrument unit was completed. Structural tests on the Saturn V

first and third stages should be completod early in 1966. Components

were tested to verify their designed load carrying capability and

margin of safety.

The electromechanical mockup, common bulkhead test tank, and

structural test programs were all completed for the second stage. The

common bulkhead, which is probably the most critical component in

the second stage, was structurally certified when subjected to critical

design loads and temperature.

In September, during testing of the structural test, stage at the

contractor's facility at, Seal Beach, ()alif., the unit was destroyed.

This occurred while the stage was being subjected to a planned loading

to 140 percent of its desigTt limit. It failed at 138 percent of this

limit, demonstrating that an optimum secoud-stage structure had been

designed.

The F-1 engine for the Saturn V first stage completed the first

single-engine firing and the first cluster-engine firing on the all-

systems test stage (S-IC-T) in the previous .period, approximately 3

months ahead of schedule. More than 46,000 seconds of systems R&D

testing were carried out by the end of December (approximately 55

percent of the total system tests conducted to date).

A cluster of five J-2 engines provide the propulsion for the second

stage. A single ,[-2 engine is used with the third stage (S-IVB).

Its flight rating test progTam was completed in July 1965. Durino"

this test program, the ,1-2 engine was subjected to 25 tests for 2,750

seconds of accumulated firing time, demonstrating the necessary reli-

ability for the flight program in the uprated Saturn I. (Fig. 1-18.)
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:"Qualification testing of the 200,000-pound-thrust J-2 engine was

completed in December, with an accumulated ground test firing of

about 90,000 seconds in 1,400 tests. During the formal qualification

test program, a single engine was subjected to 30 tests with an ac-

cumulation of 3,750 seconds in firing time. A reliable restart ca-

pability was demonstrated in these tests; such reliability is a necessary

requirement for early manned flights on the Saturn V.

Five-engine cluster firings for the second stage of the Saturn V

(S-H) and single-engine firings for the third stage of the Saturn V

(S-IVB) also were conducted. Forty-two production engines were

delivered in support of the ground and flight test, programs.

Apollo Support

Ground support equipment was installed and checked out at Ken-

nedy Space Center to make the facilities ready for checkout of the

Command and Service Module (CSM-009) for the first Apollo-Saturn

flight, The CSM-009 was received at KSC in October for inspection

and testing. All facilities for the CSM-009 checkout were operation-

ally ready at that time to provide the necessary support.

Among these facilities brought into use during the period was the

Propulsion Test Facility, the former Titan Launch Pad 16 at. Cape

Kennedy. This facility was converted to perform functional checks

and to static fire the Service Module Secondary Propulsion System in

support of the CSM-009 checkout.

Another was the Hypergolic Test, Facility No. 1, activated to test

the Service Module reaction control system thrusters and the Com-

mand Module reaction control system. Each individual thrustor fuel,

oxidizer, electrical, and instrumenfation system was verified at this

facility. Also, the complete Command Module was taken to it for

checkout of the reaction control system.

Also activated during the period was the Pyroteclmic Installation

Facility. Here, the Command Module earth landing system, the re-

covery system, and the forward heat, shield with associated pyrotechnic

devices are installed. The Launch Escape System checkout and

weight-and-balance functions also are performed here.

The first integrated system checkout of the Apollo spacecraft was

begun on CSM-009. The Command Module was mated with the

Service Module in the integrated system test stand where the interface,

combined systems, and polarity tests were performed. The Command

and Service Modules were then mated with the spacecraft adapter for

transport to the launch complex.

Two spacecraft, checkout systems, installed during the previous re-

port period in the Operations and Checkout Building at Cape
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Kennedy, became operational during the period. These provide cen:

trMized control and reM-time monitoring of operations during space-
craft checkout and launch countdown. Each consists of a control

room and computer room. A signal distribution system allows either

control room to be connected to either computer room and the com-

puter rooms may be connected to any test facility. The checkout

stations thus are able to control and monitor spacecraft checkout at

Launch Complex 34. AdditionM control consoles are located in the
Launch Control Center for the launch controllers. Data to these

consoles are supplied by the checkout stations.

Ground support equipment installed on Launch Complex 34 was

activated to support 'the CSM-009 prelaunch checkout and launch.

This equipment provides the capability for spacecraft-to-launch-

vehicle interface tests, spacecraft systems tests, countdown demonstra-

tion, and fuel servicing.

Apollo Applications

Apollo Applications is a product of the study and planning effort

that has evolved during the past 3 years. It has come about as a

result of several funded studies and related in-house analyses which

l'lave been performed since the lunar orbit rendezvouu was selected as

the mode for accomplishing the manned lunar landing mission.

Figure 1-18. The F-I (above) and J-2 engines (facing page).
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L$ major factor in the selection of tlie lunar orbit rendezvous for the 
Apollo missio:i JTSS that the Sat:im-Apollo systems required for this 
mode would provide a. pon-erful and flexible manned space exploration 
capability as a product of the Apollo propam. Progressing concur- 
rently with tlie definition and development of the Apollo p-ogixni. tlie 
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advanced system studies have identified a variety of mission objectives

which could be accomplished with varying degrees of adaptation and

modification of the basic lunar mission hardware. Apollo applica-

tions has resulted from the narrowing down of the many possible

adaptations to a limited number of specific missions.

As the current Gemini and Apollo programs are building on results

from earlier successful manned space flight programs, so these pro-

grams should provide a new level of capability upon which to base

Apollo Applications. As a result s NASA expects to be able to explore

space out to 250,000 miles from earth and to conduct manned opera-

tions and experiments on flights up to 2 weeks' duration. The upruted

Saturn I and Saturn V boosters should be able to inject approximately

18 and 140 tons of payload, respectively, into near-earth orbit. The

Saturn V should be capable of sending 48 tons to the vicinity of the

moon. Further_ the Apollo spacecraft should have the capability to

sustain a three-man crew in a two-compartment, highly maneuverable,

modular vehicle_ _ble to land two men on the moon and return them_

with samples of lunar material, to earth.

The basic Apollo mission will develop the capability for three men

to operate in earth orbit for up to 14 days or in lunar orbit for 4 to

8 days if no landing is involved. It should also be able to place two
men on the lunar surface for 24 to 36 hours.

Added capabilities include those of placing two or three men in

earth orbit for 6 weeks on a single launch mission and up to 3 months

through rendezvous resupply; placing three men in lunar orbit for

periods up to 28 days; and sustaining two men on the lunar surface for

periods of up to 2 weeks. Studies in the past 3 years indicate that

the added capabilities are inherent in the system without major
modifications.

The major operational objectives of Apollo Applications would be

(1) manned synchronous and high inclination orbit operations; (2)

orbital assembly and resupply operations including personnel trans-

fer; (3) land landings; (4) long-duration manned space flight opera-

tions ; and (5) extended lunar exploration operations.

Planning schedules for Apollo Applications have been prepared for

the time period 1965 through 1971. These schedules are based on the

technology being developed in the Apollo-Saturn I and Apollo-Saturn

V programs, and on the resultant capabilities.

The Apollo progr'_m schedules call for the first unmanned flight in

1966 on the uprated Saturn I; the first manned Apollo flight on the

uprated Saturu I in 1967; and on the Saturn V, the first unmanned

and manned flights in 1967 and 1968. Thus, beginning in 1968_ the

possibility of alternate missions to those in the mainstream Apollo
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prdgram can be considered, using the nominal spacecraft for 14-day

missions in earth orbit and 8-day missions in lunar orbit.

It appears that the technology would permit 4-week missions in

earth orbit with a single launch in about 1969 and up to 3 months by

double rendezvous in 1971. This same spacecraft should be capable

of 28-day missions in lunar orbit during 1970-71. Similarly, using

the inherent capabilities in the basic Lunar Module, NASA believes

a 2week lunar surface exploration capability is possible a year or

two after the initial manned landing.

The Apollo Applications Office was established in July 1965, and

the headquarters organization was approved in August. The roles
and missions of the centers were determined in December.

The Manned Spacecraft Center, Houston, has the responsibility of

developing Apollo Applicat.ions extended-capability spacecraft sub-

systems. In addition, MSC will also be responsible for integrating

experiment payloads on the command and sere, ice modules.

The Marshall Space Flight Center, Huntsville, Ala., in addition to

its responsibility for launch vehicle procurement, will be responsible

for integrating payloads on the Lunar Modu]e_ the Saturn interstage_
and the instrument unit.

The Kennedy Space Center, Fla., will be responsible for Apollo

Applications launch operations and will also be responsible for the

installation of experiment equipment in the alternate mission phase.

Additionally, the Kennedy Space Center will have the capability of

installing late-delivered experiment equipment during the follow-on

mission phase_

Preliminary flight mission assignments for Apollo Applications were

completed in December, and a preliminary program development plan

was issued. NASA completed a phase B definition of the extended

duration spacecraft and payload integration activity. The Agency

also identified 314 possible experiments, completed the phase B studies

of the Manned Space Flight Network/NASA Communications (NAS-

COM) capabilities to support Apollo Applications missions, and

completed studies of launch operations and mission operations support.

Advanced Manned Missions

In examining possible recommendations for the next major manned

program, NASA continued to study three program areas during the

period. These program areas cover the major candidate approaches

which might be considered within the context of the NASA charter.

These areas are earth-orbital, lunar, and planetary.
The earth-orbital area continued to receive major study effort. The

fundamental categories in this area are those related to mission identi-
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fication and experiment, support, those directed toward specific spdce

station configurations, and those directed at definition of the ferry and

logistic systems which would resupply earth-orbital space stations.

The lunar studies that were in progress can be divided into four

hasic categories : those to derive mission requirements, those associated

with lunar exploration systems, those related to transportation systems,

and those concerned with evaluating the supporting operations.
The third area of advanced manned mission studies is concerned with

possible manned missions to planets of our solar system. The current

planetary mission studies break down into the areas of mission require-

ments, systems studies, and operations and support. Mission require-

ments studies are focu_d on two general tyFes of missions. These

types are capture missions, in which the spacecraft could orbit the

target planet and perhaps send a landing vehicle down to the sur-

face; and fly-by missions, in which a landing is not attempted.

Studies also have been conducted to define requirements for flight

vehicles to support missions in the above three program areas.

Facilities

Significant accomplishments were made in the construction of

facilities for the development fabrication, test, checkout, and launch

of manned space vehicles. At the Kennedy Space Center, Fla., where

space vehicles are checked out and launched, progress continued .to

assure that the facilities will be ready for the Apollo-Saturn V

launches. At the Manned Spacecraft Center, Houston, most, major

facilities have been completed. Spacecraft developmen.t testing and

astronaut training were conducted consistent with program schedules.

The Lunar Module Test Facilities wt the White Sands Test Facility,

N. Mex, were completed and became operational. At the Marshall

Space Flight Center, Ala., and the Michoud Assembly Facility, La.,

facilities for development, nmnufacture, and test of spacecraft and

launch vehicle hardware were in a fully operational status. The

Mississippi Test Facility (MTF) is an outstanding example of ,the

advances made during the last half of 1965. During 1966, MTF,

which will be the site of acceptance testing of the first two stages of

the Saturn V launch vehicle, is scheduled .to move from the construc-

tion and activation pha_ to the operational phase.

Kennedy Space Center

Two key facilities became operational at the Kennedy Space Center:

Launch Complex 34, modified for uprated Saturn I launches, shown

in figure 1-19; and the Apollo StaVic Test Facility for prelaunch
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figure 1-19. Launch Complex 34. 

&tic tests of the propulsion module engine. In addition. the fol- 
Ion-ing supporting facilities became operational : central instrumenta- 
t ion facility for the uprated Saturn I ;  range iiistiumeii2ntjon sites: 
ordnance stomge facility for Launch Complex 3:): vehicle mainte- 
i i a n c ~  and wrrjee facility : and the 1aiincli equipment shop. Cun- 
struction was a h  completed on cryogenic building So. 2 ;  hypergolic 
building So. 2 : flight-crew training building ; Pad A and cran-ler\x-a?- 
of Launch Coniplex 39 : instrumeimtion building for Launch Complex 
39: and the low bay and high bag So. 1 of the vehicle assembly 
building at Launch Complex 39. Contracts viere awarded for con- 
struction of the folloiving facilities : moctifications to Launch Complex 
:3?B required for the uprated Saturn I: Launch Complex 39 items 
such as intercommunication systems, instrumentation, and communi- 
cations cabling: and crawlerway surfacing and widening. 

Manned Spacecraft Center 

At, the Manned Spacwraft Center, Teu., most major construction 
has been completed. During the last half of 1965, the anechoic (free 
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from echoes) test chamber building and antenna test range_ the

vibration and acoustic test labora tory_ ,and the contractor support

facility became operational. Construction is continuing on the flight

acceleration facility and the environmental simulation laboratory.

Marshall Space Flight Center

At the Marshall Space Fligh_t Center, Huntsville, Ala., .the fol-

lowing facilities became operational during the last half of 1965 : the

F-1 engine static test stand; the components test facility ; the acoustic

model test facility ; and the hangar for vehicle components and assem-

bly _ation. In addition, contracts were awarded for .the construction

of a nondestructive testing laboratory ; an extension to the test engi-

neering building; and an addition to ,the materials laboratory.

Michoud Assembly Facili'l'y

The Michoud Assembly Facility_ a Government-owned_ contraotor-

operated plant located outside New Orleans, La., is the site for manu-

facture and assembly of uprated Saturn I and Saturn V booster stages.

Major construction is complete and the plant is operational. Since

July of 1965_ the road system for transferring Saturn first stages from

the plant to the barge dock has been operational. Soon to be completed

are the vehicle componen,t supply building, the contractor service

buflding_ extension to the marine dock, and improvements to the storm

drainage system.

The Michoud Assembly Facility sustained considerable damage

during Hurricane Betsy in Segtember 1965. However, repairs were

completed in December_ and the facility continued .to operate without

a break in program schedules.

Mississippi Test Facility

This facility, located on the banks of the East Pearl River in south-

western Mississippi_ will begin operational testing of Saturn V second

stages in 1966. The Saturn V first stages are scheduled for testing at,

this location by the end of 1966.

During the period, the following major technical and supporting

facilities were completed and readied for operational use: the Saturn

second-stage static test stand and control center_ the data acquisition

facility_ the central control facility_ the high-pressure water facility_

the cryogenic transfer station_ the acoustical building, the meteoro-

logical building, the test maintenance building_ the labor_tory and

engineering building_ the flammable materials and compressed gases

storage facility_ and the electronic instrumentation and materials

laboratory.
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Vafious Locations 

SeaZ Bemh.-Tlie Saturn V second stage is manufactumd at a Gor- 
ernment-owned, contract-opentd plant located at Seal Reach, Calif. 
Construction eflofts at Seal Beach during the period were concentrated 
on the completion of the vertical checkout facility. (Fig. 1-20.) The 
plant is fully operational. 

S a m a m m t o  Teat Operafion.r.-The Sacramento Test Site. operated 
for the Gorernment by a contractor, is devoted to the static testing of 
Saturn T7 third stages. The checkout test facility. used for posta-tic 
and center-of-psitT; determinations,  as completed during this 
period. 

Figure 1-20. Saturn V sccand (S-ll)  stage vertical checkout facility, Seal Beach. Calif. 

White Sands Teat FaciZity.-Tliis facility, located near Las Cruces, 
S. Mex., became fully operational during the last half of 1965. The 
Lunar Jfodule test facilities which test the module's ascent and descent 
engines were cumpleted. These facilities, in addition to the currently 
operating propulsion module test facilities, provide this test site witli 
n sound capability for developmental testing of all spacecraft propul- 
sion elements. 
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Space Medicine

The space medicine activities were primarily concerned with the

manned Gemini flights that occurred during the period. Other efforts

were directed toward coordination with the USAF bioastronautics pro-

gram, toward the development and publication of space medicine re-

ports, and toward the medical data analysis program.

Gemini Medi¢ol ExperimenCs

The medical experiments program is concerned with crew safety and

welfare in future flights---emphasizing detailed measurement in the

gathering of trend information to predict and prevent undesirable

effects during planned manned flight missions of the future. It should

be emphasized that it. is realistic to consider a medical experiment on a

single flight as a run of the experiment rather than as a complete

experiment. Repetition of experiments is scheduled for statistical
validity as well as for additional information.

The Gemini experiments consist of the cardiovascular conditioning

(M-l), exercise (M-3), phonoelectrocardiogram (M4), bioassays of

body fluids (M-5), bone demineralization (M-6), calcium balance

(M-7), in-flight sleep analysis (M-8), and otolith (a part of the body

balance system located in the inner ear) (M-9) studies. Gemini V

carried five medical experiments---M-l, M-3, M-4, lV[-6, and M-9;

Gemini VI-A carried none; and all Gemini medical experiments were
carried on Gemini VII.

The cardiovascular conditioning experiment, commonly referred to

as the cuff experiment, is the evaluation of a technique to prevent

cardiovascular deterioration as observed by the tilt table and other

procedures. Thus far, its significance is uncertain. On Gemini V,

there appeared to be some indication that the cuffs were a protective

factor. (Fig. 1-21.) This apparent trend, however, was not evident

on Gemini VII. Whether the results of this experiment on the two

missions simply represent individual variations or whether the cuff

procedure can be an effective deterrent to cardiovascular deterioration
remains to be determined.

The exercise experiment, performed wi.th a bungee cord, is an evoked

response experiment designed to measure cardiovascular responses to

the same fixed stimulus as the flight continues. The results showed no

significant changes from preflight norms in the astronauts in either
Gemini V or Gemini VII.

The phonoelectrocardiogram simultaneously records the electrical

activity of the heart and the sound made by closure of valves at a par-

ticular point in the contraction of the heart, thus providing a means to
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Figure 1-21. Technician checking cuffs used in cardiovascular conditioning experiment. 

measure the time interval between stimulus and fixed point of response. 
An increase in this time interval can be interpreted to indicate a de- 
crease in heart muscle responsiveness or a deconditioning of the heart 
muscle. Results so far are very preliminary. Computer analysis of 
data from Geminis IV, IT, and VI1 flights T n s  in progress at the end 
of the period. Preliminag riewing of the data showed no significant 
change between ground and flight measurements. All that could be 

232-010 0--6&--5 
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concluded at year's end was that there seems to be no evidence of myo-
cardial deconditioning in space flight.

The bioassays of body fluids experiment is designed to study the
astronauts' reaction to stress by means of analyzing body fluids. Blood
and urine samples are taken preflight and postflight, and urine sam-
ples in flight. Analysis will indicate stress effects on hormones, elec-
trolytes, proteins, amino acids, and enzymes. Analysis for Gemini

VII, the first flight on which this experiment was schedflled, was
underway.

The bone demineralization experiment employs standard X-ray
equipment to determine the density of heel and fifth-finger bones
before and after flight. In both Gemini IV and Gemini V, a diminu-

tion of bone density, roughly comparable to changes seen after 2 weeks
of bedrest, was noted in the bones of all four astronauts. These
changes did not have any observable effect on astronaut tolerance or
efficiency.

The objective of the calcium balance experiment is to evaluate the
rate and amount of calcium change during conditions of orbital flight.
The experiment also monitors other electrolytes of interest such as
nitrogen phosphorus, sodium chloride, and magnesium. First flown

on Gemini VII, the analysis of data was not completed at year's end.
This is also true of the in-flight sleep analysis experiment, designed
to assess the astronauts' state of alertness, levels of consciousness, and
depth of sleep during flight.

The human otolith 'function experiment seeks to evaluate the func-
tion of the otolith mechanism by Vwo methods : the preflight and post-
flight measurement of ocular counterrolling and by in-flight evaluation

of ,egocentric visual location of the horizontal. Data derived so far
from Gemini V tend to indicate that ocular counterrolling was un-
changed postflight as compared to preflight. In the other parameter
observed, data were inconclusive.

In summary, the Gemini medical findings to date indicate that
there have been no overt manifestations of vestibular disturbances,
no hallucinations, and no indication of conditions that would be ex-

pected to cause hallucinations. Sleep and diurinal rhythm changes
tended to normalize spontaneously, and there were no operationally
limiting manifestations of circulatory impairment or symptoms of
musculoskeletal disturbance.

In terms of trend information, as distinct from symptoms, the
cardiovascular deconditioning trend occurred as expected but no dis-
ability was observed in 14 days. No evidence of myocardial (middle
muscular layer of heart wall) change has been demonstrated so far.
A dehydration trend continued; but one of the most likely causes, a
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less than optimally efficient environmental control system, seems to
be ruled out.

As far as the musculoskeletal system is concerned, an early disuse

atrophy was demonstrated, but this is entirely consistent with the

reduced muscular activity of flight.

There has been no evidence of behavioral, metabolic, or respiratory

change to date, although specific measurements must await later flights.

The Gemini program has thus far demonstrated that man can func-

tion well in space for the duration of the planned Apollo lunar landing

and earth orbital missions without in-flight or postflight disability or

degradation of practical consequence. The experience of Gemini VII,

together with the medical trend information obtained, significantly

increases medical confidence in the feasibility of manned missions for

30 days or more.

Program Coordination

The NASA space medicine and USAF bioastronautics programs

coordination for fiscal year 1966 was concluded during this period.

The coordinating activity covered 781 Air Force and 212 NASA tasks.

In this year, the close task-level, scientist-to-scientist relationship de-

veloped since 1963, when the coordinating procedures were first insti-

tuted, demonstrated its effectiveness in that no tasks could be identified

for cancellation because of unwarranted duplication of effort.

Publications

Through contractual or in-hause effort, two numbered NASA re-

ports were published and three others were in the process of pub-

lication. Two other contractual reports were in review prior to

submission as NASA numbered reports. Five other reports, not im-

mediately designated for inclusion in the NASA numbered report

series, were also prepared through the auspices of the space medicine

program. Studies were initiated to produce an additional five reports

during the next 18 months.

Medical Data Analysis Program

In the area of medical data analysis and reduction, an ongoing ac-

tivity of the space medicine program, a pilot demonstration of the

use of computers in the measurement, analysis, and interpretation of

in-flight electrocardiograms was successfully attempted with Gemini

VII. This effort demonstrated the feasibility of a method which can

relieve the medical monitor of the necessity for visually inspecting

and estimating waveform trace measurements covering literally miles

of recording paper. Electrocardiograms obtained during Gemini III
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were also arranged for visual inspection by a contourographic display
system. This system is represented by the analog waveform of each

single heart cycle recorded one below the other from the face of an
oscilloscope on a moving film. Since the oscilloscope light beam inten-
sity is proportional to the waveform amplitude, the resulting con-
tourogram appears to have a third dimension much like a relief or
contour map. This format proved to be highly desirable in long-term
monitoring situations. One reason is that where waveform is the
consideration, the analog of a 6-hour electrocardiogram in common
practice would be written along 1,800 feet of strip chart l_cording
paper. The contourographic technique reduces this to 6 feet. The
compacted format also allows the scanner to note small changes in

rate and slight differences in waveform while maintaining the details
in proper time perspective over the course of long periods of time.

The medical data analysis program included other activities during
the period. Mathematical models of in-flight medical experiments in
Gemini missions were being worked out to allow for subsequent com-
puter analysis of the data. Astronaut preflight, in-flight, and post-
flight clinical laboratory data collected during the Mercury program
wore being filed on magnetic tape for immediate retrieval, analysis,
and comparison. The system will provide the flexibility necessary to
accommodate data from the Gemini, Apollo, and follow-on programs.

The automatic reduction and analysis of astronaut voice data was

in progress, although at the present time it is premature to estimate
the feasibility of this technique. Work was progressing on the task
to provide NASA with the capability of committing medical records
to storage for instantaneous retrieval in any of several ways, such as
tabular form or graph, in hard copy, or on cathode-ray tube display.
This system will permit the physician, physiologist, or other medical
specialist to directly study the medical records without intermediate

actions by the computer technicians.
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NASA launched six scientific satellites during the second half of
1965--five of the Explorer class and one Orbiting Geophysical Ob-

servatory-and prepared the Orbiting Astronomical Observatory for
a flight early in 1966.

In July, Mariner IV approached within 6,118 miles of Mars and
televised 2"2 remarkably clear pictures of the planet's heavily cratered
surface. High-quality photographs of the moon supplied by the TV
cameras of Rai_ger VII were sent to observatories, universities, and
lunar scientists throughout this country and abroad. Surveyor--an
unmanned spacecraft designed to soft land on the moon--was sched-

uled for launching in the spring of 1966.
Lunar Orbiter was also scheduled for a 1966 launch. It will photo-

graph largo areas of the moon to provide data to be used in selecting
landing sites for manned and unmanned spacecraft. A 140-pound
Pioneer spacecraft was launched from Cape Kennedy in December to
inaugurate a NASA program for systematically measuring and moni-

toring interplanetary space during a complete solar cycle. Life scien-
tists selected experiments to be carried aboard the Agency's first Bio-

satellite--an orbiting biological laboratory planned for launching in
the fall of 1966. Its objective is to determine the effects of the space
environment on plants, animals, and other life forms to help pinpoint
the hazards astronauts may encotmter on prolonged space missions.

51
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Project Gemini astronauts took excellent pictures of the earth and'

its weather from their spacecraft. The terrain pictures were used by
geologists, oceanographers, meteorologists, and other scientists. Look-

ing toward the early Apollo missions, NASA contracted for the design
of a lunar surface experiments package which an astronaut would use
and then leave on the moon to collect data.

Physics and Astronomy Programs

Orbiting Observatories

The Orbiting Geophysical Observatory is one of the most advanced

unmanned satellites developed by NASA. The spacecraft, with its

49-foot insectlike booms, is made up of more than 100,000 parts. Its

communications system can handle 298 different ground commands

and it tape recorders can store 86 million bits of data to be played back
at the rate of 128,000 bits a second.

OGO-II was launched on October 14. The first NASA satellite

launched by a Thrust-augmented Thor-Agena D, it was placed in a low-

altitude, 250-940-mile nearly polar orbit to observe near-earth phe-

nomena. (OGO-I---launched September 4, 1964--was in a highly

elliptical orbit to allow it to sweep through interplanetary space meas-

uring magnetic fields and energetic particles outside the earth's mag-

netosphere.) OGO-II's primary missions are global mapping of the

geomagnetic field, determining the composition of the earth's upper
atmosphere, and correlating both with solar X-ray and ultraviolet

emissions and with airglow.

The second Orbiting Geophysical Observatory was launched after
an intensive 'analysis was made of the failure of OGO-I to stabilize as

planned in 1964. (lBth Semiannual Report, p. 53) The sensors of

OGO-II initially stabilized the spacecraft and 19 of the 20 experiments
on board returned data. However, its infrared horizon scanners

]ocked on false horizons, apparently high cold clouds, causing the sup-
ply of control gas to be depleted. Consequently, the spacecraft lost

stabilization in less than 2 weeks and began tumbling. OGO-II's
experiments--most of which were designed by universities--were care-

fully selected to serve as one intensive investigation of the upper

atmosphere and ionosphere, the magnetic field, the radiation belts,
cosmic rays, micrometeorites, and solar emissions.

OGO-B was made ready to be launched in, to an elliptical orbit in

1966; it will make studies like those made by OGO-I. OGO-D was
being prepared for launching later in 1966 into an orbit similar to that
of OGO-II.

OSO-C, planned as the third Orbiting Solar Observatory, was
launched on August 25. However, the usually reliable Delta launch
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vehicle failed to place it in orbit, apparently because of premature

ignition of the third stage. Experiments selected for OSO-C will be
flown on OSO-E, being readied for launch in the first half of 1966.

The Orbiting Astronomical Observatory (OAO-A) was also being
made ready for launch in 1966, and development and testing of instru-
mentation for OAO-B proceeded as planned.

Explorer Sc_llites

On November 6 NASA launched Explorer XXIX, the first of two
g_xletic satellites designed to determine the earth's size, shape, and
mass_ and variations in gravity. Explorer XXIX's instruments pro-
,._de measurements needed to establish a more exact model of the earth's

gravitational field and supply more precise data to be used in mapping
long distances. Developed as GEOS-A, Explorer XXIX is a phase
of a coordinated IY.S. geodetic satellite program involving NASA and
the Departments of Commerce and Defense. Ohio State University,
the l_niversity of California (Los Angeles), and the Smithsonian
Astrophysical Observatory also participated in this program. This
was the first satellite launched by the improved Delta and one of

NASA's first to use the gravity-gradient method of stabilization to
keep one of its surfaces pointed toward the earth. Explorer XXIX
uses six systems, which rely mainly on radio measurements, to provide
worldwide geodesy measurements. The satellite also carries a flashing
light beacon for optical tracking and 329 corner reflector prisms for
studies in laser beam tracking.

The geodetic satellite program involves extensive international co-
operation in ground-based observations and data acquisition. For
example, scientists in Finland, France, Greece, the Netherlands,
Sweden, the United Kingdom, and West Germany are actively partici-
pating in this Explorer XXIX project.

Explorer XXX was launched on November 19 to measure and moni-

tor solar X-ray emissions during the final portion of She 1964-65
International Quiet Sun Year. (Fig. 2-1.) Also called the "IQSY

Solar Explorer," it was built by the Naval Research Laboratory and

continues solar investigations begun by t_he laboratory in 1949. The
satellite's objectives are to monitor energetic X-ray emissions of the

sun and measure the intensity and spectral quality of the emissions

during fl_re development, correlating these measurements with
ground-based optical and radio observations. It is the first solar

radiation (SOLRAD) type satellite to be spin stabilized.

This Explorer spacecraft, is unusual in that it provides immediate

data to anyone throughout the world who chooses to receive it. The

international scientific community was invited to acquire data directly
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Figure 2-1. Explorer XXX. 

from the satellite to be correlated by those participating in the In- 
ternational Quiet Sun Year. This information may be useful in 
forecasting ionospheric conditions affecting radio communications 
and in developing a warning system against mlajor solar flares which 
produce radiation hazardous to men on space flights. 

On November 29, two satellites were placed in very similar polar 
orbits by a single launch vehicle as Project ISIS-X. One was 
Alouette 11-the second Canadian satellite orbited by NASA in a co- 
operative project of the Agency and the Canadian Defence Research 
Board-the other NASA's Explorer XXgI. Alouette I1 (fig. 2-2) 
continued topside ionospheric soundings begun by Alouette I in Sep- 
tember 1962, extending them to polar regions. Explorer XXXI car- 
ried eight experiments designed to complement the measurements of 
the Canadian spacecraft by conducting simultaneous in-flight studies 
of important ionospheric phenomena. D a h  obtained will be made 
available to scientists around the world. 

The French-built satellite FR-1, orbited on December 6, is of the 
Explorer class. The first to be launched in the French-American co- 
operative program, it was built in France but launched in the United 
States. One of its two experiments was French designed to measure 



Figure 2-2. Aloucite I I  prototype. 

very  lo^ frequency (FZF)  radiation propwtion,  and the other was 
designed by a British investigator to measure electron densit? neaI 
the spacecraft. FR-1 is the second French satellite (the first was A-1 
launched on November 26), but the first French scientific satellite 

Sounding Rockets 

NASA fired 49 sounding rockets in carrying out studies of winds 
and temperatures at altitudes up to 60 miles. Investigations were 
also made of ion and electron densities and energies in the upper at- 
mosphere, characteristics of the airglow, and dust nuclei in high-alti- 
tude luminescent clouds. Xeasurements were made of micromete- 
oroids or cosmic dust particles. In addition, very low frequency 
radiation propagation was measured-using the same type of instru- 
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merit flown later on the French satellite FR-1. In October, sounding

rockets took ultraviolet pictures of the Ikeya-Seki comet and photo-

graphed the solar corona during passage of the comet. Several rockets

were also used to study the plasma near the auroral display, investigate

the airglow, and measure the particle flux.

During this report period, several discoveries were made based on

the results of earlier rocket flights. For example, neutral helium was

found during the day and night at altitudes as low as 60 to 125 miles.

An ultraviolet spectrum of the atmosphere of Mars showed a negligible

amount of ozone, indicating that solar ultraviolet radiation reaches

the surface of the planet. The spectrum also revealed the low pres-

sure of the Martian atmosphere. Preliminary reports from sounding
rockets launched from the U.S.N.S. Croa_n in the western Pacific

Ocean in the Southern Hemisphere revealed that an electric current

in the upper atmosphere (electrojet) was observed which varied with

latitude. Launchings from the Croatan also confirmed the presence

of high-altitude winds in the Southern Hemisphere.

Lunar and Plane'l'ary Programs

Ranger

The Ranger series is briefly summarized in NASA's 13th Semiamnual

ReporQ page 50. During this period, final reports on the Ranger

VIII and IX missions were prepared and copies of the high-quality

photographs supplied by Ranger VII were sent to observatories, uni-

versities, and lunar scientists in this country and overseas. In addi-

tion_ about 8,000 bound volumes of these photographs were distributed

to American and foreign libraries, scientific laboratories, and research

centers. This wide dissemination of the 4,300 pictures should stim-

ulate new research which will greatly increase man's understanding

of the nature of the moon. Photographs provided by Rangers VIII

and IX were being processed and will be made available to scientists

early in 1966.

Mariner

Mariner IV flew by Mars on July 14_ approaching within 6,118

miles of the planet. The spacecraft televised 22 remarkably clear

pictures that revealed a heavily cratered surface similar to the moon's.

(Fig. 2-3.) Apparently the visible surface is extremely old, geologi-

cally. Also_ neither a dense atmosphere nor oceans seem to have been

present on the planet since these craters were formed. Neither plane-

tary magnetic fields nor radiation belts were detected. The atmos-

pheric surface pressure was found to be approximately 0.5 percent
of that at the surface of the earth.
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Figure 2-3. Mariner IV photograph of Mats. 

After completing the TI' picture playback, Mariner IV continued 
to transmit data. I f  still operating in 1967, it may provide about 
6 months of interplanetary data as it reaches a minimum distance of 
29 million miles from the earth. 

Surveyor 
Construction continued on the Surveyor spacecraft which will make 

soft landings on the moon and transmit high-resolution telerision 
pictures of the lunar soil and other data. The spacecraft will survey 
areas as possible sites for manned landings. 

After n thorough review of the Surveyor program NBSA has de- 
cided to use a 2,200-pound spacecraft to carry out the first seven 



58 NASA FOURTEENTH SEMIANNUAL REPORT TO CONGRESS

missions. This lighter Surveyor (rather than a 2,500-pound space-

craft previously planned for the fifth, sixth, and seventh missions)

should be able to provide a substantial amount of the data required

for the Apollo manned lunar landing project. Development of the

heavier spacecraft, except for certain long leadtime items, was deferred
pending further study.

A test vehicle was dropped from a balloon and made a successful

descent under its own power through a planned trajectory. The first

flight spacecraft was subjected to extensive functional and environ-

mental tests. In addition, special vehicles tested major subsystems and
the fabrication and testing of hardware continued. The first Surveyor

flight was scheduled for early in the spring of 1966.

Lunar Orbiter

The Lunar Orbiter is designed to photograph large areas of the

moon to obtain topographic data needed for selecting landing sites for

manned and unmanned spacecraft. This spacecraft will also make

environmental measurements and supply information on the size and

shape of the moon. In this period, a complete prototype spacecraft

was built and functionally tested, the first two flight spacecraft were
being assembled, and ground equipment was built and its checkout

essentially finished. Operational computation programs were written,

the command and telemetry data handling system integrated into the

space flight operations facility, and the first launch scheduled for 1966.

In addition, plans for the first Lunar Orbiter mission were completed,

and the areas of the moon to be photographed on that mission were

selected so as to cover a variety of the lunar surface. Since the choice

of areas to be photographed on later missions will be strongly in-

fluenced by the results of the initial mission, detailed plans were being

made for the rapid evaluation of the photographed areas as potential

landing sites. Planning for the extraction of complete topographic

information for the selected landing sites was being coordinated with

Project Apollo and with the programs of Federal mapping agencies.

Pioneer

Pioneer VI was successfully launched from Cape Kennedy on

December 16, beginning NASA's program to systematically measure

and monitor interplanetary space during a complete solar cycle. The

140-pound spin-stabilized spacecraft (fig. 2-4) is designed to trans-

mit data on magnetic fields, solar plasma, energetic particles, and

electron density during its orbit around the sun. It should be more

than 50 million miles ahead of the earth at the end of its designed

180-day lifetime. Another Pioneer spacecraft was being readied for

launch during the third quarter of 1966. It will be launched on a
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Figure 2-4. Internal view of Pioneer VI. 

similar trajectory and will trarel in an outward direction awa)- from 
t lie earth and sun. 

Voyager 
Preliminary design of the T-oyager spacecraft wis completed on 

schedule. I ts  launch vehicle was changed from the Saturn IB- 
C'entnur to tlie S a t w n  T- to permit tlie lnuncliinp of two identical 
Toyagers bj- a single launch rehicle. The spacecraft's preliminary 
design was modified to reflect this change. SAISAi now plans the 
first Voj-ager flight to Mars in EIX. when that planet is closest to 
the Earth. The spacecraft is designed to ohtaiii data 011 the existence 
of extraterrestrial life, supply information on atmospheric and sur- 
face characteristics and the enviroiinient of the planet, nnd perform 
unmanned experiments on the Martian surface. 

Lunor and Planetary Studies 
These studies are conducted to  determine the feasibility of missions 

to the moon and to planets, asteroids. and comets and then to plan 
ways of carrying them out successfully. Recent studies resulted in- 

* Substantial progress in dereloping an advanced computer pro- 
gram called SPSRC (Space Research Conic) able to supply 
quick accurate computations of comet and asteroid ballistic 
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swingby, and ballistic swingby with earth-return trajectories'.

• An analysis of the feasibility of unmanned scientific missions

to certain comets from 1965 through 1986 which concluded

thut nearly one mission a year to a new comet would be possible
if the unique ground support requirements were available.

• An evaluation of a Lunar Orbiter spacecraft for a mission to

Mars and return with the conclusion that considerable redesign

of the spacecraft might be required and that further study was

necessary.

• Determination of typical experiments for a flight to Jupiter

and sample scientific objectives for this mission. (Also, study

contacts were awarded to evaluate the feasibility of using a

Voyager-class spacecraft for such a mission and to study pre-

cursor spacecraft concepts for missions to more distant planets.)

• Development of scientific objectives for missions to Saturn,

Uranus, Neptune, and Pluto and proposed measurements and
experiments for these missions.

Advanced Technical Developmenf and Sferlizafion Program

The purpose of this program is to anticipate hardware needs of

future lunar and planetary missions, and initiate development efforts

to provide Che improved technology for the designers of these missions.

About 70 of these development tasks were conducted in all areas of

spacecraft parts and systems. Improved soldering, welding, and

assembly techniques for electronic items were studied, and a prototype

of an improved planet tracker was successfully tested. The Agency
also continued to develop spacecraft hardware able to stand more

severe shocks, with some success in mechanical and electrical com-

ponents. The relative advantages of spacecraft-to earth versus space-

craft-to orbiting satellite-to earth communication were investigated,

as were such associated hardware as antennas, receivers, telemeters,

transmitters, and batteries. In addition, studies were made of power

amplifiers, especially in the 20- to 500-watt range.

The problems of assembling spacecraft systems under bioclean con-

ditions were studied and criteria partially established for designing

spacecraft that must be sterilized. Efforts to improve aerodynamic

decelerators, such as heat shields and parachutes, for landing capsules
were intensified to take iffto account revised estimates of the atmos-

phere of Mars resulting from data supplied by Mariner IV. Progress

was made in determining the useful lifetime of various spacecraft
parts following sterilization. Tests of 175 kinds of polymers used in

fabricating these parts showed that about 3 out of 4 commercial

varieties (plastics, rubber, and adhesives, for example) withstood
the sterilization heat.
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Bioscience Programs

Exobiolosy

Extraterrestrial Life on Mars.--Scientists of the Space Science

Board, National Academy of Sciences-National Research Council_

have again recommended that the search for extraterrestrial life on the

planets of the solar system--especially Mars--receive the highest

p_ority. (!3th Semiannual Report.) .N_ASA has ce_nsidered this

recommendation in determining future goals of the Nation's space

program.
The Agency's Mariner IV spacecra_ transmitted the first photo-

graphs of Mars in July. Widespread popular misconceptions resulted

from interpretations of these pictures with respect to biological ex-

ploration. Based on the degree of resolution required to detect direct

evidence of life on Earth, it was confirmed (as predicted) that no

such evidence for or against life on Mars was supplied by the space-

craft, i planet with tile varying topographical features which Mars

apparently has could provide a wide range of environments some of

which might be conducive to life. (Mariner IV photographed less

than 1 percent of the Martian surface but these pictures revealed

altitude differences of 13,000 feet in a single frame.) After careful

studies of the Mariner IV photographs, scientists concluded that

rather than discouraging further exploration of Mars as a possible

site for extraterrestrial life, Mariner IV has given as much en-

couragement as was reasonable to expect from its design and the

purpose of its mission.
Aut_nated B_ological Laboratory. Bioscientists have concluded

that critical tests for life on Mars can only be made by landing

vehicles containing life-detection equipment on the planet. The feasi-

bility of conducting these tests by using an Automated Biological

Laboratory (ABL) has undergone intensive study. This laboratory

system offers many advantages over the use of several separate detec-

tion instruments. For example, biologists are convinced that reliable

results can be assured only by using a system able to look for as

many characteristics of life as possible at one t.ime_ capable of repro-

gramming its analyses, replicating its experiments, and performing

the necessary computations on the data obtained. The system must

also be able to select and reduce appropriate data and transmit it to

earth. Ideally the ABL could conduct chemical and physical meas-

urements of the planet based on the assumption that life exists there.

It Would also be able to detect living cells and higher forms of life

by using more sophisticated instruments.

Thirty-five experiments were recommended for the first sample

ABL payload in a feasibility study recently completed. Typical (but
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not the final payload) were such devices as a gas chromatograph, mass 
spectrometer, infrared spectrometer, radioactive carbon dioxide ana- 
lyzer, polarimeter, computer object recognition system, fluorometric 
instruments for enzyme detection, amino acid analyzer, and plioto- 
synthesis detection chambers. Many other experiments were in con- 
ceptual, laboratory, and test phases. The feasibility study confirmed 
for biologists that multiple experiments integrated into a single system 
would be the best approach to the life-detection problem. (Fig. 2-5.) 

Figure 2-5. Automated Biological Laboratory. 
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Scientists in~estigating extraterrestrial life study the earth a5 a 
model life-supporthg planet. The origin and history of early ter- 
restrial life is studied by analysis of ancient rocks using high-resolu- 
tion mass spectrometry. (Fig. 2-6.) This method not. only reveals 
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Figure 24. High-resolution mars spectrometer. 
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the presence of life-related chemicals but indicates that the quantities

of these chemicals decreases at a rate consistent with the age of the

sedimentary rocks. The technique permits the most precise identifi-

cation of molecules yet possible. For this mason it is considered

especi'ally applicable to the geochemical analysis of Apollo lunar

samples, analysis of organic matter in meteorites, and the automated

analysis of life-related compounds on Mars.

Planetary Quarantine

Sterility requirements for a spacecraft are much more stringent

than those in surgery and in pharmaceutical preparation due to the

extreme size and complex design of hardware for planetary missions.

(13th Semiawaual Report, p. 57.) To assure that its lunar and plane-

tary landing spacecraft maintain a low level of contamination by life

forms from earth, NASA has enlisted the services of the finest micro-

biologists in Government, from the universities, and from industry

in a planetary quarantine program to develop new sterilization tech-

nology.

This planetary quarantine program--established as recommended

by the Space Science Board, National Academy of Sciences--pre-

scribes sterilization procedures and is responsible for the supervision

and inspection required. These procedures to certify the fabrication

and launching of sterile spacecraft were being developed by instruct-

ing and training engineers and microbiologists in officially recognized

sterility control methods. Microbiological research directed at im-

proving the reliability of the procedures, and at the same time increas-

ing the probability of success for the planetary mission, continued.

Also under development was a monitoring and microbiological

assessment program for contamination and sterility control to assure

that spacecraft will meet sterility requirements for certification for

launch. In November, NASA, in cooperation with the California

Institute of Technology and the American Institute of Biological

Sciences, sponsored the first National Conference on Spacecraft

Sterilization Technology.

Biosatellites

NASA scheduled the launching of its first Bios_tellite for the fall

of 1966. Thirteen experiments selected for this 3-day flight of the

orbiting biological laboratory were in the final stages of testing. When

these experiments were subjected to the vibration, acceleration, and

shock of simulated space flight, no serious consequences resulted.

Seven experiments to study the combined effects of weightlessness and
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a known source of radiation showed no significant changes from the

simulated space flight and 67 hours of continuous exposure, to gamma
radiation.

Experiment flight hardware was being fabricated, the Biosatellite

spacecmh was undergoing preflight testing, and the flight vehicle for

the 3-day mission was being assembled to undergo system tests soon.

Test hardware for the experiments to be flown on the 21- and 30-day

flights was developed, and individual components and integrated

systems were tested.

Environmental Biology

Bone X-ray measurements of Astronauts McDivitt and White

during the Gemini IV mission in June suggest that mineral loss

during weightlessness may exceed that resulting from earth-based bed-

rest studies simulating weightlessness. The apparent loss was re-

covered short.ly after the flight. These studies must rely on preflight
and postflight measurements, although newly developed radioisotope

techniques show promise for future in-flight use.

New procedures were developed for continuous blood sample

monitoring during space flight. The automated system permits blood

to be withdrawn and reinjected automatically, determines cardiac

output through a dye dilution technique, and measures protein

levels. Other automatic systems were devised for conducting chemical

analyses of urine during flight. Periodic analyses can be made of

calcium, urea, creatine, and creatinine--of general significance to the

well-being of the astronaut--for as long as 45 days and the results

reported to earth at frequent intervals. Also, knowledge was ex-

tended of the environmental extremes under which organisms can
survive. Results obtained to date serve to confirm the enormous

range of physical and chemical environmental conditions under which

living organisms can survive and flourish, and influence the direction

of thinking in exobiology and planetary quarantine.

In addition, rapid progress was made in the electrolysis-Hydro-

genomon_ (soil bacteria) bioregenerative life-support system. (l_th

_em_ual Report, p. 64.) This system uses the splitting of water

into hydrogen and oxygen by electricity, and the bacteri_ which

combine the hydrogen with carbon dioxide from the astronaut. Con-

tinuous culture apparatus was built and tested, and a 20-liter culture

construct_l for continuous support of one man. In terms of weight,

volume, and power requirements this method appears to be several

times more efficient than the best algal life-support system.
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Behavioral Biology

Since extravehicular activity ("space walks," for example) and
other maneuvers require complex behavior, orientation in time and
space was under intensive study to help understand and control bodily
functions essential to these maneuvers. One technique used by in-
vestigators was tracking tasks for astronauts to perform while in a

simulated spinning spacecraft or in a decelerating spacecraft during
reentry subjected to increasing g-forces. Still to be studied were the
speed and limit of adapVation to varying g-forces during the execu-
tion of tasks requiring precise control.

Also, during the report period, the development of prospective space
experiments with animals was given renewed emphasis. For exam-
ple, an experiment was developed with pocket mice to show 24-hour
rhythms of internal temperature or locomotion changes under certain

laboratory conditions.

Physical Biolosy

Research on dietetry requirements has yielded valuable new infor-
mation in establishing the calories and the amount of protein needed
to maintain the health and efficiency of astronauts. Studies on the
stability of chemically defined diets at various temperatures and

dosage levels of X-irradiation have provided data on storing this type
of food during long space missions.

Physical models simulating certain systems of the body were found
to be very helpful in establishing the physical laws which operate in
biological reactions. For example, such a model of the cardiovascular

system used in conjunction with a computer was employed in attempt-
ing to determine ,arterial pressure wave and blood velocity relation-
ships. In addition, new and advanced instruments to measure various
biological phenomena were being developed, including an automatic
electronic device using computer analysis for scanning, recording,
counting, and sorting chromosomes. The information on computer
tape may reveal .anatomical changes indicating various environmental
stress conditions including radiation and possible weightlessness
effects.

Manned Space Science

Gemini Earl'h-Orbital Experimen'l's

Scientific investigations, begun earlier in 1965 with the Gemini
III and IV flights, continued with notable success during the Gemini
V, VI, and VII missions later in the year. Experiments conducted
during the flights included zodiacal light photography, a visual
acuity investigation, synoptic photography of the weather and terrain
features, and spectrometer measurements of cloud tops.
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"The zodiae_'light--successfully photographed during the Gemini

V mission is a cloudy, hs_y_ misty light seen in the west after twi-

light and in the east before dawn. The light is dimcult to see or

photograph from earth or from balloons because the horizon airglow

is sometimes bright enough to mask it out. Another phenomenon

photographed during this mission for the first time was the gege_-

scheir_--a round or elongated spot of light in the sky at a point 180 °
from the sun.

The visual acuity experiment was performed by Gemini V and VII

astronauts. The experiment was planned to determine how well

they could make out specific patterns on the ground und whether their

ability to see changed during weightlessnes_ (Fig. 2-7, p. 68.) Dur-
ing Gemini V, cloudy weather limited this experiment. For Gemini

VII, the ground observations were successful. On both flights vision

tests revealed that the astronauts' eyes were not impaired under the

low-gravity conditions during the missions.

The synoptic terrain photography of the Gemini IV, V, VI, and

VII flights resulted in excellent pictures (figs. 2-8 and 2-9) which

supplement photographic data telemetered to the earth during other

types of missions. The astronauts were able to select features to be

photographed, assuring the most effective use of the film. The ter-

rain pictures are being used by geologists, oceanographers, and other
scientists.

Synoptic weather photography complements the terrain photog-

raphy by providing pictures covering a broad range of cloud systems.

The experiment--carried out for the Commerce Department--uses the

same camera and film system as the synoptic terrain photography,

with the astronauts selecting areas of interest from weather analyses

and TIROS pictures. When feasible, these areas of interest are

pointed out to the Gemini astronauts by Mission Control at the

Mamled Spacecraft Center. These excellent weather photographs are

expected to contribute to a better understanding of meteorological

satellite pictures and aid in planning instruments for unmanned
weather satellites.

Apollo Earth-Orbi'tal Experimerris

Investigations to be attempted on the early Apollo earth-orbiting

missions include synoptic terrain and synoptic weather photography,

frog otolith functions, zero-g cell microscopy, trapped radiation

particles, X-ray astronomy, micrometeorite collection, ultraviolet

stellar astronomy, and soft X-ray (XUV) solar photography. NASA

has evaluated proposals and has awarded contracts, or entered into

interagency agreements, to develop these experiments.
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Figure 2-7. Inflight vision tester. 

Apollo Lunar Science 

During the report period considerable progress was made in de- 
veloping experiments and investigations to be performed in the course 
of early Apollo lunar landings. These studies will add to man’s 
knowledge of the moon’s surface and near-surface features, chemical 
composition, interior structure, gravitational field, and atmosphere 
(or lack of it). They will also advance the knowledge of solar mind 
and the characteristics of radiatioii near the moon’s surface, and 
contribute to the search for extret.errestria1 life. 
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Figure 2-8. The Grand Mama Bank photographed from Gemini V. 

To achieve the prime ~4pollo scientific goal of collecting the masi- 
mum number of uncontaminated samples of typical lunar material, 
special geological hand tools and sample containers were being 
designed. Wiile most of these will be adaptations of conventional 
tools, special problems are presented by the need for virgin preserva- 
tion of the samples during collection, storage, and handling. Plans 
were substantially completed for a lunar sample receiving 1aborator;v 
to receive and unpack the samples, and certify that the? are free from 
pathogens (disease-producing micro-organisms or material) before 
being distributed to other scientific institutions for analysis. 

Many scientists from universities, private research establishments, 
and Government agencies have proposed a variety of investigations 
and techniques for lunar sample analysis. To help choose its principal 
investigators, the Agency plans to have the proposers conduct "dry 
run" investigations on selected earth materials to test their proposed 
techniques and procedures. 
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Figure 2-9. The Florida peninsula photographed from Gemini V 

Also of high priority for the early Apollo missions is the Apollo 
Lunar Surface Experiments Package ( ALSEP) , an integrated group 
of compatible geophysical experiments. Contracts for design studies 
of the ALSEP, which will transmit data for a t  least a year after an 
astronaut has erected it on the moon’s surface *and returned to earth, 
were awarded by NASA. The system will be automatic, self-con- 
tained, and modular in form, allowing changed experiments It0 be 
flown on different missions. Since the Apollo flights carrying the 
ALSEP are expected to be relatively close together, the experiment 
objectives and lifetime of two or more of these geophysical observa- 
tories will overlap to give correlative coverage. 

NASA has received excellent cooperation from the Nation’s scien- 
tists in selecting the most desirable experiments to be placed on the 
lunar surface in the ALSEP. For the early Apollo flights the field 
was narrowed to a passive seismometer, active seismometer, magnetom- 
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eter, gravimeter, suprathermal ion detector, heat flow experiment,

and medium- and low-energy solar wind experiments. It is expected

that all of these cannot be accommodated in a single ALSEP due to

weight and volume limitation_ System engineering studies now

underway, scientific priorities, and experiment development progress

will determine which ones will make up the 150-pound packages.

The passive seismic experiment will detect lunar tremors ("moon-

quakes") ; the active seismic experiment will determine the physical

properties of the moon to a depth of about 500 feet. The magnetom-

eter will measure the internal lunar magnetic field and the inter-

action of the solar wind with the magnetic field around the moon.

Temperature and conductivity of the near-lunar subsurface will be

measured in the heat-flow experiment. The density, temperature,

and rough composition of positive ions in the lunar ionosphere will

be measured by the suprathermal ion detector. The medium-energy

solar wind experiment is a plasma spectrometer to investigate the

velocity and direction of protons, electrons, and alpha particles in

the solar wind as they arrive at the moon and the interaction of these

particles with the lunar surface. This experiment may also obtain

data on the length, breadtl h and structure of the earth's magneto-

spheric tail. The characteristics of electrons and protons in lower

energy ranges will be measured by the low-energy solar wind experi-

ment. The gravimeter would measure lunar gravity continuously
for several months.

Considerable progress was also made in preparing maps of potential

lunar landing areas. Major new emphasis was on producing 1 : 500,000
scale topographic charts to supply maximum detail based on the best

photographic and radar teclmiques. The maps to be published will

provide nearly complete coverage across the lunar equatorial belt--

of greatest interest to Apollo manned lunar landings.

At a conference on lunar exploration and science, held by NASA

in July, at Falmouth, Mass., participating scientists made recommen-

dations and suggested objectives for the Agency to consider in its

advanced manned lunar missions. Investigations were recommended

in geodesy, cartography, geology, geochemistry, geophysics, radiation,

particles and fields, organic chemistry, and microbiology. Conference

results were published as NASA Report SP-88 (app. N). NASA

plans to refine and implement these recommendations in cooperation

with the scientific community and is funding some definition and

preliminary design studies in this field. Also in July, the National

Academy of Sciences conducted a space research study at Woods Hole,

Mass., which provided NASA with significant space science guide-
lines and goals for manned missions over the next decade.
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Light and Medium Launch Vehicles

During the last 6 months of 1965 Scout, Delta, Agena, and Atlas-
Centaur launch vehicles were used for NASA's unmanned missions.

Scout

Four Scouts were successfully launched. One orbited a SECOR
geodetic satellite for the U.S. Army on August 10; another a Solar
Radiation Explorer for the Naval Research Laboratory on Novem-
ber 18. On December 6, a Scout launched the FR-1 in a cooperative
program of the United States and France. And, on December 21 still

another Scout orbited a spacecraft for the Department of Defense.

Delta

Delta vehicles successfully orbited three spacecraft in four attempts,
and the improvement pro_oTam to increase the second-stage perform-
ance capability of the vehicle resulted in a successful flight.

The first Weather Bureau-funded satellite (TIROS X) was

launched on July 2. On August 25, the Delta vehicle failed in an
attempt to place an Orbiting Solar Observatory into orbit. The
failure resulted from a premature ignition of the third stage of the
X-258 solid propellant rocket motor. The improved Delta vehicle
was successfully flown for the first time on November 6 when it
orbited Explorer XXIX--NASA's first satellite devoted entirely to
geodetic studies. In a second flight of this vehicle on December 16,
the first of the Pioneer spacecraft, was launched.

The Delta launch record at the end of this report period stood at
31 successes in 35 attempts.

Agena

The second Orbiting Geophysical Observatory (OGO-II) was
luunched into a low-polar orbit oll October 14 in a flight marking
several "firsts" for NASA. It was the first Thrust-augmented Thor-

Agena flight, the first Agena D liftoff from the Western Test Range
(Point Arguello, Calif.), the first radio guidance in the Agena, and
the first single-burn Agena mission. Except for radio guidance, the
launch vehicle systems performed satisfactorily. Guidance was lost
at vehicle liftoff and the entire mission was flown on a backup system,
which performed nominally throughout the flight but placed the
spacecraft in an orbit slightly higher than that desired.

The Canadian-built Alouet_e II and NASA's Explorer XXXI were

successfully orbited by a single Thor-Agena vehicle on November 29.
Launch vehicle performance for this complex mission met all

objectives.
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i_gena vehicle fabrication, manufacturing, and checkout for future

missions continued, and several missions were planned for 1966.

Assignments included launching an Orbiting Astronomical Observa-

tory, another Orbiting Geophysical Observatory, a Nimbus meteoro-

logical satellite, two Lunar Orbiters, and a passive geodetic satellite.
Facilities modifications to Launch Complex 12 at Cape Kennedy

completed in December included changes to accommodate the Stand-

ard Atlas vehicle and the Orbiting Astronomical O -l-bservatory. Modi-

fications began on the Thor-Agena launching pad at the Western Test

Range to update equipment and increase its capability to accommo-

date Delta vehicle launchings. All modifications will be carried out

between launches.

NASA and the Air Force completed preliminary arrangements for

a formal transfer of Launch Complex 13 at Cape Kennedy to the

Agency early in 1966. Agreements made in the transfer would permit
the Air Force to use this complex if necessary.

Arias-Centaur

Atlas-Centaur, the Nation's first launch vehicle to use liquid

hydrogen as fuel, will be used in lunar and planetary exploration. The

first spacecraft it will launch will be Surveyor, the soft lunar lander.

The first Surveyor mission (1966) will be flown "direct ascent," a

parking orbit (two-burn) capability will be provided during 1966,

and additional payload capability will be added ill 1967. This vehicle
will also launch Mariner for a Mars mission in 1969.

Of the six development vehicles flown, the first flight in May 1962

ended in failure; the next three were generally successful; and a

fifth attempt failed at launch. The sixth vehicle, flown in August

1965, was a total success and completed the development program for
this "direct ascent" version of the Atlas-Centaur.
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TIROS VII, VIII, IX, and X were in orbit during the last 6 months

of 1965, providing weather analysts and forecasters with a constant

flow of meteorological data. A photograph of an August hurricane

televised by TIROS X alerted officials to the danger of the storm for

the Gemini V landing and enabled them to bring the spacecraft down
in a safe area.

Pictures taken by the Nimbus I satellite which showed, for ex-

ample, substantial changes in the geography of Antarctica, proved

invaluable to meteorologists, geologists, oceanographers, cartog-

raphers, and other scientists. For the second Nimbus spacecraft

scheduled to be launched in 1966, NASA was updating its ground

equipment and modifying certain ground stations to handle the ex-
pected increased volume of information.

In December, the Communications Satellite Corporation's Early

Bird demonstrated the expanding role of communications satellites in

the Nation's manned space program by supplying live telecasts of

Project Gemini recoveries from the deck of an aircraft carrier, and

Syncom III, the Department of Defense satellite communications link

between the United States and the Far East also joined the Gemini

V communications network. In addition, the first of several Applica-

74
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tions Technology Satellites was being prepared for a launch next year. 
Them are part of a project which will include flight experiments in 
communications, meteorology, and navigation. 

Meteorological Programs 
TI ROS 

and VIII, launched in 1963, con- 
tinued to provide meteorologically useful cloud pictures. Their suc- 
cessful performance, along with that of TIROS IX (fig. 3-1) and X, 
permitted uninterrupted use of satellite data for operational purposes. 
The first tvo satellites supplemented the cloud data of TIROS IX and 
X and supplied an average of 4,500 usable pictures monthly from 
which about 40 cloud analysis maps were prepared and utilized. 
(TIROS IX did not provide pictures from October until December 
due to a twilight orbit, but emerged from this orbit in the latter part 
of December to resume picture taking.) 

TIROS X-the first spacecraft funded by the Environmental 
Science Services Sdministration-was launched July 2 mainly for 
coverage during the hurricane season. In  an almost perfect sun- 
synchronous orbit, this satellite is considered the primary one for 
Weather Bureau operations. Along with TIROS VII, VIII, and 
IX, it also figured significantly in supporting the Gemini V, VI, 
and VI1 missions. For example, a TIROS X photugraph of Hurri- 
cane Betsy in August (fig. 3-2) provided the basis for the decision 
to terminate the Gemini T flight early by one orbit. The hurricane 
is in the lower right corner of the photograph. Its predicted motion 
and associated cloud system are shown by the shaded area. Since 
the recovers area for the Gemini spacecraft was dangerously close 

The TV cameras of TIROS 

Figure El. TIROS IX view of global circulation. 
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Figure 3-2. The TIROS X photograph of Hurricane Betsy. 

to the hurricane’s atmospheric circulation, the flight was terminated 
and splashdown occurred farther north at a safe distance from the 
Storm. 

Figure 3-3 summarizes the operational use of TIROS data during 
the past 5 years, as of December 31, 1965. 

TIROS Operational Satellite System.-Considerable progress was 
made in developing and implementing the TIROS Operational Satel- 
lite (TOS) System. The initial system uses t,wo wheel-type satellites. 
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One provides local users with automatic picture transmission (APT)'

pictures; the other furnishes global pictures remotely to the two

command and data acquisition (CDA) stations. The remote data

received at these stations are immediately transmitted over wide-band
communication links to the National Environmental Satellite Center

at SuitJand_ Md. There the data are processed and utilized by the

Weather Bureau for daily forecasts and meteorological research and

are provided in nearly real time to the Offutt Air Force Base in

Nebraska for operational use.

During this report period_ the prototype APT and Advanced Vidi-

con Camera System (AVCS) spacecraft were assembled and qualified.

OT-2_ the first TOS-APT spacecraft, and OT-3, the first TOS satel-

lite for global cloud coverage, were assembled and qualified for

launching early in 1966. In addition, considerable progress was

made on the TOS ground facilities, .and new communication lines

were being installed between the Suitland and CDA stations.

The initial TOS system requires two orbiting satellites to meet the

minimum user requirements of direct readout of cloud cover by local

APT stations during daylight and full daylight global cloud coverage

once daily. Preliminary design of u system was completed to combine

the APT and AVCS picture-transmission systems into a single satel-

lite by incorporating a tape recorder into the APT spazecraft to pro-

vide stored cloud picture data and local readout of cloud photographs

to the APT stations. In .addition, work was underway to provide

local and global nighttime cloud data on a TOS-type spacecraft.

Preliminary design was completed on a TIROS-type spacecraft car-

rying two high-resolution infrared radiometers like the one success-

fully flown on Nimbus I. (12th Semiannual Report, p. 77.) Also

under development were an improved camera requiring less electrical

power_ an improved radiometer for day and night operation_ and a

subsystem for onboard gridding of APT pictures.

Nimbus

NASA made substantial progress in processing, categorizing, and

analyzing data supplied by the Nimbus I (launched Aug. 28, 1964)

meteorological satellite. The Agency published several catalogs of

data for researchers and potentital operational users derived from

nighttime photofacsimile film strips of 195 orbits of a high-resolution

infrared radiometer, about 176 daylight swaths of AVCS cloud pic-

tures, and over 2,000 APT photo_oTaphs of local cloud conditions.

These data substantially udvanced knowledge in synoptic meteorology,

the atmospheric sciences, glaciology, geology, oceanography, and

cartography. In one instance AVCS photographs taken from this

spacecraft revealed to the U.S. Geological Survey several marked
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cartographic changes of the Antarctic. (Fig. 3--4.) In addition,
Nimbus observations of small-scale cloud patterns, when related to
laboratory experiments in forming small-scale circulation cells and
vortices, confirmed the validity of the laboratory models.

Significant progress was also made in preparing for the launch of

the second Nimbus spacecraft (Nimbus C) in 1966. Major subsystem
hardware was delivered, and all preliminary tests were completed on
schedule. Component testing of the controls system was completed,
and the system was assembled and delivered for electrical and mechan-
ical mating with the flight sensory ring. The solar paddle rotation
mechanism which failed in Nimbus I was modified (l_th Se.r_iannual

Report, p. 76), and the redesigned mechanism operated satisfactorily
for over 4,000 hours when tested in a simulated space environment.

Ground equipment was being updated and certain stations were
being modified to handle the extensive data to be retrieved from

Nimbus C. Changes in instrtunents carried by future Nimbus space-
craft will minimize modifications needed in Automatic Picture Trans-

mission ground stations to enable users to readout local daytime APT

pictures and nighttime High-Resolution Infrared Radiometer
232-010 0---66,--_7
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Figure 3-5. Nimbus C sensors. 

(HRIR) data. A Medium-Resolution Infrared Radiometer (MRIR) 
were added to this second Nimbus. (Fig. 3-5.) An improvement of 
the five-channel radiometer flown in the TIROS series, it is designed 
to observe the earth’s heat balance. The satellite’s other sensors-the 
Automatic Picture Transmission system, Advanced Vidicon Camera 
system, and High-Resolution Infrared Radiometer-were also assem- 
bled and qualified for flight. 

A structural model of Nimbus R-the third spacecraft, scheduled 
for a 1967 launch-was completed and vibration tests of the model 
begun. In  addition, eight unique experiments were approved for the 
spacecraft to measure the earth’s radiation including the ultraviolet 
and infrared regions. Also, measurements will be made of wind, 
temperature, density, pressure, and moisture at various altitudes on a 
global basis through data collection provided by an Interrogation, 
Recording, and Location system. All of these measurements should - 
help develop khe techniques and procedures needed to make laccurate 
weather forecasts up to two weeks in advance. Another Nimbus B 
experiment will be a radioisotope thermoelectric generator (SNAP- 
19) to assess the use of this power source for meteorological satellites. 
(Fig. 3-6.) Since these new Nimbus experiments will require a more 
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Figure 3-6. Nimbus B rodioirotopc thermoelectric generator experiment. 

powerful booster to orbit the spacecraft, NASA has decided to change 
the launch vehicle from the Thrust-augmented Thor-Sgena to a 
THORAD- Agena. 

Meteorological Sounding Rockets 
To explore the atmosphere 20 to 60 miles above the earth, NAS14 

used Nike-Cajun and Apache class sounding rockets carrying sodium- 
vapor, acoustic-grenade, falling-sphere, and pitot-static tube experi- 
ments. A continuous ozone-measuring device was being developed for 
flight testing in 1966. It, will measure ozone from a height of 40 miles. 
d m  to the ozone maximum at an altitude of about 12 miles. 

I n  August grenade experiments were launched from Point Barrow, 
Alaska, Fort Churchill, Canada, and Wallops Station, Vtt., to study 
temperature and wind conditions associated with noctilucent clouds 
above Point Barrow. The rockets obtained data from the three 
stations to provide a coarse grid for studying the high-altitude circu- 
lation and structure at the time the clouds occurred, as well as local 
conditions a.t Point Barrow. The experiments obtained for NASA 
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scientists the most complete data available to date on these luminous

nighttime clouds. During October, the three stations launched addi-
tional grenade experiments into the upper atmosphere to obtain dat_
during the transition from the easterly winds of summer to the winter
westerly winds.

Routine launches of sounding rockets for range support, research,
and network operations require an inexpensive system capable of
reliable launches in all kinds of weather. Since small rockets of the

Loki and Arcas classes now in use do not meet all these criteria, NASA
was improving, developing, and designing rocket motors, sensors,
data acquisition systems, and data reduction systems to develop such
a sounding rocket network. Flight tests were conducted on high-

drag s high-stability payload parachutes, and rockets were subjected
to wind tunnel tests to provide performance data. De-spin devices

were designed, fabricated, and being readied for flight tests. These
devices are planned to eliminate difficulties in deploying parachutes
and inflatable spheres from spinning rocket payload sections.

NASA also joined ocher nations in cooperative sounding rocket
programs. For example, the Agency moved toward the establish-
ment of an Experimental Inter-American Meteorological Rocket Net-
work (EXAMETNET) with launching stations extending from
southern Argentina to Canada as memorandums of understanding
were signed with Brazil and Argentina. (Also discussed on p. 152
EXAMETNET provides for scientists, engineers, and administrators
of each participating nation to unite in planning and operating the
rocket network and in analyzing the data obtained. NASA hopes
that this network may eventually reach from the Arctic to the Antarc-

tic so that similarities and differences of the upper atmosphere of
the Northern and Southern Hemispheres may be studied most ef-
fectively. The Agency was also considering other stations to join
a growing network.

Communications and Navigation Programs

Active CommunicationsSatellites

Early Bird.--In December, Early Bird, the first commercial com-
munications satellite, was used to provide live TV coverage of the
recoveries of the Gemini VI-A and VII spacecraft from the aircraft
carrier Wasp. A commercial transportable station installed on the
flight deck of the aircraft carrier transmitted pictures of the re-

coveries to Early Bird ; the satellite then relayed them to the Andover,
Maine, Station where they were picked up by the television networks.
Early Bird, launched by NASA for the Communications Satellite
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Corp. in April 1965, ended a period of experimental operation on
June 28 when it entered routine commercial service. (lgth Semiann_d

Report, p. 76.)
Telstar.--Ground stations used in experiments with Telstar

(launched by NASA on May 7, 1963) were being converted for com-

mercial service with Early Bird. As a result, although Telstar II

worked perfectly during this report period, few experiments were
conducted with it since June_

Relay.--The operating schedule of Relay II was also curtailed due

to conversion of the ground stations to operate with Early Bird. Re-

lay II continued to operate perfectly through ground stations not
involved with Early Bird, conducting experiments until September 30,

when the only remaining U.S. Relay ground station was taken out of
service to be modified for use with the Applications Technology

Satellite Project. Relay I has not recovered from the power-supply

drain (13th Ser_iannual Report, p. 78) which occurred in February
and its useful lifetime was considered to be over.

Syncom.--Syncom II and HI continued to be used by the Depart-
ment of Defense for communications between the United States and

the Far East. Syncom II has exhausted its on-board propellant sup-

ply for stationkeeping but was still usable. (13th Semiannual Report,

p. 78.) Syncom III--functioning perfectly and positioned over 172 °

east longitude--was also used as a principal communications link

during the Gemini V flight in August.

Passive Communications Satellites

Echo I and II remained in orbit, but the basic communications

experiments for them were completed in 1964. However, these pas-
sive satellites were observed periodically to determine their response

to the environment. Also, theoretical and laboratory work con-

tinued on improved shapes and materials for satellites of this typ_

(Echo I was launched on Aug. 12, 1960; Echo II, Jan. 25, 1964.)

blavigcgion 5atellit_

The Joint Navigation Satellite Committee--composed of repre-

sentatives from NASA, the DeFartments of Treasury, Defense, In-

terior, and Commerce, and the Federal Aviation Agency--studied

the needs of its member agencies for improvements in communications,

navigation, air traffic control, and related data transfer.

The Science and Technology Institute of the University of Michi-

gan began an examination of advanced satellite-borne navigation

techniques able to provide position information and traffic control data

to ships and aircraft.
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Figure 3-7. Structural model test of ATS-6 satellite. 

Appl ications Techno I ogy Satel I i tes 
Structural models of the spin-stabilized version of the Applica- 

tions Technology Satellite were completed and final assembly of the 
prototype model began. The satellite (ATS-B) is scheduled to be 
launched l a b  in 1966. (Fig. 3-7.) The design for the gravity- 
stabilized satellite and the prototype models of its experiments were 
completed, and the spacecraft was scheduled for the second launch 
of the ATS project. 
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The Office of Advanced Research and Technology continued to

advance the many projects which fall within the scope of its re-

sponsibility. The discussions which follow describe these tasks and

• indicate their importance to present space and aeronautical programs

and their influence upon the Nation's future progress and leadership

in aerospace endeavors.

Space Vehicles Program

High-Energy Radiation Effed's

Newly developed and promising spacecraft materials and compo-

nents were investigated for susceptibility to damage from space radia-

tion. At the Langley Research Center, research on the fundamental

mechanisms involved in radiation damage resulted in significantly

improved semiconductor strain gages. Gages irradiated by high

energy electrons, under controlled conditions, were 20 times less sensi-

tive to temperature changes. Similarly, a Langley contractor's test

program showed that currently available silicon transistors can with-

stand two to six times the amount of radiation flux previously believed

possible. Still another contractor developed improved transistors

which are expected to increase the reliability and operating life of

future spacecraft in the space environment.

85
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The NASA Space Radiation Effects Laboratory, Newport News,

Va., was dedicated December 15, 1965. (Fig. 4-1.) It is equipped

with a 600-million-electron-volt synchrocyclotron and associated equip-
ment which will enable NASA to make simulated tests and

fundamental studies of the effect of space radiation on spacecraft and

their subsystems. The Laboratory, which will be managed and op-

erated for the Langley Research Center and NASA by the Virginia

Associated Research Center, a joint venture of the College of William

and Mary, the University of Virginia, and the Virginia Polytechnic

Institute, will also support university-conducted basic research pro-

grams in high-energy physics and radiobiology.

Thermal Radiation and Temperature Corrfrol

To speed up the thermal design of complex spacecraft and to

capitalize on the fact that smaller facilities minimize departures from
true solar simulation, a one-half-scale thermal model of the Mariner

spacecraft was built and tested in a relatively small simulation cham-

ber. The thermal performance predicted in the simulation was com-

pared with that obtained in the actual Mariner IV flight. The results

indicated that thermal testing under equilibrium conditions with one-

half-scale models is feasible and could materially reduce requirements

for large solar simulation facilities. Accelerated studies were begun

to develop such techniques for the transient thermal conditions of an

orbiting spacecraft whose environment alternates between full sun-

light and darkness. Another problem in solar simulation using large

test chambers relates to the inadequacy of instruments for monitoring

the solar beam. In efforts to overcome the problem_ research conducted

on thin metallic cones surrounded by resistance heaters indicated the

possibility of achieving a basic or absolute measure of the thermal

radiation balance of a surface exposed to various thermal test
environments.

A new silicate paint was developed which may be useful as a thermal

control and space radiator coating in place of white paints currently

used to achieve quantitative thermal balance of spacecraft. (The

latter are unsatisfactory because they continue to show increases in

solar absorptance when exposed to space radiation.) In addition

to its space uses_ the new coating seemed to have potential as a low-

cost white paint for everyday earthbound applications.

Vacuum Technology

Research on the problem of backstreaming and contamination from

oil diffusion pumps continued. Two approaches were under study:

prevention of oil backstreaming and development of alternative

pumping methods. One promising preventive method used heaters to
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crack the backstreaming oil molecules, thus aiding in their removal. 
Other pumping methods tested demonstrated that a pump consisting 
of a series of rotating turbine blades can also reduce backstreaming. 

Meteoroid Technology 
Pegasus 111, the third and last Meteoroid Technology Satellite, was 

launched July 30 by a Saturn I launch vehicle (SA-10) and injected 
inh a near-circular orbit. (Fig. 4-2.) Its primary objective is to 
provide additional data on the near-earth meteoroid environment for 
direct application to spacecraft design. 

Figure 4-2. Sketch of deployed Pegasus 111. 

Spacecraft configuration was identical to that, of Pegasus I and I1 
with 416 capacitor-type meteoroid sensors mounted in a winglike 
structure deployed after injection into orbit, over 2,000 square feet 
of meteoroid penetration sensor area, and three thickness of alu- 
minum exposed to the meteoroid environment : 0.0015 inch, 0.008 inch, 
and 0.016 inoh. 

The three Pegasus spacecraft launched this year have recorded 
more than 500 penetrations, with the penetration rates for all three 
thicknesses of aluminum falling below the rate for the meteoroid 
environment model currently used for spacecraft design. Explorer 
XXIII, (12th Semiannuut Report, p. 91) a much smaller meteoroid 
technology satellite with thinner penetration test surfaces, continued 
to function satisfactorily and to provide additional information after 
a year in space. 
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Figure 4-3. The HL-IO. 

Lifting Body Spacecruft 
With completion of the -10 (fig. G 3  j during this period, SASA 

has two lifting body research rehicles xi th  realistic spacecraft weights. 
These conceptually different unpowered vehicles, the 31-2 and the 
HL10, will be launched from a mother airplane and maneurered back 
to earth to determine their handling characteristics, particularly in 
the critical terminal approach and landing phases of flight. 

The M-2 1-ehicle (13th &‘e~niunnuul Report, p. 87) was tested in the 
Ames 40- by 80-foot Find tunnel, and the aerodynamic characteristics 
predicted from earlier small-scale wind tunnel model tests were 
verified and refined. The preflight checkout of the rehicle was com- 
pleted at the Flight Research Center. and the rehicle was approred for 
flight. Homever, the flight program will be delayed until the lakebed 
used as the landing strip dries out at the end of the rainp season, which 
is normally in the early spring. 
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The -10 vehicle will be delivered in January 1966. Following 
full-scale wind tunnel tests and checkout, its flight program is ex- 
pected to begin in the early summer. 

Parachute Technology 
NASA continued its search for more versatile and efficient ways to 

land manned spacecraft. One concept under study is the “limp 
paraglider,” a lightweight triangular parachutelike device that can 
be packed and deployed like a conventional parachute. (Fig. 4-4.) 

b 

Figure 44. Model of limp paraglider. 
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"Once deployed, the ]imp paraglider allows an astronaut to maneuver

his spacecraft within an area of several hundred square miles in order

to select the best landing site or to overcome surface winds. The

Langley Research Center completed preliminary wind tunnel tests on

small models and made free-flight tests on somewhat larger models to

investigate deployment and flight performance characteristics. The

limp pamglider offers potential reliability close to that of the already

proven conventional parachute, the ability to provide low vertical

velocities at touchdown, and the possibility of landing on either land

or water. In addition, its large maneuverability "footprint" makes it

considerably more versatile than a conventional parachute. With

these advantages, the limp paraglider might be used by high-perform-

ance lifting-body type spacecraft as a subsonic landing aid eliminat-

ing the need to compromise the hypersonic design characteristics of

the spacecraft for low-speed flight. It may also be used to give

maneuverability at low altitudes to present types of spacecraft.

For exploration of such near planets as Mars, a lightweight, versa-

tile parachute, more conventional in appearance, may be used to retard

the descent of instrument capsalos into the very thin atmosphere.

The Langley Research Center investigated a parachute for atmos-

pheric soundings in the very low density of the earth's atmosphere

above 150,000 feet. The "disk-gap-band" parachute makes use of

extensive open ureas, or ]arge-scale porosity, in the parachute canopy

for a more stable descent. (Fig. 4-5.) Recent rocket tests on 15-

foot. diameter disk-gap-band parachutes indicated good performance

at altitudes as high as 200,000 feet. Because the atmospheric condi-
tions near the surface of Mars are similar to those at altitudes over

100,000 feet above the earth, the disk-gap-band parachute appears

to be a good candidate for Mars applications.

Fire II Reentry Heating Experimerrt

The second and last experiment in Project Fire, flown may 22

(13th _em_mn_ Report, p. 92), provided significant information

on spacecraft aerothermodynamica The experiment determined very

accurately the peak heat load due to the radiative and convective

heating processes for a blunt ballistic type vehicle entering the earth's

atmosphere at lunar return speeds. Together, the two Project Fire

flight experiments effectively defined the earth heating environment

for Apollo reentry.

Advanced Structures Concepts

Lunar and planetary exploration will require shelters on the surface

of the moon and planets to allow men to leave and live independently
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of the landing vehicles. To investigate structures for this purpose, 
NASA selected a hypothetical mission using the present lunar module 
without basic modification to transport two men and a shelter to the 
surface of the moon. Research programs on filament -ivhdmg, 
thermal control coatings, metsroid penetration, and expandable 
structures developed the advanced technology used in the design and 
construction of a shelter module which can be packaged in less than 
'{a cubic feet and weighs oniy 386 pounds on earth. It expaids to 
provide an enclosed volume of 505 cubic feet, including an integral 
air lock. The shelter can deploy itself after unpacking, b u s e  of 
the multiple layer wnstructim of its Tall, and it can be handled easil1 
by a single astronaut. (Fig. 4-6.) The interior can accommodate 
all facilities to support txo  men in a shirt-s1ee-i-e environment for 
8 days. The packaged volume of the shelter is small  enough so that 
it can be carried to the moon by a lunar module in external canisters. 
Studies were continued on similar structures suitable for more men 
for longer periods. 

- 

Figure 4-6. An expandable shelter. 
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Structural Mechanics

Many structural engineering problems concerr/ed with the integrity
of solid propellants or the deformation of highly heated metals can
be reduced to the stress analysis of viscoelastic materials (those
exhibiting both: fluid and solid behavior). However, research on
viscoelasticity has been quite difficult because reliable experimental
methods were not available. A newly developed experimental tech-

nique for use with such materials is therefore a significant advance
in this field. The technique calls for modified optical test equipment
and an optScally transparent viscoelastic model. Under load, the
model shows dark lines connecting points of equal stress difference.
The growth and behavior of the lines is recorded photographically
and provides data necessary to de_ermine the instantaneous state of

stress. The same method can be used to study transient stresses of
thermal origin, and the developed equipment and techniques were
being refined for routine use in engineering analysis and design.

Structural Dynamics

The lateral vibration characteristics of space vehicles affect control
system design parameters, the location of control system sensors, the
interaction of vehicle and propellant motions which affect the stability
and loading of the vehicle, and the determination of dynamic loads

and stresses. These characteristics are usually determined theoret-
ically and revised following vibration tests on the full-scale vehicle.
However, with current large launch vehicles it is difficult and expen-

sive to suspend and vibrate a full-scale vehicle. Consequently, NASA
investigated the use of reduced size models, and completed vibration
tests on one-tenth and one-fortieth scale models of the Saturn V. (Fig.
4-7.) For a booster half filled with propellant (an average flight

condition), the lateral vibration frequencies for the one-fortieth scale
model were only 6, 9, and 8 percent higher in the first three natural
frequencies than the corresponding frequencies of the one-tenth scale
model. The tests on the two different sized models seem to indicate

that prescribed vibration characteristics can be designed into two
models having very different type construction. The tests also in-
creased understanding of the relationship of rigidity in areas of

structural complexity to the design of the vehicle structure and control
systems.

Spacecraft" Elect"ronics and Con_'rol

Control and Stabilizerfion

The Flight Research Center continued research and development

work on fluid controls as part of NASA's control system program.
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Fluid technologyisunder investigationasa sourceof an economics],

reliable,and efficientaircraftflightcontrolsysteminwhich a nioving

fluidreplacesconventionalelectronicsas theinformationmedinn_ A

contractorwas Selectedto study sys_m conceptsand identifycom-

ponent requirementsforan autopilotsystem for lightaircraft.The

resultsofthepreliminaryinvestigationindicatedthata prototypecon-

trolsystemcan be defined,and fabricationof a breadboardmodel for

furtherstudy was begun. The successfuldevelopmentoffluidtech-

nologyshouldaidmateriallyin achieving_n advanced controlsystem

ata pricecompatiblewiththatof theairplane.Other applicationsof

all-fluid technology were also being investigated.

Guidance and Navigation

A feasibility model of an optical (laser) rendezvous radar was
developed, laboratory tested, and demonstrated at the Marshall Space
Flight Center. An improved prototype model, which is expected to
outperform the feasibility model in range and angular aocuracy by a
factor of 4, was being developed. System operating ranges beyond

100 kilometers and angular accuracies of 0.01 ° are realizable, and by
selection of operating modes, the sy_em appears to be able to function
accurately down to zero (or docking) range. The development pro-
gram will produce a flight test model which can be demonstrated in
earth-orbital experiments.

With rendezvous and docking becoming a key function in space,
guidance equipment will have to use the most efficacious techniques

possible and be characterized by simplicity and _liability. Optical
and laser techniques seem to satisfy these requirements inasmuch as
they offer these advantages over alternate methods: Lighter weight;
less volume; less input power; simplicity; and greater angular ac-
curacies, all resulting from the txemendous antenna gains obtainable
with laser systems.

Communic,_ons and Tracking

A 20-watt S-band microwave transmitter similar in size and weight
to the Mariner IV 10-watt tube but with double the Mariner 8_-bit-

per-second data rate capability was developed, and 9 were ordered for
the Saturn V Command Communications System. Plans were formu-
lated to develop the technology for larger space-rated, 500 to 1_000
watt tubes which will increase the data ra_e capability over Mariner
IV 100 times.

Ground antenna array studies were completed for Langley Research
Center and Goddard Space Flight Center (GSFC). An experiment
was formulated for arraying two 15-foot antennas at GSFC as a basis

2_--010
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for developing the technology to economically increase S-band grodnd

antenna apertures significantly beyond the present 210-foot diameter

capability.

A 9-foot space deployable antenna (developed for the Jet Propul-

sion Laboratory) was successfully tested and will be used in laboratory

investigations to further refine deployment techniques and ultimately

lead to the capability of erecting, in space_ antennas as large as 500 feet.

A unique multiple-beam phased array antenna developed for GFSC

uses an electronically focused and pointed beam which will provide a

remotely controlled steerable antenna for unmanned or manned space-

craft. Its use would increase data rates from Mars by as much as

10,000 times over the present capability and make it easier to achieve

more varied space research objectives.

Instrumentation and Dafa Processin9

The Ames Research Center developed an improved Schlieren optical

measuring system which uses an intense monochromatic light source

provided by a laser to determine flow characteristics in wind tunnels.

Such a laser-Schlieren system reveals the density distribution of a gas

as it flows past the test model in a low-density wind tunnel. This

system is about 10 times more sensitive than earlier systems. Also_

flow details can be identified inside the brilliant plasma surrounding a

test model .at simulated altitudes higher than 30 miles and speeds

greater than 8,000 miles per hour (Mach 10).

The need for such an improvement on the Schlieren optical method

(used for many years to obtain data on gaseous flow characteristics in

hypersonic wind tunnels) became urgent with the increased use of low-

density wind tunnels to simulate high-speed aircraft performance at

high altitudes and the consequent difficulty of identifying flow
patterns.

Research on strain gages, used to measure force, pressure, accelera-

tion, vibration, and displacements, has made it possible to design

silicon strain gages approximately 70 times more sensitive than pre-

vious metallic foil units. However, normal silicon units are 28 times

more sensitive to temperature variation than the metallic gage. The

Langley Research Center was able _o reduce the temperature co-
efficient of some silicon-type strain gages to the same level as that

of metallic gages by exposure to controlled doses of electron radiation.

The result of this research is a highly sensitive silicon gage with the

very desirable small temperature coefficient of the metallic gage.

At the Marshall Space Flight Center, research was conducted on

methods of obtaining direct digi_[al measurements in order to eliminate

errors introduced by the conversion of analog signals to digital out-
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puts. One device being developed uses a photoe]astic material to
obtain direct digital output from a sensor without mechanical

manipulation of parts. This method reduces the error and complexity
ordinarily found in analog-to-digital conversiom

Investigators at Goddard Space Flight Center (GSFC) developed

a method of pr_ing data aboard a spacecraft which makes it pos-
sible to reduce the volume of data transmitted to earth. In this

method, suitable for certain physical measurements such as those

made on the IMP spacecraft, the instrumentation counts particles
from the directional sensor into 16 groups_ each containing the total
counts for one-sikt_nth of a revolution of the spinning spacecraft_
A ground computer can reconstruct a histogram (bar graph) of
data with reasonable accuracy if only two factors are transmitted to
it: The sum of the lengths of all bars and the sum of the squares of

the lengths. These sums can be transmitted using only one-tenth
the binary digits required to transmit the number of counts in each
of the 16 groups. Thus, this method will reduce the volume of data

to be transmitted by about 90 percent. Such a reduction is important
since spacecraft can now collect much more data than the communica-
tious link can readily transmit to earth.

In other work at GSFC, a data system was developed for use in
adjusting a solar simulator employed in testing spacecraft and evaluat-
ing radiation damage_ It provides a visual display, similar to that

of a radar system, of variations in radiation intensity within the
simulator vacuum chamber, recording once each second the output
of a large number of solar sensors mounted along a rotating arm
within the test chamber and exposed to the radiation produced by 127
solar lamps Equally spaced concentric circles are displayed on the
face of a cathode ray tube, each circle reputing the path traced

by one of the sensors on the rotating arm. Changes in lamp intensity
and radiation can be monitored by direct observation of variations in

brightness on the face of the tube. This system is a significant ad-
vance over previous me_hods which involved extensive computer
manipulation of data and about _ hours of processing.

Electronic Techniquesand Components

Under the direction of the Electronics Research Center, research

continued on a thin-_, radiation-resistant device (a thin-film_
space-charge-limited triode) with higher tolerance to space radiation

than conventional semiconductor devices. The prototype fast scan
infrared detection and measuring instrument (13th Semiannual
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Report, p. 94) was in operation and early results indicated thai it

will exceed its specifications. This device, being developed with
Marshall Space Flight Center support, can inspect a square millimeter
of circuit in approximately 15 seconds.

Aeronautics Research

Aircraft Aerodynamics

SCudies were made of the flight characteristics and handling quali-
ties of large sweptwing subsonic jet-transport airplanes in rough-air
conditions. Purpose of the studies is to give a better understanding
of the airplane handling and recovery procedures necessary during
the high angle-of-attack excursions and Mach number overspeed
sometimes encountered in rough-air flight. Wind tunnel measure-
ments were made of the dynamic stability characteristics of a model
of a typical sweptwing subsonic transport airplane with four wing-
mounted jet engines. Results of tests at Mach numbers from 0.2 to
0.94 for angles of attack from -6 ° to 18° indicated that this con-

figuration has positive aerodynamic damping in pitch throughout the
subsonic Mach number range, except for angles of attack greater
than about 15° at Mach 0.2 to 0.6. At these low Mach numbers, the
damping decreases rapidly with angles of attack greater than 8 °, and
becomes negative for angles of attack greater than 15 °.

A study was made by analytical and experimental means to de-
termine the drag characteristics over a wide range of Mach and
Reynolds numbers for a series of Haack-Adams bodies of revolution

which are often used as a basis for obtaining rapid estimates of body
wave drag. The models, designed with the use of slender-body
theory to have minimum wave drag for a given length, volume, and
base area, had fineness ratios of 7, 10, and 13, and were tested at

Mach 0.6 to 4.0. Wave-drag coefficients determined by using slender-
body theory were in good agreement with the experimentally deter-
mined wave-drag coefficients near Mach 1.0, but as Mach number

increased, _he slender-body theory overestimated the body wave drag.
Mach number effects are greater at the lower fineness ratios, and at

the higher Mach numbers_ the fineness ratio must be very large in
order to satisfy the slender-body theory requirements. Computations
using the method of characteristics also showed good agreement with
the experimental results.

In research on an efficient configuration for hypersonic flight vehicles
a theoretical and experimental investigation was conducted to deter-

mine the effects of leading edge sweep, thickness ratio, aspect ratio,
volume, and Reynolds number on the maximum lift-drag ratio (which
is indicative of aerodynamic efficiency) of a variety of rectangular and
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delta planform wings at Maeh 6.9. The study showed that good pre-

dictions of maximum lift-drag ratio can be made for rectangular wings
but that the prediction for delta wings is approximately 10 percent
higl_ Other findings included the following:

• For all configurations severe losses of maximum lift-drag ratio
occurred with d_xeasing Reynolds number, and it may there-
fore be inferred that maximum lift-drag ratio values greater

, than about three will be difficult to attain at low Reynolds
numbers on configurations with useful volume.

• The fiat-bottom configuration showed the highest maximum lift-

drag ratio on simple shapes where no favorable interference can
occur.

• Thickness ratio and aspect ratio, in that order, are prime factors
uffecting maximum lift-drag ratio irrespective of planform

geometry.
• Within a family of shapes, the optimum shape may be deter-

mined by use of a composite plot of aspect ratio, thickness ratio,
volume-area ratio, and maximum lift-drag ratio.

Aitataf_ $tmchtms

An experimental technique using a scaled model in a large transonic
wind tunnel was developed to study the gust response of aircraft. A
set of oscillating vanes mounted on the tunnel walls upstream of the
test section produces a periodic variation of the angle of the airflow
over the model, simulating the response of a full-scale airplane. The
simulation is further improved by a previously developed model mount-
ing system employing cables. This combination of cable mounting

system, dynamically scaled model, and gust oscillator make it possible
to evaluate, at the design stage, the gust response of the actual airplane.

Research continued on the problem of fatigue of aircraft structure_
Since fatigue cracks are usually a consequence of the stress concentra-
tions introduced by such things as rivet holes, joints, and notches, re-
search emphasis was placed on the localizeM material behavior in the
vicinity of notches under cyclic loading conditions and on the crack
growth characteristics in sheet specimens with stress distributions

similarto thosein practical rivetedsheet-stiffenedstructurea

Air Breathing Propulsion

The major basic research effort in this program was directed toward
better understanding the aerothermodynamic flow phenomena associ-
ated with hypersonic propulsion systen_ Research was conducted on
inlet design and placement and on structural concepts capable of with-

standing the extreme thermal environment. Much of the research
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supports the Hypersonic Ramjet Experiment Project, a specific pro-

gram to design, develop, build, and flight test to Mach 8.0 an advanced

supersonic combustion ramjet engine. Three parallel contract studies

indicated the feasibility of the concept and produced considerable

information directly applicable _) the design and construction of the

engine.

Aircraft Operatins Problems

In research on the hazard of compressor or turbine section failures

in jet-powered aircraft, NASA undertook a turbine disk-burst study,

employing personnel and facilities of the Naval Air Engineering Cen-

ter, Philadelphia, to determine whether turbomachinery burst pro_ec-

tion systems (absorption or deflection) are technically and economi-

cally feasible. Data were compiled on uncontained turbine-disk fail-
ures to establish the modes of failure and the basis for the theoretical

and experimental studies required to evaluate fragment containment

and deflection systems. Plans were made for testing current and ad-

vance<l engine turbine components to provide data on the size, shape,

trajectory, and speed of fragments at burst, and the force, energy, and

distribution of the fragments on impact.

The modifications to the NASA general purpose airborne simulator

system were completed, enabling the Jetstar aircraft to simulate in

flight many different types of aircraft. After current flight system

checks are completed, the aircraft will be used to study techniques for

flying in rough air and to investigate potential flight problems of the

supersonic transport.

X-I 5 Research Aircraft Program

With all three X-15 aircraft on flight status, 18 flights were made in

this period, more than in any other similar period in the program's

history. This high flight frequency also led to a total of 32 flights in

1965--the greatest number in a calendar year. The increased activity

was accomplished despite repeated cancellations because of bad weather

in November and December. Ten of this period's flights were made to

altitudes above 200,000 feet. Also, Capt. William J. Knight, USAF,

and Mr. William H. Dana, NASA, made their first X-15 flights, join-

ing Lt. Col. Robert A. Rushworth, USAF, John B. McKay, NASA,

and Capt. Joe H. Engle, USAF, as X-15 pilots.

On November 3, the X-15-2 made its first flight carrying the two

large (373/_ inohes in diameter and 231/2 feet long) ex_ternal propellunt

tanks. (Fig. 4--8.) The tanks were empty for this flight. Airplane

handling qualities were good, and tank ejection was accomplished satis-

factorily as planned (Much 2 at 70,000 feet). The anhydrous am-
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I 

Figure 4-8. The modified X-IS2 with external fuel bonks. 

monia tank was recovered satisfactorilp, but the parachute recovery 
system for the liquid oxygen tank failed, and the tank was destroyed 
on ground impact. The next flight with the empty external tanks 
was scheduled for the first half of 1966, and flights Fere planned for 
latef in the year with the tanks filled (13,500 pounds of propellant). 
Flight envelope expansion-from Mach 6 to approximately &will 
then proceed in orderly steps. 

Modification of the X-15-3 for the boost-reentry guidance and the 
energy management experiments was begun in Sovember. ModSca- 
tions include replacement of the present analog system with -tal 
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inertial flight data system--similar to that used in tho X-15-1 since

October 1964.

The Fourth Air Force-Navy-NASA Research Airplane Committee
Conference on the progress of the X-15 Research Airplane' program

held on October 7, at Edwards Air Force Base, Calif., was attended by

approximately 500 representatives from industry and Government.

Topics discussed included current status and future plans, develop-

ment of the X-15-2 aircraft and thermal protection system, heat-trans-

fer, skin friction, boundary-layer noise, controllability, reentry

research, results of several scientific test-bed experiments, and planned

hypersonic propulsion system testing.

The aircraft were used for the following investigations during
the last half of 1965 :

The X-15-1.--Massachusetts Institute of Technology horizon defini-

tion experim_nt_ basic X-15 stability and control evaluation, infrared

scanning radiometer experiment, high-altitude atmospheric density

measureanents_ ablation materials evaluation (required for Mach 8

configuration flights), checkout of additional X-15 project pilots.

The X-15-2.--Stellar ultraviolet photography experiment, handling

qualities evaluation with external tanks, tank separation character-

istics, tank trajectory following in-flight jettison, evaluation of Mach

8 configuration landing dynamics, functional check of reaction control

augmentation system modification.
The X-15-3.--Aerodynamic boundary-layer noise measurements,

horizontal stabilizer loads investigation, Langley Research Center

horizon scanner experiment_ reentry maneuver techniques, rocket

engine ultraviolet exhaust-plume characteristics measurements, earth-

background-radiation meaurements, additional X-15 project pilot
checkout.

At the end of 1965 the 3 X-15 airplanes had been flown 156 times,

including 117 flights at speeds of Mach 4 and above. Maximum veloc-

ity and altitude were 4,104 m.p.h, and 354,200 feet.

Supersonic Transport

In a cooperative FAA, USAF_ NASA program to measure the radi-

ation environment of the supersonic transport, NASA is undertaking

to map the particle flux of biologically important components of radia-

tion such as protons, neutrons, heavy primaries_ and bremsstrahlung.
Instrumented balloons were sent to altitudes of about 100,000 feet to

obtain data on radiation intensity variation with altitude in the air

and in tissue-equivalent instrumented material simulating a part of

the human body. Special neutron and proton sensors were being de-

veloped for installation in aircraft to measure the radiation over a



ADVA2ffCED RESEARCH AND TECH:NOIL_GY 105

range of latitudes and longitudes and during various portions of the
solar sunspot cycle. In one test, radiation measurements were made at
jet transport altitudes on an around-the-world flightpath that crossed
both polea

Investigators working on the design of supersonic aircraft have done

considerable research on the variable sweep wing. One concept
studied involved a fixed outboard pivot and a fixed, highly swept, in-
board wing section designed to minimize aerodynamic center shift.
Results of small-scale tests gave evidence of longitudinal instability
characteristics at the stall for the high-lift configurations of this de-

sign. Low-speed tests were made on a basic, large-scale, low-wing,
variable-sweep model to investigate the longitudinal instability. The
tests were limited to the first-order effects of the most impotrant vari-
ables: wing sweep in low-speed cruise and high-lift configurations,
wing aspect ratio, trailing-edge flap systems, leading-edge slots, hori-
zontal-tail area and location, and fixed-wing leading-edge radius and

flaps. All configurations tested, except one, were longitudinally un-
stable at high lift. The one configuration that essentially eliminated
instability at stall consisted of a drooped fixed-wing leading_dge with
a high-aspect ratio wing at 25 ° sweepback, in conjunction with a low
horizontal-tail position. The longitudinal instability could not be
eliminated with the horizontal tail in any other than the low position.

Placing the tail at a high position caused a severe pitchup. In a mid-
position it was somewhat better, but the longitudinal characteristics
were still unsatisfactory. Reducing wing sweepback below 25 °
yielded no appreciable benefit in terms of a maximum-lift coefficient or

the lift coefficient at which pitchup occur_

Vertical and Shod"Takeoff and Landing (V/STOL) Aircraft

The downwash from VTOL aircraft can produce problems of sur-

face deterioration when the high velocity, high-temperature exhaust
gases impinge on unprotected natural surfaces. Efforts to overcome

such problems have included development of operational techniques
which reduce exposure of the surfaces to the downwash and research

on ways of rapidly preparing the sites with surface coating_ In
addition, NASA sponsored a program to evaluate various exhaust

nozzle design faetors which could lead to a reduction of dynamic pres-
sures and temperatures at the ground surface. In a follow-on pro-
gram, the jet wake degradation and thrust characteristics of 11 exhaust

nozzle models designed for dynamic pressure and temperature reduc-
tion in the jet were evaluated statically, using both hot gases and un-
heated air, and similar tests were conducted with a reference circular
nozzle. Additional tests of selected nozzles were conducted to deter-
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mine effects of fuselage and/or proximity of a ground plane on thrust
and jet wake characteristics. _ignificant jet wake degradation re-
sulted for all suppressor nozzles tested, both in and out of ground effect
and with various fuselage configurations. Jet wake degradation was

most rapid with nozzle designs having widely spaced and/or high-
aspect ratio nozzle elements. Thrust losses were minimized in nozzles
having small exit wall divergence angles and moderate values of aspect

ratio of the discharge openings. Combining the nozzles with a fuse-
lage resulted in additional thrust losses_ which increased further
during operation near a ground surface. Ventilation of the fuselage
reduced thrust losses, particularly with suppressor nozzles, but all
nozzle and fuselage configurations exhibited large losses when tested
in proximity to a ground surface. The thrust losses were associated
with the large projected fuselage area used in the tests, and it was
concluded that the projected area must be minimized to avoid excessive
losses during operation in ground effect.

In high-performance STOL aircraft, power changes sometimes pro-
duce undesirable trim and stability changes. A study was made of the
effects on pilot opinion of trim change with power. Using a mo_ing
cab simulator which included a visual runway presentation_ the land-
ing approach and waveoff of a high-performance deflected-slipstream
aircraft were simulated. Various changes of pitching moments with
power were investigated at several levels of static longitudinal sta-
bility, and a configuration that tended to pitchup and one that showed
a reduction of static stability with increasing power were Studied. At
the more positive levels of static logitudinal stability, the lift produced
by power markedly affected the apparent pitching moment due to
power. In general, the study determined that pilots preferred con-
figurations which exhibited the least trim change with power or those

for which the power effects did not aggravate the stall or pitchup
margin.

/k STOL seaplane was developed by the Japanese Maritime Self
Defense Force as a test bed to investigate the potential of a seaplane
with low landing and takeoff speeds, The aircraft, the UF-XS (fig.
4-9) utilizes Boundary-Layer Control (BLC) and the propeller slip-
stream to fly at low speeds, Automatic Stability Equipment (ASE)
for improved handling at low speeds, and a hull with good hydrody-
namic characteristics. Preliminary Japanese flight tests indicated
that these features allowed the aircraft to operate in seas with 6-foot
high waves.

In additional work on the Japanese STOL seaplane requested by
the U.S. Navy_ a simulator study of the handling qualities in the

.STOL regime was made at Ames Research Center to obtain a pre-
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Figure 4-9. The Japanese UF-XS S O L  seaplane. 

liminary evaluation, tu study potential problem areas and their solu- 
tions, and to investigate areas beyond the normal flight envelope of 
the UF-XS. Next, XASA and the O.S. Xavy conducted flight tests, 
during which takeoffs and landings were made from water at 50 knots, 
corresponding t o  a lift coefficient of about 4. With the ASE engaged. 
the handling characteristics of the aircraft were satisfactory. The 
ASE provided roll and pitch attitude stabilization and increased rate 
damping about these axes. With the ASE off, the handling charac- 
teristics were unsatisfactory because of low static longitudinal sta- 
bility, a very unstable spiral mode, and large sideslip excursions during 
turn entries. Response to control inputs was satisfactory about the 
roll and pitch axes, but the like-rotation propellers reduced the 
directional control to an unsatisfractorg level. 

Wind tunnel studies were continued on the “riservice X-22 four- 
duct tandem V/STOL airplane. (Fig. 4-10). These inv&igations 
included free-flight modd studies in the Langley full-scale tunnel and 
static tests in the 17-foot test section of the 300 m.p.h. 7- by 10-foot 
tunnel to investigate stability and control characteristics in transition, 
takeoff, and landing. 
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Figure 4-10. The Triscrvice X-22 V/STOL Aircraft. 
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"In the free-flight tests, the model had unstable pitching and rolling

oscillations in hovering flight out of ground effect, but it could be
controlled and maneuvered easily since the period of the oscillations
was long. In hovering flight near the ground, the model experienced
large erratic disturbances caused by the recirculation of the ducted-

propeller slipstream. In the transition range the longitudinal stability
improved as speed was increased, and the pitching oscillations wer¢
about neutrally _-_able at the _high speed end of the range. Throughout
most of the transition speed range, the model had very low directional
stability and an unstable directional-lateral oscillation (Dutch roll),
which could be alleviated by using artificial damping in yaw. Also
stalling of the upper outside duct surfaces caused large erratic rolling
moments or wing dropping in the landing-approach condition. In all
flight regions, the minimum total control powers found to be satis-

factory in the model flight tests were approximately equal to or less
than the control powers planned for the full-scale airplane.

The static stability tests indicated that the original configuration was
longitudinally unstable at high thrust coefficients in the cruise condi-
tion. Longitudinal stability was achieved by reducing the _ of the
front fairings between the duets and the fuselage thereby dimi,lgh_ng

the destabilizing effects of the ducta It was found that trim and
control requirements in the transition-speed range could best be
attained by a combination of differential thrust and deflection of vanes
within the ducts.

The Ames Research Center investigated a method of driving and
controlling a helicopter rotor by a variably deflectable jet flap. The
theoretical study, based primarily on the results of high-speed digital

computations, indicated that higher speeds could be attained in pure
helicopter flight with this jet-flap rotor concept than with any con-
ventional rotor. The results of the study indicated that it would be
worthwhile to evaluate the concept experimentally, and a joint pro-
gram with the Army was established.

This design offers potential advantages of mechanical simplifica-
tion, increased lift and propulsive force, and reduced vibrationa It

may be applicable to three types of pure helicopter: a high-speed
(over 200 knots) low-drag vehicle, an efficient medium-speed vehicle,
and a crane helicopter.

XB.-70SST Flighf Research Program

Acquisition of research data from this program began with the first
XB-70 flight in 1964 (NASA, 13th Semiannual Report, p. 105), and
was accelerated during this period as the second aircraft made its first
flight (July 17). During the initial phase of the NASAXB-70 pro-
gram critical problem areas related to the national supersonic trans-
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port program were investigated. To provide for increased use of
the XB-70 in support of the NASA SST research program, NASA
and the Department of Defense signed a memorandum of understand-
ing on May 28_ 1965, recognizing the importance of the NASA portion
of the XB-70 program. A management agreement, implementing
the memorandum of understanding, was signed by the Air Force and
NASA on October 11. Full NASA participation in the XB-70 pro-
gram is expected to begin in June 1966. (Fig. 4-11.)

Major emphasis during the first 23 flights of the XB-70 was on
evaluating stability, control, and handling qualities, demonstrating
structural integrity, testing engine inlet and environment control
systems, and expanding the flight Mach number and altitude envelope.

Since the size, weight_ and speed characteristics of the XB-_/0 are
similar to those of proposed SST designs, measurements of the XB-70

sonic-boom pressure signatures were obtained in flight under conditions
comparable to those predicted for the SST. This data_ for use in
improving present sonic-boom theoretical calculations, indicated that
the near-field pressure signature of the XB-70 extends to a greater
distance than had been anticipated. Also, the XB-70 near-field pres-
sure signature was compared with the B-58 far-field pressure signa-
tures. The maximum overpressure of the XB-70 was found to be only

slightly greater than the B-58 bow-wave overpressure, although the
weight of the XB-70 was approximately 3.5 times Chat of the B-58.
In the tests, both airplanes were at the same altitude and Mach num-
ber, and the B-58 was about 800 feet behind the XB-70. A reduc-
tion in near-field bow-wave pressure in the proposed SST (about the
same size and weight as the XB-70) would favorably affect its design
and operation, allowing higher speed at lower altitudes and com-
pliance with maximum design overpressure requirements.

The XB-70 sonic boom data were obtained at speeds ranging from
Mach 1.2 to 2.6, and at altitudes from 27,000 to 64,000 feet. Much ad-

ditional data will be required to assess the effect of Mach number,
altitude, gross weight, and weather, but results of the limited data
collected to date were quite encouraging.

Biotechnology and Human Research

Biotechnology

Life Support and Protective Systems.---In work on equipment for
environmental and atmosphere control, studies were made of methods

and techniques for controlling the origin of toxic contaminants_ re-
search was conducted on components and subsystems which can be
used for the containment and conversion of toxins to nontoxic ma-

terials_ standards were established for allowable concentrations of
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Figure 4 - 1  1. The XB-70 in flight 

toxic materials in atmospheres orer extended periods of time, and 
methods were dereloped for detecting toxins in a predetermined range. 

Research was conducted on methods of preventing atmospheric con- 
tamination by toxic substances in low-leakagerate sealed cabins for 
long duration space or undersea operations. 

232-010-9 
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One study was concerned with toxic materials used in spacecraft

structures and chemical processing equipment. Another investigated

the effect of normal atmospheric components, such as oxygen and

nitrogen, on spacecraft materials at various temperatures and also

the action of metabolic products on spacecraft atmospheric purifica-

tion equipment and chemicals. In addition, the generation of toxic

materials from normally nontoxic reactants and from the interaction

of the products of physical, chemical, and biological waste conversion
and reclamation systems was studied.

Physical-chemical and biological techniques were being developed

for life-support systems to recycle man's waste products and reuse

these products for his food, water, and oxygen requirements. Con-

cepts for new methods of food storage, packaging, and preparation

were studied, and cooked, freeze dried foods were packaged and stored
for considerable periods of time without deterioration. More ad-

vanced concepts under consideration included liquid diets and com-

pletely closed ecological cycles. Atmosphere systems which provide
oxygen from chemicals were developed. Considerable work was done

on the analysis of radiators, used to dispose of wast_ heat in spac% and

on the thermal balance of vehicles. This research is potentially appli-
cable to the development of technology for industrial, commercial, or

public uses in such areas as atmospheric pollution, water purification,
and waste processing techniques.

Human Research

Body Systems.--In life science research, baseline data were being

collected on the pigtailed monkey which is used extensively in this
field, and new simplified methods were being developed for the meas-

urement of body density. Also, the first practical machine to measure
cerebral circulation.--a lightweight portable device called the Rheoen-

cephalogram--and a simple "pocket-sized" recording EEG machine
were developed.

Environraental Physiology.--In research on the vestibular system

and motion sickness, a paper and pencil test was developed which will

predict the degree of motion sickness a person is likely to suffer. The

same program also produced the first known means of reliably estab-
lishing the degree of impairment present in the inner ear or vestibular

system and a reliable technique for measuring the effectiveness of
drugs to prevent motion sickness.

Bioinstrumentatlon.--Research in this area included studies of the

requirements for implanted instrumentation and tests of sensors as

well as further work on previously developed devices. (11th Semian-

nual Report, p. 112.) Also, a program was conducted for develop-
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n_ent and qualitative analysis of a myocardiographic sensor as a means
of evaluating vibrocardiographic data. Post-implant recordings, in-
cluding left ventricular pressure and electrocardiograms_ were taken

over a 30-day period. Finally, a spray-on technique was developed
for rapid and secure application of electrodes for sensing EKG and

other biopotentials. About 30 seconds are required for the applica-
tion of each electrode which may then remain in place for several
hours with little or no discomfort to the wearer. Shaving of the elec-
trode area is unnecessary.

Man-SysfemsInfegrafion

Manual Control System.--Studies were underway to determine how
pilots perform under adverse aircraft flight conditions and to better

quantify pilot performance under normal and unusual flight condi-
tions. Computer analogs of the pilot are used to determine how the
pilot controls a high performance aircraft during normal flight. He
then flies the simulated plane under varying flight dynamics condi-
tions. His performance is analyzed to determine changes in control
behavior in response to stress and to indicate required levels of stabil-

ity augmention. These studies are expected to lead to design criteria
for improved display und control systems for private and commercial
aircraft.

Behavioral and Psychomotor Testing.--C_gnitive and psychomotor
tests and test batteries were also studied. Such tests_ which can be

used to predict performance and to measure human abilities, may also
be used to test applicants for vocational training and for industrial
jobs requiring manual dexterity. They can also be used as a basis for
identifying special skill requirements for manual jobs to improve job

engineering studies.
Human Decision Maklng.--Investigations were being carried on to

determine the effects of various types of signals on human responses.
Information on how the human brain processes data would enlarge

our understanding of man's intelhctu_l functions and be useful for the
design of computers and display systems.

Automatic Vision Test_ng.--A visual acuity and visual perform-
ance measurement device was under development. It wLll provide

quantitative information on acuity, brightness threshold, depth per-
ception, and color perception. Easy to operate und applicable to
group testing, it may be used for screening large groups in some of
the critical visual skills.

Quality Goitre/.--Efforts were underway to identify the causes of
human failure in the fabrication and assembly of equipment for un-
manned space vehicles. Findings from this study will be valuable
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to industry as well as to NASA since commercial products are also

affected by human errors in the manufacturing process.
Prevention o/ Cardiovascular Deconditioning.--Also under study

were methods to eliminate or reduce deconditioning of the cardio-
vascular system resulting from bed rest. Astronauts on extended
trips could be subject to such deconditioning, and medical patients con-
fined to beds for long periods of time frequently suffer from inability
of the heart-blood vessel system to sustain normal activity when the
patient arises from the bed. Consequently, this research can provide
useful data not only for space researchers but also for the medical

profession on ways of eliminating or alleviating this problem.

Chemical Propulsion Systems

Solid Propulsion Researchand Technology

Langley Research Center has developed outstanding competence in
simulated dynamic testing of solid rocket motors. Using a centrifuge
and spin apparatus, the Center collected data from systematic studies
of the effects of dynamic loading on solid rocket performance and
made it available for application to the design of future motors. Both

Langley and the Jet Propulsion Laboratory engaged in solid-
propellant combustion research in order to accumulate technical data
and develop theory to assess the burning rate characteristics of new
propellant compositions before their preparation. In addition, infor-
mation from this research can be used to analyze transient combustion
conditions during termination, ignition, instability, and transition
from deflagration to detonation.

The Jet Propulsion Laboratory has conducted extensive research
on propellant structural integrity and related problems. This research

produced a number of failure criteria theories and valuable equipment
to measure stresses and propellant mechanical properties. In addi-
tion, the structural integrity program acquired data applicable to the
behavior of the whole range of viscoelastic materials, and thus also
useful in the plastic and rubber industries as the basis for stronger,
oxidation- and abrasion-resistant, and modifiable materials.

Research also continued on the requirements for command stop-

restart and thrust variation in solid propellant motors, on technology
problems in the use of hybrid propellant systems, and on the kinetics
of decomposition, chemical erosivity, instabilky characteristics, physi-
cal properties, sensitivity, and processing characteristics of high
performance propellants.

A program to detect flaw growth in steel rocket motor cases was
underway. Designed to establish the technology and develop the equip-
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nient to monitor hydrotests and prevent catastrophic failures, the

program is directly related to the cost of very large rocket motor cases,

the long fabrication time, and the requirement for highest reliability.
The detection method is based on a network of small accelerometers

placed on the steel case, which detect small shock waves in the steel

produced by microscopic flaws as they enlarge. By timing the arrival
of the shock waves at three or more points, the origin of the shock wave

and hence the location of a flaw can be computed. The hydrotest can

be stopped and the flaw repaired. In final form, the system would

consist of the accelerometers, recorders, a computer to provide instant

information on flaw locations, and a mechanical valve system to reduce

the hydrotest pressure in time to prevent catastrophic failure.

Large Solid Propellant Motor Program

The large solid rocket program deals with a class of solid rocket

motors capable of producing 3 to 7_ million pounds of thrust, 260

inches in diameter, and 80 to 150 feet long.

The first 260-inch motor was loaded with 1,680,000 pounds of pro-

pellant early in June. (Fig. 4-12.) The subsequent operations of

curing the propellant, removing the casting mandrel, attaching the

nozzle, and placing the igniter proceeded without difficulty. The

motor was fired on September 25 with complete succesa The thrust

level reached a peak of 3_ million pounds during the 125 second

firing. This was the largest single rocket motor ever fired in this

country. Postfiring inspection showed that aH major components

and materials had performed satisfactorily. (Fig. 4-13.)

The steel chamber for the second motor passed its hydrotest on

August 14 at a contractor facility, and was shipped to the loading

plant in Florida. The motor case was then insulated internally with

sheets and sections of rubber and prepared for propellant ca_ing.

From November 29 to December 9, 1,695,000 pounds of propellant were

produced and cast in the case, and the motor was held at a temperature

of 135 ° F. through December to cure the propellant.

Plans for the large motor program after the firing of the second

motor (scheduled for late February 1966) were under deta41ed study.

The ultimate objective of the program is the demonstration of a pro-

totype 260-inch motor containing a vector control system and a failure

warning system, with the thrust time best suited to the requirements of

potential launch vehicles; the immediate objective is to develop these
features with st_bscale motor_

A supporting study made by _ contractor to define the character-
istics of the final motor showed that the 260-inch class of solid motor

can be used with the S-IVB Stage of the uprated Saturn I to place
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Figure 4-12. 260-inch motor case being lowered into firing pit before loading with propellant. 
Casting mandrel to left of casing. 

payloads up to 90,000 pounds in earth orbit. The estimated opera- 
tional cost effectiveness of this launch vehicle is excellent : $225 per 
pound in earth orbit. Other studies showed that the 260-inch diameter 
motor in various combinations with NASA vehicles and stages can 
provide a launch vehicle capability extending to '750,000 pounds in 
earbh orbit and can also provide important 'booster elements for future 
larger launch vehicles. 
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Figure 4-13. Thc 260-inch m k  a f t e r  firing. 

Liquid Propulsion 

Launch Vehicle Propulsion.--In this program, work continued on 
the toroidal motor concept (fig. 4-14) with studies of high pressure 
and film cooling, the relationship between throat and nozzle entrance 
contouring, and of cycle design. Thrust vector control requirements 
for large vehicles were also identified. 

In  connection with the toroidal combustion chamber research, khe 
Lewis Research Center began an extensive analysis of carious nozzle 
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Figure 4-14. Toroidal engine installation. 

systems including the aerospike concept. In  the toroidal engine, the 
combustion chamber is a tu!& wrapped laterally around the base of 
the vehicle. The tube ejects the exhaust gases against the plug nozzle, 
thus increasing the total expansion ratio and thrust delivered to the 
vehicle. Nozzle configuration studies showed that the introduction 
of smndary  gas into the plug nozzle improves its thrust coefficient 
and that the areospike nozzle was superior to the bell nozzle. (Fig. 
4-15.) 

The composite cycle study (13th Sentianmual Report, p. 111) made 
good progress. Thirty-six engines using air in some form were 
analyzed for launch vehicle performancs over three trajectories. 
Fourteen engines showed sufficient potential to justify investigation in 
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Figure 4-15. Comparative nozzle efficiency.

greater depth. 'l_e ultimate aim of this effort is to analyze subsys-
tems to identify critical and pacing technology requirements for an
air-using launch vehicle engine which may later be the basis for de-
velopment of a recoverable booster.

_pacevrap Propuls_n.--Research effort in this area is directed

toward developing relatively new concepts to the degree of high relia-
bility that will permit Vhem to be applied with confidence to long-term

space missions. The prevention of leakage is a key requirement, for
what is ordinarily a low leakage rate can be a disastrous rate on long-
term missions. Methods of detecting leakage and of reducing the leak
rate for reusable and/or restartable systems were investigated. Atten-
tion was focused on "wet" liquid metal seals, radiation heating of

valves, Joule-Thompson expansion for refrigeration in vent systems,
and thin film technology. A leak detection device, simple in concept_

accurate, and portable_ was developed _nd put in use checking shutoff
valves. (Fig. 4-16.) Also, a leakage detection manual was being
prepared. Another problem area is related to the fact that space stor-
able propellants burn hot and cool poorly. Work on high-tempera:
ture materials for combustion chamber oonstruction and on design
criteria to minimize the heating effects during combustion, included
studies of ablative systems, refractory materials, oxidizer resistant
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Figure 4-16. The leak detection device. 

coating, and heat transfer. Other research was conducted on methods 
of achieving the positive control of fluid location required by the zero- 
gravity environment. Bladders can provide khis contTol if they can 
last for a sufficient length of time. Efforts to determine the applim- 
bility of bladders included investigations of various special rubber and 
polymer materials, mechanical performance during use, flexing with 
reusdbility, and design criteria. 

Propellants.-Liquid hydrogen is suitable for both launch vehicle 
and spacecraft propulsion applications. Slush hydrogen, a dense 
slush state, was investigated as a means of making hydrogen more space 
storable. The slush offers the advantages of a less frequent venting 
cycle and smaller volume for weight, making possible as much as a 15- 
percent volume reduction. Work in the gelled hydrogen program 
stressed production of very small particles for the gellant material 
and production and storage of sufficient quantities for batch usage. 

General Research.-This work on combustion stability theory and 
hydrodynamic analysis of flowing systems (including heat exchangers, 
inducers, pumps, and ducts) was carried on primarily at universities. 

As the M-1 program approached its 1966 termination date, major 
emphasis was placed on demonstrating full-scale components. , The 
gas generator was integrated with the oxidizer tul'bopump and tests 
were conducted during August and September. Testing of the liquid 
hydrogen pump using the gas generator as a power source was com- 
pleted in Decemlber. The test showed the capability of the pump to 
handle over 50,000 gallons of liquid hydrogen per minute, several 
times greater than any previous 'hydrogen pump. With the comple- 
tion of turbopump testing in December, that portion of the M-1 pro- 



ADVANCED RESEARCH AND TECHNOLOGY 121

gram was deactivated. The remaining large component, the injector,
is scheduled to be tested in an uneooled thrust chamber to establish

combustion stability and scaling relations for the largest liquid
oxygen--liquid hydrogen combustion device ever built_ These tests

will run through the summer of 1966 at which time final termination

of the program w_ll take place.

The termination of the M-1 program leaves NASA without a candi-

date engine for future advanced launch vehicles, although more ad-

vanced concepts for launch vehicle engines have been under investiga-

tion for several years. Two such advanced engines were being seri-

ously considered:

• The high-pressure, dual-combustion-cycle engine, and

• The toroidal chamber-plug nozzle engine.

Work was continued on a design study of the high-pressure concept

and demonstration of a model-scale high-pressure hydrogen pump.

Work was also initiated on a companion liquid oxygen pump, and

plans were made for a design study and an engine dynamics program

on the toroidal concept. NASA coordinated its work on the advanced

concepts with the Air Force, and a joint plan for investigation of

the design and hardware problem areas was evolved. Complementary

work being carried on by both agencies will culminate in two model-

scale breadboard system demonstrations in 1967 to determine the rela-

tive merits of the two concepts.

_Space propulsion research continued to emphasize the application

of high-energy propellants to upper stage and spacecraft propulsion

systems. Systems using the deeply cryogenic liquid hydrogen fuel

offer the best possibilities for either upper stages or propulsive escape

vehicles where the propellants are stored for only a short period of

time before engine operation. On the other hand, the long-duration

planetary missions requiring orbital operation and/or landing ma-

neuvers necessitate propellant storage for months or years without

excessive boiloff or freezing. Here, systems employing the more

mildly cryogenic liquefied petroleum gas (LPG) fuels in conjunction

with either FLOK or oxygen difluoride seem to be better than both

the deep cryogenics and the earth storables.

High-energy propellant work centered on demonstrating the opera-

tional performance levels attainable in both the higher and lower pres-

sure pump-fed engine systems, and on establishing design criteria

for propulsion system components operating in a liquid fluorine en-

vironment. Supporting research was conducted on the hazards

associated with the highly toxic fluorinated oxidizers.

In deep cryogenic investigations the modified pump-fed RL-10

engine demonstrated high performance at the high mixture ratios
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and design criteria established for engine components operating at

design conditions. Studies were conducted to evaluate the topping
turbine cycle in terms of engine performance and operation and thrust
chamber cooling at higher chamber pressures and area ratios.

When fluorine hydrogen engine systems are operated in the low-

pressure regime suitable for pressure-fed propulsion system appli-
cations_ significant kinetic losses can result during the nozzle expan-
sion process. A program to establish the magnitude of these losses was
underway. Injector hardware exhibiting maximum combustion effi-
ciencies was tested at sea level, and simulated altitude testing_ initiated
in December, will determine the nozzle kinetic losses. This testing
will be completed in March 1966, and the resulting experimental data
will be factored into recently developed analytical models to update
the theory with empirical values.

The FLeX/liquefied petroleum gas (LPG) fuels were examined
for pressure-fed and pump-fed engine applications, and low chamber

pressure engine performance and thrust chamber cooling techniques
were demonstrated under sea level test conditions. Since cooling with
the LPG fuels is more difficult than with liquid hydrogen, it was neces-
sary to employ such techniques as transpiration cooling of the thrust
chamber. (In transpiration cooling, fuel is fed through the porous
walls of the thrust chamber, coating the entire internal surface of the
chamber with a protective layer of propellant. Fig. 4-17.) Perform-
ance losses associated with transpiration cooling were found to be a
minimum. Altitude tests to establish the effects of cooling on nozzle
expansion losses as well as low-pressure kinetic losses were scheduled

to start in January 1966. For pump-fed FLOX/LPG applications_
the use of supercritical methane in conjunction with the topping tur-
bine engine cycle offers possible advantages. A program to evaluate
this propellant combination in the RL-10 engine, which uses the
topping turbine cycle, was being negotiated.

A program was initiated to establish criteria for the design, fabri-
cation, inspection, and servicing of flight weight components of a
liquid fluorine feed system. Actual flight weight components will
be tested in a fluorine test facility to verify the criteria, and the re-
sults will be documented and published as NASA standards for refer-
ence in the design of fluorine flight systems.

In the fluorine hazards programs, work was underway to establish
emergency exposure limits for both fluorine and hydrogen fluoride.
Analytical models for predicting atmospheric diffusion of toxic clouds
resulting from launches, static firing, or from accidental spills were
developed. Tests were made of methods for minimizing toxic prod-
ucts of fluorine combustion and for promoting rapid cloud diffusion
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Figure 4-1 7. Tranrpirationsoolcd thrust chamber. 

following accidental spills. The tests used carbon containing com- 
pounds which promote combustion with fluorine and generate nontoxic 
carbon fluoride products. 

The extended-life storable bipropellant engine work was completed 
in November. The unbalanced injector u n m l d  thrust chamber con- 
cept allowed operation at steady-state conditions for 29 minutes with- 
out exceeding temperature limits on the outside surface of the in- 
sulated thrust chamber. Also, the first phase of the hydrazine mono- 
propellant design criteria program was completed, giving information 
on injector design and start response. And design of the system to use 
oxygen and hydrogen for auxiliaq propulsion purposes was completed. 

Basic Research 
Fluid Physics 

Aerodynamic Characteristics of Metm8.-From knowledge of re- 
entry aerodynamics, observakion of falling meteors, laboratory tests, 
and reentry gas dynamics analysas, it has been possible to infer the 
initial size and density of meteors. The data indicated that, there are 
three ranges of meteor density corresponding to solid iron, to solid 
stone, and to a third class, “puff balls,?’ h a w  the density of plastic 
foam. The hypothesis that ;the puff balls might be produced from 
high-density rocks as a consequence of atmospheric entry conditions 
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was .tested by inserting basaltic stone models into an arcwind tunnel

simulating an altitude of 250,000 feet and a velocity of 60,000 feet per
second. Under these conditions, the dense solid rock actually foamed

as postulated. It was also found that the foam remained attached to
the virgin material and built up a large diameter, high drag body with
a density much lower than its original value. This and other informa-
tion derived from these studies add to our understanding of meteors

and of the hazard they present to long-duration interplanetary

voyages.
Magnetofluids.--A new fluid which can be moved by magnetic

forces without losing its homvgenei'ty and fluidity was devised and its
properties were being studied. This magnetofluid consists of a liquid
carrier (such as kerosene) in which a microscopic dust of ferromag-
netic particles is suspended. When the fluid is subjected ¢o the forces
of a magnetic field, the ferromagnetic particles become alined with
the lines of force, pulling the entire fluid toward the magnet. Heat

destroys the alinement, resulting in annihilation of the magnetic forces.
Thus, the principles of a power generation cycle are established. In
operation, the cold fluid is sucked into a magnet by alining the
suspended ferroparticles. Inside the magnet, the fluid is heated, de-
stroying the magnetic forces. A continuous pumping action is thus

created by simply adding heat. Such a power generating cycle has
the advantage of relatively low operating temperatures and possibly
great endurance. Research was being conducted to improve the mag-
netic properties of the fluid for greater efficiency.

Applied Mafhemafics

]Yfathematicians at the Jet Propulsion Laboratory developed a m_th-
ematical technique which was applied .to the complex restrioted four-
body problem of predicting motions in an earth-moon-sun-spacoship
system. The resulting model makes it possible to compute spaceship
motion, an essenti,al/equirement for effective planning and control of
spaceship motion, especially near the moon.

Maferials Research

Synthesis o/Boron Carbide Filaments.---Fiber reinforced materials

may offer a relatively easy way to achieve significant improvements
in strength over presen_ conventional materials. Boron carbide fibers,
which are better than almost all other fibrous materials in terms of

high strength, low density, and high elastic modulus or stiffness, were
studied for use as reinfor_ments in metals and plastics. Research on
the synthesis and characterization of boron carbide filaments resulted

in a method that produces filamentary single crystals having strengths
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as high as 2 million pounds per square inch at room _emperature, with

only little decrease in strength up to approximately 2,000 ° F. How-

ever, filaments produced to date varied in their properties, and work

was continued with the objective of synthesizing large quantities of

filaments with uniformly high strength. Successful completion of this

work could make available strong, lightweight structm_ materials
needed for highly efficient space vehicles.

Superulloy Em_r/tt/ew_ent.--Nickel- and cobal_base _dp_lloys---

widely used in gas turbine engines and prime contenders for applica-

tions in space power system components, booster rockets, and advanced

air breathing engines--were subject to embrittlement after long ex-

posure to operating temperatures. In one alloy, the embrittlement

was associated with the gradual growth of microscopic particles of

an intermetallic compound, and it was found that the growth was

promoted by one of the minor constiCuents in the alloy. Reduced

silicon content substantially improved ductility after long exposure,

and a new commercial melting practice was developed which can

produce very low silicon content in the alloy andreduce susceptibility
to embrittlement.

Structure of Solid Surfaces.--In solid state physics research, the
Lewis Research Center studied the atomic and subatomic structure of

surfaces of solids by means of electron spin resonance spectroscopy, a

new and extremely sensitive probing techniques for obtaining quan-
titative details of local variations in the el_tronic structure of matter.

The studies showed in detail how carbon dioxide molecules are ab-

sorbed at certain active sites on the surface of magnesium oxide. In

addition to providing greater scientific understanding of the mecha-

nisms of surface reactions in general, these studies may be aFplied in

selecting a catalyst for carbon dioxide adsorption and subsequent

regeneration of oxygen for life support systems in space.

Effect of V_uum an Metal Fat/gue.--In an effort to collect more

data about the effect of a vacuum on the fatigue of metals for use in

designing machinery for long-term operation in space or on the moon,

a NASA contractor made fatigue tests of an engineering alloy

(aluminum) at pressures at low as 10 -_ terr (mm. of Hg.) and at tem-

peratures as high as 200 ° F. Tests are to be continued at higher

temperatures and to pressures as low as 10 -1_ torr, and with other alloys
such as titanium and steels. From the tests, two important but as

yet tentative conclusions were drawn. First, evidence was strong that

pressure affects the fatigue phenomenon only during the crack-

growth stage, seeming to have little or no influence on the time for

crack formation. Second, it was found that there is a critical pressur%
below which there is little or no effect, and that the value of this
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threshold pressure is dependent on temperature. Further tests were

planned to obtain more data on these findings.

Electrophysics

In research supported by a NASA grant, investigators greatly im-
proved the power output from gaseous lasers in a frequency region
formerly inaccessible at useful power levels. The increased output is
related to the manner in which a molecular gas laser is excited or

"pumped" so that the excised molecules are "stored" or prevented from
releasing their energy until a large number acctunulate; at that time
the molecules are triggered to release their energy all at once. To
achieve this result, the investigators used a carbon dioxide-nitrogen-
helium mixture which has a sufficiently long relaxation time to permit

the required energy storage. In other work, a pulse power output of
several kilowatts was obtained at repotkion rates as high _s 500 cycles

per second _t a wavelength of about 10 microns in the infrared regions
making possible more precise infrared spectroscopy research and
thereby enhancing understanding of the electrical properties of solids

and gases at this wavelength.
Researchers at the NASA Electronics Research Center obtained

continuous generation of microwaves a.t a frequency of 12 kilomega-

cycles in an ul.trathin wafer of gallium arsenide across which a dc
potential of about 4 volts was ,applied. Previous work suggested that
such a solid state oscillator would not operate beyond 6 kilomegacycles.

Preparation of the device was achieved by very careful processing of
the bulk gallium arsenide wafer which was cut from a single crystal
and not epitaxially grown, and by a special method of incorporating

pure tin contacts at opposite sides of the wafer. The contacts apply
the exciting dc potential and also carry the oscillating output current.
The oscilla,tory ou.t.put and especially its frequency depends critically
on an intimate penetration and bonding of the contacting tin layer
with the gallium arsenide. Since _he wafer is less than one-thousandth
of an inch in thickness, the bonding must be performed with great
precision. The research on this solid state microwave oscillator may

prove the basis for the eventual substitution of such small and light-
weight devices for heavier and costlier vacuum tubes in space com-
munication, electronic navigation, and radar applications.
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NASA efforts in these areas, including work on the nuclear rocket
program, the SNAP-8 development project (with phaseout progress-

ing as planned), nuclear electric power, electric propulsion, and space
power technology, continued to result in significant gains.

The Nuclear Rocket Program

The joint NASA/AEC nuclear rocket program is aimed at develop-
ing the technology and systems for using nuclear rockets for advanced
space missions. The greater portion of this effort is devoted to solid
core reactors and engines. The program also supports, at a lower
level of effort, work on tungsten reactors, nonreactor and engine sys-

tem component technolcgy_ and advanced concepta

Graphite R¢_ _d _gi_ Systems

The graphite reactor and engine system effort of the nuclear rocket
program includes the development of NERVA (Nuclear Engine for
Rocket Vehicle Application) reactor and engine system technology,
and the development of advanced Phoebus reactor technology.

The engine system technology program is using a nominal 1,000-
megawatt reactor in a 50,000-pound-thrust ground-based engine sys-
tem to determine the allowable range of engine startup characteristics_
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to identify engine operating limits and component interactions, and
to evaluate various control modes. The program is supported by a

comprehensive component and subsystem effort which includes, as a
primary objective, the development of a reactor capable of operathug
for about 60 minutes at full design power. The nominal specific im-

pulse of this system is near 800 s_onds_ under altitude conditions
assuming a 100:1 area ratio nozzle with a growth capability sub-
stantially beyond this .value.

The objective of the Phoebus program is to provide a reactor of
approximately 5,000 megawatts, capable of operating at higher tem-
peratures, and thereby higher specific impuls% and at higher power
densities. The 5,000-megawatt reactor is called Phoebus 2 to distin-
guish it from smaller KiWI-sized reactors called Phoebus 1 which
are being used to explore some of the operating characteristics and

design features currently planned for incorporation in the Phoebus 2

design.
The design of the advanced NERVA engine will be based upon the

results of the NERVA reactor and engine system technology and
Phoebus 2 reactor programs; it should provide a thrust of approxi-

mately 200,000 to 250,000 pounds.
The major work under the engine system technology program con-

tinued to be aimed at increasing the lifetime of the nominal 1,000-

megawatt NRX-A reactor. This involved work to improve reactor
design and the quality of reactor fuel elements. Much of this work
is accomplished at the component level in the laboratory. The final
evaluation of improvements_ however_ is obtained through fuU-scale
reactor tests.

During the second half of 1965, significant progress was made in
the development of long-duration_ corrosion-resistant fuel elements.

Sixty-minute tests of elements were conducted in hot hydrogen labora-
tory test loops. The development of a new protective ¢echnique also
was demonstrated which gives real promise of greatly extending fuel-
element lifetimes. Experiments using the improved elements are
planned for incorporation in future test reactors.

In addition to the laboratory testing and analyses of reactor com-
ponents, the NRX-A3 and Phoebus 1A reactors (tested during the

first half of 1965) were disassembled and examined.
The NRX-A3 postmortem examination confirmed the ability of

the reactor ¢o operate at conditions of design power and provided
valuable data for the design of future NRX-A reactors. The A3
examination also indicated that the approaches taken to improve
reactor lifetime were effective. Proof of this was evidenced by the
fact that the NRX-A3 components were in much better condition than
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tKe NRX-A2 components following testing, even though the NRX-A3
was operated for a much longer duration.

The postmortem examination of the Phoebus 1A reactor also gave
important data applicable to extending rear.tor lifetime, particularily
in the core peripheral region, in spite of the fact that it was extensively
damaged during the cooldown phase following the full power run

because of the depletion of hydrogen coolant.
The next series of tests to be conducted in the engine sysem tech-

nology program will be the power tests of the NERVA "breadboard"
Engine System Test (NRX/EST) assembly. (The NRX/EST was
described in the 13th Semiannual Report, p. 121.) As far as can be
determined, these will be the first power tests of a complete nuclear
rocket engine system to be conducted anywhere in the world. Check-

out of the NRXfEST was initiated on December 8, 1965; power test-
ing is scheduled to be started in February 1966.

One of the important NRX/EST checkout experiments initiated
during the report period was a series of engine cold-flow runs designed
to map the early portion of engine startup to determine turbopump
acceleration and shutdown characteristics. Data from these experi-

ments compared favorably with the data obtained earlier from tests
conducted on the Cold Flow Development Test System at the con-
tractor's test facility in Sacramento, Calif.

The next series of tests to be conducted in support of the Phoebus
reactor program will be the tests of the Proebus 1B reactor. These
experiments are scheduled for August 1966. An objective of the 1B

experiments will be to determine the ability of certain reactor com-
ponents to operate at Phoebus 2 reactor thermal stress conditions.
The present plans for the 1B also provide for the evaluation of a
number of improved reactor components.

The work on the larger diameter 5,000-megawatt Phoebus 2 reactor
during the report period primarily involved investigating problems

associated with the design and scaleup of KIWI-sized components, the
technology of which for the most part has" been proven. The Proebus
1 reactor program contributes directly to this work. The Proebus

2 reactor was in the design stage, and the fabrication of components
for the Phoebus 2 zero power critical _bly was well underway.

Tungsten Reaclx_

The objective of the tungsten reactor program is to evaluate the
feasibility and performance potential of tungsten nuclear rocket en-
gines. The Argonne National Laboratory is investigating a fast re-
actor concept, and the Lewis Research Center, a thermal, water-mod-
erated concept. The emphasis of both activities to date 'has been on
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the development of fuels material technology; it is in this area _tl/_t
performance potential is established.

During the second half of 1965, a 3-year program aimed at evalu-
ating several methods of fabricating tungsten fuel elements was com-
pleted. The program yielded two processes which met the criteria
established for structurally sound elements. Quantities of elements

fabricxted from each of these processes are to be procured during 1966
for testing in hot hydrogen loops and in reactors to determine their
performance capabilities and limitations.

Nonrea¢¢or and Engine SysCemComponen_Technology

In addition to the graphite reactor and engine system work con-

ducted during 1965 in support of the NERVA engine technology pro-
gram, con'tinuing efforts were being made to develop the components
essential to conducting the higher power Phoebus reaotor tests. This
work is also essential to the development of the materials .and im-
proved components required for the 200#00 to 250#00 pound thrust
NERVA engine. In the development of this technology, relatively
conventional hardware must be adapted for operation in a radiation
environment. This environment is an added factor in the selection

of materials and in the analysis of radiation heating and thermal stress
problems.

A major activity of controls development has been to prove the
technology of pneumatic actuators for driving engine and reactor

control components. (Fig, 5-1.) This type of actuator is less sub-
ject to damage in the radiation and thermal environment of the engine
than the hydraulic actuators now in hand. Tests of ,two prototype
units were conducted in a radiation environment, either as complete
actuators or as major actuator components.

Instrumentation for control, and also for diagnostic measurement,
was another important program element which received continued
attention. At the high powers required for reactor run durations,

the effects of cumulative radiation and ,temperature damage on in-
struments are not well known. As a result, instrumemation tech-

nology is pushing the state of the art in practically all areas of meas-

urement and will undoubtedly require new approaches to satisfy com-
pletely the needs of the program.

At one contractor's facility, work continued on the development of
the axial flow pump for the Phoebus high-power reactor tests. (Fig.

5-2.) During this report period, the pump was operated for ap-
proximately 18 seconds at 34,000 r.p.m, under test conditions which
exceeded the operational requirements established for the Phoebus 1
and Phoebus 2 high-power reactor experiments. In a subsequent
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figure S I .  Prototypes of a pneumatic octucrtor. 

test, however, there was a serious pump malfunotion, resulting in con- 
siderable pump damage. Analyses to determine the cause of the fail- 
ure were in progress a t  the end of the period. 

At another contractor's facility. development work on the nozzle 
for the Phoebus 2 reactor continued. The design of this nozzle, es- 
sentially completed by the end of 1965, is a scaleup of the U-tube 
nozzle used for the hRX-A8 and A3 tests except that it is made of 
Hastelloy S instead of stainless steel. 

Advanced Concepts 
I n  addition to the research and development work being conducted 

on solid-core reactors and engines, the nuclear rocket program also 
continued to support, at a rery low level, the basic studies on the dust 
bed, liquid, and gaseous cavity reactor concepts. These studies are 
being conducted primarily to explore some of the basic questions as- 
sociated with establishing the feasibility and performance capabilities 
of these systems. 

The SNAP4 Development Project 

NASA is continuing with its planned phaseout of the SNAP4 
power conversion system development, using fiscal year 1965 funds. 
The principal activities included in phaseout are performance testing 
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Figure 5-2. Axial flow pump for the Phoebus reactor. 

of major components and operation of a breadboard power conversion 
system for as long as possible, hopefully 10,000 hours. 

A planned 3,000-hour test of the reactor loop pump was completed 
and over 3,500 hours of operation were accumulated on the lube and 
coolant pump. Testing of a new boiler model was initiated ; this model 
had been redesigned to improve its mechanical features and to correct 
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thermal performance deficiencies at startup. Results indicated that

improvement, resulted from the redesign but further efforts are re-
quired. A test of the turbine alternator was terminated after 830 hours
because the turbine failed. A unit modified to correct the deficiency
was ready for testing at the end of the period.

Preparations to investigate steady state performance of the first
power conversion system at 35 KWe were underway and testing was
expected to begin in early 1966.

Nuclear Electric Power Research and Technology

The nuclear electric power research and technology program is

aimed at providing the energy conversion technology necessary to build
future nuclear electric power generating systema Such systems are
requiredto be lighterweight,with higherpower outputsto operate

for much longertime periodsthan the systemscurrentlybeing de-

veloped. They would be usedfor two generalpurposes:To provide

the power forelectricalrocketenginesand toprovideonboard power

for spacecraft,lunar and planetarybase power, and orbitingspace
stations.

Specific technology areas within this program include work on
advanced Rankine turbogenerators, thermionic conversion, low power
Brayton cycle equipment, and isotope power.

Ronkine TurbogenemforTechnology

Performance tests of the two-stage potassium vapor turbine were
complete_l and the data were analyzed. The turbine performance
generally conformed with design predictions. The test facility and
te_t turbine were the first of their kind to be constructed. A 2,000-hour
endurance test of the same turbine was also completed in late Decem-

ber, and at the end of the period, the test unit was disassembled for
inspection. The test objective was to determine long term erosion
effects at low vapor wetness; very little damage was revealed by the
post-test inspection.

A program started in 1961 to obtain basic heat transfer data for
boiling and condensing potassium at high temperatures (up to

2,100 ° F.) was completed; over 7,500 hours of useful testing were in-
cluded in the program. The program established the basic heat
transfer information needed to design compact (and lightweight)
boilers and condensers for the advanced Rankine turbogenerator
system.

A boiling potassium corrosion loop (maximum temperature

2.100° F.) constructedof an advanced columbium-basealloysuccess-

fully completed a 5,000-hour test. Numerous advanced materials test-
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ing and materials development programs for electrical components,

turbines, pumps, and radiators were continuing.

Ten-thousand-hour tests of a number of high-emittanc_ coatings

for space radiators were completed at a contractor's facility. A

number of potentially suitable coatings for operation in the 800 °-

2,000 ° F. range were found.

Thermionic Conversion Technology

A series of (thermionie) fuel irradiation test programs was started

at the NASA Plum Brook Test Reactor; these tests were in progress

at the end of the period.

Thermionic materials research programs were continuing. At-

tempts were being made to increase the strength of the tungsten emitter

materials by alloying, special metallurgical processing, and the like.

Nonnuclear metallurgical and chemical compatibility tests (of up to

10,000 hours duration) were continuing to be performed with con-

tender fuel, emitter, and insulator materials. Emission tests (of

1,000-hour duration) have indicated that tungsten cladding is stable

(1) with mixed zirconium-uranium carbide fuels to .1,900 ° C., (2) with

uranium dioxide fuel to above 2,000 ° C. The _ungsten/26-percen_

rhenium alloy, in addition, proved to be compatible with uranium

dioxide at 1,800 ° C. for a period of 5,000 hours.

Low-Power Brayton Cycle Equipment"

During this period, experimental testing continued to obtain the

performance characteristics of radial flow turbines and compressors

intended for use in systems wi_h power levels of about 10 electrical

kilowatts. The results to date have been encouraging; during this

period the test efficiencies coincided with contractor-predicted values

which were previously in question. A gas bearing-supported radial

flow _urbocompressor was also delivered to NASA-Lewis by the con-

tractor. (Fig. 5-3.) At the period's end, the unit was being installed

in Lewis facilities for "hot gas" testing. Delivery of the axial flow

turbine and compressor research units is scheduled for mid-1966.

Isot"ope Power

The AEC was continuing with development of the SNAP-19 which

is to be used to provide supplementary power for the Nimbus B satel-

lite. Delivery of electrically heated prototype units to NASA for

investigation of spacecraft integration problems is expected by
mid-1966.

The most significant development in this period consisted of the

selection by the Manned Spacecraft Center of an isotopically fueled
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Figure 6 3 .  Gas beoring-supporkd radial flow turbocompressor. 

generator, designated SNAP-27, to power the Apollo Lunar Surface 
Experiment Package (ALSEP). This equipment is to be placed on 
the lunar surface by the Apollo astronauts and will automatically 
measure and transmit scientific information back to earth for a year 
after the astronauts’ departure. A contract has been let by the AEC 
for the de-relopment of SXAP-27 and the AEC’s contractor is coor- 
dinating its work with the SA4SA ALSEP contractors. 

Work was initiated on an adranced isotope power unit to demon- 
strate higher electrical output per pound and to provide for more 
efficient use of short half-lived isotopes. Thermionic converters mill 
be used to generate electrical power from the thermal energy gen- 
erated within the isotopes fuels. -4 1,000-hour cumpatibility test of 
materials to be used in the heat rejection componcnts was completed. 
The thermionic converters are expected to go on test in 1966. 

The Electric Propulsion Program 

The electric propulsion (electric rocket engine) program provides 
the research data and adranced technology for development of elec- 
tric thrustor systems. This program is composed of two elements: 
Electric propulsion system analysis and experimental evaluation, and 
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research and technology efforts on the three main types of electric
thrustors.

System Analysis and Experimental Evaluation

Early studies (13th Semiannual Report_ p. 127) led to identifica-

tion of the Applications Technology Satellite (ATS) control require-

ments as being appropriate to electric propulsion. Lewis Research

Center is presently developing a small (15-watt) ion engine as a back-

up for the east-west stationkeeping of the synchronous ATS D&E

flights. A resistojet system is also being developed as a backup for
inversion of this spacecraft.

It is presently planned to fly the ion engine as an experiment on the

earlier ATS-C spacecraft. If schedule permits, this test will be

moved up to the ATS-B flight. In anticipation of this eventuality

the ion thrustor underwent integration with the spacecraft at the con-

tractor's facility. This flight test will enable NASA to evaluate long-

time performance of the system in the space environment. It will

also determine whether there are any radio frequency interference

effects between the ion system and the spacecraft communications sys-

tem. If the tests are successful, they would represent the first appli-

cation of this new technology to the ongoing NASA program.
Because of these efforts on ATS, NASA was able to defer the SERT

III flight since the objectives of that program may be fulfilled here

and in later planned ATS flights. The purpose of SERT III would

be to evaluate various electric thrustor systems for satellite station-
keeping and attitude control.

A second possible early application of electric propulsion is in drag

cancellation and attitude control of large space stations. A study

effort under the direction of Langley Research Center (13th Semi-

annual Report, p. 129) is using the MORL space station as a vehicle

for comparing various systems for this application. Preliminary re-

suits were encouraging and have led to suggestions for further experi-

mental verification. This testing is to be initiated in the coming
period.

A third possible application of our current thrustor technology is
in solar-powered midcourse propulsion for unmanned planetary space-

craft. A comprehensive study effort, based on technology that is
either demonstrated or within reach, was carried out under JPL direc-

tion during the past year. To date, this study has shown .that a space-

craft designed with an electric propulsion system using lightweight
solar arrays and employed for midcourse application would permit the

spacecraft to carry a greater payload than would be possible if a chem-

ical propulsion system were used. For example, in the case of the
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Voyager Mars mission using the Saturn IB-Centaur, a fourfold in_

crease in the weight available for orbital scientific payload would be
achievable.

In view of the potential gains resulting from the use of such sys-

tems, studies involving other launch vehicles and missions will be

carried out. The objective will be to arrive at a single spacecraft

concept for each candidate launch vehicle, suitable for a variety of

missions within the range of capability of the launch vehicle. Propul-

sion system verification hardware is presently being integrated for an

initial 500-hour test to further demonstrate feasibility.

The SERT II orbital flight program, which has as its objective

the verification of ion thrustor system technology in the space environ-

ment for long-term operation, is still in the planning stage at Lewis,

due to overall NASA budgetary considerations.

Thrustor Research and Technology

In this second element of the program, continuing investigatious of

three types of thrusters, electrostatic or ion, electrothermal or resisto-

jet, and plasma were carried out.

With the fully satisfactory completion of endurance testing of the

cesium autocathode electron bombardment ion engine (13tI_ Semi-

annuaZ report, p. 129), a major milestone in ion thrustor development

had been reached. A second engine has since surpassed that mark,

and a third test with a life objective of 8,000 hours was initiated.

Significant progress on the Mercury electron bombardment engine to-

ward the development of a satisfactory cathode was also made. (Fig.

54.) A mercury pool cathode demonstrated a life of better than 2,500

hours with no apparent deterioration. Oxide cathodes also pro-

grossed, with current test times at Lewis in excess of 2,0(O hours.

An electrothermal thrustor of the pulsed resistojet type was under

development, for the ATS application. With an easily storable pro-

pellant, such as ammonia, such thrustons offer the potential of ma-

terially reducing the weight required for spacecraft attitude control

systems for a wide range of missiona

The guidance derived from the earlier mentioned MORL study led

to a decision to extend the life capability of steady state resistojeta

Present plans call for testing to demonstrate life of 2,100 hours or

mor_ It is also planned to investigate the possible use of waste from

life support systems as a propellant, thus permitting further system

weight reductions.

Plasma devices are less developed than the ele_trotherlnal and elec-

trostatic schemes; however, they hold promise of combining the high

specific impluse capability of ion engines with the high thrust of the
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Figure 5 4 .  Mercury electron bombardment engine. 

electrothermal engines and thus justify study of their engineering 
feasibility. 

Research continued on two classes of devices, steady flow and pulsed, 
which differ primarily in the way the electrical energy is delivered to 
the accelerator. I n  plasma thrustors, an ionized gas is accelerated by 
the forces of interaction between currents within the gas and magnetic 
fields. Propulsion efficiency of the pulsed coaxial gun was confirmed 
to be about 60 percent at 5,000 seconds specific impulse. However, a 
reliable propellant valve is as yet unavailable, and power condition- 
ing remains a subject for future research. 

Some progress was made in understanding macroscopic behavior 
of the magneto plasmadynamic (MPD) arc, and further attempts to 
define test chamber influence on performance were made. These de- 
vicecs show promise of evolving into thrustors which are simpler in 
configuration and superior in performance to the ion engine. 



NUCLEAR PROPULSION AND POWER GENERATION 139

Space Power Technology

Systems using solar and chemical energy have supplied the elec-

tricity to power all NASA-launched vehicles and spacecraft from 1958

through 1965. During this period, solar and chemical power research

and technology efforts continued with emphasis on these objectives:

increasing the power level (hence size) ; reducing the weight of photo-

voltaic arrays; significantly improving the enerey, density., and cycle

life of rechargeable space batteries; and extending the operating life
of fuel cells.

Solar Cells

The largest solar cell arrays used in space by _ASA have been less

than 80 square feet in area, producing slightly less than 700-watt out.-

put power. The increased payload capability of larger launch ve-

hicles such as the Atlas-Centaur, uprated Saturn I, and Saturn V will

make it possible to use el_tric power systems capable of several kilo-

watts output. In a 10-month design study of high-power solar cell ar-

rays completed during this period, the feasibility of solar cell systems

capable of providing up to 50-kilowatt output from a 5,000-foot array

weighing less than 2,500 pounds was studied. A promising foldup

array design was evolved; its feasibility will be verified following

fabrication and test of an experimental breadboard array.

A small number of experimental silicon solar cells with both the

negative and positive electrical contacts on the side away from the sun

were fabricated, and plans were made to assess the economic feasibility

of manufacturing such cells in large quantities.

Investigators determined that thin (1 to 2 mil thick) glass covers

can be deposited directly on the light-sensitive surface of silicon cells.

Such integral glass covers offer the possibility of greater economy and

durability and lighter weight than the more conventional 6-mil cover

which is applied with a transparent silicon adhesive. Consequently,

work continued to scale these small laboratory processes up to prac-

tical production techniques.

Thermionics

A significant achievement during this report period was the opera-

tion, for the first time, of a thermionic converter for over 10,000 hours

at temperatures between 1,900 ° and 2,100 ° K. This milestone is an

important step toward the needed operating lifetime of 20,000 to

30,000 hours.

Solar Energy Collection and Storage

Before precision metal-forming techniques can be extended to solar

concentrators about 60 inches in diameter_ an accurate master (convex
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tool over which the forming operation can be performed) is required.
Spin casting, which appears to be the most promising method for eco-

nomical fabrication of large masters, was demonstrated to be feasible

in an earlier exploratory effort (NASA 11th Semiannual Report, p.

92). Although the test did not result in a fully useful master for l_igh

performance concentrators, the experience obtained was applied to the

manufacture of a second generation master (also 91/_-fo(_t diameter)

currently being experimentally evaluated. Optical ray trace data in-

dicated a substantial improvement in the surface accuracy of this

second generation spin casting.

Development of the aluminum electroforming process for light-

weight, high-performance, nonmagnetic concentrators (NASA 12th

Semiannual Report, p. 87) continued with emphasis on improving the

structural characteristics of the thin aluminum deposit.

Marked progress was made in obtaining basic thermophysical data

on thermal energy storage materials being considered for use in high-

temperature energy conversion systems. Particularly useful data were

collected on the latent heat of fusion and thermal expansion of beryl-

lium-magnesium oxide (3BeO-2MgO), the material of principal

interest for solar thermionic application.

Bafferies

This work focused on investigations of the silver oxide electrode

which is important for space batteries because (1) it can replace the

magnetic nickel oxide electrode, thus providing a nonmagnetic battery

for space science measurements of weak magnetic fields; (2) with a

cadmium anode, it yields three to four times the energy density of the

extensively used rechargeable nickel oxide-cadmium battery; and (3)

with a zinc electrode_ it is tho primary (nonrechargeable) battery of
highest energy density available.

However, there are difficulties with the discharged silver oxide cath-

ode. One is that it dissolves in the electrolyte and migrates to the

anode. To prevent this migration, thin polymer separators can be

used, but most available polymers react chemically with _he electrode

and electrolyte and soon become useless. In a relatively severe test,

cellophane separators failed after 15 cycles, and after 30 cycles all the

cells in a particular battery had failed. Efforts to improve separator

materials resulted in a separator which withstood 80 charge-discharge
cycles under the same severe test conditions.

Another difficulty in these tests, made on cells with silver oxide cath-

odes and zince anodes, was that the zinc anode went into solution in

the electrolyte much faster than the silver. When the zinc was re-

plated on the anode during recharging, the deposit was not uniform,
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and zinc needles were frequently formed. These needles can puncture
the separator and grow to join the cathode side, thus short-circuiting
the cell. In research on this problem, it was learned that zinc needles

form at charging potentials of about 1.8 volts while a mossy kind of
zinc deposit forms at charging potentials of 1.65 volts. Although this
deposit does not pierce the polymer separator) it does grow through it
and short the cell. However, interrupted charging greatly reduced
this moss penetration through the sepa.ra,tor_ suggesting that uneven
concentrations of zinc ions in the solution cause the problem and that
it might be overcome by improved charge control.

Fuel Cells

Research in this area led to the development of high-performance

catalyzed electrodes that can be used either at very high energy den-
sities (over 1,000 milliamperes per square centimeter) or at high efll-
ciencies under normal working condition_ Work was also started to
define the best operating conditions for these electrodes and to deter-
mine their behavior in lengthy operation. To control corrosion and

humidity, which have a significant effect on longevity, a light gold
plating was applied to the nickel parts for corrosion protection, and the
humidity in the hydrogen and oxygen streams was regulated. As a
result the degradation in performance of single cells was lowered from

10 millivolts (my.) per 100 hours to 1.9 millivolts under otherwise equal
operating conditions and after a period of 740 hours. Such results trans-

lated into system performance for 30 cells working in series for 2,000
hours would mean a drop of less than three-fourths volt .which would be

within voltage specifications. Without corrosion and humidity con-
trol, voltage could drop 6 volts, which is below acceptable levels.

Research was started on an electrolytically rechargeable fuel cell

made up of a 500-watt, 600-watt-hour stack of 34 cells that alternately
act as a fuel cell and as an electrolyzer. Operating at 55-percent
thermal efficiency, the experimental unit was delivering about 6-watt-
hours per pound. It was cycled 100 times and delivered up to 700 watt-
hours on 1 discharge. Further work was planned on problems such as
corrosion of nickel electrodes and impurities introduced into the caustic
electrolyte solution from its as_ retaining mat.

A .book prepared for NASA under contract was completed during
this period. It reviews and evaluates all Government-sponsored fuel-
cell research from the early 1950's through 1963, describing the results_
analyzing the meaning and significance of the work, and recommending
future actions.
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Electrical SystemsTechnology

A fast switching, high-power transistor capable of handling lO0-

ampere currents was developed. Its low switching time (less than 8
microseconds) offers benefits in the form of reduced switching losses
and reduced weight and size of associated reactive elements. Such an
advance in one of the circuit elements can be the basis for significant

improvements in the performance of power conditioning equipment for

spacecraft electrical systems.



TRACKING

AND

DATA

ACQUISITION

The NASA tracking networks successfully supported 55 missions
during this period. Twenty-eight of these were launched prior to
1965. Some of the more important flights supported were Gemini

VII, Gemini VI-A, and Mariner IV.
One of the most significant events during this period was the

transmission to the Earth of photographs of the Mars surface by

Mariner IV. Also of significance was the realtime simultaneous
control of two spacecraft during the rendezvous maneuver of Gemini
VII and Gemini VI-A.

Planning and implementation of the networks continued, primarily

in preparation for Apollo missions. New stations were being con-
structed, ships and aircraft were being modified, equipment was being
purchased and installed, and techniciaus were being trained to operate
and man the new equipment and stations.

Manned Space Flight Network

The Manned Space Flight Network, now actively supporting the

Gemini program, is being implemented for the Apollo missions which
are scheduled to begin during the upcoming year. During this period
the network supported the Gemini V, Gemini VII, and Gemini VIA
missiona

The network for support of Gemini missions includes the following
ground stations and ships: Cape Kennedy, Fla.; Bermuda; Grand
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Canary Island ; Tananarive, Madagascar ; Carnarvon, Australia ; 
Kano, Nigeria; Canton Island; White Sands, N. Mex.; Eglin, Fla.; 
Point Arguello, Calif. ; Coast& Xentry Quebec (ship) ; Hawaii ; Rose 
Knot Victory (ship) ; Range Tracker (ship on loan from DOD for 
specific missions) ; Guaymas, Mexico ; and Corpus Christi, Tex. 

The flexibility of the network was successfully demonstrated during 
the Gemini VI1 and Gemini VI-,4 rendezvous mission. Preparations 
had previously been made to support the Gemini V I  and the Agena 
Target Vehicle; however, when the Agena failed land the decision 
was made to proceed with the rendezvous mission, the network capa- 
bility was used for tracking and communicating with $wo spacecraft 
and the four astronauts. 

During this period construction of facilities required for support 
of the Apollo program was completed at stations in Guam (fig. 6-1) ; 
Carnarvon, Australia ; Bermuda ; Cape Kennedy ; Guaymas, Mexico; 
Hawaii ; and Ascension Island. 

Installation of unified S-band equipment in various stations con- 
tinued during this period. The unified S-band system represents an 
important step forward in upgrading station instrumentation. The 
basic feature is that the system uses a single carrier frequency to the 

Figure 6 1 .  SbHon at Guam for manned space flight support. 
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spacecraft and one back to earth to provide tracking as well as com- 
munications with the spacecraft, thus reducing the fregency channel 
requirement. This also reduces the equipment required aboard the 
spacecraft. The system will provide more reliable tracking and com- 
munications to lunar distances to meet Apollo program requirements. 

The Apollo instrumentation ships program to provide fire ships- 
the Vanguard, Redstom, L e n x r y ,  Euntsaiille, and Watertown-pro- 
grad sati~factm-i!y. The ships, BOW b&ig m d i 6 d ,  will provide 
functions of tracking, communications, telemetry, navigation, and 
data processing. 

I n  October. a contractor WFBS selected to modify and instrument 
eight C-135 jet aircraft. Them are the Apollo range 
instrumentation aircraft which mill be deployed over the -4tlantic 
and Pacific Oceans to proride voice and telemetry transmission from 
the spacecraft to the ground network. Work is being done under the 

TRACKIXG A?%- DATA ACQTJISITIOX 

(Fig. 6-42.) 

figure 62. Apollo instrumented aircroft: cutaway section shows consoles for mission 
coordinator. communications, telemetry recording, R-F subsystems, and central timing. 
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supervision of the Air Force for NASA. The first three aircraft

are scheduled to be operational early in 1967, with all aircraft to be

fully operational by the end of 1967.

Deep Space Ne'l'work

The Deep Space Network is a precision ground instrumentation

system which provides control_ tracking_ and data acquisition support

for spacecraft during unmanned lunar and planetary missions.
The present operating network consists of 85-foot antenna facilities

located at Woomera and Canberra, Australia; Johannesburg, South

Africa; Goldstone, Calif. ; and Madrid, Spain. A launch checkout

station at Cape Kennedy, Fla., and the Space Flight Operations

Facility (Control Center) located at the Jet Propulsion Laboratory

in Pasadena, Calif., complete the network.

Thre_ stations in the network, located at Goldstone, Canberra, and

Madrid, are to be modified and equipped to back up the Manned

Space Flight Network during the lunar flights of the Apollo program.

This work was progressing on schedule.

During the period, the network supported two major flight mis-

sions-the Pioneer VI and the Mariner IV. The Mariner IV_ launched

on November 28, 1964, was tracked continuously until it accomplished

the fly-by of Mars on July 14, 1965, and then for about 21/_ months

thereafter. Twenty-two photographs of Mars were transmitted to

the ground through network facilities at Goldstone and Pasadena,

Calif. A two-way communication record of 191 million miles was

established between the spacecraft and ground stations. The pre-

vious communications distance record set by the United States was

approximately 54 million miles. This occurred after the Mariner II

fly-by of Venus in 1962. In December 1965_ a one-way record of

210 million miles was established when transmitted signals from the

Mariner IV spacecraft were received by the Goldstone station.

In addition to the pictures transmitted to :Earth of the Mars sur-

face, a most significant accomplishment was _he occultation experi-

ment which provided data for studying the Martian atmosphere. This

experiment involved the precise measurement of telemetry signals as

the spacecraft entered the Martian atmosphere l_fore passing behind

the planet and again when it came into view. The analysis of the data

acquired enxbled scientists to make important inferences wbout the

atmospheric pressure on Mars.

Pioneer VI was launched on December 16. The network was sup-

porting this mission at the end of the report period.
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Construction work continued on the first T.S. 210-foot advanced 

antenna system a t  the Goldstone, Calif., station, shown in figure 6-3. 
Antenna erection was completed in September. (13th Sem.knnllaZ 
Report: ch. 6.) 

Figure 6-3. Goldstone 2 IO-foat-diameter antenna in contrast with a typical 85-foot-diameter 
antenna. 

Satellite Network 

The S&llite Network provides support for the unmanned scien- 
tific, communications, and meteorological satellite programs. At the 
present time, the network consists of facilities at 16 U.S. and foreign 
locations and a control center. These facilities pmvide ground elec- 
tronic systems which track, acquire experiment and housekeeping data 
from the satellite, determine the status of each satellite, and command 
the satellite functions. Locations are as follows : 
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United 8tates

Fort Myers, Fla.

Blossom Poin, t, Md.

Fairbanks, Alaska

Goldstone, Calif.

East (}rand Forks, Minn.

Rosman, N.C.

Foreign countries

St. John's, Newfoundland

Winkfield, England

Johannesburg, South Africa

Tananarive, Madagascar

Carnarvon, Australia

Woomera, Australia

Can_berra, Australia

Quite, Ecuador

Lima, Peru

Santiago, Chile

These NASA stations are supplemented by optical camera tracking

stations operated by the Smithsonian Astrophysical Observatory

under a grant from NASA to the Smithsonian Institution. The opti-

cal stations obtain data for research purposes via precision orbital

determination and .provide ,backup support to the NASA stations

during launch and early orbit tracking of satellites.

The Satellite Network supported 50 satellite programs during this

period. Eleven of these satellites were launched since July 1, 1965, as
follows:

Name Date launched
1965 51A

1965 58(3

1965 60A

1965 63A

1965 65E

1965 81A

1965 89A

1965 93A

1965 98A

1965 98B (ISIS-X) (Alouette-B) ........................... Nov.

1965 101A (FR-1) ......................................... Dec.

1 Department of Defense satelli.tes.

(TIROS X) ...................................... July 2, 1965.

(ORS-3) i........................................ July 20, 1965.

(Pegasue-C) ...................................... July 30, 1965.

(E_RS-5) x....................................... Aug. 10, 1965.

(Temsat) '........................................ Aug. 13, 1965.

(OGO-C) ......................................... Oct. 14, 1965.

((_EOS-A) ........................................ Nov. 6, 1965.

(IQSY--Explorer 30) .............................. Nov. ,19, 1965.

(ISIS-X) (DME-A) .............................. Nov. 29, 1966.

29, _1965.

6, 1965.

At Canberra, Australia, a new 85-foot antenna became operational

in September. This station provides data recovery in the Far East

longitudes for highly ec_ntric observatory spacecraft and rounds

out the prime support for the Orbiting Geophysical Observatory
(OGO) program. The Rosman, N.C., station's second 85-foot antenna

system became operational in July. (Fig. 6-4.) This station is

equipped to handle anticipated support requirements for the great

majority of the satellite programs. At Tananarive, Madagascar,

facilities for meeting satellite injection requirements ,became opera-
tional in September. This facility supports manned space flight mis-

sions, the eGO and IMP spacecraft, and other scientific satellite

programs.
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Figure 64. Tracking and data acquisition station, Roman, N.C. 

Network Communications 

The network stations are linked to each other aiid to control centers 
by an extremely reliable. high capacity XAS-1 ('ommunications Set- 
work (XASCOM). (13th 4cemknnun7 Report. ell. 6.) The SAS- 
COM successfully supported all prograni requirenients of SASA and 
otjher agencies during the period. 

Looking to the future, much effort was directed toward meeting the 
communications requirements of the A1pO110 program. For the ex- 
tremely complex manned lunar missioiis, realtime operatioiial control 
will be maintained in the mission control center vd-here large-scale data 
processing facilities and technical specialists will assist the flight di- 
rector in exercising mission control. This requires a markedly in- 
creased amount of fully reliable communication link$ to  all land 
stations and ships. 

From studies conducted with the Sational Coiiiinuiiication Systeni 
(NCS), it became evident that the hpollo communication require- 
nients could not be met by con\-entional systems alone but could he met 
through the addition of a communications satellite system. As a 
result. SASA in June 1965 requested the manager of the XCS to %ti- 
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ate discussions wtih the Communications Satellite Corp. to determine

whether they could provide the required service. During the report-

ing period, a proposal was submitted by the Communications Satellite

Corp. and evaluated 'by a NCS working group. As a result of this

evaluation, the Secretary of Defen.se, who is Vhe executive agent of the
NCS, authorized NASA to negotiate with the Communications Satel-

lite Corp. for the required communications services. These negotia-

tions were in progress at the end of the reporting period.

As part of the expansion of communications services to meet project

requirements, switching equipment is being installed at major com-

munications focal points. During 1965, automatic high-speed switch-

ing equipment was installed in Canberra, Australia, and was being

installed in London at the end of the year.



7

. I 'NTEP'NATIONAL

NASA international program activities included the launching of

two additional international satellites, conclusion of the first agree-

ment for a cooperative satellite with Germany, the flying of three con-

tributed foreign experiments on NASA satellites, the continued

launching of international cooperative sounding rockets_ and the ex-

tension of operational support facilities for NASA satellite missions

in other countries. The Agency also continued providing advice to

the Departments of State and Commerce on the export of aerospace

equipment and technology, circulated abroad an invitation for inter-

national space cooperation, and expanded its international personnel

and information exchange activities.
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Cooperative Projects

Alouette II and FR-1, designed and built by Canada and France,
respectively, became the fifth and sixth international cooperative satel-
lites. An agreement for the first international cooperative satellite
with Germany was concluded, thus bringing the total of such agreed
satellit_ projects to 14. One French and 2 British experiments were

launched on NASA scientific satellites, and some 20 launchings took
place as part of cooperative international sounding rocket projects.
New sounding rocket projects were agreed to with Argentina, Brazil,
India, and Norway.

Argentina

A memorandum of understanding was signed with the Argentine
National Commission for Space Investigation (CNIE) providing for
continued cooperation in investigating the physical processes which
produce the ionospheric phenomenon known as "Sporadic E." Two
daytime and two nighttime launchings of electron density and temper-
ature and ion density payloads are planned from the Argentine launch-
ing range at Chamical in 1966.

Brazil

Three sounding rocket experiments undertaken cooperatively by the
Brazilian National Space Commission (CNAE) and NASA were suc-
cessfully launched: t_wo from the Barreira do Inferno range near
Natal, Brazil, on December 15 and 18, and one from Wallops Island
on August 24. The purpose of these experiments was to study cosmic
ray effects on the lower ionosphere.

CNAE and NASA also agreed on two other cooperative sounding
rocket projects during this period. In the first project, synoptic
launchings of meteorological sounding rockets will be conducted from
Brazil along with launchings taking place in the United States and

Argentina. (A similar agreement was concluded earlier in the year
with the Argentine Space Commission.) This agreement anticipates
the establishment of an inter-American experimental meteorological
rocket network (EXAMETNET)_ with launching stations in a West-
ern Hemispheric chain from southern Argentina to Canada.

The second agreement provides for the launching of 12 NASA
"grenade" sounding rocket experiments from the Barreira do Inferno

range to obtain wind, temperature, and other meteorological informa-
tion in the 40- to 100-kilometer region of the atmosphere.

First launchings in both of these projects are scheduled for early
1966.
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Canada 
As part of the ISIS (International Satellites for Ionospheric 

Studies) program with Canada, NASA launched the ISIS-X payload 
(consisting of the Canadian Alouette I1 and the NASA direct measure- 
ment Explorer-h spacecraft) from the Western Test Range on No- 
vember 28, (Fig. 7-1). This launching was the second in a series 
of five to be conducted in the program, the overall purpose of which is 

from solar minimum to solar maximum. The first satellite in the pro- 
gram, Alouette I, vas launched in September 196.2 and, at the end of 
the, repr t ing  period. vas operating nonnallp more than 3 pears later- 
thus establishing a reliability performance record. The last three 
satellites in the series are scheduled to be launched in 196’7. 1968, and 
1969. 

pr&dp, infcr,m,.tion o_n_ the ionocnhpm --r---- - thrniigbo& --- - - a_n_ I l -y~ar p&& 

Figure 7-1. A l w z H e  I I  pro+o+ype being checked by NASA technicians. 
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European Space ResearchOrganization (ESRO)

Substantial progress was made in implementing a previously agreed

cooperative satellite program between ESRO and NASA. NASA

plans to launch two ESRO-built satellites in 1967 to study the polar

ionosphere and measure solar and cosmic radiation.

France

The first cooperative satellite with France, the FR-1, was success-

fully launched on a Scout vehicle on December 6 from the Western

Test Range, as shown in fig. 7-2. The satellite was provided by the

French National Center for Space Studies (CNES), and is measuring
very low frequency (VLF) radio wave propagation. NASA and

CNES have agreed in principle upon a second French satellite pro-

posal to develop satellite and constant-level balloon techniques and

instrumentation for the study of worldwide meteorological phenomena.

In October, an experiment jointly instrumented by French and
NASA scientists was launched oil the NASA OGO-II spacecraft.

The experiment provided data on airglow and aurora at visible and

ultraviolet wavelengths.

Germany

NASA and the German Federal Ministry for Scientific Research

signed a memorandum of understanding on July 17_ providing for the

launching of a German satellite to measure the spectra and flux of
protons and electrons in the earth's inner radiation belt. It is planned
to launch the satellite from the Western Test Range in 1968 on a Scout

vehicle furnished by NASA.

India

The Indian Department of Atomic Enei'gy and NASA concluded a

memorandum of understanding providing for continued cooperation

between the two agencies in conducting sounding rocket experiments.

Under the memorandum, 12 sounding rocket experiments will be
launched from the international range at Thumba, India, to conduct

aeronomy, ionospheric physios, and magnetic field studies. First

launchings are planned for early 1966.

The Indian Space Commission launched 20 small meteorological
rockets as part of the cooperative project with NASA which supple-

ments the work of the International Indian Ocean Expedition

(IIOE).
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Figure 7-2. Launching of FR-I. 
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Italy

During the period, the Italian Space Commission was continuing

to assemble ground support equipment required for Phase III of the

San Marco Project. This phase entails the launching of the second

San Marco satellite into equatorial orbit from a platform in the Indian

Ocean off the African coast in late 1966 or early 1967.

Netherlands

A series of four sodium release sounding rocket experiments to meas-

ure equatorial upper atmospheric winds was conducted in September

by Dutch scientists from a site near Coronie, Surinam, pursuant to an

agreement with NASA. NASA provided the four Nike-Apache

sounding rockets plus appropriate training and advisory services.

Norway

A memorandum of understanding was signed with the Norwegian

Space Research Committee providing for the launching of one Nike-

Apache and six boosted-Arcas sounding rockets from the Andoya

Range in Norway. The purpose of the Nike-Apache-launched experi-

ment, scheduled for early 1966, is to study the ion composition of the

D-region of the ionosphere. Two of the Arcas rockets were launched

in December to support ground-based, cross-modulation studies. The

remaining Arcas launchings will investigate the relationship between
noctilucent clouds and electron density minima, which have been ob-

served to occur in apparent close correlation.

An agreement was also reached providing for participation of the
Norwegian Space Commission in the joint NASA/Canadian ISIS

program. Beginning in early 1966, Norway will receive telemetry

from the Alouette I, Aloutte II, and Explorer XX Topside Sounder

spacecraft at a station located at Tromso, Norway.

Norway/Denmark

Despite severe weather handicaps, one Nike-Apache sounding rocket
containing Danish, Norwegian, and NASA experiments was launched

from the Andoya Range on November 20. This was part of a tri-

partite cooperative project among the Danish Ionospheric Laboratory,

Norwegian Space Research Committee, and NASA to study the polar
ionosphere.

Pakistan

As part of a cooperative project with NASA, supplementing the
International Indian Ocean Expedition (IIOE), Pakistan launched

two Judi-Dart meteorological rockets from its range at Sonmiani
Beach, Pakistan.
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United Kingdom

Two experiments designed and developed by British scientists were
placed in orbit in November on the Explorer XXXI spacecraft_ to
make direct measurements of the ionosphere. These were the second
and third British experiments to be flown on NASA satellites. Seven

other British experiments have been accepted for flight by NASA.

Proje_ Lurer

Experimenters from France, Germany, Israel, Sweden, and the
United Kingdom provided special sampling surfaces launched on No-
vember 16 on an Aerobee sounding rocket to collect interplanetary
dust and micrometeoroid particles.

Export o_¢ Equipment and Technology

NASA continued to provide advice to the Departments of State and
Commerce concerning the propriety of licensing the export of equip-
ment and technology in the aerospace field.

Renewed Invifafion for International Space Cooperation

NASA circulated internationally the fifth edition of the document,
"Opportunities for Participation in Spaceflight Investigations."
This announcement sets forth specific NASA flight programs in
which interested foreign scientists can participate.

Exchange of Scientific and Technical Information

Under a letter agreement of May 1964, amplified in June 1965,
NASA provides scientific and technical information to the ESRO/

ELDO document service which, in return s furnishes information col-
lected from its member states. Compatibility of facilities makes pos-
sible exchange of microfiche and computer tapes.

Under informal arrangements, NASA maintains a program of
document exchange with 233 institutions located in 41 countries.

U.S.S.R.

The exchange of conventional meteorological data between the
United States and the U.S.S.R. continued over a special shared-cost

communications link, pursuant to the Bilateral Space Agreement of
June 8, 1962, and the implementing memorandum of understanding
of November 5_ 1964. These agreements provide for such exchange
prior to and, on a secondary basis, during the exchange of satellite
data. In New York in October, spokesmen for the Soviet side stated
their expectation to have satellite meteorological data available on a

continuing basis within "a :few months."
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On October 8, NASA and the Academy of Sciences of the U.S.S.R.

signed an agreement for the preparation and publication of a joint

review of research in space biology and medicine. This agreement

provides for a joint editorial board and for full cooperation by both

sides in the preparation of materials, the selection of authors_ and

the publication of their work.

Operations Support

During the last half of 1965 arrangements were made for additional

facilities to support NASA satellite missions in Australia, Ethiopia,

the Malagasy Republi% Spain_ and on Ascension Island.

Australia

An intergovernmental agreement was signed on December 7, 1965_

providing for the establishment at Cooby Creek near Toowoomba of

a transportable tracking and data acquisition facility to support the

Applications Technological Satellite program.

Canada

On December 30_ 1965_ an agreement was signed between NASA

and the National Research Council of Canada implementing the inter-

governmental agreement of June 11, 1965, for the joint use of the

Churchill Research Range of Fort Churchill, Manitoba_ Canada.

Ethiopia

An exchange of letters between the American Embassy and the

Halle Selassie University in October provided for the establishment of

an optical scientific field station to be operated by the Smithsonian

Astrophysical Observatory in conjunction with the university under

a NASA grant.

Malagasy Republic

Additional land was made available by the Government of the Mala-

gasy Republic for the expansion of the existing tracking and data

acquisition station near Tananarive.

Mexico

Through the cooperation of the Mexican Government_ a group of

astronauts and geologists conducted a Project Apollo training exer-

cise in the Pinacate Hills on terrain analagous to the moon's surface.
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Spain

Arrangements were made with Spain for the expansion of the
NASA tracking and data acquisition station near Madrid to accom-

modate a second antenna for support of the increasing lunar and plane-

tary program workload and an antenna for Project Apollo support.

United Kingdom

On July 7, 1965, an intergovernmental agreement was signed, pro-

riding for the establishment of a NASA tracking facility on Ascension

Island for the support of both Project Apollo and the lunar and plane-

tary programs.

ESRO

In connection with plans of the European Space Research Organiza-

tion (ESRO) to establish a telemetry/command station in Alaska,

the House of Representatives passed legislation making ESRO eligi-

ble to receive benefits accorded to other international agencies under
the terms of the International Organizations Immunities Act. Ac-

tion by the Senate is pending.

Personnel Exchanges, Education, and Training

During the second half of 1965, over 2,500 foreign nationals from
112 locations visited NASA facilities for scientific and technical dis-

cussions or general orientation. Visitors included representatives of

space research agencies in Argentina, Canada, France, Italy, Japan,

Mexico, and Spain, as we]] as representatives of ESRO and ELDO.

Seventy-seven members of the Washington Diplomatic Corps visited

the John F. Kennedy Space Center to witness the launching of Gemini

VII. The Ambassadors of Colombia, France, Norway, Sweden, Thai-

land, and Uganda also visited other NASA centers durLug the last
half of 1965.

Under the NASA international university fellowship program, 25

graduate students completed their studies and 50 either entered the pro-

gram or continued their studie_ Seventeen countries and 20 univer-

sities participated in this program during the period. They were

supported by their national space research sponsors or by the Euro-

pean Space Research Organization. This program is administered

by the National Academy of Sciences.

Seventy-five postdoctoral and senior postdoctoral associates from 22

countries carried on research at NASA centers, including the Jet Pro-

pulsion Laboratory. This program is also administered by the

National Academy of Sciences (with JPL administering its own pro-

gram) and is open to U.S. nationals.

232-0100---66-------12
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Sixty-seven technicians from Argentina, Brazil, France, India, and 
Italy, here at their own expense, received training in space technology 
at Goddard Space Flight Center and Wallops Station in connection 
with cooperative projects. (Fig 7-3.) 

Figure 7-3. International Court at  Wallops Station, where the flags of foreign countries 
having troineer a t  the station are flown daily. 

Ten foreign students, sponsored by their national or regional space 
committees, attended i~ summer institute in space physics at Columbia 
University. 
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GRANTS AND

RESEARCH

CONTRACTS

ACTIVITIES

NASA-sponsored research at universities and nonprofit organi-
zations is administered through the Office of Grants and Research

Contracts, which develops policies and establishes procedures for

receiving and evaluating all unsolicited proposals This office also
directs and administers the sustaining university program.

Sustaining University Program

This program continued to award grants under its training, re-
search, and research facilities components in furtherance of its
purpose: to augment and complement project research and flight
experiments in support of NASA's mission. It does this by helping
support graduate training of scientists and engineers, by providing

required research laboratories and laboratory space, and by
encouraging greater university participation in the space effort.

Training

In September, 1_275 new students began their training under this
program, making a total of 3,132 NASA trainees working/ull time
toward the doctorate at 142 universities in the 50 States and the

District of Columbia. (Fig. 8-1.) The distribution of these students
among disciplines is as follows:
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Fiscal year Fiscal year Fiscal year
Discipline: zgas percent 19a_ _ercent 1966 percent

Physical sciences ..................... 47. 8 52. 0 49. 6

Engineering .......................... 41. 5 34. 8 36. 1

Life sciences ......................... 7. 8 8. 5 9. 8

Behavorial sciences ................... 2. 9 4. 1 4. 3

Other ........................................ 6 . 2

Total ............................. 100. 0 100. 0 100. 0

Total number of students ............ 786 1, 071 1,275

In December, 152 institutions (app. R) were notified of their selection
for the fiscal year 1966 program. Ten of these will be participating
for the first time. Since this program began, 104 Ph. D's have been
earned--56 in the physical sciences, 31 in engineering, 12 in life
sciences, and 5 in other areas. Recipients of the degrees made the
following career choices: University research and/or teaching--65;
postdoctoral fellowships or Fulbright awards--15; employment in

Government laboratories--4; employment in industry--20. All degree
programs involved advanced research emphasizing space-related
problems and adding significantly to the total body of space knowl-
edge. Their contributions include, in addition to doctoral disserta-

tions, over 125 articles, reprints, and reports on special studies pre-
pared for publication.

,_*'_1N b 12 A_NE
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Figure 8-1. Geographic distribution, NASA predoctoral students.

NASA's program of summer faculty fellowships brings junior fac-
ulty members in engineering or science to NASA research centers for
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10 weeks of Rork and study (18th Semiannual Report: p. 148). Fif- 
teen nev fellows are selected annually at each location, and each 
fellow may attend a maximum of two summers. During the period 
of this report, 12 uniiversities and 7 X-4S-4 field centers cooperated in 
offering training to just over 100 faculty members. (Fig. 8-2.) I n  
addition to the benefits derived from the program by the trainees, the 
NASA laboratories obtained direct technical benefits. For example, 
~ O I J F  1964 fel1n.c~ fro= the Virginia Associated Research Center- 
Langley Research Center program were granted research contracts 
by the Langley center and two others were employed by Langley as 
lecturer-consultants. 

Figure 8-2. NASA Summer Faculty Fellowship Program. 

The program of summer institutes for outstanding undergraduate 
students was continued at three locations in 1965. Nearly 140 senior 
undergraduates receired 6 weeks of specialized training in space 
science and technology. -4fter graduation, most of the participants in 
these institutes have gone on to graduate study in fields closely related 
to space subjects. 

In  addition, advanced training in aerospace medicine was con- 
tinued at two institutions. Six physicians received specialized medical 
training concerned with environmental problems of man in space. 
The individual initiates and carries out his own research projects and 
also works in interdisciplinar-j teams with engineers, physicists, mathe- 
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maticians, and chemists. Several physicians became acquainted with
practical problems by working at the Manned Spacecraft Center.

Research

The research element of the sustaining university program sup-
ported multidisciplinary space-related research in science and tech-

nology at 36 educational institutions throughout the country. Pro-
grams at New Mexico State University, New York University, and

Pennyslvania State University were initiated during this period. The
14. research proiects at New Mexico State include such diverse topics

as "Geological Studies Applicable to Interpretation of Some Features
._f Mars," the "Influence of Light on Carotenoid Biosynthesis," and
the "Economic Impact of the Apollo Project on Las Cruces." The
grant _]so supports construction of a 24-inch telescope to be used

primarily for planetary observations; it will be especially valuable for
the next Mars opposition in 1967.

New York University was ,_ranted support for a broad integrated
program of space-related scientific and engineering basic research.
The major emphasis is on aeronautical research in fluid and solid

mechanics, including investigations of boundary, layer problems, radia-
tive gas flows, fluid dynamics, heat transfer mechanisms, and of
elastoplastic response of continuous systems subject to a moving load.
The Pennsylvania State University grant included support for in-
vestigations of physiology of acclimation, tolerance of organisms to

environmental stresses, radiation sensitivity of electron components
and materials, low-noise amplifiers for radio astronomy, mechanics of

irradiated bodies, hypervelocity phenomena, and kinetics of rare gases.

The other 33 institutions are:

Adelpht University
University of Alabama

Brown University

University of California (Berkeley)

University of California (Los

Angeles)

California Institute of Technology
University of Denver

Duke University

University of Florida
Georgia Institute of Technology

Graduate Research Center of the

Southwest

University of Kansas
Kansas State University

University of Louisville
University of Maine

University of Maryland

Massachusetts Institute of Technology
University of Minnesota

University of Missouri (Columbia)
Montana State University

Oklahoma State University
University of Pennsylvania
University of Pittsburgh
Purdue University
Southern Methodist University

Texas A. & M. University
University of Vermont

University of Virginia

Virginia Polytechnic Institute

Washington University (St. Louis)
West Virginia University
College of William and Mary

University of Wisconsin
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Research F_lifi_

The following grants were awarded for the construction of research

facilities to house university activities which directly support the na-

tional space program: Case Institute of Technology--S2,226,000;

University of Rochester--S1 million; University of Florida--S1,190 r
000; University of Denver---S900,000; Stanford University--S2,080,-

000. These institutions and the University of Minnesota, an earlier

grantee during the year, were developing the design for their facilities

with the assistance of NASA personnel.

Case Institute's Laboratory for Space Engineering and Research
was being designed to support space-related training and research in

fluid, plasma, and thermal dynamics; nuclear and chemical engineer-

ing; solid state electronics; circuits; and fields. When completed the

new multidisciplinary building will also provide additional opportuni-
ties for graduate level training of NASA employees from the Lewis

Research Center. The University of Rochester presented plans to

build a space sciences laboratory to consolidate and enlarge its NASA-

sponsored ground-based research and flight experiments. Faculty

and graduate students from all science and engineering departments
and the medical school will share equipment and experience in an

academic atmosphere focused on the phenomena of spac_ The Space

Sciences Building at the University of Florida wilt contain NASA-

supported research groups from throughout the university. Labora-

tories were being planned for astrophysicists, astronomers, engineers,
biologists, and human performance physiologists and psychiatrists.

A computer center to be included will serve all occupants. The Uni-

versity of Denver was completing development of plans for a labora-

tory building for space-related research and graduate training in
cosmic rays, molecular collisions, defect states, ceramics and inter-

metallics, ultra-high vacuum environments, thermophysica] prop-

erties, hypervelocity aeroballistics, high-altitude environments, and
dynamic deformation. The Space Engineering Laboratory at Stan-

ford University was being planned to accommodate large and varied

programs in aerospace engineering with facilities for fabricating and

testing components and systems for satellite and laboratory experi-
ments. In addition, NASA scientists and engineers from the Ames

Research Center will have increased opportunities for advanced train-

ing in the new building.

Six NASA-supported facilities were completed in this period in-
creasing the total number in use to 17. The NASA-funded portion of
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the physics and astronomy building at the University of Iowa was

completed, enabling research groups to consolidate their activities in

adequately equipped facilities. (Fig. 8-3.) Spacecraft will be de-

veloped and tested here before flight, and after launch, data from the

satellites will be received and analyzed. The National Science

Foundation and the State provided support for other parts of the

building. The Laboratory for Atmospheric and Space Physics at the

University of Colorado was dedicated and occupied. (Fig. 8-4.) It

contains facilities for the design, development, fabrication, and test-

ing of satellite and rocket instrumentation to measure solar radiation.

The laboratory also provides equipment for supporting research and

the analysis of data received from flight experiments. The facilities

completed at the Uni, versity of California_ Los Angeles, contain

laboratories for space biology, space physics, electrical engineering,

and inorganic chemistry. (Fig. 8-5.) There are also data-reduction

laboratories_ environmental testing areas, experimental animal facili-

ties, and shops to support the main laboratories. The university par-

ticipates in 10 NASA rocket and satellite experiments and wide-rang-

ing basic laboratory research.

At Washington University, St. Louis, Mo, the wing of the physics

building jointly funded by NASA, the National Science Foundation,

and the university was completed and became available for graduate

research and training in physics. The NASA-funded portion is used

specifically for NASA-sponsored electronic investigations of primary

cosmic radiation. The Polytechnic Institute of Brooklyn moved its

large wind tunnels and supporting equipment into a new building

specially designed for research and training in supersonic and hyper-

sonic flow. The building (fig. 8-6) is at the Farmingdale, Long

Island, graduate campus. The renovations 'and additions to the Hu-

man Centrifuge Facilities at the University of Southern California

were completed and dedicated. (Fig. 8-7.) University investigators

began basic research with humans and large animals in high-accelera-

tion environmen'ts, and NASA contractors are using the equipment for

applied research directly supporting the Apollo program. The

Laboratory for Strace Sciences at the University of Chicago (12th

Semiannual Report, p. 148) and the Space Research and Coordina-

tion Center at the University of Pittsburgh (13th Semiannual Re-

port_ p. 151) were also dedicated.
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Figure 84. The University of Colorado laboratory building. 

Figure 8-5. Slichter Hall, University of California, Los Angeler. 
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- A 
Figure 8-7. Human Centrifuge Facilities, University of Southern California. 

Ten additional projects were under construction as Cornell and 
Illinois initiatd work during this period. The status of all facilities 
under construction is shown below. 

Institution: 
Massachusetts Institute of 

University of Wisconsin- - - - - 
Texas A. & M. University- - - 
University of Maryland- - - - - 
Cornell University- - - - - - - - - - 
Rice University- - - - _ _  - - - - - 
New York University _ _ _ _ _ _ _  
Georgia Institute of Tech- 

University of Arizona _ _ _ _ _ _ _  
University of Illinois _ _ _ _ _ _ _ _  

Technology. 

nology. 

Theoretical chemistry- - - - - - - - - 
Space sciences _ _ _ _ _  _ _  _ _  - - - - - _ _  - 

Pcrctnt 
cmpletc 

(Dee. 31,66) 

15 

15 
25 
45 
10 
30 
20 
50 

30 
5 
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Resldent ResearchAssociate Program

The National Academy of Sciences administers a program for
NASA which is designed to allow postdoctoral and senior postdoctoral
investigators to carry on advanced research at NASA field centers.

Participants carried on research in fields such as astrophysics, air-
glow emL_sion_ high-energy physics, geomagnetism, instrumentation
for direct atmospheric measurements, applied mathem_tic_ electron
microscopy, comparative biochemistry, hypersonic aerodynamics,
plasma flow, materials, and meteorites. Articles resulting from the
studies were submitted to or were published in such professional pub-

lications as the Astrophysical Journal, Review of Modern Physics,
Journal of Chemical Physics, Journal of Neurology, or as NASA
Technical Notes. The 88 scientists conducting research under this
program were distributed among NASA centers as follows:

Goddard Space Flight Center ........................................ 52
Institute for SlmCe Studies, New York, N.Y ................... 14
Greenbelt, Md .............................................. 38

Ames Research Center, Moffett Field, Calif ........................... 30
I_mgley Research Center, Langley, Va ................................ 2
Marshall Space Flight Center, Huntsville, Ala ........................ 4

88

Management of Grants and Research Contracts

Further improvements were made in the management system for
grants and research contracts. Automatic data-processing reporting
systems were refined to provide summary obligation data by program
office and unique project levels. Progress was made in developing
the system for manpower and expenditure reporting by institutions
and in refining the automatic data processing of such data. In addi-
tion, instructions for preparing the University and Nonprofit In-
_itution Financial Report were clarified and amplified.

The Letter of Credit sy_zn (l_th Semiannual Report, p. 154) for
providing funds to grantees was in operation at 26 universities. A
NASA Training Grant Financial Report form providing financial
information on stipends, student allowances, and university allow-
ances was put into use at 131 universities. It covers the period be-

ginning September 1 and ending August 31, and must be submitted
annually. Another NASA form, Research Facilities Grant Financial
Report, was approved by the Bureau of the Budget. It will provide
estimated costs, budget, and expenditure data for each facilities grant
and will be required for the period ending each June 30 and upon
completion of the project.
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During this period the Office of Grants and Research Contracts

received 1,886 proposals from universities, nonprofit institutions, pri-
vate industries, and other sources. This was an increase of approxi-
mately 15 percent over the same period of _he previous year. Pro-
5urement actions received from various NASA offices and field centers
totaled $81.9 million and obligations processed totaled $38.5 million.



INFORMATIONAL

AND

EDUCATIONAL

PROGRAMS
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Whether the requestor be a scientist, engineer, teacher, industrialist,
student, or an interested member of the general public, the Agency
strives to meet his request for general, scientific, or technical informa-
tion. During the last 6 months of 1965, the requests for information

and educational materials of all kinds continued high.
The Scientific and Technical Division (Office of Teclmology Utili-

zation) and the Educational Programs Division (Office of Public
Affairs) share the responsibility for fulfilling these needs.

Efforts to effect nceurate, straightforward, swift and economical

dissemination continued during this period.
Reductions in costs in an effort to refine dissemination practices are

shown by these examples.
Substantial savings realized in the exhibits program were shown

when over 8.5 million viewers saw NASA exhibits at only about 3

cents a viewer. An arrangement with another Government agency to
use its composing equipment resulted in producing compact, more read-
able indexes for NASA's Selentifw and Technical Aerospace Reports
at reduced printing charges. And, as another economy measure, a cen-
tral service was set up to provide engineers with a single checkpoint

on the origin and availability of aerospace research and development
specifications.

173
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Educational Programs and Services

Studying the impact of space science on school curricula and search-

ing for ways to help educators solve this growing problem_ NASA co-

operated with the University of South Florida in conducting a

conference of educational administrators and teachers from Georgia,

Florida, Puerto Rico, and the Virgin Islands. The Agency also
worked with the Departments of Education of Massachusetts and

Texas in setting up programs to develop aerospace curriculum-re-

source guides for teachers.

To meet instructional needs of schools, colleges_ and universities in

space science and technology, the Agency helped develop educational

materials at all levels. For example_ NASA Facts (app. M) were

published and distributed, and "educational briefs" were developed

and published at the Manned Spacecraft Center and at Goddard

Space Flight Center. Curriculum syllabi in space-related aspects of

the physical sciences were being produced at Columbia University and

other syllabi in space-related aspects of the biological sciences were

being prepared at the University of California (Berkeley).

NASA assisted over 275 colleges and universities in planning space

science courses, arranged summer workshops for more than 14_000

teachers, and helped increase public understanding of the space pro-

gram through adult education. It also began a program in coopera-

tion with Howard University (Washington, D.C. ),.to conduct lectures

for culturally deprived groups in an urban area (New York City), a

suburban area (Jacksonville, Fla.), and a rural area (Cheneyville,

La.). In supporting youth programs, the Agency assisted the Boy

Scouts of America to develop a merit badge in space exploration. The

first badge was awarded in a ceremony at the Manned Spacecraft Cen-
ter in November.

Spacemobiles

Twenty-seven of NASA_s spacemobile lecture-demonstration teams

spoke on space science and exploration before over 1 million school

children_ teachers_ and civic groups during this report period. Also

spacemobile lecturers made radio and television presentations to an

estimated audience of over 5 million. During the summer teacher

workshops, seminars_ and extended programs at planetariums were em-

phasized. In addition, special programs for students in culturally

deprived areas were carried on in Philadelphia, Pa., Pasadena, Calif.,

and Boston_ Mass.
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Educational Publications and Films

NASA released seven new publications, issued updated editions of

several previously published, and produced five new motion pictures,
all described in appendix M. Over 3"2,000 requests for publications
and 3,100 requests for motion pictures were received from teachers,
students, professionals, and the general public. Motion picture film
cataloged and stored in NASA's depository reached 7 million feet, and
84,000 feet of film was made available to producers of educational and
documentary movies and telecasts.

Educational Television and Radio

During the last 6 months of 1965 NASA sought to provide informa-

tion on space research and development to an ever-increasing audience
of TV viewers. (The report period saw the number of television sta-
tions exceed 700 reaching into 53 million homes.)

The Agency continued to produce and distribute its monthly 5-
minute program "Aeronautics and Space Report." Topics included
the Mariner-Mars mission and the Gemini VI and VII flights. Also
the series of six half-hour educational television documentaries,
'"Space: Man's Great Adventure," emphasizing the "human element"

in space research and development_ was carried by commercial stations.
in addition, motion pictures not designed primarily for television were
supplied TV stations. For example, a film of the Gemini IV flight
was telecast by 169 stations. It is estimated that more than 77 million
saw these programs in 1965 (not including viewers of "Aeronautics
and Space Report").

Production began on a new group of 13 half-hour programs in the
"Science Reporter" series which focus on major NASA scientific and
technical activities. These will be released to educational and com-

mercial television stations in the spring of 1966.
NASA also provided technical guidance and information, and

loaned visual materials to individual stations, networks, and producers.

On several occasions assistance was given network programs with large
audiences. In addition, assistance was provided to the Canadian
Broadcasting Corp. and the British Broadcasting Corp.

Reflecting the resurgent interest in radio for communicating news
and information, the Agency's series of 13 half-hour programs on
bioastronantics ("Their Other World") received an overwhelming

response. "Space Story," a weekly 5-minute program highlighting
current developments, was broadcast by commercial stations.

232-010 0---66-------13
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Exhibits

NASA_s exhibitswere displayedat 283 eventsduring the report

period. The Gemini IV spacecraftflownby AstronautsMcDivitt and

"White inJune was on displayat the New York World's Fair Space

Park. The Space Park_ which closedOctober 17_was visitedby 2.5

million people during the 1965 season.

In the fallNASA tookan exhibiton a tourof 7 Statefairswhich

was seenby 8_360_000atthe verylow costtotheAgency of2.7centsa

viewer. Another exhibittourinHawaii drew an audienceof 236_064

at only 3.75 cents a viewer.
For the first time NASA accepted an invitation from a city of less

than 50,000 people to develop a large space exposition. This "Virginia-
Carolina Space Exposition" at Danville, Va., in November was seen by
80,193, including students from 131 schools in Virginia and North
Carolina. (Fig. 9-1.)

The Gemini IV spacecraft was loaned to the U.S. Information

Agency for special tours in Brazil and Mexico, and the inventory of
educational exhibits was being revised and updated to cover the latest
manned and unmanned missions as the pace of the manned space flight
program accelerated.

Scientific and Technical Information

NASA continued to improve its information-processing methods
for greater speed and economy. It also devised additional services
including an improved technique for publishing indexes in cooperation

with another Government agency and expanded information services
for aerospace engineers.

Processingof Information

Much of the da_ needed to support NASA research and develop-
ment activities is produced by other agencies. Consequently, coopera-
tive arrangements with them for receiving and disseminating the data
in immediately usable form do much to assure efficient processing.
Compatible procedures for cataloging new information, the exchange

of worksheets and magnetic tapes prepared for information storage
and retrieval, and standardized procedures to make information avail-
_ble in microform are examples of t h,_ arrangements to prevent dupli-
cation of effort, reduce unit cost, and contribute to the timeliness of the
service. NASA also arranged to use graphic art composing equipment
developed by the National Library of Medicine to index the S_entific
and Technical Aerospace Reports (STAR). The index was previously
prepared by computer printout. The results of the new method are
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Figure 9-1. Virginia-Carolina Space Exposition, Danville, Va. 
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high-speed production of more readable pages, more lines per page, a

published index one-third as large as the one produced by the com-

puter-printer, and u more convenient information tool produced at
lower cost.

Information Service for Engineers

In the first phase of an enlarged scientific and technical information

program for engineers, NASA set up a central service to provide in-

formation on research and development specifications originating in or

outside the Agency. Thus, engineers will have available a single check-

point to answer questions on the origin and availability of such ma-
terial. In its next phase the program is expected to offer coordinated

services for locating component parts life data, equipment test reports,

and testing procedures.

Technical Publications

A selected list of NASA's scientific and technical publications is

given in appendix N. Two of these--unusual in their scope and wide-

spread utility--were released during this period :

• A Dictionary of Technical Term_ for Aerospace Use--provides

authoritative definitions of over 6,000 terms commonly found

in the literature of space exploration, and

• A Sourceboolc on the Space Sciences--offers a comprehensive ac-

count of the principles and applications of space science for

readers with an elementary knowledge of the conventional
sciences.



PERSONNEL, 

MANAGEMENT, 

PROCUREMENT, 

AND 

Efforts continued during the period to improve the efficiency of the 
Agency‘s personnel, management, procurement, and other nontechnical 
activities. The objective of these efforts was to assure that all missions 
would receive the required support, within the framework of sound 
gowxnnient practices. Endeavors within the personnel field n-ere 
aimed a t  making more effective use of on-board employees and increas- 
ing the productivity of the work force. Further improrements were 
made in the structure and functional alinement of the Agency’s organi- 
zdtion, positive actions were employed to enhance both the financial 
management and the procurement practices, and such areas as tech- 
nology utilization and NASA relationships with other Gorernmcnt 
agencies \\-ere further emphasized. 

Personnel 

In its personnel field, the Age1icg placed increased stress on employee- 
management cooperation, on its emplojee training propam, and on 
equal employment opportunities for all qualified persons. Certain 
personnel changes affected a number of key positions, and deserving 
individuals both inside and outside the Agency received aell-deserved 
recognition for their contributions to the space program. 

Employee-Management Cooperation 

There has been active participation in the Gorernment-ride program 
for employee-management cooperation in the Federal sernce (Esecu- 
tive Order 10988). The Lewis Research Center and Lodge 2182. 
American Federation of Government Employees ( A F L C I O )  ? con- 
cluded negotiations on Supplement KO. 1 to their basic collective agree- 
ment, and it n-as approved hj- the SSSA Administrator. The Mar- 
shall Space Flight Center and Lodge 1858, American Federation of 
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Government Employees (AFL-CIO), concluded negotiations, and

their collective agreement was undergoing review for approval by the
NASA Administrator.

A NASA policy directive was issued, providing for union recogni-
tion of nonappropriated fund activity employees (cafeteria workers).
Such employees are not covered by either the National Labor Relations
Act, or Executive Order 10988. Also, formal recognition at the na-
tional level was granted to the national office of the American Federa-
tion of Government Employees.

Trainin9 Activities

Continued emphasis was given to the established specially designed
seminars for management improvement and operations. During this

period, 951 persons participated in courses in procurement manage-
ment, incentive contracting, contract cost management, and PERT
courses.

In addition, NASA developed a 5-day course in contract administra-
tion to provide procurement officers--including those assigned to the
Defense Contract Administration Services Regions--with a compre-
hensive familiarization of the new NASA contract administration

plan: How it works, the tools it provides, and its impact on program
and project management. The course also interweaves a familiariza-
tion of the DOD Contract Administration Services organization

(DCASR) and its operation throughout the country.
Increased emphasis was given to course offerings in communications

skills. Two new courses, utilizing programed instruction techniques,
were added. A course in clear writing and report construction was
specially developed for NASA employees, and a recently developed
course in effective listening was offered throughout the Agency.

Equal Employment Opportunity

During the period, NASA installations continued to demonstrate
positive efforts to implement the equal opportunity program for Fed-
eral employees. During the summer of 1965 a large percentage of
Youth Opportunity Campaign employees were minority group mem-
bers. At one installation nearly 50 percent were Negro.

Several installations were doing a highly creditable job of career
counseling for minority groups. In one geographic area, this is a con-

tinuing program, in part accomplished through informal discussions
held at settlement houses and youth centers where Caucasians and
Negroes in responsible positions address the groups.

Continuing activities of the installations included: (1) Intensive
recruithlg at predominantly Negro high schools and colleges; (2)
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selecting Negro teachers and students to participate in NASA's sum-

mer employment program; (3) conducting career motivation

programs at. junior and senior high schools in "disadvantaged"

neighborhoods and predominantly Negro colleges; and (4) selecting

Negroes to participate in co-op training programs.

Sfafus of Women

The headquarters coordinator for the status of women program

visited several installations as principal speaker at luncheon meetings

of key women employees. The coordinator also addressed two out-

side groups: The girls at a local high school to outline opportunities

for women in the space age; and the Women's Personnel Club of Bos-

ton, a group which had expressed interest in the Federal program for
the status of women.

The total number of women occupying positions at GS-12 and above

is 174. This represents an increase of 39 since initial report of women

in these grade levels was required in December 1963.

In close cooperation with the status of women coordinator at each

NASA installation, continuous stress was placed on providing train-

ing and career development opportunities to all qualified female em-

ployees, including those in scientific, technological, and administrative

areas.

Status of Personnel Force

NASA decreased it staff from 34,049 to 33,355 during the period

from June 30, 1965, to December 31, 1965. Temporary summer em-

ployees who left the Agency in September accounted for this decrease.

The distribution by installation was:

Org_tion:
Ames Research Center ..........................

ElectronicsRe_earch Center .....................

Flight Research Center_.........................

Goddard Space Flight Center ....................

John F. Kennedy Space Center, NASA ............
Langley Research Center ........................
Lewis Research Center ..........................

George C. Marshall Space Flight Center ...........

Manned Spacecraft Center .......................

Pacific Launch Operations Office .................
Wallops Station ................................

Western Operations Office .......................

Headquarters ..................................

(AEC/NASA) Space Nuclear Propulsion Office .....
JPL resident office ..............................

Total .......................................

Jtm¢ $0,1_65 Dec. 81,1965

2, 270 2, 236
25O 34O
669 629

3, 774 3, 560
2, 464 2, 486
4, 37_ 4_ 263
4, 897 4, 834
7, 719 7, 503
4, 413 4, 391

21 0
554 526
377 343

2, 135 2, 112
116 112

19 20

34, 049 33, 355
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Key Execufive Personnel Chonges

NASA appointed five persons to key positions within the Agency

and reassigned seven others. Two officials_ both outstanding space

leaders, passed away_ two retired_ and two resigned.

Key Appointments.--On September 7_ 1965_ Mr. Willis H. Shapley

was appointed as Associate Deputy Administrator_ NASA. He came

from the Bureau of the Budget where he had served as Deputy Chief

of the Military Division and as Assistant to the Director for Space

Coordination. Mr. Shapley joined the Bureau in 1942.

James C. Elms was appointed as Deputy Associate Administrator

for Manned Space Flight on August 27_ 1965. He came from the

Space and Information Systems Division_ Raytheon Corp, Lexington,

Mass, where he had served as vice president and general manager.

Earlier (February 1963 to March 1964) Mr. Elms had served as Dep-

uty Director of the NASA Manned Spacecraft Center. He had previ-

ously filled various executive positions with the Aeronautics Division

of the Ford Motor Co, the Crosley Division of the AVCO Corp, the

Martin Co._ and the North American Aviation Corp.

On October 4_ 1965_ Dr. Mac C. Adams was appointed as Associate
Administrator for Advanced Research and Technology. Dr. Adams

came from the position of vice president and assistant general man-

ager for space systems, AVCO Corp., Wilmington_ Mass. He had
been associated with AVCO since 1955.

On November 19, 1965_ Robert E. King was appointed Director of

Labor Relations in the Office of Industry Affairs_ and reported for

duty January 5_ 1966. Previously_ Mr. King had served as manager

of labor relations for General Dynamics/Convair.

Rea_sign_ents.--On December 21, 1965, Dr. Robert C. Seamans_

Jr, was appointed as Deputy Administrator_ succeeding Dr. Hugh L.

Dryden. Dr. Seamans had served as Associate Administrator of

NASA from September 1, 1960, when he :joined the Agency_ coming

from the Radio Corp. of America where he had been chief engineer_
missile electronics and controls division.

Dr. Raymond L. Bisplingoff was appointed as Special Assistant

to the Administrator on October 4_ 1965. From August 1_ 1962_ he

had served as Director of and subsequently Associate Administrator

for Advanced Research and Technology. Prior to joining the NASA

staff, Dr. Bisplingoff had been professor of aeronautical engineering

and deputy head, Department of Aeronautics and Astronautics,

Massachusetts Institute of Technology.

On October 16_ 1965_ H. Julian Allen was appointed Director of

the NASA Ames Research Center, succeeding Dr. Smith J. DeFrance
who retired October 15. Mr. Alien had served with NASA and the
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former NACA from 1936, and from November 1959 had been an
.Lssistant Director of the Ames Center.

On July 23, 1965, John W. Townsend, Jr., was appointed Deputy

Director of the NASA Goddard Space Flight Center, Greenbelt_ Md.

Dr. Townsend had been Assistant Director of the Center for space

sciences and satellite applications since April 1959. He came to

NASA from the U.S. Naval Research Laboratory with which he had
been associated from 1_9 and where he had headed research in the

fiield of upper atmospheric physics.

Frank A. Bogart (lieutenant. general, USAF, retired) was ap-

pointed Deputy Associate Administrator for manned space Flight

(Management) on September 1, 1965. General Bogart joined NASA

in December 1964 as a special assistant to the Associate Administrator

for Manned Space Flight, and from February 1965 had been Director

of Manned Space Flight Management Operations.

On December 19, 1965, Bernard Moritz was appointed Deputy

Assistant Administrator for Industry Affairs (the present title, as
changed January 2, 1966). He had served as Assistant General

Counsel, NASA, from May 1961.

Terminations.--Dr. ttngh L. Dryden, Deputy Administrator of

NASA, and the Director of the former National Advisory Committee

for Aeronautics, passed away on December 2, 1965. A special state-

ment on Dr. Dryden's career and contributions will be found on

page 209 of this report.

On December 12, 1965, Dr. W. Randolph Lovelace II, was killed

in an airplane crash in the Colorado Rockies. Dr. Lovelace had

served as Director of Space Medicine in the NASA Office of Manned

Space Flight from April 21, 1964.

Dr. Smith J. DeFrance retired from the position of Director,

NASA Ames Research Center, Moffett Field, Calif., on October 15,

1965. He had served in this capacity from the time the (former

NACA) Ames Aeronautical Laboratory was established in 1940. He

had previously been head of the flight research division at the Langley

Laboratory (1925-40), a position to which he was appointed 3 years

after he joined the former National Advisory Committee for
Aeronautics.

On October 30, 1965, Dr. Harry J. Goett retired from the position

of Special Assistant to the Administrator. From September 1959 to

July 1965 he had been the first director of the NASA Goddard Space

Flight Center, Greenbelt, Md. He came to this position from the

NASA Ames Research Center where he had been .Chief of the Full-

Scale and Flight Research Division. Dr. Goett joined the staff of the

(NACA) Langley Laboratory in 1936, and transferred to the (then)
new Ames Center in 1940.
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On December 4, 1965, Clyde Bothmer resigned from the position

of Director, NASA Office of Industry Affairs (Pentagon), a position

he had occupied since February 14, 1965. Mr. Bothmer had pre-

viously served in several executive capacities within the Office of

Manned Space Flight.

David S. Gabriel resigned (December 14, 1965) from the position

of Project Manager, Centaur, at the NASA Lewis Research Center,

Cleveland, Ohio. Mr. Gabriel had served with NASA and former
NACA at Lewis from 1943. From 1953 he had in turn been Assistant

Chief of this project, Chief of the former Engine Research Division,

Chief, Propulsion Systems Division, and Chief of the Nuclear Sys-

tems Division. He had served as the Centaur Project Manager from

February 1963.

NASA Awards and Honors

Special honorary recognition was given to individuals and groups

for their contributions to the Nation's space program.

NASA Distinguished Service MedaL--One award was granted :

William H. Picketing, JPL.--For his long and distinguished

national and international leadership in the fields of science and

technology and for his outstanding performance as Director of the

Jet Propulsion Laboratory in directing the team of scientists and

engineers responsible for the success of Mariner II, Mariner IV, and

Rangers VII, VIII, and IX. The scientific achievements from these

missions have placed the United States in the forefront of lunar and

planetary exploration.

NASA Outstanding Leadership MedaL--Four awards were

presented :
Oran W. Nicks, Headquarters.--For organizing and leading a team

comprised of university, Government, and industry scientists and en-

gineers who so successfully planned and executed the Ranger and

Mariner projects on a broad program of lunar planetary exploration.

The success of these outstanding efforts in space exploration has given

new knowledge about the solar system and has provided a technolog-

ical base for further e_p]oration of the moon and planets.

Bruce T. Lundin, Lewis Research Center.--For his outstanding con-

tributions in planning, organizing and executing highly successful

research and development programs at the Lewis Research Center.

His inspiring leadership has resulted in significant and and timely ad-

vances in aerospace technology and successes in the NASA Space

Flight Program.

Gharles W. Mathews, Manned Spacecraft Center.--For his out-

standing contribution in directing the Gemini program. His ability
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t'o solve complex technological and managerial problems resulted in

significant advances in this Nation's manned space flight program,

including the 'first maneuvers by a manned spacecraft, the first two-

man long-duration flight, and the first self-propelled flight by man

outside a spacecraft.

Smith J. DeFrance, Ames Research Center.--For his outstanding

contributions in directing research for the advancement of aeronautics,

from subsonic to hypersonic, and in varied scientific di_iplines in

support of space exploration. His achievements encompassing four

decades have contributed significantly to the security and technolog-

ical progress of the United States.

NASA Exceptional Scientific Achievement.--Six medals were pre-
sented:

Jack N. James, JPL.--For outstanding accomplishment in the de-

sign, development, and flight operation of Mariner II and Mariner
IV. Mariner II made the world's first direct measurements of the

environment of Venus and represented the beginning of a long-range
program of planetary exploration. Mariner IV, in accomplishing

the world's first successful space flight to the vicinity of Mars, ob-

tained the first closeup photographs of that planet and provided major
new scientific information about the nature of the Mars' surface and

environment.

Dan Schneiderman, JPL.--For significant contributions to the suc-

cess of the Mariner IV flight to Mars. As spacecraft systems manager

and later project manager he effectively coordinated the scientific and

engineering efforts which led to new information on interplanetary

space, provided closeup pictures of Mars, and yielded important scien-

tific data on its atmosphere.

Eberhardt Rechtln, JPL.--For his outstanding contributions in

the design, development, and operation of NASA's Deep Space Net-

work for tracking, communication with, and control of the U.S. lunar

and planetary exploration spacecraft. These achievements, includ-

ing the Mariner and Ranger flights, have contributed to the leader-

ship role of the United States in the technology of deep space tele-
communications.

Leslie H. Meredith, Goddard Space Flight Center.---For assembling

and directing an outstanding group of space scientists who have signi-

ficantly advanced our Nation's knowledge and understanding of the

space environment, and for originating mission concepts and scientific

payloads on Explorer and Observatory spacecraft.

William Nordberg, Goddard Space Flight Center.--For the develop-

meat of a highly intricate infrared image system which has contributed

greatly to man's knowledge of the earth's surface and atmospheric
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surroundings, thereby enhancing the interpretation of meteorologicai

and geodetic phenomena.

H. Julian Allen, Ames Research Center.--For his contributions and

leadership in solving key research problems in the design of super-

sonic airplanes, missiles, and spacecraft, especially the thermal pro-

tection problems at hypervelocities_ culminating in applying meteor

phenomena as a unique tool for examining the heating problems.
NASA Group Achievement Award.--Nine Group Achievement

Awards were presented:

The Scout Project Office, Langley Research Center.--For sustained

cooperative effort which led to a spectacular series of Scout launch

vehicle successes, and for individual excellence in the performance of

duties which contributed immeasurably to the Scout reliability im-

provement program which produced a versatile launch vehicle of

better than 90 percent reliability.

Launch Support Equipment Engineering Division, Kennedy Space

Center.--For significant achievements in the design and development

of launch support equipment for the Saturn I, a launch vehicle of

unprecedented size and complexity which completed a successful 10-

launch program.

MS_ Florida Operations, Team, Kennedy Space Center.--For

outstanding competence in the design and development of acceptance

checkout equipment which provided a faster and more flexible means

for ,the total preflight testing of the Apollo spacecraft.

Agena Project Group, Lewis Research Center.--For their outstand-

ing technical and management achievements and their scientific and

engineering contributions to the Atlas-Agena and Thor-Agena pro_-

ects which resulted in a series of outstanding successful spacecraft

launches. Their dedicated team effort has contributed significantly

to NASA goals in the scientific exploration of space and in the ap-

plication of space technology to the uses of mankind.

The Radar Tracking Group, Wallops Station. For superior tech-

nical and operational leadership and outstanding results obtained by

the Mobile Launch Facility during Expedition No. 1 off the west coast
of South America.

The Vehicle Assembly and Launch Grew, Wallops Station.--For

superior assembly and operation techniques in assembling and launch-

ing scientific experiments aboard the Mobile Launch Facility during

Expedition No. 1 off the west coast of South America.

The Management and Operational Group, Wallops Station.--For

outstanding competence in planning and managing the development

and coordinating operations for the Mobile Launch Facility during

Expedition No. I off the west coast of South America.
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The Flight Services Group, Wallops Stat/on.--For outstanding

competence demonstrated in operating and maintaining a variety of

electronic equipment aboard the Mobile Launch Facility during Ex-

pedition `No. 1 off the west coast of South America.

The Meteorological Group, U.S. Weather Bureau, Wallops Sta-

t/on.--For outstanding achievement in obtaining meteorological data
never before obtained in the area of the Southeast Pacific. This infor-

mation was obtained during Expedition .No. 1 of the Mobile Launch

Facility.

Exceptional Service Medal.--Eleven Exceptional Service Awards

were presented:

Edward 1t. White, II, Manned Spacecraft Cer_ter.--For outstand-

bag contributions to space flight and engineering. His performance,

as pilot during the 4-day Gemini IV mission and as the first man to

engage in self-propelled extravehicular activity significantly extended

our knowledge of the space environment and man's capabilities in

space flight.

James A. McDivitt, Manned Spacecraft Center.--For outstanding

contributions to space flight and engineering. His performance as

command pilot during the 4-day Gemini IV mission, including his

control of the spacecraft during this Nation's first demonstration of

extravehicular activity, significantly extended our knowledge of the

space environment and man's capabilities in space flight.

George L. Simpson, Jr., tteadquarters.--For his important con-

tributions in the areas of public affairs, policy planning, and tech-

nology utilization; and for his understanding and wisdom in

expanding and strengthening `NASA's programs which emphasize the

role of the university as a trusted source of information in a time of

vast and rapid scientific tectmclogical change.

Gerald D. O'Brien, tteadquarters.--In recognition of his exceptional

and dedicated service in organizing and directing the patent program

since the establishment of NASA and his significant contribution to

patent law.

Charles A. Berry, Manned Spacecraft Center.--For his outstanding

contributions to space medicine through his direction of and personal

participation in the medical planning and control of the Gemini

manned space flights. His work as the senior medical officer in the

8-day Gemini V mission has extended greatly our knowledge of man's

capabilities in space.

Leroy Gordon Cooper, Jr., Memned Spacecraft Center.--For out-

standing contributions to technology of manned space flight. His

performance as command pilot during the 8-day Gemini V mission

significantly extended our understanding of the capabilities of man
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and equipment under prolonged exposure to space flight environment.

His participation in real-time flight planning added greatly to the

knowledge required for future long-duration manned space flights.

Charles Conrad, Jr., Mcnned Space,aft Center.--For outstanding

contributions to technology of manned space flight. His performance

as pilot during the 8-day Gemini V mission significantly extended our

understanding of the space flight environment. His participation in

real-time flight planning added greatly to the knowledge required for

future long-duration manned space flights.

William E. Lilly, tteadquarters.--For outstanding achievement in

establishing effective management systems for the budgeting and

'utilization of financial resources for the total manned space flight

effort; for research and development and administrative operations,

and for the overall management of the manned space flight facilities

program involving the planning and construction of complex technical
and support facilities at 11 locations.

Seymour C. Tlinum_l, Lewis Research Ce_ter.--For exceptional

contributions in the Agena vehicle launch programs and for his sound

engineering judgment which produced an outstanding record of
successful launches.

John R. Casani, JPL.--For significant engineering achievements

related to the Mariner mission to Mars. As Mariner project engineer

and later spacecraft systems manager, his contributions to the design

and development of the Mariner IV spacecraft helped provide man's

'first c]oseup view of another planet and increased our knowledge of

'the interplanetary space environment.

Os_nond J. Ritlancl, tteadquarters.--For his distinguished service as

a leader in the development and operation of the Nation's space pro-

grams. He led development of the technology for man-rating the

'Mercury-Atlas and Gemini-Titan launch vehicles. He also provided

an unprecedented example of cooperation between the Air Force and

'the National Aeronautics and Space Administration in the attainment

of man's capabilities in space flight.

NASA Certificate of Appreciation.--Two Certificates of

Appreciation Awards were presented:

Albert A. Vollmecke, Headquarters.--For his outstanding contri-

butions in aeronautical engineering, particularly for his advice and

counsel on structural and materials research programs for the past 24

years as a member of NACA and NASA research advisory committees.

Ernest L. Struttmann, tteadquarters.--For his 37 years of faithful

service to the U.S. Government, and in particular his substantial con-

tribution to the improvement of financial management in the National

'Aeronautics and Space Administration.



PERSOl_-EL_ MANAGEMENT, PROCUREI_EI_r_ SUPPORT FUNCTIONS 189

Inventions and Contributions Board

The Space Act (1958) provided for tile establishment of the

Inventions and Contributions Board. Among the Board's functions

is the review of petitions from NASA contractors for waiver of rights
to inventions made under NASA contracts. It then recommends to

the Administrator the granting, denial, or other action on stmh
petitions.

In addition, the Board evaluates scientific and technical contribu-

tions made by NASA employees, contractors, or other sources and

recommends to the Administrator monetary awards for those found

to be of significant value in the space or aeronautical program. It

also evaluates inventions made by NASA employees and, on its own

cognizance, may make monetary awards. It conducts hearings on

petitions for waiver or applications for awards upon request of

the petitioner or applicant. A list of Board members appears in
appendix H.

Patent Waiver Petitions Granted or Denied

During the period of this report, the Board reviewed six petitions

for blanket waiver of title to patents of any invention made during

the contract performance. It recommended that four be granted and
two be denied. It also reviewed 31 petitions for waiver of title to

individual inventions and recommended that 30 be granted and 1

denied. One public hearing was conducted at the request of the
contractor.

In all cases, the instrument of waiver provides that the Government

retain a royalty-free license to an3- patented invention. Waivers

granted and denied by the Administrator during the period of this
report are listed in appendix I.

Contributions Awards

During the reporting period the Board received 1,449 communica-
tions relating to scientific and technical contributions for considera-

tion under section 306 of the Space Act. A total of 671 new contri-

butions were evaluated. Two awards totaling $3,500 were granted

under the authority of section 306, one of these going to an employee

of a NASA contractor. (App. J.)

Inventions Awards

By administrative regulation, the Board is authorized to make mone-

tary awards upon its own cognizance in amounts not to exceed $5,000

for certain inventions made by NASA employees which do not qualify"

for Space Act awards. Eighty-eight employee-inventors shared in
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awards totaling $27,100 made by the Board under this regulation for
61 inventions on which patent applications were filed by NASA.
(App. K.)

Orsanizational and Managerial Improvemenfs

Several organizational elements of NASA were realined during the

last half of 1965, and a major managerial process to improve project
planning was adopted.

Realinement in the Office of the Adminisffator

In conjunction with the appointment of NASA's former Associate
Administrator to succeed the recently deceased Deputy Administrator,
certain changes were made in the operating pattern for the Office of
the Administrator. The essential aspects of these changes center on
delegations of authority and responsibility to the Deputy Administra-
tor, enabling him to serve on a day-to-day basis as general manager
of the Agency and as Acting Administrator in the absence of the
Administrator.

Other principal features of the realinement in the Office of the Ad-
ministrator include the following:

An Associate Deputy Administrator who serves as the principal
assistant to the Administrator and Deputy Administrator. He is
responsible for policy planning and for general supervision of the
administrative and other processes whereby the work of the Agency is
accomplished, including a strengthened executive secretariat.

An executive secretariat responsible for channeling, expediting, and

scheduling the flow of work in the Office of the Administrator; for
ascertaining that matters coming to that office are properly prepared
and reflect pertinent policy or substantive content needed for final
action; for communicating decisions within the Office of the Admin-
istrator to appropriate NASA officials; and for related supporting
functions. (See NASA organizational chart, fig. 10-1.)

Continued emphasis was placed on NASA-wide functional coordi-

nation and supervision of policy and administration. All functional
staff offices report to the Deputy Administrator. Together, they con-
stitute a single central functional staff, serving the Office of the Ad-
ministrator and the Associate Administrators in charge of program
offices to the fullest extent possible.

Civilian-Milifary Liaison Commiffee Abolished

The Civilian-Military Liaison Committee, established by section 204
of the National Aeronautics and Space Act of 1958, was abolished and
its functions transferred to the President under terms of the Presi-

dent's Reorganization Plan No. 4 of 1965 as enacted into law.
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NATIONAl._ AND _E raTION
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I=igure I0-1. NASA organization c_art.

Facilities Management Office Established

A Facilities Management Office was established as a new orgaz_a-
tional unit under the Office of Industry Affairs. The newly estab-

lished unit will provide within NASA Headquarters a centralized

office responsible for developing agency policies, criteria, and opera-
tional practices in managing NASA-controlled facilities and real prop-
erty. The Office also reviews, evaluates, and reports on Agency
facility management practices in such areas as design, acquisition, con-
struction, repair, alteration, maintenance, operation, utilization and

disposal. Facilities management functions previously assigned to var-
ious organizational elements of headquarters will be merged and placed

232-010 O---6_14
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under the new Office. The former Director of Management Coordi-

nation_ Office of Administration_ was appointed as Director of the

Facilities Management Office.

Saturn/Apollo Applications Office Established

A Saturn/Apollo Applications Office was established in the head-

quarters _ Office of Manned Space Flight and was assigned the role of

developing plans for future programs to achieve maximum use and

exploitation of Saturn/Apollo capabilities.

Tracking and Data Acquisition Organization Realined

Several changes were made in the organization of the Office of

Tracking and Data Acquisition (OTDA) to reflect the recently as-

signed responsibility for Agency-wide management of automatic

data processing and to consolidate related functions in other areas.

An ADP Management Branch was established within the Operations_

Communications_ and ADP Division to integrate the ADP manage-
ment function into the Office of Tracking and Data Acquisition

organization.

A Systems Planning and Development Division was established

which a,bsorbed the former Program Support and Advanced Systems

Division under the same director. The realinement strengthens

planning, development_ and systems analysis capabilities by disasso-

ciating these funct_ions from the immediate problems of support

operations.
A Network Operations Implementation Division was established

and network implementation functions_ previously located in several

divisions throughout OTDA, were consolidated and pla_ed under the
new division.

Launch Operations Activities Consolidated
t

Responsibility for NASA launch operations and facilities at Mer-

ritt Island and at the Eastern and Western Test Ranges was consoli-

dated by transferring to _he Director of the John F. Kennedy Space

Center responsibility for the Goddard Space Flight Center division

already located at the Kennedy Center_ and for the Pacific Launch

Operations Office 1,ocated at Lompoc_ Calif. The Wallops Station was
not included in this consolidation.

Phased Project Planning Established

In October, NASA formally established as policy a system of

sequential ,phases in the approval and execution of major research and

development projects. Under this system, called phased project



B•

• PERSONNEL_ MANAGEMENT_ PROCUREMENT_ SUPPORT FUNCTIONS 193

planning, each Fhase (Advanced Studies, Project Definition, Design,

and Development/Operations) involves a combination of competitive

industrial participation and complementary Government inh_use ef-
fort. The system increases flexibility for management to react favor-

ably to technological breakthroughs and significant changes in Agency

or national policy and requirements.

Phased project planning is not an end in itself, but represents a

major step in evolving a management pattern of raax-hnum effective-

heSS. This policy is designed to help achieve bet_r project definition

(technical, schedule, management, and resources); to minimize un-

desirable technical, schedule, and cost changes; and to encourage use

of fixed price or incentive cost-type contracts.

Each of the four phases is a specifically approved activity under-

taken after review and analysis of preceding efforts. In addition, each

is a coherent, _oeused effort with definable end objectives and repre-

sents a specific l'nnited Agency commitment, both internally and

externally.

Financial ,Management

As a part of NASA's continuing effort to improve its financial

management, the Agency's First Annual Financial Management Con-
ference was held in September 1965. This conference gave the fiscal,

financial management, and resources management officials of NAS&'s

various installations an opportunity to become more familiar with each

other's organizations and methods_ The interchange of novel and

different approaches to common problems should raise the general

level of performance of the financial management function.

.knother means of _mproving the consistency and effectiveness of the

financial management function was provided by functional reviews

at the field installations by headquarters staff official_ The first cycle
of such reviews was completed during the reporting period. The re-

views are conducted to (1) provide familiarity with local conditions as

an aid to establishment of better agencywide policies, (2) identify

areas of weakness, (3) assist in solving specific problems, and (4)

foster the exchange of ideas for _he improvement of performance.

Congressional approval was obtained for initially financing from

one appropriation, work or a_ivities for which adjustments sh_ll

subsequentlybe made to other benefiting uppropriations. This au-

thority will be particularly useful in connection with many types of
contrae/s for common-use materials, supplies, and sBrvices applicable

to a number of programs or projects where an accurate distribution

of charges cannot be made at the ".time of Obligation, or perhaps even

at the time of payment• Another useful authorization granted at
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NASA's request permits l_he letting of contracts under the 1-year ad-"

ministrative operations appropriation for maintenance and operation

of facilities, and for other services, for periods extending into the fol-

lowing fiscal year. This should help to level out the peaks in adminis-
trative workloads.

An example of interagency cooperation for better management prac-

tices resulted from a study of NASA's foreign policies and proce-

dures at the Manned Spacecraft Center in Houston, Tex. By special

arrangements witch the Department of State, a NASA employee was

designated as a P.amport Agent representing the Department of State

at the Manned Spacecraft Center. Thus, the maintenance and re-

validation of passports, necessary to the timely clearance and funding

of authorized foreign travel, can 'be performed more directly and

expeditiously.

Fiscal Year 1967 Program

Table 1 shows t'he planned level of effort in research, development,

construction of facilities, and administrative operations for fiscal year
1967.

Table I.--NASA budget estimates, fiscal year 1967

(In thousands]

Research and development:

Gemini ................................................... $40, 600

Apollo ............................... : ................... 2, 974, 200

Advanced mission studies ................................... 8, 000

Physics and astronomy ..................................... 167, 300

Lunar and planetary exploration ............................ 260, 800

Bioscience ................................................ 39, 900

Launch vehicle development ................................ 61, 700

Space applications ......................................... 88, 100

Space technology .......................................... 247, 900

Aircraft technology ......................................... 33, 000

Tracking and data acquisition ............................... 279, 300

Sustaining university program ............................... 41, 000

Technology utilization ..................................... 4, 800

Total, research and development ...................... 4, 246, 600

Construction of facilities .................................... 101, 500

Administrative operations .................................. 663, 900

Total .............................................. 5, 012, 000

Financial Reports, December 31, 1965

Table 2 shows fund obligations, and accrued costs, and total disburse-

ments of the first 6 months of fiscal year 1966. Appended is a sum-

mary by appropria, tion showing current availability, obligations

against this availability, and unobligated balances as of December

31_ 1965.
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Table 2._Status of appropriations as of December 31, 1965

[In thousan&]

Appropr/at/om Ota_/on_

Research and development:
Gemini .................................... $119, 516

Apollo .................................... 1, 744}, 892

195

$125, 347
1, 575, 982

Advanced missions .......................... 7, 157 9, 743
Completed missions ......................... 175 207
Physics and astronomy ...................... 66, 954 58, 923
Lunar and planetary exploration ............. 138, 275 89, 843
Sustaining university program ................ 9, 047 11, 485
Launch vehicle development ................. 24, 925 30, 461
Unmanned vehicle procurement .............. 73, 951 83, 737
Bioscience ................................. 18, 624 15, 828

Meteorological satellites ..................... 19, 402 13, 590
Communications satellites ................... 1, 017 1, 864

Applications technology satellites ............. 21, 646 20, 454
Manned space sciences ...................... 9, 191 7, 229
Basic research program ...................... 8, 958 9, 401

Space vehicle systems ....................... 13, 125 13, 004
Electronics systems ......................... 11, 899 11, 968
Human factor systems ...................... 5, 507 5, 518
Nuclear-electric systems ..................... 9, 094 16, 686
Nuclear rockets ............................ 40, 971 30, 182

Chemical propulsion ........................ 15, 382 26, 590
Chemical and solar power ................... 3, 888 6, 406
Aeronautics ................................ 12, 390 18, 080

Tracking and data acquisition ................ 124, 277 95, 022
Technology utilization ...................... 1, 161 1, 901
Operations ................................. (173) (173)
Reimbursable .............................. 56, 162 36, 771

Total, research and development ........... 2, 559, 413 2, 316, 049
Construction of facilities ......................... 114, 590 293, 169

Administrative operations ....................... 307, 709 283, 303

Total obligations ......................... 2, 981, 712

Total accrued costs .......................

Less unpaid costs...........................

Total gross disbursements .................

2, 892, 521
(29, 957)

2, 862, 564

c_r_ T_ U_
App_mlt/_ _m_ _bi_t_, ob/l¢_/o_

Research and development ........... $4, 830, 731 $2, 559, 413 $2, 271, 318
Construction of facilities ............. 377, 977 114, 590 263, 387
Administrative operations ........... 595, 373 307, 709 287, 664

i The availability listed includes anticipated reimbursable authority.
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Table 3 shows NASA's consolidated balance sheet as of December"

31, 1965, as compared to that of June 30, 1965. Table 4 summarizes

the sources and applications of NASA's resources during the 6 months

ended December 31, 1965. Table 5 provides an analysis of the net
change in working capital disclosed in table 4.

Table 3.--NASA comparative consolidated balance sheet, Dec. 31, 1965 and June 30, 1965

[In millions]

ASSETS

Cash: Dec. $1,1965 June $0, 1965

Funds with U.S. Treasury ................... $5, 691. 6 $3, 354. 6

Accounts receivable:

Federal agencies ............................

Other .....................................

26. 9 13. 3

• 8 .5

27. 7 13. 8

9& 8 78. 4

Total ...................................

Inventories ....................................

Advances and prepayments:

Federal agencies ............................

Other .....................................

7.4 4.3

32. 9 15. 7

40. 3 20. 0Total ...................................

Fixed assets:

• NASA-held ................................ 1,693. 9 1, 481. 3

Contractor-held ............................ 416. 8 414. 8

Construction work in progress ............... 1, 179. 3 999. 8

Total ................................... 3, 290. 0 2, 895. 9

Total assets ............................ 9, 140. 4 6, 362. 7

LIABILITIES AND NASA EQUITY

Liabilities:

Accounts payable:

Federal agencies ........................

Other .................................

248. 8 196. 6

737. 4 737. 0

Total liabilities ....................... 986. 2 933.6

NASA equity:

Net investment of the United States ..........

Undisbursed allotments .....................

Unapportioned and unallotted appropriation___

Reimbursable disbursing authority uncollected_

Total NASA equity .....................

2,429. 8 2,05& 8

4,718. 8 3,329. 4

1,172. 5 143. 5

(166. 9) (102. 6)

8, 154. 2 5, 429. 1

Total liabilities and NASA equity .......... 9, 140. 4 6, 362. 7
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Table 4_Resources provided and applied for thc 6 mom_hs ended Dec. 31. 1965

RESOURCES PROVIDED _

Appropriations: _ c_z

Research and development ............................. $4, 499. 5

Construction of facilities ............................... 84. 5

Administrative operations ............................. 591. 0

Total appropriations ................................ 5, 175. 0

Revenues ................................................ 38. 7

Total resources provided ............................ 5, 213. 7

RESOURCES APPLIED

Operating costs:

Research and development ............. $2, 316. 1 $99. 9 2, 216. 2

Construction of facilities ............... 293. 2 293. 2 0

Administrative operations ............. 283. 3 19. 5 26& 8

Total ............................. 2, 892. 6 41Z 6 .........

Total operating costs ................................ 2, 480. 0

Increase in fixed assets:

NASA-held .......................................... 212. 6

Contractor-held ...................................... 2. 0

Construction in progress ............................... 179. 5

Total increase in fixed assets ................ f ........ 394_ 1

Property transfers and retirements---net ..................... & 6

Increase in working capital ................................ 2, 331. 0

Total resources applied .............................. 5, 21_ 7
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Table 5.--Net change in working capital for the 6 months

[In millions]

Current Assets: Dec. Sl, 1965

Funds with U.S. Treasury ............. 5, 691.6

Accounts receivable ................... 27.7

Inventories .......................... 90.8

Advances and prepayments ............ 40. 3

ended Dec. 31, 1965

July I, I965 Fnercase or
decrease

3, 354.6 2, 337.0

13.8 13.9

78.4 12.4

20. 0 20.3

Total current assets ................ 5, 850.4

Current Liabilities:

Accounts payable ..................... 986.2

3, 466.8 2, 383.6

933.6 52.6

Total current liabilities .............. 986.2 933.6 52.6

Working capital ......................... 4, 864.2 2, 533.2 .........

Increase in working capital ............................... 2, 331.0

Cost Reduction

Organization and general direction of the NASA cost reduction

program remained stable during the period. Overall management

is assigned to the NASA Cost Reduction Board chaired by the Deputy

Associate Administrator and assisted by a permanent staff. Each

headquarters program and staff office and each installation has desig-

nated a key management official to direct its progwam. Each has also

designated cost reduction officers to assist in carrying it out.

Close and frequent contacts between headquarters and field ac-

tivi'ties contributed materially to strengthening local programs and

assisting NASA activities in achieving their goals. A training sem-

inar was conducted at MSC, ttouston_ in October 1965. Working

seminars_ such as this, have helped develop new ideas and techniques

and have improved interagency communication in applying new
policies and procedures.

NASA_s overall cost reduction activities are composed of: (1) An

internal program encompassing all of the Agency's field cen'ters_ head-

quarters_ and other activities; and ('2) a contractor cost reduction

program based on the voluntary formal participation of 39 of NASA's
major contractors.

With respect to the internal cost reduction program_ NASA field

installations and headquarters activities continued to submit pro-

posed cost reduction goals on an annual basis. These proposed goals

are independently reviewed_ and a final allocation of goals is made by

the NASA Cost Reduction Board. Progress against goals is

monitored by the Cost Reduction Board on a quarterly basis. All
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individual cost reduction actions which are credited to the goals of
the respective NASA activities and to the overall Agency goal are
reviewed by the Cost Reduction Board staff.

Since the inception of formal reporting, NASA has reported sav-
ings of $343 million to the President resulting from its internal pro-
gram. A goal of $150 million was established for fiscal year 1966.
The actions taken to meet this goal will be limited to those things
which can be done without compromising NASA's mission
responsibility.

Items reported as cost reductions in NASA's internal program
which appear to have the potential for wider application are dis-
seminated semiannually throughout NASA and to NASA contractors
in a publication entitled NASA BITS.

NASA's contractor cost reduction program was initiated in Decem-
ber 1963. Thirty-nine major contractors participate in NASA's pro-
gram and are assigned among the various NASA field installations for
purposes of cost reduction. Their programs are formally evaluated
and they submit semiannual reports to NASA on.their cost reduction

accomplishments. If a contractor's program does not meet NASA's
standards it is not approved and the contractor is so advised. NASA

representatives then work with the contractor to bring his program
up to NASA standards. This has proved to be an effective technique.

NASA does not require that contractors reveal their goals to NASA

but does require, among other things, that they have an effective sys-
tem for establishing and monitoring goals. Only those savings which
meet NASA's criteria are accepted and included in reports to the
President. Since the inception of formal reporting, $2@2 million in
savings by NASA contractors have so been reported.

Those savings techniques reported by contractors which appear to
have potential for wider application are disseminated in a NASA
publicatio_ entitled TRIM.

NASA's procurement regulation provides for the mandatory inclu-
sion in all proposed procurements in excess of $1 million of a statement

in the request of proposal which requires submission of infor-
mation on the offeror's cost reduction program with his proposal.
This information is evaluated by NASA and given consideration in
source selection and in negotiation of fees or profits.

Pfocuremen_

NASA's procurement activities during the period placed increased

emphasis on improved contract administration. In addition, con-
tinued stress was given to incentive contracting and to subcontracting
practices. Of a major importance was the legislation enabling the
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Agency to obtain certain maintenance, facilities operation, and sup-
port services funded on a 12-month basis without regard to the end
of the current fiscal year.

NASA Policy on Contract Administration

NASA issued a revised regulation, effective October 1, 1965, setting

forth its policy with respect to the maximum use of the contract
administration capabilities of the Department of Defense and other
Government agencies. Such use is expected to result in more effective
contract administration. Many contractors are doing business with
both NASA and the Department of Defense, and NASA's use of the
DOD contract management organization makes it unnecessary to
establish duplicate capabilities within NASA.

Subsequently (December 17), the Agency issued instructions to all
of its installations, implementing this policy. These instructions were
in the form of a standard letter of delegation for contract administra-
tion functions for cost reimbursement contracts. Uniform imple-

mentation of the NASA policy will result from the use of standar4
letters of delegation.

During the period, NASA completed establishment of its own
regional offices co-located with each of the 11 Defense Contract Ad-
ministration Services Region (DCASR) offices. These field offices,
reporting administratively to the NASA Office of Procurement, pro-
vide for the coordination of matters related to the administration of

:NASA contracts by the Defense Supply Agency. Each NASA/
:DCASR office is staffed by one or two NASA employees, with sec-
retarial assistance and administrative support provided by the Defense

'Supply Agency. This plan has already proved effective in facilitating
the transition of NASA contract administration from the military
departments to the Defense Supply Agency, implementing the
:National Plan for the Consolidation of Contract Administration

Services (Project 60).

Use of the Defense Contract Audit Agency Capabilities

Following the consolidation of the audit organizations of the Army,
Navy, and Air Force into the Defense Contract Audit Agency
(DCAA), on September 11, 1965, instructions were issued ,to all NASA
installations setting forth the procedures to be used for requesting
audit services. These instructions were in the form of a standard letter

of delegation to be sent to the cognizant DCAA field audit office by
NASA contracting officers. The use of standard letters of delegation
will result in more efficient coordination be,tween NASA and DCAA.
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Conh'act Administration Personnel Training

NASA developed a training cours_ for personnel engaged in the

administration of NASA contracts. The course is part of a program
to improve and increase the effectiveness of contract administration.

Letter Contracts

Necessary implementing procedures were developed for the NASA

procurement regulations for guidance on the use of letter contracts.

The regulation now clearly stipulates the Agency's policy not to use

such contracts. Any request for a deviation from this policy requires

the review and personal approval of the Deputy Administrator. As of

December 31, 1965, there were no outstanding letter contracts.

This emphasis on curtailing the use of letter contracts is resulting

in greater discipline for advanced planning of programs and pro-

viding for definitive contract terms and conditions with contractors
at the outset.

Contract'ing for Services Across Fiscal Years

The NASA Aut:horization Act, 1966 (Public Law 89-53, June 28,

1965) and the Independent Offices Appropriation Act, 1966 (Public
Law 89-128), approved August 16, 1965, enable NASA to enter into

,_ontracts for the procurement of maintenance and operation of facil-

ities and for support services funded with "l-year money" for 12-

month periods without regard to the end of the current fiscal year.

Prior to the enactment of these two laws, "Administrative Opera-

tions" appropriations (1-year money) were not available for payments

under severable contracts for such services rendered at any time after

the end of the fiscal year for which the funds were appropriated. In

order to obtain such services in the following fiscal year, either the en-

tire procurement process had to be undertaken again, options had to

be exercised, or some similar device used at fiscal year end, placing a

further administrative burden on the Government. As a consequence,

contractors' bids or proposals were not as low as otherwise possible.

particularly where substantial "startup" costs were involved. Thus,

the July-to-June procurement cycle _esulted in excessive administra-
tive costs, scheduling difficulties, and high bids and proposals.

Through the use of this new authority, it is expected that contract

administration will be improved and the higher costs of contracting on

a July-June cycle reduced.

Incentive Contracting

NASA continued to emphasize the use of incentive arrangements in

contracts whenever such use advances the procurement objectives of the
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space program. During the period, NASA awarded 41 new incentive

contracts having a target value of $262 million and converted 2 cost-

plus-fixed-fee contracts to incentive contracts having a target value of

$47 million. Changes, extensions, and additions to existing incentive

contracts less the value of incentive contracts completed during the

period amounted to $40 million. Thus, as of December 31,1965, NASA

had under administration 159 incentive contracts with an aggregate

target value of $2,184 million. This was $349 million more than the

target value of active incentive contracts as of June 30, 1965.

Major new incentive contracts awarded during the period were (in

millions of dollars) : NAS5-9146, Advanced Orbiting Solar Observa-

tories wiCh Republic Avi'ation Corp. (now a division of Fairchild

Hiller), $58.4; NAS9--4810, Gemini/Apollo Mission Trajectory and

Apollo Spacecraft Systems Analysis with TRW Systems Group,

TRW, Inc., $51.8; NAS5-9870, Operation, Maintenance, Logistic

and Engineering Services for the Manned Space Flight Network

with Bendix Field Engineering Co., $33.7; NAS8-15494, Research

and Development Program for RL-10 Rocket Engine with Pratt and

Whitney Division, United Aircraft Corp., $19.4; NAS8-15486, C-1

Rocket Engine Development Program with Thiokol Chemical Corp.,

$17.3; and NAS7-336, Delta Space Research Vehicles with Douglas

Aircraft Co., Inc., $16.2.

The major conversion completed in the period was (in millions of

dollars): NASw-16, Development of Saturn V, F-1 Engine with

Rocketdyne Division, North American Aviation, Inc., $41.8.

Summary of ConCracf Awards

NASA's procurement for the first 6 months of fiscal year 1966 totaled

$2,779 million. This is 5 percent less than was awarded during the

corresponding period of fiscal year 1965.

Approximately 83 percent of the net dollar value was placed directly

with business firms, 2 percent with educational and other nonprofit

institutions, 5 percent with the California Institute of Technology for

operation of the Jet Propulsion Laboratory, 9 percent with or through

other Government agencies, and I percent outside the United States.

ConfracCs Awarded fa Privcrte Indusfry

Ninety percent of the dollar value of procurement requests placed by

NASA with other Government agencies resulted in contracts with in-

dustry awarded by those agencies on behalf of NASA. In addition,

about 77 percent of the funds placed by NASA under the Jet Propul-
sion Laboratory contract resulted in subcontracts or purchases with

business firms. In short, about 95 percent of NASA's procurement

dollars was contracted to private industry.
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Sixty-five percent of the total direct awards to business represented
competitive procurements, either through formal advertising or com-
petitive negotiation. An additional 11 percent represented actions on
follow-on contracts placed with companies that had previously been
selected on a competitive basis to perform the research and develop-
ment on the applicable project. In these instances, selection of another
source would have resulted in additional cost to the Government by rea-
son of duplicate preparation and investment. The remaining 24 per-
cent included contracts for facilities required at contractor's plants for
performance of their NASA research and development effort, contracts
arising from unsoli.cited proposals offering new ideas and concepts,

¢_ntracts employing unique capabilities, and procurements of sole-
source icf_Ins.

Small business firms received $115 million, or 5 percent of NASA's
direct awards to business_ However, most of the awards to business
were for large, continuing research and development contracts for ma-
jor sy_,_ems and major items of hardware. These are generally beyond
the capability of small business firms on a prime contract basis. Of
the $258 million of new contracts of $25,000 and over awarded to busi-
ness during the 6 months, small business received $50 million, or 19
percent.

In addition to the direct awards, small business rcreived substantial

subcontract awards from 60 of NASA's prime contractors participat-
ing in its small business subcontracting program. Total direct
awards plus known subcontract, awards aggregated $885 million, or
15 percent of NASA's total awards to business during the first half of
1966.

Geographical Distribution of Prime Conffacl's

Within the United States, NASA's prime contract awards were
distributed among 42 States and the District of Columbia. Business
firms in 41 States and educational institutions and other nonprofit
institutions in 38 States participated in the awards. Five percent of
the awards went to labor surplus areas located in 15 States.

Subcorfl'racfing

Subcontracting effected a further distribution of the prime con-

tract awards. NASA's major prime contractors located in 23 States
and the District of Columbia reported that their larger subcontract
awards on NASA effort had gone to 1,339 subcontractors in 44 States
and the District of Columbia, and that 66 percent of these subcontract
dollars had crossed State lines.
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Major ConCract Awards

Among the major research and development aggregate contract

awards by NASA during the first 6 months of fiscal year 1966 were

the following:

(1) North American Aviation, Inc., Downey, Calif., NAS9-150.

Design, develop and test three-man earth to moon and return Apollo

spacecraft. Awarded $364 million ; cumulative awards $1,816 million.
(2) Grumman Aircraft Engineering Corp., Bethpage, N.Y.,

NAS9-1100. Lunar excursion module development for the Apollo

program. Awarded $181 million; cumulative awards $523 million.

(3) North American Aviation, Inc., Downey, Calif., NAS7-200.

Design, develop, fabricate, and test the S-II stage of the Saturn V

vehicle. Awarded $173 million; cumulative awards $606 million.

(4) The Boeing Co., New Orleans, La., NAS8-5608. Design, de-

velop, and fabricate the S-IC stage of the Saturn V vehicle and con-

strnct facilities in support of the S-IC stage. Awarded $172 million;

cumulative awards $655 million.

(5), Douglas Aircraft Co., Inc., Santa Monica, Calif., NAS7-101.

Design, develop, and fabricate the S-IVB stage of the Saturn V

vehicle and associated ground support equipment. Awarded $124

million; cumulative awards $501 million.

(6) General Electric Co., Daytona Beach, Fla., NASw410. Over-

all integration, checkout, and reliability of Apollo space vehicle sys-

tem. Awarded $107 million; cumulative awards $350 million.

(7) General Motors Corp., Milwaukee, Wis., NAS9-497. Guid-

ance computer subsystem for Apollo command service module.

Awarded $71 million ; cumulative awards $183 million.

(8) North American Aviation, Inc., Canoga Park, Calif., NAS8-

5603. Procure 200,000-pound thrust J-2 rocket engines with support-

ing services and hardware. Awarded $65 million; cumulative awards

$182 million.

(9) Aerojet General Corp., Azusa, Calif., SNP-1. Design, develop

and produce a nuclear-powered rocket engine (NERVA). Awarded

$62 million ; cumulative awards $325 million.

(10) Chrysler Corporation, New Orleans, La., NAS8-4016. Fabri-

cate, assemble, checkout and static test Saturn S-1 stage. Provide

product improvement program and spare parts support. Modify

areas of Michoud plant assigned to contractor. Awarded $45 million ;

cumulative awards $282 million.

(11) North American Aviation, Inc., Canoga Park, Calif.,

NAS8-5604. Procure 1,500,000-pound thrust F-1 rocket engines with
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sUpporting services and hardware. Awarded $45 million; cumulative

awards $167 million.

(12) McDonnell Aircraft Corp., St. Louis, Mo., NAS9-170. De-

sign and develop two-man Gemini spacecraft. Awarded $41 million;

cumulative awards $699 million.

(13) North American Aviation, Inc, Canoga Park, Calif.,

NAS8--19. Develop 200,000-pound thrust J-2 rocket engine.

Awarded $37 million; cumulative awar_ $233 million.

(14) The Boeing Co., Seattle, Wash., NAS1-3800. Develop and
fabricate lunar orbiter spacecraft systems. Awarded $34 million;

cumulative awards $103 million.

(15) General Dynamics Corp., San Diego, Calif., NAS3-3232.

Develop, fabricate, and deliver Centaur vehicles and support equip-

ment. Awarded $29 million; cumulative awards $285 million.

(16) North American Aviation, Inc., Canoga Park, Calif.,
NASw-16. Develop and fabricate 1,500,000-pound thrust F-1 rocket

engine. Awarded $29 million; cumulative awards $320 million.
(17) International Business Machines Corp., Rockville, Md.,

NAS8-14000. Fubri_ation, assembly, and checkout of instrument
units for Saturns IB and V vehicles. Awarded $28 million; cumula-

tive awards $64 million.

(18) Fairchild Hiller, Farmingdale, N.Y., NAS5-9146. Design,

develop, fabricate, and test phase II advanced Orbiting Solar Observa-

tory. Awarded $14 million (new contract).
(19) Hughes Aircraft Co., Culver City, Calif., NAS5-3823. De-

velop and test advanced technological spacecraft. Awarded $14 mil-

lion; cumulative awards $34 million.

(20) Bendix Corp., Teterboro, N.J., NAS8-13005. Stablized plat-

form systems and associated hardware for Saturn IB and Saturn V
vehicle_ Awarded $12 million; cumulative awards $22 million.

Major Contra_

The 25 contractors receiving the largest direct awards (net value)

during the first 6 months of fiscal year 1966 were as follows:
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_ontractor and Net va_uc o] awards**
place o] contract per]ormance (thousands)

North American Aviation, Inc., Downey, Calif.* ...................... 731,220

Boeing Co., New Orleans, La.* ...................................... 208, 512

Grumman Aircraft Engineering Corp., Bethpage, N.Y ................ 187, 698

Douglas Aircraft Co., Inc., Santa Monica, Calif.* .................... 142, 337

General Electric Co., Huntsville, Ala.* .............................. 141, 268

Aerojet-General Corp., Sacramento, Calif.* ........................... 83, 223

General Motors Corp., Milwaukee, Wis.* ............................. 74, 652

International Business Machines Corp., Huntsville, Ala.* .............. 57, 348

Chrysler Corp., New Orleans, La.* .................................. 46, 282

McDonnell Aircraft Corp., St. Louis, Mo .............................. 44, 682

General Dynamics Corp., San Diego, Calif.* .......................... 37, 053

Bendix Corp., Teterboro, N.J.* ...................................... 32, 477

TaW Inc., Redondo Beach, Calif.* .................................. 24, 683

Radio Corp. of America, Van Nuys, Calif.* .......................... 20, 269

Lockheed Aircraft Corp., Sunnyvale, Calif.* .......................... 20, 029

United Aircraft Corp., West Palm Beach, Fla.* ...................... 17, 038

Fairchild Hiller Corp., Farmingdale, N.Y.* .......................... 16, 431

Hughes Aircraft Co., Culver City, Calif.* ............................ 16, 216

LTV Aerospace Corp., Dallas, Tex.* ................................. 16, 193

Brown Engineering Co., Huntsville, Ala.* ........................... 13, 902

Sperry Rand Corp., Huntsville, Ala.* ................................ 11, 790

Union Carbide Corp., Sacramento, Calif.* ............................ 11, 773

Philco Corp., Houston, Tex.* ........................................ 11,332

Hayes International Corp., Birmingham, Ala ........................ 10, 560

Bellcomm, Inc., Washington, D.C ................................... 10, 087

*Awards during period represent awaxd_ on several contracts which have different

principal places of performance. The place shown is that which has the largest amount
of the swards.

**Data for Individual companies include awards on R. & D. contracts of $1D,000 and
ever and on all other contracts of $2_,000 aml over.

Labor Relations

During the last half of 1965 losses of man-days due to labor dis-

putes fell significantly at all NASA centers, particularly at the John F.

Kennedy Space Center. Moreover, most of the man-days lost in this

period at Kennedy Space Center were attributable to work stoppages

at industrial plants of two aerospace contractors, the Boeing Co. and

McDonnell Aircraft Corp.

From September 16 through October 5, 1965, a labor dispute be-

tween Vhe International Association of MachinisVs and the Boeing Co.

over terms for renewal of their national eon¢ract caused work stop-

pages at Kennedy Space Center, Michoud Operations, and Marshall

Space Flight Center. About 29_000 man-days were lost at these

centers on account of this strike. From November 19 through No-

vember 23, 1965, a work stoppage by the machinists at the McDonnell

Aircraft Corp.'s St. Louis plant caused their Gemini service crew

to stop work at Kennedy Space Center for 3 days. Upon interven-
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tion by the Secretary of Labor and the Federal Mediation and
Conciliation Service, this crew was persuaded to resume work on the
launches of Geminis VII and VIA.

The end of calendar year 1965 saw the successful completion of
of national labor negotiations in the aerospace industry, except for
one agreement, at General Dynamics/Fort Worth. (Bargaining
sessions at Fort Worth were still in progress at year's end.) Virtually
all the new contracts in aerospace were negotiated with the assistance
of the Federal Mediation and Conciliation Service. NASA continued

to coordinate its labor relations activity with that Service as well as
with the Department of Labor, the Department of Defense, and the
President's Missile Sites Labor Commission.

On October 2"2,1965, the Service Contract Act of 1965 was enacted.
The effective date of this new le_slation was January 20, 1966. The
act provides new requirements for minimum wages to cover various

classes of service employees, including guards, janitors, and food
service workers. This new law should provide some additional

stability in labor relations between service contractors and unions
representing their employees.

Technology Utilization

During this period a careful review was made of the organization
and munagement of the Office of Technology Utilization. As a re-
stilt of this review, one of the five branches of the Technology Utiliza-
tion Division was abolished and its functions transferred to each of

the four remaining branches.
Another development during this period was the initiation of joint

technology utilization programs between NASA and other Federal
agencies. An interagency agreement was completed with the Small

Business Administration to develop techniques and methods by which
small business can obtain maximum benefit from NASA Regional Dis-

semination Center services. NASA anticipates that similar programs
will soon be developed with other Federal agencies.

InCeragena¥ Activffies and Agreements

NASA continued to maintain close coordination with other govern-
mental agencies having an interest in aeronautics and space, and with
both industry and the scientific community. This coordination is ac-
complished by direct and frequent contacts of personnel at all levels,

through formal organizations such as the NASA-DOD Aeronautics
and Astronautics Coordinating Board (AACB), through ad hoc
groups and advisory boards_ and through various agreements. The
period covered by this report was an active one in this regard.



208 NASA FOURTEENTH 'SEMIANNUAL REPORT TO CONGRESS"

An ad hoc subpanel was established, under the A__CB, to examine
the areas of reusable launch vehicles and hypersonic propulsion.
This subpanel is expected to review studies which were completed or

were in progress under the sponsorship of both agencies, consider the
potential future needs in these areas, identify the technological ad-
vances which would need to .be made before developmental prototype
systems could be considered, and arrive at recommendations for fu-
ture coordinated actions.

The AACB Supporting Space Research and Technology Panel and
the Launch Vehicle Panel were jointly reviewing selected technology
programs. Included in the revision were large liquid fuel engines,
large solid fuel engines, and the SNAP-8 nuclear power supply.

NASA and the DOD established guidelines for the use and opera-
tion of the Churchill Research Range in Canada. The U.S. operating

costs of the range will be shared by both agencies. The National Re-
search Council of Canada will manage the range.

NASA and the Department of the Air Force arrived at and signed
an agreement whereby I_ASA will furnish liquid hydrogen to the
Air Force on a reimbursable basis to meet Air Force programs as

required.
The coordination between NASA and DOD on planned construc-

tion of new facilities or expansion of existing facilities coming under
fiscal year 1967 funding was expected to be completed by January 15,
1966. The purpose of this annual coordination is to make sure that
no unnecessary duplication exists in NASA and DOD planning in
this area.

The Unmanned Spacecraft Panel of the A.ACB developed proce-

dures to make certain that both agencies make the fullest use of avail-
able space for carrying secondary payloads on DOD and NASA
satellites.

NASA acquired additional aircraft on loan from the DOD for use
in support of space and aeronautics research, development, and test-

ing programs. Included among the principal aircraft loaned by the
DOD to NASA were one Army helicopter and four Navy aircraft.

The assignment of selected military personnel to tours of duty with
NASA was continuing. As of December 31, 1965, 78 Army, 25 Navy,
184 Air Force, and 6 Marine Corps officers were on duty with NASA.
Of particular interest was the assignment during the year of 92 Air
Force officers with backgrounds in planning and conducting missile

operations to the NASA Mission Control Center at Houston, Tex., in
an on-the-job training program.



DR. HUGH LATIMER DRYDEN

i 898..-1965

Hugh Latimer Dryden was born in Pocomoke City, Md., on July 2,
1898. The family moved to Baltimore in 1907, and Dryden, a gifted
and precocious student, graduated in 1913 from the high school known
as Baltimore City College, first in a cla_sof 172, shortly before _his15th

birthday.
Entering Johns Hopkins University with advanced standing, he

completed a regular B.A. curriculum in 3 years, receiving his degree
(with honors) in 1916, and his A_. in 1918.

In June of 1918 he joined the staff of the National Bureau of Stand-
ards in Washington, D.C., as an inspector of munitions gages_ intend-

ing to return to graduate school on a fellowship in the fall However,
with the encouragement of Dr. Joseph S. Ames, head of the Johns
Hopkins Physics Department, his plans were changed. He soon ob-
tained a transfer into the newly formed wind tunnel section, and after
Dr. Ames arranged to give courses to a number of Hopkins graduate
students at the Bureau, Dryden was able to complete his thesis work

on experiments carried out after hours in the NBS wind tunnel. He
was granted the P1L D. in physics in 1919, while employed at the Bu-
reau of Standards, when he was just under 21--youngest student ever
to obtain a Ph.D. at Johns Hopkins.

Thus began a long and distinguished professional career, devoted in
its entirety to public service. He remained in the Government civil
service in spite of the fact that over the years there were many offers
of highly paid positions in private industry, as his knowledge, talent,
and administrative skill became increasingly well known in the world

scientific community.
"The airplane and I grew up together," he once said. "I saw my

first airplane_ the Antoinette airplane, flown by Hubert Latham in

Baltimore on November 7_ 1910 . . . I have had the good fortune to
be associated with the great growth in aviation from that primitive
vehicle to the jetliners of today and our beginning manned space flights
in Mercury and Gemini. My education has been a continuing process
ever since graduation and I hope that I may have the good fortune to
witness the first landing of men on the moon within a very. few years."

209
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He married Mary Libbie Travers on January 29, 1920. Three

children were born to the couple, a son and two daughters. Their son,

Dr. Hugh L. Dryden_ Jr., is an organic chemist, graduate of Johns

Hopkins and the Massachusetts Institute of Technology_ now with

G. D. Searle Co., Skokie_ Ill. Their older daughter_ Mary Ruth_

graduated from Goucher College and married Dr. Andrew H. Van

Tuyl_ mathematician at the Naval Ordnance Laboratory, Washington,

D.C. Their younger daughter_ Nancy Travers_ a graduate of Ameri-

can University_ teaches schcol in Montgomery County, Md.

Not long after his marriage, Dr. Dryden was named chief of the

NBS aerodynamic physics section, in charge of wind tunnel research.

Here he began the work on the problems of wind turbulence and

boundary layer flow which later was to bring him international recog-

nition. Many times during his career he was invited to attend inter-

national scientific meetings and to exchange his professional views with

fellow experts.from all over the world.

Some of his early basic research, which led to increased knowledge

of aeronautical engineering and the design of improved airplanes, in-

cluded development of the compensated hot-wire anemometer and as-

sociated equipment for quantitative measurement of the intensity and

linear scale of wind tunnel turbulence, studies of the use of wire screens

for increasing and decreasing the intensity of turbulence, the design

and building of wind tunnels of very low turbulence_ and measure-

ments of the effects of turbulence on aerodynamic forces on models

in wind tunnels. From this work Dr. Dryden and his collaborators

were able to verify the correctness of a theory developed by Prandtl,

Tollmien, and Schlichting many years earlier, but for which there had

linen no experimental evidence. This traced the onset of turbulence

to the prior development of instability in the laminar flow.

The work of Dr. Dryden and his team on wind tunnel turbulence

and boundary layer transition has been of great importance in all

aeronautical developments. Predictions of the flight performance of

our large military and transport aircraft are based on extrapolation

of data obtained in wind tunnel tests of relatively small models. Dr.

Dryden's work provided a basis for making this extrapolation in-

telligently and with good accuracy.

In collaboration with Dr. Lyman J. Briggs, Dr. Dryden made some

of the earliest measurements of aerodynamic characteristics at high

speeds. The first move in this area was dictated by an interest in the

effects of the higher propeller rotational speeds and propeller dia-

meters and consequently high tip velocities, which were required to

absorb the increasing engine powers in the early 1920's.

These early measurements led to a later understanding of the limita-
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tion of the propeller as a means for driving airplanes. Propeller tip
speeds greater than the speed of sound produced prohibitively large
losses in efficiency and consequently all late propeller development has
been confined towards the _bsorption of power by wide blades and a

greater number of blades.
This work on propellers was extended to supersonic speeds as a

natural evolution of interest. This early work was supported by the

National A dvi_ry CA)mmittee for Aeronautics and published by it.
The interest generated in the Langley staff led to the construction of a
high-speed jet there and subsequently to the numerous high-speed
wind tunnel facilities of today.

In the earliest tests, Dr. Briggs and Dr. Dryden measured the sharp

increase in drag and decrease in lift that occurs as the speed of sound
is approached in flight, and thus were among the first to discover the
s_called transonic drag rise.

Dr. Dryden was also responsible for extensive investigations of the
aerodynamics of aircraft bombs, and for the development of a prac-
tical method of designinKthe tail fins to insure stability. With E. J.
Lorin, he standardized the design of a form of bomb which remained
in use for many years, until airplanes eventually were able to approach

the speed of sound.
His work in wind tunnel research and studies of aerodynamics, how-

ever, soon began to take in far more territory than the aircraft field
alone. At the Chicago "Century of Progress" in 1933, he and his

colleagnes had an exhibit which demonstrated the effect of streamlin-
ing on automobiles--work which long preceded changes in design
now thoroughly accepted in the automotive industry. Studies of the
effects of hurricanes and high winds upon various types of building
structures gradually led to more rational engineering design and im-
proved building codes for materials and structure_ His laboratory
even helped resolve an argument between the National and American

Leagues in 1938 over the standards for the "liveliness" of baseballs.
During World War lI, Dr. Dryden became involved in the work of

the National Defense Research Committee and its successor, the Office

of Scientific Research and Development, under the leadership of I)r.
Vannevar Bush. In Dryden's own words, "I headed an unusual group
at the Bureau of Ordnance Experimental Unit, which developed the
radar homing missile, Bat, which saw service during the Second World
War. I also served as Deputy Scientific Director of the Army Air

Force's Scientific Advisory Group headed by Theodore yon Karman.
The group was appointed by Gen. H. H. Arnold and many of us were
in Europe on V-E Day in uniform with simulated rank to study the
use of science by the various European countries." •
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After his wartime work was completed, Dr. Dryden became Assist-
ant Director of the National Bureau of Standards in 1946, and 6
months later, Associate Director. In September of the following year
he transferred from NBS to become Director of Research of the Na-

tional Advisory Committee for Aeronautics (NACA), and, in 1949,
Director of NACA, its highest full-time official.

Under his leadership, the activities of NACA's three large research
laboratories and two research stations were expanded, reaching some
8,000 employees and an annual budget of about $100 million. In 1947,
NACA provided the technical foundation for the first manned super-
sonic flight in the history of aviation, an event which was the forerun-

ner of present military airplanes which operate routinely at more
than twice the speed of sound.

The first round of research planes was intended for studies of the
problems of flying an airplane through the speed of sound. Under
Dryden's leadership, more attention was turned to the problems of
flight at very high speeds and very high altitudes and to the problems
of space flight.

In 1954 Dr. Dryden became Chairman of the Air Force-Navy-
NACA Research Airplane Committee formed to supervise the develop-
ment of an airplane to explore some of the problems of space at the
highest speeds and altitudes then feasible. The X-15 airplane de-
veloped for the task proved to be, and has continued to be, an extremely
useful research tool for providing data for future space vehicles.

In October 1957, after the Soviet Union launched Sputnik I, Dr.
Dryden took part in the activities of the executive branch and of the
Congress which led to the formulation of the National Aeronautics

and Space Act of 1958. As preparations were made for establishing
a civilian agency to conduct the exploration of space for peaceful pur-
poses, the NACA was selected as the largest building block of the new

agency. Dr. Dryden helped to guide the program plans and the budg-
etary submission of the agency before its formal establishment. On

August 8, 1958, President Eisenhower appointed him as Deputy Ad-
ministrator of the agency. He was confirmed by the Senate on August
13, and served during the remainder of the Eisenhower administration
under Dr. T. Keith Glennan, Administrator. His appointment was
continued under the Kennedy and Johnson administrations with Mr.
James E. Webb, as Administrator.

Project Mercury was developed and then organized with Dr. Dryden
playing a major role. He shared with NASA Administrator James

E. Webb the top responsibility for management of a $5-billion-a-year
program to explore space, to develop practical applications of space
vehicles, to advance space science and technology, and to develop
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boosters, spacecraft, and associated materials, equipment, and tech-
niques to enable American explorers to journey to the moon, perform
scientific experiments there, and return safely to earth before the end
of the present decade.

The importance of the lunar exploration mission, Project Apollo,

and its underlying philosophy, was clearly stated by Dr. Dryden soon
after President Kennedy announced his key decision in 1961. Dr.

Dryden's work was prominent in the _udies that led to that decision.
During recent years, international cooperation was one of the most

important aspects of Dr. Dryden's work with the space program. In
1959 he was appointed as one of two men to assist Ambassador Henry
Cabot Lodge at the first meeting of the United Nations Committee on
the Peaceful Uses of Outer Space. It has been generally agreed that
his efforts were largely responsible for a proposal by NASA, in Decem-

ber of that year, for joint research with other nations to promote
international space cooperation.

In the years that followed, after an exchange of correspondence be-
tween Premier Nikita S. Khrnshchev and President Kennedy, Dr.
Dryden was appointed by the President as the Nation's chief negotia-
tor for peaceful space cooperation with the Soviet Union. Dryden
engaged in a continuing series of talks with Academician Anatoli
Blagonravov on the possibility of such cooperation; from these talks
came agreements for limited, but nonetheless real, cooperation between
the two countries, particularly in the fields of meteorology and
communications.

Working toward international cooperation and world peace fitted
in well with Dr. Dryden's philosophy. A man of deep and sincere
religions faith, he was an ordained minister and a Bible teacher at
the Calvary Methodist Church in Washington during most of his
adult life. He found no conflict between science and religion.

Many honors and offices came to Dr. Dryden, including the
following:

Home Secretary of the National Academy of Sciences since 1955;
Charter Member, Honorary Fellow, and former President of the Insti-
tuts of Aerospace Sciences ; Honorary Fellow of the Royal Aeronauti-

cal Society, the British Interplanetary Society, and the Canadian
Aeronautics and Space Institute; Fellow of the American Academy
of Arts and Sciences; Foreign Associate Member of l'Academie des
Sciences de l'Institut de France; Honorary Member, Hermann Oberth-
Gesellschaft; Founding Member, National Academy of Engineering;
Honorary Member, the American Society of Mechanical Engineers;
and a member of numerous other professional societies and

organizations.
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He was a Trustee of the National Geographic Society.
He was the first American to deliver the Wright Brothers Annual

Lecture before the Institute of the Aeronautical Sciences (1938). He
was also the recipient of many awards for his services and contribu-

tions. These included the following:
Sylvanus Albert Reed Award (1920)
U.S. Army Air Forces' Medal of Freedom (1926), the second

highest U.S. award
Presidential Certificate of Merit (1948)
Order of the British Empire (civilian division) (1948)
37th Wilbur Wright Memorial Lecture before the Royal Aero-

nautical Society (1949)
Daniel Guggenheim Medal (1950)
Wright Brothers Memorial Trophy (1955)

Ludwig Prandtl Memorial Lecture of the Wissenschaftliche
Gesselschaft fur Luftfahrt (1958)

Career Service Award of the National Civil Service League
(1958)

BaltimoreCity Co]legeHallofFame (1958)

President'sAward for DistinguishedFederal CivilianService

(1960)

Elliott Cresson Medal of the Franklin Institute (1961)
Langley Gold Medal of the Smithsonian Institution (1962)
First Theodore yon Karman Lecture before the American Rocket

Society (1962)
Rockefeller Public Service Award (1962)
John Fritz Medal (1963)
Gold Medal of the International Benjamin Franklin Society

(1963)
First Annual Award Dr. Theodore yon Karman Memorial Cita-

tion (1963)
Dr. Robert A. Goddard Memorial Trophy (1964)
Hill Space Transportation Award (1964)

His honorary degrees included these •
Polytechnic Institue of Brooklyn (Sc. D., 1949)

New York University (D. Eng., 1950)
Rensselaer Polytechnic Institute (D. Eng., 1951)
University of Pennsylvania (Sc. D., 1951)
Western Maryland College (Sc. D., 1951)
Johns Hopkins University (LL.D., 1953)
University of Maryland (D. Eng., 1955)
Adelphi College (LL.D., 1959)
South Dakota School of Mines and Technology (D. Eng., 1961)
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Case Institute of Technology (Sc. D, 1961)
._merican University (L.H.D, 1962)
Northwestern University (Sc. D._ 1963)
Worcester Polytechnic Institute (Sc. D., 1964)
Politecnico de Milan (M.E, 1964)
Swiss Federal Institute of Technology (Sc. D., 1965)

Princeton University (Sc. D., 1965)
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Congressional CommHtees on Aeronautics and Space

(July 1-December 81, 1965)

Sena_ Coemnittee on J_roemutical and Spee_

CLINTON P. ANDXlSON, New Mexico,

Rv_ B. RussE_ Georgia

Wz_mm_ G. MAGNUSO_, Washington

STUArt S_NeTO_, Missouri

JOHN SI_a_LS, Mississippi

S_H_ M_ YouNo, Ohio

THOMAS J. DODD, C011ne_dc_lt

HOWARD W. C_oN, Nevada

Srzss_av L Ho_, Florida

W_ F. MOND_L_, Minnesota

_OS_H D. TYvr_es, Maryland

C_LASB S_rrs, Maine

BOUaKE B. HI_ Iowa

C_JgL T. Cvg_s, Nebraska

L_N B. Jom_m, Idaho

GEo_ D. ArsoN, Vermont

House Committee on ,,_ence end Astronad_

G_om_ P. MILLmZ, California, Ohe_

mes

OLnv E. TEAeU_, Texas

JOS_H E. _, Minnesota

KZN H_CHL_, West Virginia

Emzao Q. Da_nAmo, Conneetieut

J. EvwAm_ ROUSH, Indiana

BOB CAS_, Texas

JOHN W. Dxws, Georgia

Wn_XAM F. RYAN, New York

THOMAS N. Dowse, Virginia

JoE D. WAeeoNN_g, JL, Louisana

DOT FuquA, Florida

C.a_ _, Oklahoma

ROT _L TA_rLOn, North Carolina

G_om_ E. B_owN, JL, California

W_ K M_ Ohio

W_ R. Am_moN, Teanessee

Bm_x Au_s, Washlugton

L WOL_, New York

Wr_roN E. VIV_, Michigan

G_ ScH_s_, llliaots

J08_H W. M_, JL, Massachusetts

J.A_m G. FULTOIV, Pennsylvania

CHarLES A. Mosm_ Ohio

RXOH_ L ROU_sUS_, Indiana

A.X,a"HONZO _ California

T_OM_S M. P_, Washington

DON_LV R_USr_v, nllnois

E_w_ J. Gvg_, Florida

JOHN W. WYox_, New York

B_m_g B. CoNam_¢, JL, New York
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NATIONAL AERONAUTICS AND SPACE COUNCIL

(July 1-December 31, 1965)

HUBERT H. HUMPHREY_ G_i_w_zn

Vice President of the United States

DF_ Ruse

Secretary of State

ROBERT S. MCNAMARA

Secretary of Defense

JAMES E. WEBB, Administrator
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National Aeronautics and Space Administration

GLENN T. SEABORO, Ghairman

Atomic Energy Gommission

Executive Secretary
EDWARD C. WELSH
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NASA-DOD Aeronautics and Astronautics Coordinating Board and P_ls

( December 31,196_ )

COCIEAJIMEN

Dr. Rom_-r C. SF_MANS, Jr., Deputy Administrator, NASA

Dr. JOHN S. FosT_g, Jr., Director of Defense Research and Engineering, DOD

l_eeretaries: Mr. RIcK_u_ J. GR_Err, NASA; Mr. ALm_T W_rNs_n_, DDR&E,

DOD

MEM3BEIW AT LARGE

Adm. W. F. BooN_, USN (Ret.), Assistant Administrator for Defense Affairs,

NASA

Mr. _QuIs D. WYATT, Assistant Administrator for Programtng, NASA

Dr. Ho_g E. N_WELL, Associate Administrator for Simce Science and Apldica-

tions, NASA

Dr. AL_XA_ H. FL_X, Assistant Secretary of the Air Force (R&D), DOD

Mr. THO_S F. Roelms, Deputy Director (Electronics and Information Systems),

ODDR&E, DOD

Mr. D_IEL J. FrNK, Deputy Director (Strategic and Space Systems), ODDR&E,

DOD

AERONAUTICS PANEL

_ltairmas: Rear Ad_ NOEL A. M. GAYL_ USN, Assistant Chief of Naval Opera-

tions, (Dev.), OP 07-B, Office of Chief of Naval Operations, D0D

V/ce Gh_/rman: Mr. CHARLES W. HARPEB, Office of Associate Administrator for

Advanced Research and Technology, NASA

Mm_ZaS

Dr. FLOYD THOMPSON, Iamgley Research Center, NASA

Mr. MARx R. NICHOLS, Langley Research Center, NASA

Mr. WoovSOw L. CooK, Ames Research Center, NASA

Lt. Col. FgaNK E. CoLr_ USAF, Staff Development Engineer, Flight Dynamics,

DCS/R&D Directorate of Science and Technology

Mr. T. C. MusE, Office of Director of Defense Research and Engineering, DOD

Col. A. J. I_NZ_N, USA, _ Chief of Research and Development, DOD

Secretaries: Mr. JACK D. _ Office of Associate Administrator for Ad-

vanced Research and Technology, NASA; Mr. CLEM W_SSM_, Assistant for

Aircraft Systems, OPNAV, DOD

Alternate: MaJ. PHILIP J. CeNLEY, Jr., USAF, Missile and Aerodynamics,

AFRDQPM

LAIY_OH V_HXCr_ P_U_L

0ha/rman: Dr. __ H. FLAX, Assistant Secretary of the Air Force

(R&D), DOD
219



220 NASAFOURTEENTHSEMIANNUALREPORTTOCONGRESS"

Vice Ghairman: Mr. MILTON W. ROSEN, Office of Assistant Administrator for

Defense Affairs, NASA

MEMBERS

Mr. EDW_ Z. GUY, Office of the Associate Administrator for Manned Space

Flight, NASA

Mr. VINCENT L. JOHNSON, Office of Associate Administrator for Space Sciences

and Applications, NASA

Mr. JOHN L. SLOOP, Office of Associate Administrator for Advanced Research and

Technology, NASA

Capt. C. C. ANDREWS, USN, Bureau of Naval Weapons, DOD

Lt. Col. JAMES C. FITZPATRICK, Jr., Directorate of Development DCS/R&D, Head-

quarters USAF

Mr. HEINRICH J. WEIGAND, Directorate of Development DCS/R&D, Headquarters,

USAF

_ecretaries: Ma]. ROMAIN C. FRUQE, USAF, DOD ; Mr. ALFRED M. NELSON, Office

of Assistant Administrator for Programing, NASA

Alternates: Mr. A. O. TISCHLER, Office of Associate Administrator for Advanced

Research and Technology, NASA; Mr. JOE JONES, Office of the Assistant Sec-

retary of the Air Force (R&D), DOD

MANNE_ SPACE FLIGHT PANEL

Chairmaa: Dr. GEORGE E. MUELLF_, Associate Administrator for Manned Space

Flight, NASA

Vice Chai_nan: Dr. ALEXANDER H. FLAX, Assistant Secretary of the Air Force

(R&D), D0D

MEMBERS

Co1. JACK BOLLERUD, USAF, Deputy Director, Space Medicine, Office of Manned

Space Flight, NASA

Maj. Gen. DAVID M. JONES, USAF, Office of Associate Administrator for Manned

Space Flight, NASA

Mr. EDWARD Z. GRAY, Office of Associate Administrator for Manned Space Flight,

NASA

Brig. Gen. GLENN A. KENT, USAF, Deputy Director for Development Plans,

DCS/R&D
A_t_'R(/te: Col. CHESTER J. BUTCHER, USAF, Chief Space Plans Division, Di-

rectorate of Operational Requirements and Development Plans; Capt. H. L.

ANDE_TON, USN, Assistant Director Development Facilities, Astronautics and

Ranges Division, OpNav, DOD

Secretwries: Lt. Col. RICHARD DENNEN, SPace Division Directorate of Opera-

tional Requirements and Development Plans, Headquarters, USAF; Mr. JAY

HOLMES, Office of Associate Administrator for Manned Space Flight, NASA

Alternates: Mr. JOHN H. DISHER, Office of Associate Administrator for Manned

Space Flight, NASA; Mr. FRANKLIN J. ROSS, Office of Assistant Secretary of

the Air Force (R&D), DOD

SPACE FLIGHT GROUND ENVIRONMENT PANEL

Chairman: Brig. Gen. CLI_T0m) J. KEONAUER, USAF, Assistant Director (Ranges

and Space Ground Support), ODDR & E, DOD.

Vice Cltairm_: Mr. EDMOND C. BUCKLEY, Associate Administrator for Tracking

and Data Acquisition, NASA
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ME_

Mr. G_.aLu M. TgUSZYNSKI, Office of Associate Administrator for Tracking and

Data Acquisition, NASA

Mr. JOHN T. MENeEL, Goddard Space Flight Center, NASA

Capt JOHN HOLCOMB, USN (Ret), Office of Associate Administrator for Manned

Space Flight, NASA

CapL E. N. HITCHCOCK, Jr., USN, Head, Range Support Branch, Office of Chief

of Naval Operations (Dev.), DOD

Col. GEoP._ S._r_r, Jr., USA, AssL'_n_ Direc_r _f Mis_le_ and Space, Ofl_e of

the Chief of Research a_d Development (OCRD)_ DOD

CoL J_Es B. T_P, USAF, Chief of Ranges and Facilities Division, AFRDDC

Secretaries: Lt. Col. V. W. HAMMO_, USAF, ODDR&E, DO]); Mr. Fmmm_cK

BYU_NT, Olf_e of Associate Administrator for Tracking and Data Acquisition,

NASA

Alternates: Mr. ]L R. B_KETr, Omce of Associate Administrator for Tracking

and Data Acquisition, NASA; Col. JAMES W. HETeCrrH, USAF, Deputy Chief

of Ranges and Facilities Division, AFRDDC

SUPPOBTING SPACE _ AND TECHNOLO6Y PANEL

ffhairm_n: Dr. MAC C. ADAMS, Associate Administrator for Advanced Remmrch

and Technology, NASA

_t4_C _tPZq4/n: Dr. CHALME_g8 W SHERWIN, Deputy Director (Research and

Technology), ODDR&E, DOD

MIm_B_

Mr. MILTON B. AM_, Jr., Office of Associate Administrator for Advanced Re-

search and Technology, NASA

Mr. WILLIAM H. WoovwAm_, Office of Associate Administrator for Advanced

Research and Technology, NASA

Dr. WALTON L. JONES, Office of Associate Administrator for Advanced Research

and Technology, NASA

Mr. F_NK J. SULLIVAN, Office of Associate Administrator for Advanced Research

and Technology, NASA

Capt W. E. B_, USN, Office of Naval Research, DOD

Brig. Gem EDWARD B. G_Z, USAF, Director of Science and Technology, DOD

Dr. GUILFOm) G. QUARLES, Office of Chief of Engineers, DOD

Secretaries: Lt Col. EDWARD D. H_gN_Y, USAF, ODDR&E, D0D ; Mr.

HENSL_, _ of Associate Administrator for Advanced Research and Tech-

nology, NASA

Alternates: None desired

UNMANNED SPACT, C_.AN_ PANEL

_hairman: Mr. Rem_wr F. G_FJNX, Deputy Associate Administrator for Space

Science and Applications (Engineering), NASA

Vice Chairma,: Mr. JOHN KIRK, Assistant Director (Space Technology),

ODDR&E, DOD

Dr. JOHN E. NAUGLE, Office of Associate Administrator for Space Science and

Applications, NASA

Mr. L_N_aU J_, Office of Associate Administrator for Space Science and

Applications, NASA
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Mr. O_N NICKS, Office of Associate Administrator for Space Science and Ap-

plications, NASA

Col. FRANCIS ft. PALLISTER, USA, Office Chief of Research and Development,

DOD

Capt. C. C. ANDREWS, USN, Astronautics Program Officer, Bureau of Naval

Weapons, DOD

Brig. Gem EDWARD B. GILLER, USAF, Director of Science and Technology, DOD

Secretaries: Capt. HOWARD SILBERSTEIN, USN, ODDR&E, DOD; Mr. JACK

POSNER, Office of Associate Administrator for Space Science and Applications,

NASA

Alternate: Mr. E. O. PEARSON, Office of Associate Administrator for Advanced

Research and Technology, NASA; Col. CHESTER J. BUTCHER_ USAF, Chief

Space Plans Division, Directorate of Operational Requirements & Development

Plans
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NASA's Spare Science Steedng Committee

(December 31, 1965)

Acting Chairman: JOHN E. NAUOLE

Secretary: M_T B. B_.AeH

EDG_ M. C(ZgT_eHT JESSE L.

W_is B. Fos_g HOMER F_ N_V_L

Rom_ F. G_ _ W. Nxc_s

B_ B. HaLL On E. Rgr_m_us

LBON_ J_r_ HE_Y J. S_T_

U_ I_ Mo_s

_NOMY SUBCOMMn'_EE

ah_/rmam: NANC_r G. Ro_

_gMmms

ALBErt B0eeESS III, Goddard Space Flight Center

DAVID FISCH_, Ames Research Center

KARL GOm_N _ Northwestern University

W_ L. K_USH_a, Massachusetts Institute of T_hnology

W_L_Z MAa_owTrz, U.S. Naval Observatory

NICHOLAS U. _[AYALL, Kltt Peak National Observatory

GuiDo MUNCH, Mount Wilson and Palomar Observatory

EDWIN ERNF.ST SALPVr_ Cornell University

RO_T G. STONF_ Goddard Space Flight Center

BIO_E,N C'E SUBCOM_

_Tha/rm_t: Ores F_ RSTSOLVS

880r_l/: VMINIA B. BOLTON

H. BSOWN, University of Pennsylvania

D. CARLSON, University of Kentucky

S_NEY Fox, University of Miami

JOHN DOUGLAS FRENCH, University Of Califorl_a

SZvN_r R. G_LLER, Smithsonian Institution

G_os_ L. Homey, Jet Propulsion Laboratory

ELLIOTT I_Vr_rHAL, Stanford University

G_,_LV M. McDoNNEL, University of California
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ERNEST C. POLLARD, Penn State University

CARL SAGAN, Harvard University

JAMES NEWELL STANNARD, University of Rochester

WILLIAM G. STROUD, Goddard Space Flight Center

ALGERNON G. SWAN, Brooks Air Force Base

HANS-LUKAS TEUBER, Massachusetts Institute of Technology

WOLF VISHNIAC, University of Rochester

RICHARD S. YOUNG, Ames Research Center

IONOSPHERES AND RADIO PHYSICS SUBCOMMITTEE

Ghairman: EEWIN R. SCHMERLING

_ecretary: RAYMOND MILLER

MEMBERS

A_THUR ArKEN, Goddard Space Flight Center

KENNETH L. BOWLES, U.S. Commerce Department

WYNN CALVERT, National Bureau of Standards

OWEN K. GAR_OTT, Manned Spacecraft Center

WILLIAM B. HANSON, Graduate Research Center of the Southwest

ROBERT A. HELLIWELL, Stanford University

JOHN E. JACKSON, Goddard Space Flight Center

CHARLES Y. JOHNSON, Naval Research Laboratory

EUGENE A. MECHTLY, Marshall Space Flight Center

MILLETT GRANGER MORGAN, Dartmouth College

THOMAS EDWARD VAN ZANDT, National Bureau of Standards

PARTICLES AND FIELDS SUBCOMMITTEE

_ha_: i_LOIS W. SCHARDT

_eb'r_tar_: ALBERT G. OPP

MEMBERS

]_INS_J_. ANDERSON, University of California

HERBERT SAGE BRIDGE, Massachusetts Institute of Technology

LEVEEETT DAVIS, Jr., California Institute of Technology

WILZ_OT N. HESS, Goddard Space Flight Center

ROBERT E. HOLZER, University of California

CHRISTOPHE_ P. LEAVITT, University of New Mexico

C_L EDWIN MCILWAIN, University of California

LESLIE MEREDITH, Goddard Space Flight Center

NORMAN F. NESS, Goddard Space Flight Center

JOHN ALEXANDER SIMPSON, University of Chicago

CONWAY W. SNYDE_, Jet Propulsion Laboratory

P_.TEE A. STUBEOCK, Stanford University

WILLIAM R. WEBB_, University of Minnesota

JOHN H. WOLFE, Ames Research Center

PLANETARY ATMOSPHERES SUBCOMMITTEE

(7_r_: ROBERT F. FELLOWS

gecretary: HA]gOD F. HIPSHER
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8v_coM_

aJm4_mm: Uzm_g Lm_

8ecre_: MAwr_ W. Mo_oY

zr,rMme_

R_CH_ J. ALt_vmr

JAZ_S G. B_r, Radi_ptics, Inc.
CHarLES I_ CgrrcH_, University of Callfomia
GEom_E B. F_LV, University of California
CLARK D. GOCOM_V, University of Houston

JOHN SCOV_I_ HALL, Lowell Observatory
HAMMOND ttmss, Princeton University

Go_o_r J. F. M_cDo_r Aw, University of California
Rom_r M_ZL_N, Jet Propulsion Laboratory
WILLIAM L QuAn_, Ames Research Center
I1_msoN 8cHm_rr, Manned Slmeeeraft Center

HA_LD C. UZU_, University of California
DONALD U. WIs_ Franklin and Marshall College

SOL_ P_sIcs S_coxz_rr_

_Imi_nan: _ J. Sm'rH

8eoretary: R_ E.

D._._t_so_, Princeton University

M_u_t_ Dum_, NASA
W_ Emerson, University of Maryland
JOHN W_m'W_OHT EvA_._S, Jr., 8aeramento Peak Observatory

lrm_M_, Naval Research Laboratory
Roz_vr HOWARD, Mount Wilson and Palomar Observatory
W_N_g M. N_n,_rr, Goddard Space Flight Center
Gomm_ N_vKImL High Altitude Observatory
W_L_J_M H. PA_'INSO_, Harvard College Observatory
I_um_cE E. _, University of California
W_,L_ O_ Rom_rs, National Center for Atmospheric Research



Appendix E

NASA's Historical Advisory Commiffee

(December 31, 1965)

(Jhairman: MELVIN KRANZRERO, Oase Institute of Technology

MEMBERS

LLOYD V. BERKNER, Graduate Research Center of the Southwest

JAMES L. CATE, University of Chicago

A. HUNTER DUPaEE, University of California (Berkeley)
WOOD GRAY, George Washington University

LAURENCE KAVANAU, North American Aviation, Inc.

MARVIN W. MCFARLAND, Library of Congress

PAUL A. VAN RIVER, Cornell University
ALAN T. WATERMAN, Former Director, National Science Foundation

Executive 8ccretary: EUGENE M. EMME, NASA Historian
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Appendix F

Current Of Rc_ Mailing .i_ldresscs for Field InsUlations

(]u_muber s],

InatallatYm and telephone number Ol_w.tai Addre_

Moffett Yield, Calif. _.Ames Rueareh Ceater; 41r_NS-
9t11.

Eivetronks Research C4mtu; 617-
4_1-1_00.

Flight ]l_s_tch Cen(a_, 80_-25_-3311.

Godd&rd 81mee Flight Cent_; S01-
474-0000.

Goddm'd/nstltute for Spaeo Studies;
2_-I_T6..,1000.

Jet z_oputsion Laboratory; _-
BY0-111.

John F. Kevm_y 8pace Cornier;

_ Center; 7_--722-
?,I_L.

Lewis Reuw.eh Center;, 21_.-a_4000.

Manned Sp_ecv_t Cmt_;
WAS-2SII.

C. Marshall Spare 1night
Cent_; 206-ff/7-1000.

M_houd Amembly Facility;
r_21-3_11.

M.kstmippi Teat Fsellity; 601-467-

KSC Western Test Range Ope_'a-
tions Division; 8_-RE4--_11.

Plum Brook 8ration; 4.19-MA5-I123_.

Dr. H. Julian Alkm, Direetar .....

Dr. Winston E. Kock, Director ....

Mr. Peal Bikle, Director ..........

Dr. John F. Clark, Acting Director_

Dr. Robert Ja_ow, Director .....

Mr. Earle J. Sample, _ .....

Dr. Kurt Deltas, Diz_etor .........

Dr. Floyd L. TImmpm_ Director_

Dr. Abe 8flvcr_cdn, Director ......

Dr. R. R. Gflmth, Dlrvetor .......

Dr. We[nl_" vo_ Brmm, Director.

Mr. Jackson M. Bsleh, Mauag___.

Mr. _'ooeph W. _chwartg, Acting
Directs.

Mr. Alan D. Johnson, Dizeet_ ....
Wallops Station; 7_-VA4--_LII ....... Mr. Robert Krieg_, Direetc_ ......
Western Ope_tions omee; 21_-EX3- Mr. R. W. Kamm, Director .......

9641.

_75 Tech_0_ Squffi_ Cam-
brkke, ]mu_. cm_.

Post Office Box _ Edwards,
CadtL

Gremmelt, Md. 2O771.

2880 Broadwa_y, New Yo_k,
N.Y. 1_.

4800 Oak Orove Drive,
dens, C&t_. _tl_.

Kmm_y Sp_e C_m_, l_
_8_.

Im_U_y SUd_on, _
Va. 2_65.

210co Brookpark Road, Cleve-
land, O_o 441_.

Hoastc_ Tez. 77_6.

Hmmmll_ Ala. S_SI_

Post Ofll_ Box 20078, New

Bay St. Louis, _ 3_20.

Post O_m Box 425, Lompac,
Csllf. 0_8.

Sandusky, Ohio. 44S71.
Wsllops _ VL 2S_7.

I_0 Pico Blvd., SmzLa Moniea,
Calif. g0_.
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Appendix G

Principal NASA Officials at Washinston Headquarters

(December 31, 1965)

JAMES E. WF_BB.................... Administrator.

DR. HUGH L. DRYDEN* ............. Deputy Administrator.
BREEH_. M. KERR................... Assistant Administrator, Office of Technol-

ogy Utilization and Policy Planning.
WALTER D. SOH_ ................. General Counsel.
ARNOLDW. FRUTKIH ................ Assistant Administrator, Office of Interna-

tional Affairs.
RICHARD L. C_O'-LAGHAH............ Assistant Administrator, Office of Legisla-

tive Affairs.
JULXAN SCH_ .................... Assistant Administrator, Office of Public

Affairs.

Dp_ ROBERTC. SEAMANS, JB. ......... Associate Administrator.
EARL D. HILB_N .................. Deputy Associate Administrator.
JOHN D. YOUNG.................... Deputy Associate Administrator, Office of

Administration.

WILLIAM B. RIEKE ................. Deputy Associate Administrator, Office of

Industry Affairs.
DEM_QuIs D. WYATT .............. Deputy Associate Administrator, Office of

Programing.
Adm. W. Fm_D Boo_., USN (Ret.)__. Deputy Associate Administrator, Office of

Defense Affairs.

EDMOND C. BuCKI._-Y ................ Director, Office of Tracking and Data
Acquisition.

DR. Mac C. ADAMS ................. Associate Administrator, Office of Advanced
Research and Technology.

Dr. Gr.ORG_.E. MUELLER............. Associate Administrator, Office of Manned
Space Flight.

Dr. HOMF_ E. NEWELL.............. Associate Administrator, Office of Space

Science and Applications.
(Telephone Information : 963-7101)

*DeceNed Dee. 1, 1965.
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Appendix H

NASA's Inventionsand C_l_ons

(December 81, 1965)

C,,/m_,m_, ..................................... )l_ W. B_c_-r.
V_ _'/ta/rma_ ................................ PAUL G. Drjmam,lNfl.

£=_ti_e 8ecr_ru ............................ J_w:_s A. Hom, w.xx.
_rember8 ....................................... _. A_um_ Cm_m.

(3. Gu3r Ie_usox.
Rom_ E. Lrr_.
JOHN B. P.Ams;_so_.
_F._.
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Appendix I

Patent Waivers Granted and Denied by NASA Upon Recommendation of the Agency's
Inventions and Contributions Board

($uly 1-December 31, 19_5)

Action on

petition

Invention Petitioner

Divergent injector _.................................. North American Aviation, Inc ........

Polyvinylene fluoride and copolymers _.............. Peninsular ChemRescareh, Inc .......

Process for the synthesis of 1,2-difluoroethylene _.......... do .................................

Energy absorbing device _...........................

Process for the synthesis of perfluoro (methyl vinyl

ether) CFaOCFffiCF29

Hollow filament forms for winding composite strue-

tures.l

Solid filament forms for winding to form wound

composite structur_.l

Conical hydrostatic floating bearing 1 ................

Space suit water boiler with integrated control 1.....

Three-axis optical alinement unit 1...................

Multipulsc current driver 1..........................

Recording apparatus I...............................

Ring coupled mechanical filter 1.....................

Distributed constant pulse line 1.....................

LOX "Safe" penetrant _.............................

Apparatus and method for measuring total hemis-

pherical emittance of a sample body._

Vapor diffusion electrodes 1..........................

Palladium-coated plastic membranes for polaro-

graphic hydrogen sensors3

Survival machete _.................................

Aerospace Research Associates ........

Peninsular ChemResearch, Inc .......

DeBell and Richardson, Inc ..........

..... do .................................

Aerojet-Oeneral Corp .................

United Aircraft Corp ..................

North American Aviation, Inc ........

Stanford Research Institute ..........

The Sperry Rand Corp ...............

Collins Radio Co ......................

General Dynamics/Astronanties .......

North American Aviation, Inc ........

Arthur D. Little, Inc .................

Monsanto Research Corp ............

Beckman Instruments, Ine ...........

McDonnell Aircraft Corp .............

Resolver controlled torquing system l ............... Bendix Corp ..........................

Optical magnetometers and gradiometers _........... Varfan Associates .....................

Optical magnetometers 1.................................. do .................................

Turbopump arrangement 1.......................... United Aircraft Corp .................

Denied.

Granted.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Scan converter feasibility study _.................... Litton Systems, Inc ................... Denied.
Electrolytic oxygen generator 1 ...................... Electrochimiea Corp .................. Granted.

An emission scattering photometer for particle size R.A. Dobbins (Brown University)___ Do.

measurement. 1

Widefleld microscope with multiple inputs _......... Farrand Optical Co ................... Do.

Class waiver of all inventions to be made under The Sperry Rand Corp. (UNIVAC Do.

Contract NAS 5--9518,relatingto a memory devios.2 Division).

Improved silver-eadmium electrode i................ Yasdney Electric Corp ............... Do.

Arc heater apparatus and heat shield assembly for Westinghouse Electric Corp ........... Do.

use therein./

Class waiver of all inventions to be made under Bolt, Beranek & Newman, Ine ........ Denied.

Contract NAS 2-2486, relating to psychoseusory

respenses.2

Blanket waiver to all inventions arising out of Con- Yardney Electric Corp ................ Granted.

tract NAS 5--9106,relating to improving the per-

formance characteristics and reliabilityof silver-

cadmium oslls._

See footnotes at end of table.
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Blanket watvef to all Inventto_ arising out of Con-

tract NAS 9-_g9 relating to imtn_rmn_ts in
pe_Uve carbon electrodea2

Blanket waiver to all inv_tions arising out of C_o
_ NAS _65 and ralating to nm_etie 8rid
electrical _.s

_d blnssy_unt_ I..............................._ Rand Corp....................

Five-state fluid logic element z............................. do ................................ J
Fluid shift registes 1....................................... do ................................ I

union Csrb_e Cm_ .................

wes_ugho_e Ekca-_ Corp ..........

petition

DO.

DO.

Do.
DO.
DO.

Inventim_ waiver.
Blank_ waiver.



Appendix J

SCIENTIFIC AND TECHNICAL CONTRIBUTIONS RECOGNIZED BY THE AGENCY'S

INVENTIONS AND CONTRIBUTIONS BOARD

(July 1-December 31, 1965)

Awards Granted Under Provisions of Section 306 of the Space Act of 1958

Contribution Inventor(s) Employer

Heat Insulator .................. Casimir F. Kubik ................... North American Aviation, Inc.
Electric are apparatus ........... Howard A. Stine, Charles E. Shep- Ames Research Center.

ard, Velvin R. Watson.
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Appendix K

Awards G_ NASA Employees Under Provisions of the Incentive Awan:k Acf of 19rj4

Coum'buti_ Inv-_mtof(s) Employer

Three a_ flight vehl_ at_tud_
n'ol_.

F_med-_-p_ee _ retr_tm7 Lu-

V_b_ t_ e_t_t
c_re_t.

Eunlid C. HelYmmn_ ................

A. Guy Eubanks, Ronald E. Hun-
keler.

RaymondGeorgeHsrtenstein......

l_01¢_ng boron Memnbly ............... John P. Bsaea_dmb, _r ............
Dl_t_tek_e_s_m .............. Usjoae B. _ P_ M.

Flight Bemsreh Cent.

Ooddsrd Space Flight
Cent_.

Do.

DO.

Do.

Cl_e_ C_tor ....................

Phflip A. 8ruder ....................
Grndy B. N1ehola. ..................

Amp1_ _ circuit .............
Electron beam _p nm=mntJ.tor._
M_hod and appsratus for ph_e

bflRy m_sunm_t of a hlgh-_-
Quaney _.al _m_e.

A method of m_alng eemp]_ ira- _ F. Sehmldt ................

C_afm_ai_pollsl_fmsspberlesur- _ J. Hunl_'_td, John W.
f_es of _. _wm_, MlmrI_ Levlnsohn.

Bcmded elastomem_ seal fef electro- Jcmph M. Sherfey ..................
_ eBUs.

H_ re,try vehlele ............ Edwld E. Mayo ..................
Robert H. Lamb ....................

8_ ............................. Edward E. Mayo ...................

Robe_ H. Lamb ....................

Valve seat ............................. Elvls D. WaUsee ....................

Fused diode ........................... Keith H. l_ddns ...................
AtUtude sems_ ke spa_ v_._.hsdes...... Norman _L U_O.che_................

Do.
Do.

Do.

Do.

Do.

DO.

_aued Sp_m_
Cent_.

Ooddard Spa_ Fl_ht
Center.

_med Sps_e_
Center.

J. F. Keanedy SImce
Cent_.

Do.

L_V_y Remk-ch

Mmt_med supp_ system...........
Intanalfl_ tube .................

F_ tes_ dev_ .................

Heat sensing instram_t ...............

Electrical ce_nee_ ...................

Attitude control and damping system
for_.

Solar se_m" ...........................

Control system for rocket vehicles .....
Air h-sine drag be,lsnce ................

Weymouth B. Crumpler ............
Clinton E. Brown, Jack W. Cren-

sh_w.
Emannel Sehuit=_" ..................

Eugeme C. Nauma_, Emmett
Lewis Bryant.

Howard B. M311e_, William D.

Harvey.
Howard B. Miller ...................
Peter R. K_, Ralph W. win..

Anthony Fe_tana .................
Nm'man L. Crabfll, John M. RIebe__
Abraham Letss, _'oseph Judd,

RobertS. Freeman.

Ce_te_.
Do.
Do.

Do.

Do.

DO.

Do.

Do.

Do.

Do.
Do.
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Contribution Inventor(s) Employer

Thermal control coating ............... Noel T. Wakolyn ................... Langley Research Center.

Impact energy absorber ............... Ira S. Hoffman, Thomas Vranas .... Do.

An omnidirectional microwave space- William F. Croswell, Melvin C. Do.
craft antenna. Giireath.

All-directional fastener................ Weymouth B. Crumpler ............ Do.

Viscous-pendulum-damper ............ Wilmer H. Reed III................ Do.

Ablatlonsonsor ........................ Clifford H. Nelson, Charles A. Do.

Gurtler.

Vehicle thrust and direction control

apparatus.

An electrostatic ion rocket engine ......

An insulation system ..................

Gas purged dry box glove .............

Analytical test apparatus and method
therefor.

Electrode for biologicalrecording ......

Mass measuring systems ..............

Voltage-current characteristic simula-

tor for photovoltaic panels.

Electrode paste ........................

Radiation detector readout system ....

Ion-exchange membrane and electrode

assembly.

Training vehicle for controlling atti-

tude.

Multiple-environment materials test
chamber.

Ablation structures ....................

Centrifuge type dip, spin, and sling

method for coating the circuitpaths

of printed circuit boards.

Spherical balloon wind sensor .........

Fluid transporting system .............

Device and method for suppressing

sound and heat produced by high-

velocity exhaust jets.

Connector fittingwith locking means__

Gimbaled, partially submerged rocket_

Azimuth laying system ................

Robert W. Cubblson, J'ames F.

Connors.

Paul D. Reader, Harold R. Kauf-
man.

Porter 3. Perkins, Jr ................

Gustav Reinhardt, Max Quatinetz,
Thomas P. Herbell.

Judson W. Greab, Randall F.

Oahn, Louis Rosenblum, William

E. Maple, William A. Dupraw.

Joe L. Day, Maxwell W. Lippitt, Jr_

William L. Green, Richard W.
Brtcker.

Jerome H. Grayson .................

Maxwell W. Lippett, Jr., Joe L.

Day.

Kenneth D. Cashion, Benny R.
Baker.

Hoyt McBryar, Herschel H. Jami-

son.

Harold I. Johnson .................

Robert L. Johnston .................

Andre J. Meyer, Jr ..................

Albin E. Wittmann .................

James R. Scoggins ..................

Dolphus H. Black ..................

Fritz Kramer .......................

Claude J. Bowcn ...............

Richard L. Brown ..................

Herman E. Thomason, Carl H.

Mandel.

Multimlssion module .................. Jay H. Laue ........................

Three-wire receptlcal testing instru- James B. Huff ......................

ment.

Positive displacement flowmeter ....... Frederic E. Wells ...................

Fiber optic vibration transducer and Alonza 3".Davis .....................

analyzer.

Vacuum apparatus .................... Robert J. Carmody .................

Fluid flow sensor ...................... James R. Scoggins ..................

Apparatus and method for making William J. Abernathy, William J.

precision circularspot recesses. Reed, Lowell G. Shoddy, John R.

Sealy.

Fine adjustment device ................ Wilhelm Angele, Donelson B.
Horton.

Lewis Research Center.

Do.

Do.

Do.

Do.

Manned Spacecraft Center.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Marshall Space Flight

Center.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do"

Do.



Appendix L

Educational Publications and Molion Ir_lums

(_De_ber _L, ]g_)

During the last fl months of 1966 NASA released the following new educational
publications which are available to the public without charge from the Media
Development Division, Code FAD1, National Aeronautics and Space Adminis-
tration, Washington, D.C. 20646. Other educational publications are listed in
a brochure supplied from the same addre_

Booldets and Folders

A Wa_¢ im 8'pcwe.--An illustrated account of Astronaut White's "space walk"
during the flight of Gemini IV in June 1965. 24pp.

8p¢_ Ez_pfo_tion---Why and How.--_he booklet asks "why explore space"
provides some answers, and describes the goals and achievemeats of NASA's
programs. 20 pp.

Me_ogog_c_ _eU/te_ awd _o_ndi_ Roc/c_e.---A description of the Nation's
programs to provide more accurate weather forecasts and increase the knowl-
edge of the complex processes that make the weather. Included are work done
with the TIROS and Nimbus weather satellites, and with meteorological
sonnding rockets, and plans for future advanced system_ 24 pp.

l_pace and the Intern_iosal Cooperation Year: A National _ha/te_ge.--NASA's

Assistant Administrator for International Affairs describes the U.S. program

of cooperation with other nations in the peaceful exploration and use of
space. 19 pp.

His_o_b_| Slce_ch o7 _A_A.---An account of the origin and development of the

National Aeronautics and Space Administration by the Agency's historical
staff. 56 pp.

NASA Facts

Describes NASA programs, with photogral_ns and diagrams of spacecraft and

launch vehicles_ Sheets are desired for bulletin board display or for insertion
in looseleaf notebook_

Pegasus.--Describes NASA's satellites to acquire more information about
meteoroids, and tells briefly what has been learned from previous meteoroid

studie_ 8 1_
Mc_tme, d Rlmee Fltgb/t: Proje_ Apollo.--A brief account of the Nation's pro-

gram to land American explorers on the moon and return them to earth during
this decade. 12 pp.

NASA released these five new motion pictures during July through December
1965. They may be borrowed--without charge other than return marling and
insurance costs---from the Media Development Division, Code FAD-2, National
Aeronautics and Space Administration, Washington, D.C. 20546. (Other films
are listed in a brochure supplied from the same address)
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The Oase for Regeneration.--12 min., sound, color. Part I in a series of films
on "Living In Space." Shows why oxygen and water needed to support life
must be recovered from an astronaut's bodily wastes, how freeze-dried foods

are reconstituted, and the principal features that must be incorported in a
closed regenerative system to keep men in comfort and good health during
space flights of several months or years.

Regenerative Processes.--22 min., sound, color. Part II in the "riving In

Space" series. The physics, chemistry, and mechanics involved in a closed
regenerative life-support system to maintain men in space for long periods
of time and the general operating charatceristics of a prototype system built
and installed at the Langley Research Center.

A Technology/or _pacec_'_Ft Design.--12 rain., sound, color. ,Part III of "Living

In Space." The technology being developed to enable scientists and engineers
to design and build a flyable regenerative life-support system for manned

space missions lasting months or years.
Men Encounter Mars.--28½ min., sound, black and white, 16 ram. A behind-

the-scenes documentary about the engineers and scientists who planned and
directed ,Mariner IV's complex mission to photograph the Martian surface,
and the story of their teamwork which resulted in the first pictures of the

Red Planet in July 1965.
The Four DaVis oy Gemini IV.--28 rain., sound, color. Produced by the Manned

Spacecraft Center. The Gemini IV flight of Astronauts McDivitt and White
in June 1965. Includes color sequences of prelaunch and launch activities,

White's "space walk," and other experiments conducted during the mission.
The film also shows the preflight training of McDivitt and White, and takes
a detailed look at White's suit worn outside the Gemini spacecraft and his

"space gull."



Appemlix M

TedmkxdI_blia_._ :-

(July l_December 31, 19_)

The following selected special pubHcation_ issued by NASA's Scientific and
Technical Information Division, are sold by the Superintendent of Documents,

U.S. Government Printing Office (GPO), Washington, D.C. 204_, or by the
Clearinghouse for Federal Scientific and Technical Information (CFST/),
Springfield, Va. 22151, at the prices listetL

NASA Coetlere_e o_ AirvrajT Operating Problems (NASA 8P--83)._---_ae
published l_pers of a conference at I,angley Research Center, May 10-12, 1965.
327 pl_ CF8_[, I_L

Proceeclb_g# oF Seetmd Sympo_m om Prote_iom Against Radiatio_ in Spaoe

(NASA SP-71)._--Published lmpers of a conference held at Gatltnburg, _Nmu,

October 1964, and sponsored by A]_C, NASA, and USAF. Four disciplines are
represented: The Radiation Environment, Biological Effects, Effects on Ma-
terials, and Shielding. 551 pp_ GPO, _.25.

Pt-ocecd/_s oi the AIK_lo Um/_le.d _--B_ Teca_a/ (7o_erenoe (NASA
SP-87)._--Preeentations at a conference at Goddard 81race Flight Center, July
14-15, 1965, describing the ground sye_ms that Goddard is now implementing in

support of the Apollo Manned 81mce FUght Network. 302 Pl_ CF89_I,
Ra_er VII PhotograpAs of tAe Moo_. Part III: Caeew_ "13" Seri_ (NASA

SP-_)?--_be third and last volume of Ranger VII photos of the moo_ Part
III includes 758 of the more than 3,900 photographs taken with the four l_'_ial-
scan '?P" cmnexu. 200 pp. GPO, J_0.

YA_A-UItiversity Proffmsm R_zv/ew (7omterexce (NASA SP--8_)._--_'he report

of a conference in Kansas City, March 2-4, 1965, on the work sponsored bY
NASA through its grants and research contracts program. 400 pp. QPO,
$1.50.

laiMl Report o_ tAe Re_ I ProgT_m (NASA SP-Y6) ?--A report dealing with

design, development, and performance of the spaceczaft hardware; the com-
munications and radiation experiments; and a description of the Nutley, N_T.,
and Andover, Maine, ground stations_ In addition, the report contains all the

information received from foreign governments participating in the Relay I
pro.tecC 768 pp. GPO,

D/Ot_ o_' _A_ Term# 1or A_ U_ (NASA SP-7)._---_ first

edition of the NASA dictionary gives _ definitions of more than 6,000
terms frequently used by space scientists and technologists. 314 pp. GPO, _.

NASA 1965 S_mmer Co_leres_ o_ /_ar B_,p/or_/o_ a_t¢_ Science (NA_k
SP-88)?---A document presenting results of the Falmouth, Mass., conference on

1_ued dnr_ th_ report period.
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lunar exploration, with the conclusions and recommendations of the people

responsible for planning the lunar phase of space exploration. 422 pp. GPO,

$1.5o.
Observations From the Nimbus I Meteorological Satellite (NASA SP-89). l-

Discussions of early results obtained with the Nimbus I satellite. 90 pp. CFSTI,

$1.
Astronautics and Aeronautics, 196_: Chronology on Science, Technology, and

Policy (NASA 8P-4005)._----A chronology of events and statements of the seventh

year of the space age compiled from open public sources. 528 pp. GPO, $1.75.

Space Medicine in Project Mercury (NASA SP-4003).a--This volume examines

the development of NASA's fund of space medicine information and experience

and shows how the Agency was able to draw upon the resources of the Air

Force, the Navy, other Government agencies, industry, and academic and

private research institutions to develop life-support systems to protect man

against the stresses of launch, orbit, reentry, and impact. 198 pp. GP0, $1.

Aerodynamic Design o] Axial-Flow Compressors (NASA S,P-36).--Results of

the extensive research on the design of axial-flow compressors, formerly scat-

tered, have been assimilatedand correlated in this volume. Attention has been

focussed primarily on the problems pertinent to the axial-flow compressors of

turbojet or turboprop engines, but the results should be applicable to any class

of axial-flow compressors. 508 pp. GPO, $3.

Explorer VI (NASA SP-54).--This volume contains selected papers and re-

ports on data collected by Explorer VI which was designed to provide a co-

ordinated, comprehensive group of measurements of scientific interest over as

large a region of the magnetosphere as possible. Simultaneous studies were

made of the trapped radiation in the Van Allen region, galactic cosmic rays, geo-

magnetism, radio propagation in the upper atmosphere, and the flux of micro-

meteorites of cosmic dust. 381 pp. GPO, $2.25.

X-15 Research Results With a Selected Bibliography (NASA SP-60).---A

semitechnical summary of the X-15 program directed toward the achievements

in scientific research rather than toward the better-publicized and spectacular

milestones of flight in the near-space environment. The book traces .the history

of the joint NASA-Air Force-Navy program from the early hypersonic flight

studies by NACA through the first 120 flights of the 3 rocket-powered research

airplanes. 128 pp. GPO, 55 cents.

Ranger VII Photographs o] the Moon. Part H: Camera "B" Series (NASA

SP-62).--Reproduction of the 200 photos from the "B" camera. The "B"

CO, hera, with an f/2 lens of 3_-mm. aperature and 76-ram. focal length, and a,

detector of the same dimension as the "A" camera, had a field of 8.4 x 8.4. 217

pp. GPO, $6.50.

Proceedings ol the Conference on Space Nut_'ition wnd Related Waste Prob-

lems (NASA SP-70).--The proceedings of a conference held in April 1964 at

which Government, industry, and university scientists considered the nutrition

and waste problems associated with maintaiaing astronauts in space, especially

over extended periods of time. Approximately 60 papers with discussions by

conferees. 400 pp. GP0, $2.75.

NASA Symposium on the Analysis o] Ce_ttral Nervous System and Cardio-

vascular Data Using Computer Methods (NASA SP-72).--A conference at which

Government and university authorities discussed the use of computer techniques

in collecting and analyzing data on the central nervous and cardiovascular sys-

tems. 600 pp. CFSTI, $4.50.

Released during this report period.
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Electrical Power Generation Systems yor Sl_we Applications (NASA SP-79).--

A state-of-the-art summary of several papers and committee reports on electric-

power generation systems for space application, prelmred by the Department of

Defense and NASA for the Supporting Research and Technical Panel of the

Aeronautics and Astronautics Coordinating Board. 40 pp. CFSTI, $1.

Bioastronautics Data Book (NASA .SP-3006).--This book is for designers of

aerospace vehicles and equipment. It contains carefully selected applied re-

search data from the life sciences in consistent engineering units accompanied

by metric scales. 400 pp. GP0, $2,25.

Astronautics and Aeronautics, 1963: Chronology on Science, Technology, and

Policy (NASA SP-4004).--A chronology of the significant aerospace events for

the year 1963 compiled by the NASA Historical Staff. 610 pp. GPO, $2.

Physics o] Nonthermal Radio Sources (NASA SP-46).--Procecdings of a con-

ference for an international group ef astronomers and physicists held December

3--4, 1962 at the NASA Goddard Institute for Space Studies. The papers cover

radio observations, optical observations, and .theory of nonthermal radio sources

outside the solar system. 171 pp. GP0, 75 cents.

AAS-NASA Symposium on the Physics oT Solar Flares (NASA SP-50).--The

Imblished proceedings of a conference of American, European, Asian, and Aus-

tralian scientiets reporting on research progress in the field of solar flare activity.

466 pp. GPO, $3.25.

Proceedings of the Fourth National ConFerence on the PeacEFul Uses o_ Space

(NASA SP-51).--Thi_ty papers delivered at the Conference held in Boston,

April 29 to May 1, 1964. _ix sessions : Space and the Nation, Congress and

Science, Men in Space, Machines in Space, Practical Uses of Satellites, Living in

Space, and Working for Space. 226 pp. GPO, $1,50.

Quasi_lobal Presentation of TIROS III Radiation Data (NASA SP-53).--

Explanatory text, illustrations, and colored maps of the reflected solar radiation

of the earth-atmosphere system on July 16, 1961, superimposed on various synop-

tic analyses to study the utility of the satellite radiation data for purposes of

meteorological analysis. 24 pp. GP0, $2.

Concepts _or Deteotion oF E_traterrentrial LiFe (NASA SP-56).--The devices

and instruments described in this illustrated booklet are among those planned

for inclusion in vehicles designed to land on planets such as Mars. They con-

stitute techniques for detecting growth and metabolism, for determining the pres-

ence of biologically significant molecules and for actual vLsual observation of

micro-organisms and the planetary terrain. 54 pp. GPO, 50 cents.

Ranger VII Photographs of the Moon. Part I: Camera "A" Aeries (NASA

SP-61).--Reprod_ction of the 199 photographs taken by the "A" camera of

Ranger VII from 1_00 to 3 miles above the surface of the moon. 266 pp. GP0,
$6.50.

Clarity i_t Technioal Reporting (NASA SP-7010).--Basie prniciples of techni-

cal reporting designed to guide engineers and scientists in improving the general

quality of written and oral reports. 25 pp. GP0, 15 cents.

The International S_/stem of Units--Phys_c_zl Constants and Conversion Fao-

tors (NASA SP-7012).--This document gives definitions of the basic units of the

Systeme International, adopted otflclaliy by the 1960 llth General Conference on

Weights and Measures, and tables for converting from U.S. Customary Units.

20 pp. GP0, 20 cents.

Advanoed Bearing Teohnology (NASA 'SP-38).--An exposition of the funda-

mentals of friction and wear, fiuid-film bearings, and roiling-element bearings,

232-010 0 - 66 - 17
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plus demonstrations of how fundamental principles can be applied to the solu-

tion of unique and advanced bearing problems. Authors, Edmond E. Bisson

and William J. Anderson, Lewis Research Center. 511 pp. GP0, $1.75.

Conlerence on the Law of Space and ol Satellite Communications (NASA

SP-44).--Proceedings of a conference organized by Northwestern University

School of Law, May 1-2, 1963, as part of the Third National Conference on the

Peaceful Uses of Space. 205 pp. GPO, $1.50.

Space-Cabin Atmospheres. Part I: Oxygen Toxicity (NA'SA SP-47).--A re-

view of the literature on toxicity of oxygen at pressures of less than 1 atmosphere

and the relation ¢)f oxygen to other factors of concern in space cabins such as

radiation effects and lung blast. 51 pp. GP0, 40 cents.

Space-Cabin Atmospheres. Part II: Fire and Blast Hazards (NASA SP-48) .--

A summary of the open literature on the subject intended primarily for biomedi-

cal scientists and design engineers. 119 pp. GPO, $1.

Meteorological Observations Above 30 Kilometers (NASA SP-49).--Three pa-

pers on meterological rockets, network data, and rocket soundings comprising

one session of a conference on Meteorological Support for Aerospace Testing and

Operation, July 11-12, 1963, 57 pp. GP0, 40 cents.

Proicet Mercury Summary Including Results oi the Fourth Manned Orbital

Flight, May 15 and 16, 1963 (NASA SP-45).--A review of the planning, prepara-

tion, experiences, and results of the U.S. manned space flight program with par-

ticular attention to the results of the final, 34-hour mission of Astronaut L.

Gordon Oooper. 444 pp. GPO, $2.75.

Second U.S. Mwnned Orbital Space Flight (NASA SP-6).--Results of the

MA-7 flight by Astronaut M. Scott Carpenter, May 1962, including spacecraft and

launch-vehicle performance, Mercury network performance, mission operations,

space science report, aeromedical studies, pilot performance, and pilot's flight

report. 107 pp. GPO, 65 cents.

Third U.S. Manned Orbital Space Flight (NASA SP-12)._Results of the

MA-8 flight by Astronaut Walter Schirra, October 1962, including spacecraft and

launch-vehicle performance, mission operations, aeromedical analysis, pilot per-

formance, and pilot',s flight report. 120 pp. GP0, 70 cents.

Proiect Mercury--A Chronology (NASA SP-4001).--A listing of major events

in the first U.S. manned space flight program from preliminary discussions of

earth satellite vehicles _hrough Astronaut Cooper's 22-orbit flight, May 1963. 238

pp. GP0, $1.50.

Results oi the Pro]ect Mercury Ballistic and Orbital Chimpanzee Flights

(NASA SP-39).--An account of the suborbital and orbital flights conducted in

1961 w_th chimpanzees as subjects in preparation for the first U.S. manned space

flight. 71 pp. GP0, 45 cents.

Space, Science, and Urban Life (NASA SP-37).--Proceedings of a conference,

March 1963, on the applicability of the national space program, and the knowl-

edge resulting from aerospace research, to the problems of urban growth. 254

pp. GPO, $1.75.

The Observatory Generation ol Satellites (NASA SP-30).--Discussion of the

missions and engineering design.s of the Orbiting Geophysical Observatories, the

Advanced Orbiting Solar Observatory, and the Orbiting Astronomical Observa-

tory. 62 pp. GPO, 50 cents.
Ariel I: The First International Satellite (NASA SP-43).--Project summary

of the satellite launched April 26, 1962 in a cooperative effort by the United

Kingdom and _he United States. 76 pp. (_PO, 70 cents.
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U.S. Standard Atmosphere, 1962.--Updated tables of atmospheric parameters

to 700 kilometers incorporating results of rocket and satellite research through

mid-1962. 278 pp., in hard covers. GPO, $3.50.

Short Glossary of Space Terms (NASA SP-1).--Brief definitions of technical

terms frequently used by space technologists. 57 pp. GPO, 25 cents.

NASA-Industry Program Plans Co_tference, 1963 (NASA SP-29.--Statements

describing NASA's organization, present plans, and possible future projects pre-

sented for the information of industrial management as a partner in the nationaI

space program. 231 pp. GPO, $1.25.

Measurement of Thermal Radiation Properties of Solids (NASA SP-31).--

Proceedings of a symposium sponsored jointly by NASA, the Air Force, and the

National Bureau of Standards_ 587 pp. GPO, $3.50.

Proceedings of the NASA-University Uonferencc on the Science and Teohnol-

ogy of Space Ezploration, Chicago, Ill., November 1962 (NASA 8P-11)--

Volume 1 : NASA's role in space exploration ; developing special skills for

research in the space sciences ; impact of the space program on the universi-

ties ; the role of the university in meeting national goals in space explora-

tion ; radar astronomy ; the sounding rocket as a tool for college and uni-

versity research; geophysics and astronomy ; lunar and planetary sciences ;

celestial mechanics and space flight analysis; data acquisition and process-

ins; control, guidance, and navigation; bioastronautics. 429 pp. GPO,

$2.50.

Volume 2: Chemical rocket propulsion; nuclear propulsion ; power for

spacecraft ; electric propulsion ; aerodynamics; gas dynamics ; plasma

physics and magnetohydrodynamics; laboratory techniques; materials;

structures. 532 pp. GPO, $3.

The scientific papers presented at the conference, grouped by topics, are also

available as separate state-of-the-art summaries :

(7_ts

Geophysics and Astronomy in Space Exploration (NASA SP-IS) ....... 35

Lunar and Planetary Sciences in Space Exploration {NASA SP-14) .... 55

Celestial Mechanics and Space Flight Analysis (NASA SP-15) ........ 35

Data Acquisition from Spacecraft {NASA SP-16) .................... 40

Control, Guidance and Navigation of Spacecraft (NASA SP-17) ...... 40

Chemical Rocket Propulsion {NASA SP-19) ........................ 40

Nuclear Rocket Propulsion {NASA SP-20) .......................... 45

Power for Spacecraft (NASA SP-21) ................................ 25

Electric Propulsion for Spacecraft (NASA SP-2_) .................... 35

Aerodynamics of Space Vehicles (NASA SP-23) .................... 40

Gas Dynamics in Space Exploration {NASA SP-24) .................. 40

Plasma Physics and Magnetohydrodynamics in Space Exploration

(NASA SP-25) .................................................. 50

Laboratory Techniques in Space Environment Research (NASA SP-26) _ 40

Materials for Space Operations (NASA SP-27) ...................... 35

Structures for Space Operations (NASA SP-28) ...................... 35

A Technique 1or Joining wnd Sealing Dissimilar Materials (NASA SP-5016)._--

A report describing a boltless attachment and sealing method conceived and used

during low-temperature research at NASA's Lewis Research Center. 8 pp.

CFSTI, 25 cents.

1 Released during this report period.
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Technical and Economic _talus oF Magnesium-Lithium Alloys (NASA SP-

5028).1--A report on general characteristics, current applications, and economic

considerations for future use of the magnesium-lithium alloys. 45 pp. GPO,

25 cents.

Medical and Biologica_ AppUc_tions of Space Telemetry (NASA SP-5023). I-

A report on the biotelemetry systems developed for or employed in the space

effort and in civilian biomedical applications. 66 pp. GPO, 45 cents.

Metal-Forming Techniques (NASA SP-5017).1--A report outlining present

metal-forming methods for sheet and plate materials used by the aircraft and

aerospace industries, as well as experimental methods such as magnetic forming

and hot-drape forming. 52 pp. GPO, 40 cents.

Plasma Jet Technology (NASA SP-5033).l--A survey emphasizing the indus-

trial potential of plasma generators in materials testing, coating, and spraying,

chemical synthesis, and other industrial operations. 200 pp. GPO, $1.

Handling Hazardous Materials (NASA SP-5032)._--Methods for safe handling

of highly reactive materials (such as liquid hydrogen, pentaborane, fluorine, and

hydrazine) are surveyed in relation to their hazardous properties. 96 pp. GPO,

45 cents.

Elastic Orifices for Gas Bearing (NASA SP-5029)._--A report describing an

elastic orifice for the control of fluid flow in a pressurized gas bearing. 12 pp.

GPO, 20 cents.

_elected 8hop Techniques (NASA SP-5010).I--A handbook prepared especially

for machinists, mechanics, and those working in related crafts. The techniques

depicted show how fabrication obstacles were overcome by improvisation, by

creating new tools, and by applying old and maybe "all-but-forgotten" techniques

to new fields. 102 pp. GP0, 60 cents.

Tungsten Powder Metallurgy (NASA SP-5035).1--A report summarizing recent

developments in tungsten powder metallurgy technology as related to space ve-

hicles and the less traditional applications. 40 pp. GPO, 35 cents.

Microeleoironics in _pace Rescwrch (NASA SP-5031 )._--A survey, the primary

purpose of which is to provide information on the contributions to the micro-

electronics field that have originated in NASA research programs. 130 pp.

GPO, 60 cents.

The Electromagnetic Hammer (NASA SP-5034)._--A report describing a

method, being investigated at George C. Marshall Space Flight Center and by

NASA contractors, of using electromagnetic forces for removing the distortion

from welded components. 22 pp. GPO, 25 cents.

Advanced Va;ve Technology (NASA SP--5019)--This book identifies present

limitations of commercially available valves, and recognizes current technological

advancements beyond the general state-of-the-art industry. Present valve prob-

lem areas are recognized, research and development activities in these areas dis-

cussed, and the newer trends and techniques reported. 181 pp. CFSTI, $5.

Micropower Logic Circuits (NASA SP-5022).--Illustrated descriptions of a

number of digital logic circuits that were developed primarily to fill a need for

very low-power logic systems in space vehicles but which can easily be adapted

for specific applications in nonspace computer systems. 15 pp. CFSTI, 75 cents.

Measurement of the Heartbeat oJ Bird Embryos with a Micrometeorite Trans-

ducer (NASA SP-5007).--Description of a device consisting of a pair of piezo-

electric beams arranged to serve as springs and acceleration detectors, originally

designed to serve as a detector of the impact of meteorites on spacecraft and

satellites. 10 pp. CFSTI, 50 cents.

Released during this report period.
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8ele_ed Welding Tevh_tiques, Part H (NASA SP-5009).--0utlines some of

the more recent and interesting technological developments in welding. Weld-

ing tools and techniques described were selected from those used in welding

aluminum sheet and plate at NASA's George C. Marshall Space Flight Center.

34 pp. GPO, 30 cents.

E_ects of Low Temperatures on 8trswtural Metals (NASA SP-5012).--Data

developed by NASA's George C. Marshall Slmce Flight Center during inhouse

and contractor research on the properties of materials at low temperature_ 55

pp. GPO, 40 cents.

Precision ToolizW Techniqtws (NASA SP-5013).--A description of novel tool-

ing techniques with possible industrial applications developed at NASA's George

C. Marshall Space Flight Center. 25 pp. GPO, 25 cents.

NASA Contributions to the Technology of Inorganic Coatings (NASA SP-

5014).--A survey of NASA's contributions in the areas of thermophototropic

coatings, thermal control coatings for space vehicles, solid lubrication coatings,

thermal insulation coatings, application of coatings to substrates, measurement of

coating optical properties, and refractory metal oxidation-resistant coatings.

268 pp. GPO, $1.

Conyerencc on New Technology (NASA SP--5015) .--Proceedings of a conference

on technology utilization held to discuss ways of tran_erring applicable space

research knowledge to the industrial community. 156 pp. GP0, $1.

Selected Welding Techniques (NASA SP-5003).---Descriptions and illustrations

of tools and methods developed by NASA, and of potential value to industry,

for welding aluminum sheet and plate. 25 Pl_ GPO, 30 cents.

8pa_ Batteries (NASA SP-5004).--Descrlptio_s of three-sealed battery sys-

tems for spacecraft, including discussion of a mechanism of information ex-

change whereby current test data can be shared among space contractors. 53

pp. GPO, 25 cent_

The Meas_lremcnt oF Blood Pressure in the Huma_ Body (NASA SP-5006).--A

state-of-the-art summary prepared from the open literature for nonmedical

scientists and engineers. 34 pp. GPO, 30 cents.

A comparatively new subseries of special publications consisting of compila-

tions and handbooks that present engineering and scientific information in

conveniently useful form for those working in specific fields, saving them time-

consuming searches to assemble these data. Among these publications are :

Charts for Appro_imgte Thermodynamic Properties of Nitrogen-O_ygen Mi.T-

lures (NASA SP-3017).' 116 pp.. CFSTI, _1_5.

Charts for Equilibrium and Frozot Flows Across Plane 8hoc1¢ Waves in Carbon

D/o_/de (NASA SP-3018).1 129 pp. CFSTI, $1.

Charts for Equilibrium and Frozen Nozzle Flows of Carbon Dioxide (NASA

SP-3019).1 78 pp. CFSTI, 75 cent_

Charts of Isentropic E_po_nt as a Function of Enthalpy For Various Gases in

Equilibrium (NASA SP-3_0). _ 10 pp. CI_STI, 50 cents_

Equilibrium Thermodynamic Propo'tics of Three E_i_ring Models of the

Martia_ Atmosphere (NASA SP-3021). x 162 pp. CFSTI, $2.50.

Magnetic Fields Due to Solid and HoIlow _enleal Coadtwtors (NASA SP-

3022). _ 132 pp. CFSTI, $1.

Tables o_ Energy Losses and Raz_ges of Electrons and Positrons (NASA SP-

3012). 127 pp. CFSTI, $4.

Tables of Energy Losses and Ranges of Heavy _harged Particles (NASA SP-

3013). 131 pp. CFSTI, $4.

Released _uring this report period.
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Equilibrium Thermodynamics Properties o] Ca/rbon Dioxide (NASA SP-3014).

66 pp. CFSTI, $3.

Charts ]or Equilibrium Flow Properties o] Carbon Dioxide in Hypervelovity

Nozzles (NASA SP-3015). 71 pp. CFSTI, $3.

Venus and Mars Nominal Natural Environment 1or Advanced Manned Plane-

tary Mission Programs (NASA SP-3016). 48 pp. CFSTI, $2.

Tables ]or Supersonic Flow Around Right Circular Cones at Small Angle o]

Attack (NASA SP-3007). 422 pp. GPO, $2.25.

Tablbs o] the Complex Fresnel Integral (NASA SP-3010). 294 pp. CFSTI,

$4.
Thermodynamic and Transport Properties ]or the Hydrogen-Oxygen System

(NASA SP-3011). 419 pp. OFSTI, $6.

Thermodynamic Properties and MoUier Chart ]or Hydrogen ]rom 300 ° to

$0,0000 K. (NASA SP-3002). 64 pp. CFSTI, $1.75.

Tables for Supersonic Flow Around Right Circular Cones at Zero Angle of

Attack (NASA SP-3004). 422 pp. GPO, $2.25.

Energy Spectra and Angular Distributions o] Electrons Transmitted Through

Sapphire (Al2os) Foils (NASA SP-3008). 108 pp. CFSTI, $2.50.

Tables of the Composition, Opacity, and Thermodynamic Properties of Hy-

drogen at High Temperatures (NASA SP-3005). 186 pp. CFSTI, $3.

Tables o] Flow Properties o] Thermally Perfect Carbon Dioxide and Nitrogen

Mixtures (NASA SP-3009). 114 pp. CFSTI, $4.50.
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blejor NASA La_
(July 1-Decombor 31,1965)

ResultsNmme, date launched, mission Vehicle

TIROS X, July 2.................... Delta .........

Meteorological satelliteto provide

h_e coverage during the

1965 hurricane season.

Pegasus HI, July 30 .................. Saturn I (SA-

To furnish information on the 10).

meteoroid hazard to spacecraft.

Scout Evaluation Vehicle (SEV-A), Scout .........

Aug. 10.

Flight-qualify and dem_strats

ms]or new compc_mts of the

Scout launch vehicle; orbit the

SECOR V geodetic satellite for

the Army.

Centaur (AC-6), Aug, 11 ............. Atlas-Centaur

Vehicle development.

Gemlni V, Aug. 21-29 ................. Modified

8-day mission of Astronauts L. TitanH.

Gordon Cooper, Yr., and Charles

Conrad, Jr.

OSO-C, Aug. 25 ...................... Thor-Delta_ __

Planned ss a 3d Orbiting Solar
Obm-vatcry.

OGO-II (Orblt_ng Geophysical 0b- Thor-Agena._.

smwstory II), Oct. 14, Geophysical
obsorvations elese to the em_h and

in the upper atmo_ze.

Explorer XXIX, Nov. 6 .............. Improved

NASA's 1st satellite devoted en- Thrust-

tirely to geodetic (earth-mapping) Augmented

studies, launched as part of a Delta.

coordinated U.S. geodetic pregmm

involving NASA and the Depart-

ments of Commeroe and Defense.

See footnote at end of table.

ETR..-.I Attained nearly circular orbit. Trans-

mitted useful data and cloud cover

photographs. (Apogee--S20.087 miles;
Perigee---J62.92 miles.)

ETR .... Supplied now data on this danger to
aid designers of manned spacecraft

for long-duration flights. (Apogee--

_.05 miles; Pedgee---_18.14 miles.)

WI ...... Scout performed excellently in itstest

flight, including the new motors in

2d and 4th stages and new spaco-

craft sepasatio_ system. The satel-
lite mmtinues or orbit satislaetc_y.

ETR__.

ETR___!

I

ETR__.i
!
!

WTR.__!

ETR ....

4th succossful launch of this vehicle.

Injected 2,C84-Ib. dynamic model of

Surveyor spseeeraft into simulated

lunar transfer trajectory. Demon-

strafed capability of the vehiele to

launch Survey_ _.

se_tsd complati_ of the let phase of

Centm_ development.

SpscecraR funetim_l in the space

en_t for a period equal to

that of the Apollo lunar mission.

showed no significant

lssting effects from the trip. 1st
Gemini use of the fuel cell Success-

ful simulated rendezvous.

Failed to _bit, _tly due to the

premature ignition of tlm vehiele's 3d

stage.

Placed in polar orbit (Apegee--941.38

miles; Perigee--2_.73 miles) _ daily

observations over praetim.lly the

entire globe. Stabilization was l_t

about Oet. 24, but transmi_lem eon-

flnu_l since power was available.

Satellite's 5 systems of instruments

supply more precise data for use in

mapping long distancesand analyzing

geophysical problems. (AImgee---

1414.24 miles; Yerigee--692_ miles.)

245
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Major NASA I-aunches_Continued

luly 1-December 31, 1965)

Name, date launched, mission

Gemini VI (target vehicle), Oct. 25_ __

Rendezvous and docking capability

development for manned space

flight.

Explorer XXX, Nov. 19 ..............

To measure and monitor solar X-ray

emissions during the final portion

of the 1964-65 International Quiet
Sun Year.

Alouette II Explorer XXXI (dual

Vehicle Site * Results

Atlas-Agena_ __

Scout .........

Thor-Agena

ETR .... Gemini VI spacecraft was not launched.

When launched, target vehicle failed

to achieve orbit. Agena apparently

exploded at initiation of 1st burn.

WI ...... A solar radiation satellite built by the

Naval Research Laboratory, it con-

tinues solar investigations of the

Laboratory begun in 1949. (Apo-
gee-553.64 mflas; Perigee--436.2(]

miles.)

WTR___ Alouette II extended to polar regions

launch), Nov. 29. B.
Alouette II--2d Canadian satel-

lite-and Explorer XXXI to

make related ionospheric studies

while orbiting close together.

Gemini VII, Dec. 4-18 ................ Modified

Demonstrate manned orbital flight Titan I!.

for a 14-day period; serve as target

vehicle for rendezvous attempt.

FR-1, Dec. 6 ......................... Scout .........

1st satellite launched in a French-

American cooperative program of !

ionospheric and electron studies.

Gemini VI, Dec. 15-16 ................ Modified

Perform space rendezvous within a Titan II

few feet of the target vehicle,

Gemini VII.

Pioneer VI, Dec. 16 .................. Improved
To begin a program to systemati- Thrust-

cally measure and monitor inter- Augmented

planetary space dur_.ng a complete Delta.
solar cycle. (Data to be cellocted

from as far away as 50 million

miles.)

ETR ....

WTR__.

ETR ....

topside ionospheric soundings begun

by Alouette I. 8 experiments of

Explorer XXXI were correlated with

the 5 of the 2d Alouette. (Apogee:

Alouette--1855.41 miles; Explorer--

1850.44 miles. Perigee of both satel-

lites-313.79 miles.)

Spacecraft set a world's record when it

travelled over 5 million miles whil_

flying 330 hours, 35 minutes. Pre-

liminary medical examinations

showed Astronauts Frank Borman

and James A. Lovell suffered no ill

effects from prolonged weightless-

hess.

The French-built satellite,in a ncarl_

circular orbit (Apogee---467.89 miles

Perigee 465.41 miles), is supplying

data on very low frequency (VLF)

radio wave phenomena and electron

densities.

Astronauts Walter M. Sct irr_,Jr. anc

Thomas P. Stafford caTriel out the

1st piloted rendezvous begnning in

their 2d revolution.

ETR .... Spacecraft measured magnetic fields

solar plasma, energetic particles, and
electron density.

ETRfEastern Test Range, Cape Kennedy, Fla.

WI= Wallops Island, Va.
WTR=Western Test Range, Point Arguello, Calif.
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NASA La_h V_z_l_

Vehicie I Stages

Scout .................. 4

Delta .................. 3

Thrust Augmented 3

Delta (TAD).

Thor-Agena B ......... 2

Thrust Augmented

Tbor-Agena (TAT).

Atlas-Agena B .........

Atlas-Centaur .........

Atlas D ...............

Modified Titan II .....

Saturn I ............... 2

Saturn IB ............. 2

Saturn V .............. 3

2

2_

1

2

Payload in pounds

345-mlie orbit

150 to 220 ......

I,(_0 ..........

Escape Mars/

Venus

i_i.....I iii_ 
120

120

I ,_00 ..........

2,200

5,000 ..........

8,500

(1) .............

7,000, 87/161

emptical
orbit.

20,000 (15,CC0

without ro-

start cap_

bmty).

28,500 .........

220,000 ........

Principal nse

Launching small scientific satellites

and probes (Explorer XXX, SERT

ION engine, SECOR V, French-

built FR-1).

Launching scientific,meteorological,

and communications satellites

TIROS IX, Orbiting Solar Observ-

atories---OSO I and II, Ariel, Tel-

star I, Relay, Syncom II, Interplane-

tary M_aitoring Pls_forms (Expl_exs

XXI and XXVIID, Ene-getie par-

ticles satellite (Explorer XXVI).

Launching scientific, meteorological,

communicatim_, and bioscieaee sat-

ellites, and lunar and planetary

probes (Pilmeer VI, TIROS K,

TIROS operational satellites OT-3

and OT-2, Slmemn ITI, Commercial

Communicaticms Sate nRe Early Bird

I, Bicsatellttes C--F).

Launching scientific, communicatians,

and appticaticms satellites (Echo II,

Nimbus I, Polar Orbiting Geophysi-

cal Observatory, Orbiting Geophysi-

cal Observatory 1D.

Launching geophysics and astronomy

and applications satenltes (OGO C,

D, and F, and Nimbus B).

Launching heavy _ntific satellites,

and lunar and planetary probes

(Rangers VII, VI_ end 1X, Mariners

HI and IV, Orbiting Geophysical

0bservatory--O00-I).

Launching heavy unmanned space-

craft as lunar soft landers (Surveyor).

Lsunched manned Mercury space-
esaft.

Launching unmanned and manned

Gemini spacecraft.

Orbiting Pezasus I and II spacecraft

to detect and report on meteoroid

collisions, and hunching Project

Apollo spacecraft.

Launching Project Apollo spacecraft.
Do.

Only NASA application Project Merodry_2,500 pounds in ll4-mile orbit.
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Appendix Q

Grants and Research Contracts Obligated _

July 1-December 31, 1965

ALASKA "

NsG--406 .............. University of Alaska, W. B. MURC_aY ........ $12, 006

S 2 Experimental Studies of Auroral Phenom-

ena Including Particulate Fluxes by Means

of Rocket-Borne ]gxl)eriments.

ARIZONA :

NsG-120 .............. University of Arizona, R. W. G. WYCKOFF .... 50, 222

S 4 Generation and Detection of Ultra-Long

Wavelength X-Rays a n d Quantitative

Studies of Their Interactions With Matter.

NsG-490 .............. University of Arizona, L. E. WzAv]__ ..... 11, 081

S 2 Research in and Application of Modern

Automatic Control Theory to Nuclear Rocket

Dynamics and Control.

NsG-580 .............. University of Arizona, T. L. VINCZNT ...... 13, 398

S 1 A Study of the Calculus of Variations,

F_peeially as Related to Aerospace _nginear-

ing Problems.

NASr-138 ............. University of Arizona, A. M. J. GEH_LS___ 49, 980

A 4 Photo-Polarimeter for Space Vehicles.
CALIFORNIA :

NsG-A0 ............... California Institute of Technology, H.W. 130, 000
S 4 LIEPMANN.

Investigations of Rarefied Gas Flow.

NsG-172 .............. California Institute of Technology, W.G. 64, 600
S 5 KNAUSS AND M. L. WILLIAMS.

Investigation of Failure Criteria for Visco-

elastic Materials.

NGR 05--002-040 ....... California Institute of Technology, R.B. 29, 090

KXNQ.

Measurement of Oscillator Strengths of

Lines in the Spectra of Atoms and Ions.

NSR 05--002_)50 ....... California Institute of Technology, H.S. 25,000
BROWN.

JPL--Calfforuia Institute of Technol-

ogy--"Lunar and Planetary Conference."
NsG-243 .............. University of California (Berkeley)_ S. SILVER- 79, 000

S 4 Interdisciplinary Space-Oriented Research

in the Physical, Biological, Engineering,
and Social Sciences.

NsG--274 .............. University of California (Berkeley), E.P. 40, 500
S 2 POPOV AND J. PENZIEN.

Investigation of Stresses and Deforma-

tions in Thin Shells of Revolution.

1 The grants listed are reported to the Congress in compliance with the requirements

of the Grant's Statute, 42 U.S.C. 1891-1893 (72 Star. 1793).

NOTE: Contracts have prefixes NAS an& NSR; grants have prefixes NsG and NGR ;

transfer of funds to Government agencies have prefix R. Earlier grants and contracts

are listed in appendices of previous NA_SA Semiannual Reports to Congress.
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CALIFORNIA----_ontlnued
NsG-479 .............. University of California (Berkeley), T. H.

S 2 JUKES.

The Chemistry of Living Systems.

NsG-513 .............. University of California (Berkeley), N. PACE_

S 2 Primate HemQdynam|es and Metabolism
Under Conditions _f _gelghtlessness, for the

Purpose of Defining and Verifying an Experi-

ment Suitable for Use in Biosatelllte.

NsG--704 .............. University of California (Berkeley), A. D.

S 1 MCLAREN.

An Investigation of Enzyme Assay Tech-
niques for Life Detection in Extra-terrestrial
Soils.

NSR 05-003-100 ....... University of California (Berkeley), A. E.
A 1 WHITFORD.

Development of Low Noise Photomultiplier

Tubes for Astronomical Applications.

NGR 05-003-080 ....... University of California (Berkeley), R. N.
S 1 COLWELL.

Multispectral Photographic Terrain Analy-

ses, Based on _Statistlcal Analysis of Spec-
trometric Data.

NGR 05-003-068 ...... University of California (Berkeley), S.
MARGEN.

S 2 Clinical Nutritional Study of Minimal

Protein and Caloric Requirements.

NASr-220 ............. University of California (Berkeley), M.
A 2 CALVIN AND S. SILVER.

Scanning System for Mariner Space
Vehicle.

NsG-237 .............. University of California (Los Angeles), W. F.

S 6 LIBBY AND J. D. FRENCH.

Interdisciplinary Space-Oriented Research

in the Physical, Biological, and Engineering
Sciences.

NsG-502 .............. University of California (Los Angeles), J. D.

S 2 FRENCH AND W. R. ADEY.

Neurophyslological and Behavioral Studies

of Chimpanzees, Including Establishment of

a Group of Implanted Animals Suitable for

Space Flight.

NGR 05-007-046 ...... University of California (Los Angeles), L. H.
ALLE_.

Solar Elements, Their Physical Parameters

and Abundances.

NsG-541 .............. University of California (San Diego), H. C.

S 2 UR_Y AND B. NAGY.

Analysis of the Organic and Inorganic
Constituents of Carbonaceous and Other Se-

lected Stony Meteorites.
NsG-54_l .............. University of California (San Diego), H. C.

S 3 UREY AND B. NAGY.

Analysis of the Organic and Inorganic

Constituents of Carbonaceous and Other Se-

lected 'Stony Meteorites.

NASr-ll6 ............. University of California (San Diego), C. E.
A 7 MCILWAIN.

Conduct Analytical, Theoretical, and Ex-
perimental Studies of Geomagnetically

Trapped Particles.

NASr-ll6 ............. University of California (San Diego), C. E.
A 8 MCILWAIN.

Conduct Analytical, Theoretical, and Ex-

perimental Studies of Geumagnetlcally

Trapped Particles.

$400, 000

250, 000

13,424

17,800

63,787

152,526

74, 850

190,800

120,000

48,182

48, 500

11, 109

27,000

37,500

i
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$58, 614NGR 05-03.5-003 ...... Institute for Lipid Research, C. ]_N_NM___

Study of Body Energy Conservation, Em-

phasising Space Flight Environmental Ef-

fects on Organisms.

NsG--289 ...... _ ....... Institute for Medical Research, C. M. A_m_ss__ 78, 120

S 3 A Study of Measurement Techniques for

Determining Cardiac Performance, Including

Consideration of Methods for Vibrocardto-

gram Interpretation, and of Physielogirsl
Stress Hffsets on Man.

NASr--21(02) .......... Rand Corp., J. L. HULT .................... 350, 000

A 8 Studies of Operational and Technological

Factors of Communication Satellites.

NASr-21(05) .......... Rand Corp., E. H. VEStigE ............... 199,144

A 3 Research on Charged Particles and Fields

in Space.

NsG-331 .............. Stanford University, A. SCHAWLOW ......... 100, 000

S 3 Spectroscopic Studies in Infrared and
Optical Quantum Electronics.

NsG--582 .............. Stanford University, R. H. CAI_'ON, Jr ....... 90, 000

S 3 Inrest.igat_ons, Theoretical, and Experi-

mental Analyses for a Zero-G Satellite De-

velopment, and Schlff Gyro Test of General

Theory of Relativity.

NsG(F)-33 ............ Stanford University, W. R. RAMBO ......... 2,080,000

Construction of Research Facilities.

NGR 05-020-102 ........ Stanford University, K_ K_UMC_TX ........ 21,203
Theoretical Studies of Some Nonlin_r As-

pects of Hypersonic Panel Flutter.

NGR 05-020-121 ....... Stanford University, R. L HUNTER ......... 29, 514

Study of the Combined Stresses of Radia-

tion and Altered Oxygen Tension on Serum

Protein and Enzyme Levels.

R _-038-001 .......... U.S. Navy-Pacific Missile Range, F. WHI_s- 3, 000

BURG.

Install Precision Instrument No. PI-200

Tape Deck, Special Reel, Universal Mounting

Board and Megacycler in PMR Safety Van,

and Make Available to UCLA for Ionosphere

Disturbance Experiments.

COLORADO :

NsG(F)-32 ............ University of Denver, C. M. ALTER .......... 900, 000

Construction of a Space _ciences Labora-

tory.

R-18 ................. U.S. National Bureau of Standards, F.E. 50, 04)0
A 3 ROACH.

Conduct Investigations in Low Latitude
Airglow.

R-45 ................. U.S. National Bureau of Standards, A.F. 450, 000

A 7 SCHMIDT.

Investigations and Research on Cryogenic

Properties and Processes.

R-133 ................ U.S. National Bureau of Standards, W. 20, 000
A 2 CALVERT.

Investigation in the Ionosphere with a

Multiple Ionospheric Probe.

R-110 ................ U.S. National Bureau of Standards, W.H. 97, 000
A 1 CAMPBELL.

Collection of 3 Component Geomagnetic

Micropulsation Data, Digitalization of the

Data, and Distribution to NASA Supported

Investigators.
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COLORADO----C0ntinued
R-148 ................ U.S. National Bureau of Standards, 3". W. $5, 200
A I WRIGHT.

Conduct Ionospheric Soundings from a
Mobile Launch Platform.

R 06-006-037 ......... U.S. National Bureau of Standards, J.W. 31, 800
WRIGHT.

Study of Real-Time Height Profiles of

Electron Density and Wind Velocity From

Ionospheric Radio Soundings.

NASr-185 ............. University Corporation for Atmospheric Re- 250, 000

A 2 search, A. L. MORRIS.

Development of Ivaproved Means of _Sclen-

tific Ballooning and Conduct Scientific

Balloon Flights.

NASr-213 ............. Western State College of Colorado, T.D. 36,000
A 1 VIOLETT.

Develop and Fly a Rocket Spectrograph

to Examine in Close Detail the Solar Spectral

Emission in the Neighborhood of the Lyman-
Beta Line.

CONNECTICUT :

NGR 07-004-034 ....... Yale _ University, A. L. McAt,_S_ER AND 72, 000
C. MACCLINTOCK.

Study of Relationship, Through Geologic

Time, of Days per Lunar Month of Growth

Increments in Fossil and Recent Molluscan

Shells.

NGR 07-004-039 ....... Yale University, S. P. CLARK ............... 32, 400

Apollo Lunar Heat Flow Studies.

NGR-07-004-(t43 ....... Yale University, R. WOLPOANO .............. 61, 200
Chemical Reactions in the Electron-Volt

Region.
DISTRICT OF COLUMBIA:

NsG-425 .............. George Washington University, D. S. WATSON__ 80, 000

S I Statistical and Analytical Investigation of

the Relation Between Government Financed

Research and Development and Resultant

Inventions and of the Special Features of
the Government Procurement Market and

Contract Provisions That May Affect the

National Economy.

NsG-485 .............. George Washington U_iversity, C. W. SHIL- 25, 000
S 3 LING.

Scientific Communication Research in

.Space Biology.

NSR 09-010-021 ....... George Washington University, A. M. ROTH- 4, 500
ROCK.

Lectures on the Exploration of Space.

NSR 09-012-901 ....... National Academy of Sciences, C. LAPP ...... 1, 550, 004)

A 3 NASA-National Academy of Sciences Resi-

dent Research Associates Program.

NSR 09-012-905 ....... National Academy of .Sciences, L. SLACK .... 10, 000

Partial Support of Third International

Congress of Radiation Research.

"NsG 87 ............... Smithsonian Institution, F. L. WHIPPLE ..... 198, 450

S 14 Optical Satellite Tracking Program.

NsG 87 ................. Smithsonian Institution, F. L. WHIPPLE ..... 5, 138, 419
S 15 Optical Satellite Tracking Program.

NsG 536 .............. Smithsonian Institution, F. L. WHIPPLE ..... 52, 195
S 3 Optical and Radar Investigations of Simu-

lated and Natural Meteors.
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$134, 684

232-010 O - 66 - 18

NGR 09-015-023 ....... Smithsonlan Institution, C. SAozlv ..........

Selected Studies in Exobiology, Panetary
Environments and Problems Related to the

Origin of Life.

NGR 09-015-4)25 ....... Smithsonian Institution, F. A. FRANKLIN ..... 14, 589

Photoelectric Techniques for Measurement
of Earthshtn_

R-104(01) ............ U.S. Atomic E_ergy Commission, E. P. B_z- 420, 000
A2 zJ_U.

Space Vehicle Shielding Studies.

R-104(02) ............ U.S. Atomic Energy Commlmdon, C. A. To__ 286, 004)
A _ Studies of Heavy Ionizing Particles and

Space Biology.

R-104(02) ............ U.S. Atomic Energy COmmission, C. A. Tosxas_ 200, 000
A 4 Biological Research of the REects of Pro-

ton and Other Irradiation of Di_erent Bio-

logical Organisms ; Magnetic Protection

Against Radiation ; and Vibration Combined
With Radiation.

R-104(03) ............ U.S. Atomic Energy Commission, A. HOL- 150,000
A 2 LAENDER.

Research on Biological Effects of Proton

and Other Radiation, Especially Directed
Toward Development _f Biosatellite Experi-

ments.

R-I04(04) ............ U.S. Atomic Energy Commission, M. A. 211,000
A 2 BENDER.

Human Blood Irradiation _,'xperiments in
Conjunction With the Gemini Mission.

R-104(05) ............ U.S. Atomic Energy" Commission, S.A. 76,000
A 2 Gore)oN.

Study of Effect of Gravitational, Magnetic

and Electrical Fields on Plants.

R-104(09) ............ U.S. Atomic Energy Commission, G. A. 315, 000
A 2 ANDREWS.

Retrospective Study of Radiation Effect.

R-106 ................ U.S. Atomic Energy Commission, W. BRaNDT__ 216

A 1 Reimbursement for Computer Services.

R 09-038-002 ......... U:S. Department of Agriculture ............. 847, 000

Participation in the NASA Manned Earth-

Orbital Space Program.

R 09-020-011 ......... U.S. Department of Interior (Geological Sur- 550, 000

vey), W. T. 1_co_.

Geescience Applieatlons---Manned Earth

Orbital Program.

R 09-020-013 ......... U.S. Department of Interior (Geological Sur- 300, 000
A 1 vey), L. CLARK.

Remote Terrain Sensing.

R 09-020-013 ......... U.S. Department of the Interior (Geological 33, 000

A 2 Survey), L. Cx_x.

Remote Terrain Sensing.

R 09-020-015 ......... U.S. Department of the Interior (Geological 500, 000

Survey), W. T. 1_co_.

Conduct an ]_valuation of Multispeetral

Sensed Data From Geologieni, Imnar Analog

and Planetary Analog West Sites.

R 09-020--019 ......... U.S. Department of the Interior (Geological 60, 000
Survey), R. G. R_vzs.

Investigate Techniques for Radar Explora-

tion and Analysis of Geologic Phenomena.
R--141 ................ U.S. Library of Congress, P. L. BERRY ..... 82, 000

A 3 Literature Abstracts in the Field of Aero-

space Medicine.



256 NASA FOURTEENTH SEMIANNUAL REPORT TO CONGRESS

DISTRICT OF COLUMBIA--Continued
R-14 ................. U.S. National Bureau of Standards, J. A.

A 5 BENNETT.

Room-Temperature Fatigue Tests of Ti-

4A1-4Mn, Ti-GA1-4V, and 4'340 Steel Are To

Be Made in Moist and Dry Oxygen Atmos-

pheres.

R-51 ................. U.S. National Bureau of Standards, G.

A 2 SCHUBAUER.

Fundamental Experimental Research on

the Mechanisms Which Indicate Boundary

Layer Transition From Laminar to Tur-

bulent Flow.

R-56 ................. U.S. National Bureau of Standards, L. A.

A 4 WALL. i
Investigation of the Effects of Vacuum

Ultraviolet Radiation (1,000°-2,000 ° A.)

and of Ionizing Radiation on Polymers in

the Temperature Range From Ambient to

500" C.

R-130 ................ U.S. National Bureau of Standards, H. L.

A 1 LOGAN.

A Study of the Mechanism of Stress-
Corrosion of Titanium Alloys.

R-138 ................ U.S. National Bureau of Standards, G. T.

A 1 ARMSTRONG.

Study of the Thermodynamic Properties of

Molecular Complexes of the C-H-O-N-S-P

System.

R09-022-039 .......... U.S. National Bureau of Standards, J. A.

A 1 CUNNINGHAM.

Research and Development in Selected

Areas of Computer Sciences and Related

Disciplines.

R 09-022-052 .......... U.S. National Bureau of Standards, A.
BRENNER.

Investigate the Electrolysis of Solid Salts

and Ceramic Materials by Connecting the

Materials to the Postive Pole of a Current

Source, and Then Subjecting the l_iaterials
to an Electron Beam in a Vacuum.

R 09-136-001 ......... U.S. Navy-Naval Oceanographic Office ......

Identification of Oceanograph Marine

Technology Experiments Utilizing Manned

Orbiting Space Stations With Existing or

Modified Apollo Hardware.

R-107 ................ U.S. Navy-Naval Research Laboratory, H.

A 1 FRIEDMAN.

Research on Helios Design Studies.

R 09-029-046 .......... U.S. Navy-Naval Research Laboratory, M. H.
SCHRENK.

Support of the Shock and Vibration Infor-

mation Center.

R 09_32-005 ......... U.S. Weather Bureau, B. F. LOVELESS .......

Partial Support of a Study of the Eco-

nomic, Operational, and Scientific Benefits

of Extension of Meteorological Satellite

Capabilities.
FLORIDA :

NGR 10-004-029 ....... Florida State University, R. G. C_RNELL ......

Space-Related Btostatisttcal Studies, Em-

phasizing Microbiology and Sterilization.

$28,000

170, 000

35,000

55,000

32,000

50,000

23,000

900,000

120, 000

45, 000

5_ 000

38,928
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lq_C=--67.............. University of Florida, E. E. MuscHI,r_ .....

S 2 Theoretical and Experl_nental Inventlga-
tions of Surface Ionization Processes, Paying

Particular Attention to the Formation of

0-, 0_, and Alkali Metal lone.

NsG(F)_30 ............ University of Florida, L. E. G_B ........

Construction of Research Laboratory

1_aeilities To Be Known as the_Space Sciences

BoUding.

NASr-176 ............. University of Florida, A_ G. Sm'_H .......... 36, 008

A 2 Development of an Orbital Reeeiver for

Low-Frequemey Radio Energy From the
Planet Jupiter.

NGR 10-007-O2.8 ...... University of Miami, S. F. SzN9ma_ ......... 49, 635

Research In Atmospheric Measurement

Techniques.

R-93 ................. U.S. Navy-Naval School of Aviation Medicine, 250, 000
A 3 A. GRAYBIEL.

Investigate the Physiological and Psycho-

logical Effects of Gravitational and Inertial

Forces on Man in a Manner Which Extends

Man's Basic Knowledge of the Area and

Simultaneously Applies This Knowledge to
Operational Problems.

R 10-009-013 ......... U.S. Navy-Naval School of Aviation Medicine, 158, 860
A 1 A. GmAYnXZL

Research in Subhuman Primates in Long

Duration Orbital Flight With Rendevous

Recovery Nce. 1, 2, 3, 4, 5, and 10
GIOZmLk "

NGR 11-001-012 ...... Emory Uuiver_ty, B. W. ROm_SON .......... 106, 772

8 1 Study of Contro_ and Analysis of Primate

Behavior by Brain Telestimulation and

Telemetry.

NsG--273 .............. Georgia Institute of Technology, C. 0an ..... 30, 000

S 3 Heat Transfer to a Gas Containing a
Cloud of Particles.

NsG-571 .............. Georgia Institute of Technology, J. T. WANG- 19, 864

S 1 A Study of Differential Equations Related

to the Response of Shelia of Revolution to

Blast Loading.

R-137 ................ U.S. Department of Health, Education, and 206, 000

A 1 Welfare, S. W. SIMMONS.

Research on Microbiological Sterilization

Problems.

R-137 ................ U.S. I)epar_ent of Health, Education, and 99, 000

A 2 Welfare, S. W. 8XMM0XS.

Research on Microbiological Sterilization
Problems.

HAWAII :

NGR 12-001-010 ...... University of Hawaii, T. A. ROOz_s ......... 14, 860

8 1 Study of Body Fluid Volume and Electro-

lyte Derangements in Fasting.

NGR 12-001-011 ...... University of Hawaii, J. T. Sm_u_s ....... 484, 004)

S 1 Remmroh in Coronal and Chromospheric

Physics.
ILLINOIB "

NsG--333 .............. University of Chicago, T. FU=rrA ............ 53, 210

S 2 Meteorological Interpretation of Satellite

Radiation Data.

N_-467 .............. University of Chicago, C. O. Hr_s ......... 83, 574
S 1 A Theoretical Investigation of Upper

Atmosphere Dynamics, Including the Effects

of Tidal Oscillation, Large Scale Circulation,
and Smaller Scale Random Motions.

257

$10, 000

1, 190, 000
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ILLINOIS---(_ontlnued
NSR 14-001-059 ....... University of Chicago, J. A. SIMPSON ........

Reduction and Preliminary Analysis of

Pioneer Spacecraft Experiment Data.

NASr-22 .............. IIT Research Institute, E. J. HAWRYLEWICZ---

A 5 Life in Extraterrestrial Environments.

NASr-65(03) .......... IIT Research Institute, L. CONROY ...........

A 6 Evaluation of Technological Developments

Resulting From the Nation's Space Effort.

NASr-65(06) .......... IIT Research Institute, C. A. STONE .........

A 6 Conduct Studies and Analyses of Space
Science Problems Related to the Planning

and Directing of NASA Lunar and Planetary

Programs.

NASr-65(08) .......... IIT Research Institute, W. M. LANGDDN .....

A 1 Backstreaming From Oil Diffusion and

Turbo-Molecular Pumps.

NASr-65(09) .......... IIT Research Institute, C. W. BoQUiST ......

A 1 Evaluate the Properties of Graphite Metal

Alloys.

NASr-65(10) .......... IIT Research Institute, C. A. STONE ........

A 2 Conduct Scientific and Engineering Studies

Related to Manned Space Science Problems.

NsG-280 .............. University of Illinois, J. H. BARTLETT .......

S 1 Theoretical Research on the Periodic Mo-

tion and Stability of a Small Mass Under

the Gravitational Attraction of Two Heavy

Bodies.

NsG-395 .............. University of Illinois, R. MITTRA ...........

S 2 A Study of Selected Radiation and Propa-

gation Problems Related to Antennas and

Probes in Magneto-Ionic Media.

NsG-434 .............. University of Illinois, W. J. W0RLBY ........

S 2 Study of Line Integrals, Surface Integrals,

Volumes, Centroids, and Moments of Inertia

for a Class of Shells of Revolution and for a

Larger Class of Shells.

NsG-511 ............... University of Illinois, S. A. BOWHILL ........

S 2 Investigation of the D and E Regions of

the Ionosphere by Ground and Rocket
Methods.

NGR 14-005-037 ....... University of Illinois, L. GOLDSTEIN .........

S 1 Investigation of Basic Processes Occurring

in Gaseous Plasmas in Various Charge Den-

sity and Energy States.

NGR 14-005-048 ....... University of Illinois, B. T. CHAO ...........

Transient Thermal Modeling of Space-
craft.

NGR 14-005-050 ....... University of Illinois, R. E. JOHNSON ........

Investigation of Properties of Human

Sweat and Factors Affecting the Water Bal-

ance in Confined Spaces.

NGR 14-005-074 ....... University of Illinois, H. W. ADES ..........

Physiological Responses of Central Vestib-

ular Pathways and Diffuse Ascending _Sys-

terns to Vestibular Stimulation.

NGR 14-012-002 ....... University of Illinois, E. F. MASUR .........

Asymptotic Behavior and Collapse of
Buckled Plates Shells.

NGR 14-012-003 ....... University of Illinois, J. P. HARTNETT ......

Mass Transfer Cooling in Nitrogen and
Carbon Dioxide Gas Streams.

$70, 591

29, 952

50, 345

450, 000

85,066

94,856

127,540

21,013

45,000

33,703

215,000

40,000

44,693

38,090

42, 300

21,957

30,000
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76, 80ONsG-24 ............... University of Illinois, G. W. SwzNso_, Jr ....

S 6 Experimental and Theoretical Studies of

Ionospheric Electron Control and Irregniari-
ties.

NsC_--195 .............. University of Illinois, W. J. FaY ........... 225, 000

S 3 Experimental Analysis of the Mlero-Nes-

roanatomy of the Central Nervous System.

NsG-495 .............. Northwestern University, A. H. RUBENs_n___ 110, 004)

S 1 Studies and Analyses of Problems Relating

to the Management of Scientific Research

and Development.

NGR 14--00"/-027 ....... Northwestern University, E_ H. T. WHrrrzN__ i25, 244

S 1 Statistical Evaluation bf the Chemistry,

Mineralogy and Rock Types of Selected Test

Sites and Their Relationship to Remotely

Sensed Data.

NSR 14-007-037 ....... Northwestern University, A. B. CaM_ ...... 2_ 000
Partial Support for Sixth Biennial Gas

Dynamic Symposium.

NGR 14-008-003 ....... Southern Illinois University, G. H. GAss ..... 36, 906

S 1 Effect of Chronic Restraint on Absorption
From the Gastrointestinal Tract.

INDIANA "

NsG-553 .............. Purdue University, J. C. HANCOCK ......... 50, 000

S 2 Theoretical and Experimental Studies of

Sub-Optimal Second and Third Generation

Self Adaptive Binary Communication Sys-
tems.

KaNS_ :

NGR 17-003--003 ....... Wichita State University, W. H. WzNI"z .... 48, 028

S 1 Investigation of Flow Fields About Delta

and Double-Delta Win_s of Low Speeds.
KENTUCKY :

Ns_--393 .............. University of K,_ltudk'y, W. G. KROGD&HL .... _9, _1

S 2 Determination of Wave Function of Two-

Electron Systems.

NGR 18-001-008 ....... University of Kentucky, R. E. SMITH ........ 21, 070

S 1 Study of Circadian Rhythms in Primates

as Influenced by Latitude, Longitude. Grav-

ity and Confinement.

NGR 18--002-008 ....... University of Louisville, E. A. ALLUIS! ...... 34, 064

Performance Measurement of Intellectual

Functioning.
.I_ARYLAN D :

NsG-189 .............. University of Maryland, J. V. B_v_ ........ 58, 877

S 5 Study of the Behavior of Organisms Under

Conditions of Space Flight.

NsG-566_ ............. University of Maryland, R. G. GEENELL ...... 90, 960

S 2 Neurobiologic Substrates of Behavior.

NGR 21-002-4)40 ...... University of Maryland, R. G. GRENELL ...... 14, 720

S 1 Study of Protein Hydration in Isolated
Cell Surface Structure.

NGR 21-002_-059 ...... University of MKrylaud, ]_. R. LIPPINCOTT 84, 000
A_V Y. T. PaaTr.

Investigations on Equilibrium and Non-

EquHibrtum Systems in Pre-Biologlcal

Atmospheres.

NGR 21-002_066 ...... University of Maryland, J. A. EARL ......... 70, 000

A Study of Primary Cosmic Ray Electrons,

Utilizing Balloon-Borne Experiments.
NSR 21-003-002 ....... National Blomedic_l Research Foundation, 42,000

A 1 M. 0. D&YHOFF.

A Study of Thermodynamic Properties of

Molecular Complexes o_ Organic Molecular

Systems.
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MARYLAND---_0ntinued

R--35 ................. U.S. Army Biological Laboratories, C. R.
A 5 PHILLIPS.

Study of Space Vehicle Sterilization

Problems.

R 21-009-004 ......... U.S. Navy-Bureau of Naval Weapons,

A 1 G. WEIFFENBACH AND C. BOSTON.

Satellite Data Analysis Including Injun
III, 1963 38C, and 1964 38C.

R 21-909-014 ......... U.S. Navy-Bureau of Naval Weapons, R. B.
KERSHNER.

Study of Engineering Aspects of Apollo

Oriented, Long Duration, Zero G Primate

Experiment.

R-38 ................. U.S. Navy-Naval Medical Research Institute,
A 5 T. BENZINGER.

Research in the Life Sciences on tile

Energies and Chemistry of Biological Reac-

tions, With Emphasis on Energy and Carbon

Assimilation.

R-63 ................. U.S. Navy-Naval Medical Research Institute,

A 4 H.T. MARYMAN.

Experimental Investigation of the Mecha-

nism by Which Freezing or Drying and

Associated Effects Affect Living Cells, and

-Investigation of Degradation of Biological

Materials in Liquid Nitrogen.

NsG-670 .............. Woodstock College, J. G. MARZOLF ..........

S 1 Theoretical and Experimental Studies in

Planetary and Atmospheric Physics.
_IASSACHUSETTS :

NsG-540 ............... Brandeis University, J. S. GOLDSTEIN ........

S 2 Theoretical Studies in Radiative Transfer

in Planetary Atmospheres and Rarefied

Gases; Related Topics of Astrophysical

Interest.

NsG-595 .............. Harvard University, L. E. EARLEY AND _V. H.

S I ABELMAN.

A Study of the Physiological Mechanisms

and Inter-Relations Between Systemic and

Regional Blood Volume, Blood Flow, and

Electrolyte Balance.

NsG-718 .............. Harvard University, R. _ICFARLAND AND
S 1 N. MACKWORTH.

Human Performance in Adverse Environ-

ments.

NGR 22-007-053 ........ IIarvard University, L. SILVER_IAN ..........

Study of Space Cabin Atmospheres.

NGR 22-007-054 ....... Harvard University, N. F. RA._ISET ..........

Hydrogen Maser Studies of Relativity.

NGR 22-007-056 ....... Harvard University, R. W. P. Kilo .........

Theoretical and Experimental Investiga-

tions of Antennas and Waves in Plasma.

NsG-719 .............. Massachusetts General Hospital, M. S. POT-

S 1 SAID.

Study of Solid Chemical Radiation Dosim-

eters.

NsG-691 ............... Massachusetts Institute of Technology, G.

S 1 SILVERMAN.

Study of the Resistivity of Microorga-

nisms to Thermal Inactivation by Dry Heat.

NGR 22-9{)9-059 ....... Massachusetts Institute of Technology, Z. M.

ELIAS.

Study of Thin Shell Theory.

$65, OOO

267,000

50,000

75,000

22,884

40, 000

28,875

102,235

30,000

28,875

47,640

47,975

19,740

38,735

24,600
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NGR 22-009-091 ....... Massachusetts Institute of Technology, R. E.

S I S_CKNR_.

Study of Transport Properties of Thero

minol Plasmas.

NGR 22--009--131 ....... _ssachusetts Institute of Technology, G.
Flocco.

Sensing of Meteorological Variables by

Laser Probe Techniques.

NSR 22--4)09-106 ....... Massachusetts Institute of Technology, p. B.
S_n_tNG.

Conduct Radar and Radiometrie Studies

of the Lunar Surface.

NSR 22--009-120 ....... Massachusetts Institute of Technology, A. H.
BARRETT.

Develop Microwave Imaging and Spectral

Systems for Use in Orbiting Spacecraft.

NGR 22-011-013 ....... Northeastern University, SzE-Hou CHANG .....

Utilization of Information Theory in

Digital Data Guidance Systems.
MICHIGAN ;

NsG--415 .............. University of Michigan, H. C. EZ_Ly ........

S 2 Theoretical and Experimental Investiga-

tions of Ext.'_nely Dense Plasmas at Very
High Densities.

NsG-696 .............. University of Michigan, J. E. ROwE .........

S 1 An Investigation of Non-Linear Inter-

action Phenomena in the Ionosphere.

NASr-175 ............. Wayne State University, R. M. WHALEy .....

A 1 Program to Accelerate the Industrial Ap-

pilcation of Aerospace Related Te_nology.
MiNNESOTA "

NsG--327 .............. Mayo Foundation, E. IL Wood ..............

S 4 Studies of the Effects of Acceleration on

Cardiovascuiar and Respiratory Dynamics.
NsG-643 .............. University of Minnesota, G. S. MICHAELSON--

S 2 Experln_ental Investigation of Microbio-

logical Contamination in "Clean Rooms"

Emphasizing Factors Relevant to Spacecraft

Sterility.

NsG--714 .............. University of Minnesota, R. J. GOLDSTEIN ....

S 1 Study of Heat Transfer Through Convec-

tive Layers.

NGR 24-005-054 ....... University of Minnesota, F. M. SWAIN .......

Biochemical Evolution of Pro-Mesozoic

Carbohydrates.
MISSISSIPPI "

NGR 2_001-007 ....... Mississippi State University, J. O. HI,reSEaT,

JR.

A _tudy of 2 Gc Region Electromagnetic

Propagation Over Selected Terrains.

NG]_ 25-001-008 ....... Mississippi State University, G. E. JoNI_s ....

Microwave Spectroscopic Identification of

Atmospherie Contaminants.

_ISSOURI :

NASr-63(06) .......... Midwest Research Institute, P. BHTANT ......

A 2 Extreme Vacuum Technology Including

Cryosorption Dlffu_on Pump and Pressure

Calibration Studies.

NGR 26-004-021 ....... University of Missouri, X. J. MUSACCHIA .....

Effects of Radiation on Gastrointestinal

Function and Cyclic Turnover of Intestinal

Epithelium.

261

$35, 000

48, 943

1,173,000

100, 000

29,876

14,935

36, 000

30O, 000

14, 676

53,507

10, 000

47, 607

90,000

54, 921

67, 924

20, Y12
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MONTANA :

NGR 27-001-015 ....... Montana State University, K. L. NORD'rVED___

Study of Manual Navigation of Spacecraft.

NsG-430 .............. Montana State University, I. E. DAYTON ......

S 2 Research in Space Science and Engineering.

NEW HAMPSHIRE :

NASr-164 ............. University of New Hampshire, J. A. LOCKWOOD_

A 5 Measurement of Neutron Intensity in

Space.

NEW JERSEY :

NsG-69 ............... Princeton University, M. SCHWARZSCHIL_ .... 400, 000

S 8 Stratoscope II High Altitude Balloon

Telescope Program.
NsG-200 .............. Princeton University, M. SUMMERFIELD ...... 65, 000

S 4 Ignition, and Combustion 'Stability and

Efficiency, of Solid Propellants at Low

Pressures.

NsG-306 .............. Princeton University, R. G. JAHN ........... 132, 227

S 4 Theoretical and Experimental Studies of

the Formation and Stability of the Magneto-

gasdynamic Front in a Pinch Discharge,

Emphasizing Investigations of Electromag-

netic Acceleration Processes.

NGR 31-001-044 ....... Princeton University, L. SPITZER ............ 110, 000

S 1 Design Study of Manned Orbiting Tele-

scope for an Extended Apollo System.

NsG-447 .............. Rutgers State University, D. A. LUPFER ...... 7, 471

S 2 Studies of Mini'mum-Thickness Electro-
Ceramic Films, Including Relationship of

Mechanical and Electronic Properties to

Method of Formation.

NGR _1-003-014 ....... Stevens Institute of Technology, R. F. 29,024

S 1 MCALEVY III.

Investigation of Flame Spreading Over the

Surface of Ignited Solid Propellants.

NGR 31-003-032 ....... Stevens Institute of Technology, L. GOLD .... 25, 380

Theoretical Study of the Red-_Shift in

Astronomical Observations.

NEW MEXICO :

NGR 32-003-027 ....... New Mexico 'State University, J. E. WEXSS .... 300, 000

Multidisciplinary Research Program in

Space Science and Engineering.

NGR 32-004-011 ....... University of New Mexico, W. E. ELSTON ..... 51, 230

S 1 Comparative Study of Lunar Craters and

Terrestrial Volcano-Tectonic Depressions in

Rhyolite Ash-Flow Plateaus.

NEW YORK :

NSR 33-003-009 ....... American Institute of Aeronautics and Astro-

nautics, J. J. GLENNON.
A Scientific and Technical Information

Service, Including Abstracting and Indexing,

Covering Published Aerospace Literature.

NGR 33-006-020 ....... Polytechnic Institute of Brooklyn, K. K. 64, 343

CLARKE.

A Space Communications Study.

NGR 33-008-039 ....... Colu_nbia University, G. SU_I_ON AND M. 41, 111

EWINO.

Study of Development of a Passive Lunar

Seismic System.

NGR 33-008-059 ....... Columbia University, M. G. LANGSETH ....... 33, 100

Lunar Thermal Measurements in Conjunc-

tion With Project Apollo.

NASA FOURTEENTH SEMIANNUAL REPORT TO CONGRESS

$9, 960

100, 000

122, 078

1,297,000



APPENDIX Q 263

$32, 120

68, 475

NGR 33--008-062 ....... Columbia University, L. WOLT_ ...........

]_[perlmental Research in Infrared As-

tronomy.

NASr-156 ............. Cornel/ Aeronautieni Laboratory, Inc., _. W.
A3 FOaD.

Research in "Warm Fog _' Dispersal I_

signed to Improve Airport Utilization.

NsG-167 .............. New York University, S. A. KOaFF .......... 20, 000

S 4 Investigation of Cusm/e Rays, Neutrons,

and Interplanetary Plasma in the Solar

System.

NsG-683 .............. New York University, L. ARNOLD ............ 15, 000

S I Research in Geophysles and Astrophysics.

NGR 33--016-067 ....... New York University, _. R. Rao_,zzN! ....... 600, 000

Multidlsciplinary ReSearch in S p a e e

Science and Engineering.

NsG-261 .............. Rensselaer Polytechnic Institute, P. H_aT_CK_ 50, 000

S 2 Chemistry of Planetary Atmospheres and

Comets.

NsG--290 .............. Rensselaer Polytechnic Institute, J. C. 65, 800

S 3 CO_LLL

Studies of Radiation Damage to Semi-Con-

ductors and Their Metallic Films by High

Energy lectron, Proton, and Neutron-
Gamma Radiation.

NsG-3TI .............. Rensselaer Polytechnle Institute, F. A. WHr_¢_ 4, 980

S B Theoretical and Experimental Study of

Radiation Damage and ]_ffects on the Proper-

ties of Materials.

NGR 33-018-053 ....... Rensselaer Polytechnic Institute, F. A. WHIWL 75, 000

_[%_miques for Increasing the Sensitivity

of Mass Spectrometr_ Gas Analyses, Uttl_

lng Ion Detectors.

NsG(F)29 ............. University of Rochester, W. O. I_NN ........ 1, 0O0, 000

Construction of Research Laboratory Fa-

cilities Housing the Space Science Center.

NGR 33-019-048 ....... University of Rochester, H. Gxeo .......... 25, 599

Study of CW Gaseous IAmers for Optical

Communications in Space.

NGR 33-022-032 ....... Syracuse University, H. W. IAU ............ 22, 500

Fatigue Crack Propagation and Strains

Within Plastic Zone.

NGR 33-022-035 ....... Syracuse University, M. E. BAm_Y ........ 42, 720

Gas Radiation and Transport Properties at

High Temperatures.

NsG-489 .............. Yeshiva University, S. WIneSkIN ........... 110, 486

S 3 Investigations of Efforts of Sensory Dep-

rivations of Varying Durations on Sensory,

Perceptual, Physiological, Emotional, and

Spatial Orientation of the Individual.

NGR 33-023--009 ....... Yeshiva University, G. C_I ............... 22, 000

Study of Propagation of ]_nergetic Par-

tieles in Interplanetary 8paee.

NORTH CAROLINA :

NGR 34-002-027 ....... North Carolina State University, H. A. HAs- 27, 000

8AN.

Theoretical Inve_lgation of Liquid Water

Injection Into the Shock Layer of Reentry

Vehicle.

NGR 34-002-032 ....... North Carolina State University, H. SAOAN__ 33, 476

Mathematical Theory of Optimal Control
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OHIO :

NsG-110 .............. Case Institute of Technology, L. A. SCHMIT,
S 6 Jr.

Application of Structural Synthesis to
Aerospace Vehicle Structures.

NsG-728 .............. Case Institute of Technology, H. W. MERO-

S 1 LEa.

Investigation of Control in Man-Machine

Systems With Emphasis on Problems of

Remote Manipulation.

NsG(F)28 ............. Case Institute of Technology, H. R. NARA .....

Construction of Research Facilities,

NsG-75 ............... University of Cincinnati, B. BLACK-SCHAFFER

S 2 Study of Protection Against Acceleration

by Immersion During a Low Temperature

State.

N'SG 36-004--013 ....... University of Cincinnati, R. J. KNOLL ........

Investigation of the Longitudinal Vibra-

tions of Liquid Fueled Launch Vehicles.
NsG-463 .............. Kent State University, J. W. REED ..........

S 1 Theoretical and Experimental Studies of

the Magnetic and Molecular Properties of

Selected Compounds, Using Neutron Diffrac-

tion Techniques.

NsO-568 .............. Kent State University, T. N. BHARGAVA ......

S 2 Stochastic Models for Multi-Dimensional,

Multi-Valued Relations.

NsG-74 ............... Ohio State University, C. A. LEvis ..........

S 5 Research on Receiver Techniques and De-

tectors for Use at Millimeter and Submil-

limeter Wave Lengths.
NsG-448 .............. Ohio State University, C. LEVIS ............

S 2 Theoretical and Experimental Investiga-

tions of Spacecraft Antenna Problems in the

Varied Operational Environments of F_rout

,Space and Atmospheric Re-Entry.

NSR 36-008-027 ....... Ohio-State University, W. PEAKE ............

A 2 Conduct an Investigation of Radar and

Microwave Radiometrie Techniques for Geo-

science Experiments Which May Be Carried

Out in Manned Orbiting Spacecraft.
NGR 36-008-048 ...... Ohio State University, R. C. RUDDUCK .......

Theoretical and Experimental Studies of

Antennas for Refleetometer Application.

OKLAHOMA :

NsG-300 .............. Oklahoma City University, J. P. JORDAN .......

S 3 Interdisciplinary Studies of the Effects of

the Space Environment on Biological

Systems.

NsG-609 .............. Oklahoma State University, C. A. DUNN ......

S 1 Re_eareh in 'Space-Relate& Sciences and

Engineering.

NASr-178 ............. Southeastern State College, L. B. ZINK ......

A 2 Construct a Profile of the Existing Eco-

nomic Structure of the Region Surrounding

the Southeastern State College.

NASr-178 ............. Southeastern State College, L. B. ZINK ......

A 3 Construct a Profile of the Existing E:co-

nomic ,Structure of the Region Surrounding

the Southeastern State College.

OREGON :

NGR 38-002-013 ....... Oregon State University, H. CURL, Jr .......

Physiological Ecology of Cryophillic

Algae.

$72, 720

66,220

2,226,000

24,360

32,000

46,363

29,040

75,000

45,000

180,382

40,000

40,000

75,000

32,000

98,000

48,592
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PENNEYLVANIA :

NAG--270 .............. Drexel Institute of Teelmology, P. C. CHou___ $47, 394

S 3 Theoretical Analysis of Liquid Filled Fael

Tanks Impacted by HYl_rveloctty Partiel_

NsG-324 .............. Pennsylvania State University, E. C. POLLARD_ 152, 960

S 3 Study of the Structure and Function of

Living Cells.

NGR 39-4)09-015 ....... Pennsylvania State University, P. EBAUeH .... 600, 000

Re_mroh in the Spaes-Related Sciences

and Engineering.

NAG-416 .............. University of Pittsburgh, D. HALLIDAY ...... 326,

S 2 Interdlsctpilnary Space-Re'rated Research

in the Physical, Life and ]_n_Ineering

Sciences.

NGR 39-011-035 ....... University of Pittsburgh, E. GBIJuoY ...... 14,201

New Formulas for Collision Amplitudes

and Related Quantities.

NGR 39-023-002 ....... Villanova University, G. C. YEH ............ 15, 000

Kinetic Study of Electrically Activated

Reaction Systems.

RHODE ISLAND :
NAG--373 .............. Brown UniverSity, H. ]_ F_NSWORTH .... 2T, 000

$2 Determination of the Degree of Order

Present on Rofractory-Metni Single Crystals

as A_ected by Chemical Etches and Various

Heat Treatment.

NGR 40-002-027 ....... Brown University, W. N. FINDL]_ .......... 81, 788

An Investigation of the Creep and Relaxa-

tion of Nonlinear Materiala Under Multinxlal

Stressing.

TENNESEEE :

NGR 43-002-015 ....... Vanderbllt University, M. G. Botch ......... 22, 657

Apptieations of Calculus of Variations to

the Optimization of Multistage _raJeetorles.

TEXAS :
NASr--198 ............. Graduate Research Center of the Southwest, 130, 000

A 4 K.G. McC_cKEN.

Develop and Evaluate Techniques and In-

strumentation for the Measurement of

Cosmic Radiation Anlsotropies.

NSR 44-004-017 ....... Graduate Research Center of the Southwest, 23, 488

A 1 J.A. I_F_ER AND W. J. HEIKKILA.

Design and Construct 5 Ionospheric

Probes in each of 3 Nike-Apache Rocket

Payloads.
NSR 44-004-043 ....... Graduate Research Center of the Southwest, 19, 186

K. G. McCaAcK_.

Processing and Interpretation of Data for
Pioneers A and B.

NGR 44-005-019 ...... University of Housto.n, N. M. SHOAT ........ 14, 789

Petrographic Analysis of the Anatomy of

a Meteorite Impact Crater.

NGR 44--006--032 ...... Rice University, J. W. I_gZID_N, JR ......... 1T, 2_4

Feasibility Study of a Detector for the

Positive Ion Constituents of the Lunar At-

mosphere To Be Employed on the Apollo

Lunar Surface Experiments Module.

NGR 44-006-034 ...... Rice University, A. M_LE ................. 17, 000

Theoretical Studies of Hypersonic Lifting

Bodies.

NAG--669 .............. Texas A. & M. University, A. E. CRONK ....... 82, 878

S 1 Improvement of Propeller Static Thrust

Estimation.
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T_xAs---Continued
NGR44-001-031...... Texas A. & M. University, T. J. KOZIK ....... $32, 752

The Analysis of Structurally Orthotropie

Shells by Means of the Compliance Method.

NsG-440 .............. Texas Woman's Uaiversity_ P. B. MACK ...... 45, 000

S 2 An Experimental Investigation of Skeletal

Mineral Losses in Humans and Monkeys.

R 44-014-014 ......... U.S. Air Force--School of Aerospace Medi- 25, 000

eine, T. H. ALLEN'.

Formulate, Evaluate, Design and Compare

Foods of 3 General Types From Diverse

Sources as Sustaining Human Diets for

Extended Aerospace Missions.

UTAH :

NGR 45_)03-019 ...... University of Utah, N. W. RYAN AND A.D. 67, 135

BAER.

Investigation of the Combustion Chemis_try

of Composite Rocket Propellants.

VIRGINIA :

NASr-10 .............. Hazleton Laboratories, Inc., G. V. LEVXN .... 59, 100

A 9 Radioisotopie Biochemical Probe for Ex-

traterrestrial Life Detection.

NsG-035 ............... University .of Virginia, J. W. M0eRE ......... 8, 850

S 1 Analysis and Improvement of Iteration

Methods for Solving Automatic Control

Equations.

NGR 47-005-031 ....... University of Virginia, L. W. FREDRICK ...... 8, 442

Study of the Design and Applications of
Interferometers in Earth Orbit.

NGR 47-005-032 ....... University of Virginia, L. W. FREDRICK ...... 13, 681
Observations of Lunar Phenomena.

NGR 47-005-040 ....... University of Virginia, G. B. MA_HEWS ..... 24, 788

Wind Tunnel Effects in V/STOL Model

Testing.

NsG-636 .............. College of William and Mary, H. O. FUNSTEN__ 28, 152

S 1 An Investigation of Plan and Muon Beam

Transport Systems.

_VASHINGTON :

NsG--401 .............. University of Washington, R. J. H. BOL_ARD 42, 163

S 3 ANn 1_. H. DILL.

An Analytical and Experimental Study,

Using Photoelastic Methods, to Establish a

Procedure for Stress Analysis of a Visco-

elastic Model Subjected to Transient Tem-

perature and Time Dependent Loading.

WISCONSIN :

NGR 50-002-040 ....... University of Wisconsin, L. C. YOUNG ....... 10, 076

Variational Methods and Their Applica-

tions in Optimal Control and in Partial

Differential Equations.

NGR 50-002-044 ....... University of Wisconsin, W. L. KRAUSCHAAR__ 175, 000
Research in Cosmic and Solar Physics.

NGR 50-002-047 ....... University of Wisconsin, W. KRAUSHAAR ..... 13, 200

Study of Manned Space Investigations in

X and Gamma Ray Astronomy.

WYOMING :

NsG-658 .............. University of Wyoming, J. C. BELLAMy ...... 50, 000

S 1 Orbital Operations Study.

FOREIGN ;

NGR 52-059-001 ...... McMaster University, A. B. KRISTOFFERSeN___ 26, 919

A Study of Attention and Psychological

Time.
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NGR 52-056-001 ...... Swiss Federal Institute of Technology,

E. S_mrEL.

A Study of Regniarizatlon in Celestial

Mechanics.

NGR 52-026--008 ...... University of Toronto, G. K. KORBACHI_R .....

S I Failure Mechanisms and Statistical A_

iQeets of Metal Fatigue.

NGR 52-026-011 ...... University of Toronto, R. C. T_NNYS01_ ......

Buckling of Circular Cylindrleal Photo-

elastic Shells in Axial Compreeslon.

NGR 52--061-001 ...... University College, A. N. HUN_m ...........

Partial _Upl_rt of the World Magncfic

Survey Program at Nairebl, Kenya.

17, 911

14, 35O

3,000
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Instifutions Currently Participating in NASA's Predoatoral Training Program

(December 31,, 1_6._)

Adelphta University

Alabama, University of

Alaska, University of

Alfred University

Arizona State University

Arizona, University of

Arkansas, University of

Auburn University

Baylor University
Boston College

Boston University

Brandeis University

Brigham Young University

Brooklyn, Polytechnic Institute of

Brown University

California Institute of Technology

California, University of, at Berkeley

California, University of, at Los Angel_s

California, University of, at Riverside

California, University of, at San Diego

California, University of, at Santa Barbara

Carnegie Institute of Technology

Case Institute of Technology

Catholic University of America

Chicago, University of

Cincinnati, University of

Clark University

Clarkson College of Technology

Ciemson University

Colorado School of Mines

Colorado State University
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Cornell University

Dartmouth College
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Denver, University of

Drexel Institute of Technology
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Duquesne University
Emory University

Florida State University

Florida, University of

Fordham University

George Washington University

Georgetown University
Georgia Institute of Technology

Georgia, University of

Hawaii, University of

Houston, University of
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Johns Hopkins University

Kansas State University

Kansas, University of

Kent State University

Kentucky, University of

Lehigh University
Louisiana State University

Louisville, University of

Lowell Technological Institute

Maine, University of
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Missouri, University of

Missouri, University of, at Rolla

Montana State University
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Oregon State University
Pennsylvania State Unlvers/ty
Pennsylvania, University of
Pittsburgh, University of
Princeton University

Purdue University
Ee_seelaer Polytechnic Institute
Rhode Island, University of

Rlee University
Rochester, University of
Rutgers---The 8rate University
St. Louis University
South Carolina, University of
South Dakota, University of
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Southern Illinois University
Southern Methodist University
Southern Mississippi, University of
Stanford University
Stevens Institute of Technology

Syracuse University
Temple University
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Texas A. k M. Unlverslty
Texas Christian University
Texas Teehnologieal College
texas, University of
Toledo, University of
Tm'ts University
Tulane University
Utah 8rate University
Utah, University of
Vanderbflt University

Vermont, University of
Viilanova University

Vlrg/n_ Polyteelmie Institute
Vlrglnta, Unlvers/ty of
Washington State University
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William and Mary, College of
Wisconsin, University of
Worcester Polyteehnie Institllte

Wyoming, Univei_ty of
Yale Unive_ty
Yeshiva University
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