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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST

OUTLOOK

The NASA FY 1970 Budget arrests the steady downward trend
of NASA budgets 1in the past several years and 1s designed to pro-
vide NASA with the same total program level in FY 1970 as 1t was
allowed in its reduced FY 1969 operating plans, even though the
authorization request before Congress shows an apparent decrease.

For FY 1969, the total appropriated by Congress was $3,995
million. Under the requirements of the Revenue and Expenditure
Control Act last year, the President withheld $117 million,
leaving NASA with a FY 1969 operating plan of $3,878 billion,
including provision for the civil service pay increases becoming
effective during the year.

For FY 1970, President Johnson's decision was to provide
NASA the same program level as in the final FY 1969 operating
plan -- $3,878 million. The $117 million withheld in FY 1969
is "no-year funds" which can be applied to NASA‘s FY 1970 re-
guirements without further Congressional action. Thus, the
FY 1970 authorization and appropriation requests now before
Congress total only $3,761 million, $117 million less than the
$3,878 million program level the Budget recommends. This then
is $3,168,900,000 for Research and Development (including the
$117,473,000 of the FY 1969 appropriation); $58,200,000 for
Construction of Facilities, and $650,900,000 for Research and
Program Management.

Dr. Thomas O. Paine, head of NASA, has characterized the
FY 1970 Budget as a "holding" budget that provides for progress,

but defers critical and program funding decisions to the Nixon



Administration.

NASA's FY 1969 Operating Budget was $762 million below
FY 1968 and over one billion dollars below FY 1967. During
this same period total nationwide employment on NASA work de-
creased from an earlier peak of approximately 420,000 to
270,000 at the end of FY 1968, to about 215,000 at the end of
FY 1969, and, under the FY 1970 Budget to about 190,000. The
reduction of the NASA civil service during the same period
placed a difficult burden on its program management, coming
during the period of intense preparations to support the heavy
schedule for manned space flight.

It has not been easy to maintain a strong forward-thrusting
program under these conditions and the problem has been com-
pounded by the uncertainties on the funding level and future goals
of the program.

In recent years, the budgets submitted by the President and
the funding levels finally approved have required deferral wher-
ever possible of programs pointed at major new objectives. To
maintain some momentum and preserve important options, NASA had
to take uneconomical actions to defer programs, curtail scope
and value of projects, stretch-out schedules, and reduce planning
and preliminary design and development work on future programs.

Virtually all of the $3878 million requested for FY 1970 is
required for the necessary costs of continuing in FY 1970 projects
and programs approved and begun in previous years. These include
the Apollo program, the limited Apollo Applications program which
NASA finally was able to undertake within its reduced FY 1969
operating plan, the Titan-Mars 1973 program - now called "Viking"

which was also approved last year, and other lesser programs.



NEW RESEARCH AND DEVELOPMENT PROGRAMS AND PROJECTS

To carry forward previously approved programs 1n FY 1970
will require about $3.8 billion. The remainder of NASA's re-
quest, about $70 million, i1s for previously anticilpated extensions
of some of its continuing space sclence and applications programs,
such as a Mariner-Mercury 1973 mission and the synchronous
meteorological satellite, and for starting three principal new
programs or major developments. They are:

1. The Earth Resources Technology Satellite Program -

NASA has secured approval in this budget to move ahead with the
actual development of experimental Earth Resources Technology
Satellites now designated ERTS A and B. If this budget recommen-
dation 1is approved by the Congress, NASA will be able to begin
satellite testing of multi-spectral televisilion systems which

will enable experimenters in the several government agencies

and universities cooperating in our program to assess experimentally
the value of space-collected data in the study and understanding
of a variety of earth resources. For many years NASA and the
Departments of Interior, Agriculture, Commerce and other agencies
have been enthusiastic about the great potential value of data
that can be collected from space.

Hitherto, NASA has been limited by budgetary constraints to
experimentation on the ground and from aircraft, sensor develop-
ment, and studies of satellite systems. This work has progressed
to the point where NASA is now ready, 1f this budget recommenda-
tion is approved, to carry out work from space which will enable
it and the cooperating "user" agenciles to assess with hard ex-
perimental evidence the utility of earth resource data collected
by satellites and begin to develop plans and systems for utilizing

such data in their operations. ERTS A and B correspond to the



first experimental meteorological satellites and should have
the same revolutionary impact on the many disciplines in the
earth resource field as the original TIROS experiments had in

the field of meteorology and weather forecasting.

2. NERVA Flight Weight Engine Development - A reduced

budget level for FY 1969 prevented NASA from beginning develop-
ment of the NERVA flight weight nuclear engine. Initiation of
this development has now been approved in the FY 1970 Budget.

By the end of FY 1969, Paine says NASA will have reached the point
beyond which it would be impractical, from a technical or pro-
gram standpoint, to proceed with further preliminary development
and test work on the NERVA engine without a clear decision to
proceed with actual development of the flight weight engine.

This i1s NASA‘s longest-term future major technological development

effort.

3. Planetary Explorers - The third new program in the FY 1970

Budget calls for the start of a series of small "planetary ex-
plorers." On flights to Venus starting in 1972 and later to Mars,
they will supplement the more detailed and comprehensive data
gathered by NASA*'s larger and more costly Mariner-class missions.
NASA feels that in the field of planetary exploration, as in the
scientific exploration of space around the earth, the greatest
progress can be made at the least cost through a balance of small
relatively unsophisticated satellites and larger more expensive
spacecraft with sensors and instruments embodying the most ad-
vanced technology available.

In all other respects, the FY 1970 Budget must be regarded
as a "holding"” budget which does not set and support new goals
for the nation's space program to replace those achieved or

which the nation is now close to achieving in the first decade



of space.

This is especially true in the area of manned space flight.
NASA has felt and expressed the need for several years now for
clear decisions and support for future manned space flight ob-
jectives, believing that it is clear that the future goals in
a balanced manned space flight program lilie in two directions:

One, continued exploration of the moon; and two, in the develop-

ment and utilization of a permanent manned space station in earth
orbit.

In his decisions on the NASA FY 1970 Budget, President John-
son specifically deferred to President Nixon's Administration
decisions on both of these goals and on the initiation of new
programs to work toward them. Under the FY 1970 Budget before
Congress, it will be NASA's task to proceed with studies of
possible future programs and to do everything it can to preserve
until FY 1971 effective options to proceed 1in either or both of
these directions.

In manned space flight the FY 1970 Budget provides for continu-
ing the Apollo program at a decreasing level and for continuing
work toward the single set of flights of the Saturn I Workshop
and Apollo telescope mount now scheduled for 1971 and 1972,
Beyond that, it provides only funds for study - $11 million for
studies of equipment required for future exploration of the moon
and $9 million for studies and related preliminary work 1in the
earth-orbital space station field.

NASA feels that it is now abundantly clear that the Soviets
are proceeding in manned space flight programs directed both at
sending men to the moon and at substantially enlarged and ex-
tended manned operations in earth orbit. In theilir planetary pro-
gram, the Soviets have launched two spacecraft to Venus which

they say are intended to soft-land instruments on Venus much im-



proved over those they landed with Venera 4 last year. In

other categories of space and aeronautics, their program continues
to be active and their entire effort apparently 1s receiving a
continuing high level of support.

As indications of future Soviet direction and pace become
clearer and as this nation approaches the first manned Apollo
lunar landing, NASA feels 1t is clearly appropriate for the new
Administration and the Congress to take a fresh look at long-term
U.S. goals in space.

President Nixon has asked Paine, the new Admlnistrator of
NASA, the Secretary of Defense, and the President's Science
Adviser, each to develop proposed plans on the direction the U.S.
space program should take in the post-Apollo period and to meet
together as a Task Group under the Chairmanship of the Vice Presi-
dent, to prepare for the President a coordinated program proposal.
From this process could come firm decisions for a future long-range
program in space and aeronautics.

NASA's Paine feels major program goals for the next ten
years should include:

TEN YEAR GOALS

First - We should do all we can to understand and put to
early use the promise of space for people here on earth. We
should increase our scientific knowledge of the earth-sun rela-
tionship and study the earth itself from space. We should develop
and experiment with new and improved practical applications of
satellites, particularly in earth resources. We should continue
to foster prompt introduction into the economy of space applica-
tions and technology.

Second - We should follow up the first Apollo landing with
a sound program of manned lunar exploration.

Third - We should proceed with the development and experi-

- 10 -




mental operation of a permanent U.S. space station in earth
orbit.

Fourth - We should move out steadily in the exploration of
deeper space, exploring the planets with unmanned probes and the
sun, stars, and galaxies from orbital observatories outside the
atmosphere.

Fifth - We should provide the technology for developing the
full potential of U.S. civil and military aeronautics, and

Sixth - We should maintain a strong momentum of broad

technological advance in all aerospace disciplines.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL. YEAR 1970 BUDGET REQUEST

SUMMARY OF APPROPRIATIONS

(In thousands of dollars)

P.L. 90-131 P.L. 90-550
Fiscal Year Fiscal Year Fiscal Year

Appropriation 1968 1969 1970
Research and Development. . . . .$3,925,000 $3,370,300 $3,051,427
Construction of Facilities. . . . 35,900 21,800 58,200
Research and Program Management . 628,000 603,173 650,900

TOTAL $4,588,900 $3,995,273 $3,760,527




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 BUDGET REQUEST

SUMMARY OF APPROPRIATIONS (ADJUSTED)

(In thousands of dollars)

FISCAL YEAR 1968
NASA Appropriation Act, 1968

(81 stat. 384) . . . . . . .« . . .
NASA Appropriation Transfers
(81 Stat. 385) . +. « & « « o « .«

Transfer to "Operating Expenses,
Public Buildings Service,"
General Services Administration
(81 stat. 349) . . . . . . . . . .

Appropriation (adjusted) . . . .

FISCAL YEAR 1969

Independent Offices and Department
of Housing and Urban Development
Act, 1969 (82 Stat. 945) . . . . .

NASA Appropriation Transfers
(82 Stat. 945) . . « « ¢ ¢ ¢ o . .

Transfer to "Operating Expenses,
Public Buildings Service," General
Services Admin. (82 Stat. 943) . .

Appropriation (adjusted) . . . .

FISCAL YEAR 1970
Appropriation request. « .« . « o« o

Research &

Research & Construction Program
Total Development of Facilities Management
$4,588,900 $3,925,000 $35,900 $628,000
- -13,450 +11,550
-127 - -127
$4,588,773 $3,911,550 $37,800 $639,423
$3,995,273 $3,370,300 $21,800 $603,173
—— -59,268 +13,900 +45,368
-280 - -280
$3,994,993 $3,311,032 $35,700 $648,261
$3,760,527 $3,051,427 $58,200 $650,900
- 13 -



L
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST
SUMMARY OF BUDGET PLAN BY APPROPRIATION BY BUDGET ACTIVITY
(In thousands of dollars)
Scientific
investi- Space
Space gations Appli- Space Aircraft Supporting
Total Flight in Space cations Technology Technology Activities
Fiscal Year 1968 $4,639,750 $3,154,922 $510,902 $130,535 $379,801 $136,284 $327,306
Research and development . 3,966,952 2,809,230 438,452 110,332 237,688 81,400 289,850
Construction of facilities 33,505 21,340 3,595 — 2,115 3,170 3,285
Research and program
management . . . .« o . . 639,293 324,352 68,855 20,203 139,998 51,714 34,171
Fiscal Year 1969 $3,877,520 $2,510,175 $406,208 $124,939 $336,551 $150,200 $349,447
Research and development . 3,193,559 2,177,500 329,983 105,039 193,665 94,900 292,472
Construction of facilities 35,700 10,414 1,925 ——— 386 - 22,975
Research and program
management . . . . . . . 648,261 322,261 74,300 19,900 142,500 55,300 34,000
Fiscal Year 1970 $3,878,000* $2,339,250 $489,044 $169,601 $340,238 $161,467 $378,400
Research and development . 3,168,900* 2,007,700* 409,549 148,601 190,350 100,700 312,000
Construction of facilities 58,200 14,250 1,595 - 8,088 4,767 29,500
Research and program
management . . . . . . . 650,900 317,300 77,900 21,000 141,800 56,000 36,900

* Includes $117,473,000 of FY 1969 funds applied to FY 1970 budget plan.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST
SUMMARY OF BUDGET PLAN

OFFICE OF MANNED SPACE FLIGHT PROGRAMS

(Thousands of dollars)

1968 1969 1970

Research and Development $2,809,230 $2,177,500 $2,007,700
Apollo ¢« . ¢« ¢ ¢ ¢ ¢ ¢« ¢ « « o 2,556,030 2,025,000 1,651,100
Space flight operations. . . . 253,200 150,000 354,100
Advanced missions. . . . . . . -—- 2,500 2,500
Construction of Facilities 21,340 10,414 14,250
Kennedy Space Center . . . . . 19,342 7,364 12,500
Manned Spacecraft Center o o 750 1,333 1,750
Marshall Space Flight Center . 823 —— -—
Michoud Assembly Facility. . . 425 400 -—
Various locations. . . . . . . ——— 1,317 -—
Research and Program Management 315,098 312,028 307,450
Kennedy Space Center . . . . . 93,131 97,669 97,501
Manned Spacecraft Center . . . 95,737 97,998 97,748
Marshall Space Flight Center . 126,230 116,361 112,201
TOTAL, Manned Space Flight . $3,145,668 $2,499,942 §$2,329,400

- 15 -




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 BUDGET REQUEST
SUMMARY OF BUDGET PLAN

OFFICE OF SPACE SCIENCE AND APPLICATIONS PROGRAMS

OFFICE OF UNIVERSITY AFFAIRS PROGRAM

(Thousands of dollars)

1968 1969 1970
Research and Development $552,850 $438,416 $558,800
Physics and astronomy . . . . 139,500 125,116 119,600
Lunar and planetary

exploration . . « . . . . . 147,500 81,800 146,800
Bioscience. . . ¢« « ¢ + & « . 41,800 32,700 32,400
Space applications. . . . . . 99,500 98,600 135,800
Launch vehicle procurement. 124,550 100,200 124,200

Construction of Facilities 3,595 1,925 1,595
Goddard Space Flight Center . 565 - 670
John F. Kennedy Space Center,

NASA. +© v o =« o o o o o o = 2,290 1,650 -
Wallops Station . . . . . . . 740 275 500
Various locations . . . « . . - -—— 425

Research and Program Management 77,073 82,510 88,053
Goddard Space Flight Center . 68,305, 73,490 79,024
Wallops Station . . . . . . . 8,768 9,020 9,029

TOTAL, Space Science and

Applications $633,518 $522,851 $648,448
(UNIVERSITY AFFAIRS PROGRAM)

Research and Development
Sustaining University

program . . . . . . . . . . $ 10,000 $ 9,000 $ 9,000




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST
SUMMARY OF BUDGET PLAN

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS

OFFICE OF TRACKING AND DATA ACQUISITION PROGRAMS

OFFICE OF TECHNOLOGY UTILIZATION PROGRAM

(Thousands of dollars)

1968
ADVANCED RESEARCH AND TECHNOLOGY
PROGRAMS AND PROJECTS
Research and Development $315,022
Basic research . . . . . . . . 21,465
Space vehicle systems. . . . . 34,100
Electronics systems. . . . . . 38,057
Human factor systems . . . . . 19,828
Space power and electric
propulsion systems . . . . . 43,735
Nuclear rockets. . . . . . . . 54,000
Chemical propulsion. . . . . 37,037
Aeronautical vehicles. .« . . 66,800
Construction of Facilities 5,285
Ames Research Center . e e . 3,170
Electronics Research Center. . -
Langley Research Center. . . . -
Lewis Research Center. . . . 2,115
Research and Program Management 189,059
Ames Research Center . . . . . 33,781
Electronics Research Center. . 15,352
Flight Research Center . . . . 9,469
Langley Research Center. . . 62,213
Lewls Research Center. . . 66,222
Space Nuclear Propulsion
Office . . . . « ¢ « « . . 2,022
TOTAL, Advanced Research
and Technology. . . $509,366

oo Sinfind
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1969 1970
$285,171 $290,400
21,000 21,400
31,700 30,000
34,771 35,000
19,700 23,600
42,200 39,900
32,000 36,500
28,900 25,100
74,900 78,900
386 12,855
386 S
_— 8,088
_— 4,767
193,924 195,600
34,036 34,050
17,237 18,566
9,680 9,615
62,947 63,308
67,845 68,061
2,179 2,000
$479,481 $498,855




{Thousands of dollars)

1968 1969 1970
TRACKING AND DATA ACQUISITION
PROGRAMS AND PROJECTS
Research and Development
Tracking and data acquisition. $275,850 $279,672 $298,000
Construction of Facilities 1,930 21,975 17,000
Jet Propulsion Laboratory. . . 1,930 -— ——
Various Locations. .« « .« « « =« ——— 21,975 17,000
TOTAL, Tracking and Data
Acquisition . . . . . $277,780 $301,647 $315,000
TECHNOLOGY UTILIZATION
Research and Development S 4,000 $ 3,800 $ 5,000




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST

NUMBER OF PERSONNEL POSITIONS

Fiscal Year Fiscal Year Fiscal Year

1968 1969 1970
MANNED SPACE FLIGHT 13,961 13,285 13,035
John F. Kennedy Space
Center, NASA . . . . . . . 2,917 2,921 2,881
Manned Spacecraft Center . . 4,604 4,383 4,303
Marshall Space Flight
Center . . . . . « .« « . . 6,440 5,981 5,851
SPACE SCIENCE AND APPLICATIONS 4,316 4, 731 4,900
Goddard Space Flight Center. 3,822 4,243 4,412
Wallops Station. . . . . . . 494 488 488
ADVANCED RESEARCH AND TECHNOLOGY 12,040 11,577 11,533
Ames Research Center . . . . 2,083 1,974 1,956
Electronics Research Center. 794 844 900
Flight Research Center . . . 566 539 534
Langley Research Center. . . 4,037 3,885 3,849
Lewis Research Center. . . . 4,452 4,235 4,195
Space Nuclear Propulsion
Office . . . . . . . « o . 108 100 99
SUPPORTING OPERATIONS
NASA Headquarters. . . . . . 2,154 2,152 2,132
TOTAL PERMANENT POSITIONS. 32,471 31,745 31,600
POSITIONS OTHER THAN
PERMANENT. . . . . . . 2,170 2,193 2,193
TOTALL POSITIONS. . . . . . 34,641 33,938 33,793

- - == - e



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Research and Development

PROGRAM AND FINANCING

(In thousands of dollars)

Budget plan (amounts for
research and development
actions programmed)

Costs and obligaticns

1968 actual 1969 est. 1970 est. 1968 act. 1969 est. 1970 est.
PROGRAM BY ACTIVITIES:
Direct program:
1. Manned space flight:
(a) Gemini . . . . « « « . o . . . -—- -— -— 4,808 - -——-
(b) Apollo « &« &« o & & « +« « « « . 2,556,030 2,025,000 1,651,000 2,489,182 2,310,000 1,675,060
(c) Apollo applications. . . . . . 253,200 150,000 345,100 127,551 216,000 369,070
(d) Advanced manned mission studies - 2,500 11,500 3,933 4,000 10,000
2. Scientific investigations in space:
(a) Physics and astronomy. . . . . 155,981 144,191 134,958 177,902 158,800 135,200
(b) Lunar and planetary exploration 156,874 97,770 166,151 169,177 113,000 152,500
(c) Bioscience . . . « o & o « o« . 42,800 34,300 34,000 43,812 37,000 34 000
(d) Launch vehicle development and
SUPPOrt. v v v o o o o o o 82,797 53,722 74,440 99,627 60,000 70,050
3. Space applications . . . . . . . . 110,332 105,039 148,601 107,628 107,000 141,800
4, Space technology . . . . . . . . . 237,688 193,665 190, 350 245,096 217,200 203,950
5. Aircraft technology. . « . . . . . 81,400 94,900 100,700 70,694 87,000 96,400
6. Supporting activities:
(a) Tracking and data acquisition. 275,850 279,672 298,000 285,002 295,000 321,700
(b) Sustaining university program. 10,000 9,000 9,000 40,473 26,000 23,000
(¢) Technology utilization . . . . 4,000 3,800 5,000 4,320 4,000 5,000
TOTAL, direct program costs,
funded. . . + +« « « . . 3,966,952 3,193,559 3,168,900 3,869,205 2,635,000 3,237,600

(cont.)
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(cont.)

Budget plan (amounts for

research and development Costs and Obligations
actions programmed)
1968 actual 1969 est. 1970 est. 1968 act. 1969 est. 1970 est.
Budget authority:
40 Appropriation . . . <« « ¢ « o .+ . 3,925,000 3,370,300 3,051,427 3,925,000 3,370,300 3,051,427
41 Transferred to other accounts . . -13,450 -59,268 ——= -13,450 -59,268 ———
43 APPROPRIATION (adjusted). . . 3,911,550 3,311,032 3,051,427 3,911,550 3,311,032 3,051,427
Relation of obligations to outlays:
71 Obligations incurred, net . . . « « ¢« « « o o « &+ « « « « « « « « 3,816,516 3,504,707 3,168,900
72 Obligated balance, start of year. . . . « ¢ « « o« « « « & « « « « 1,573,457 1,443,923 1,428,630
74 Obligated balance, end of year. . . . « « « « « « « o « o o o« o« + =1,443,923-1,428,630-,362,530
90 OUtlayS « o =« o« o o o « s s o o o « o o o o o o o o o &« « « « 3,946,050 3,520,000 3,235,000
1968 act. 1969 est. 1970 est.
Note.- Reconciliation of budget plan
to obligations:
Total budget plan . . . . . . . . 4,034,747 3,261,559 3,235,900
Deduct portion of budget plan to
be obligated in subsequent years 258,989 - -
Add obligations of prior year
budget plans. . . . <« . « . . . 105,526 311,148 ——=
Total obligations . . . . . . 3,881,284 3,572,707 3,235,900
1967 1968 1968 1969 1970
- adjustments
*Selected resources as of June 30 are
as follows:
Stores. ¢ ¢ ¢ 4« 4 v e e e e e e 39,097 -5,735 35,357 35,357 35,357
Unpaid undelivered orders . . . . 1,043,395 -— 969,409 794,549 725,849
Advances. . .« ¢ ¢ ¢ o ¢ o s o o 10,112 ——= 12,123 12,123 12,123
Total selected resources. . . 1,092,604 -5,735 1,016,889 842,029 773,329

**Reimbursements from non-Federal sources are receipts for services performed on Communications

.

Satellite Corporation projects (42 U.S.C. 2473).
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN
BY PROGRAM BY COGNIZANT OFFICE

(In thousands of dollars)

Fiscal Year Fiscal Year Fiscal Year

OFFICE/PROGRAM 1968 1969 1970
MANNED SPACE FLIGHT . . . . . . . $2.,809,230 $2,177,500 $2,007,700
Apollo. . ¢ ¢ ¢ ¢ e e e e e e . 2,556,030 2,025,000 1,651,100
Space flight operations . . . . 253,200 150,000 354 ,100%*%*
Advanced missions . . . . . . - 2,500 2,500
SPACE SCIENCE AND APPLICATIONS. 552,850 438,416 558,800
Physics and astronomy . . . . 139,500 125,116 119,600
Lunar and planetary
exploration . . . . .« . . . 147,500 81,800 146,800
Bioscience. . . . . . .+ . . 41,800 32,700 32,400
Space applications. . . . . . 99,500 98,600 135,800
*Launch vehicle procurement. . 124,550 100,200 124,200
UNIVERSITY AFFAIRS
Sustaining university program . 10,000 9,000 9,000
ADVANCED RESEARCH AND TECHNOLOGY. 315,022 285,171 290,400
Basic research. . . . . . . . . 21,465 21,000 21,400
Space vehicle systems . . . . . 34,100 31,700 30,000
Electronics systems . . . . . . 38,057 34,771 35,000
Human factor systems. . . . . . 19,828 19,700 23,600
Space power and electric
propulsion systems. . . . . . 43,735 42,200 39,900
Nuclear rockets . . . . . . . . 54,000 32,000 36,500
Chemical propulsion . . . . . . 37,037 28,900 25,100
Aeronautical vehicles . . . . . 66,800 74,900 78,900
TRACKING AND DATA ACQUISITION . . 275,850 279,672 298,000
TECHNOLOGY UTILIZATION. . . . . . 4,000 3,800 5,000

TOTAL BUDGET PLAN . . . . . . $3,966,952 $3,193,559 $3,168,900**

*Funds for the procurement of launch vehicles are statistically dis-
tributed to unmanned flight programs (e.g., Physics and Astronomy,
Space Vehicle Systems).

**Includes application of $117,473 which has been reserved from
apportionment pursuant to the Revenue and Expenditure Control Act of
1968 (Pub. L. 90-364, 82 Stat. 251).
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATION

Fiscal Year Fiscal Year Fiscal Year

Location 1968 1969 1970
Ames Research Center . . . . . . $ 3,170 $ 386 $ -
Electronics Research Center. . . -—- -——— 8,088
Goddard Space Flight Center. . . 565 R 670
Jet Propulsion Laboratory. . . . 1,930 - -—
John F. Kennedy Space Center,

NASA . . ¢ ¢ v o ¢ o o« o o o & 21,632 9,014 12,500
Langley Research Center. . . . . ——— -— 4,767
Lewis Research Center. . . . . . 2,115 - -
Manned Spacecraft Center . . . . 750 1,333 1,750
Marshall Space Flight Center . . 823 - ——
Michoud Assembly Facility. . . . 425 400 -
Wallops Station. . . . . . . . . 740 275 500
Various Locations. . . . . . . . -——- 23,292 26,425
Facility Planning and Design . . 1,355 1,000 3,500

TOTAL « ¢ & ¢ o o o o« o o & $33,505 $35,700 $58,200

— e et . e



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND PROGRAM MANAGEMENT

PROGRAM AND FINANCING

(In thousands of dollars)

Budget plan Costs and obligations
1968 act. 1969 est. 1970 est. 1968 act. 1969 est. 1970 est.
PROGRAM BY ACTIVITIES:
Direct program:
1. Manned space flight . . . . . . . 324,352 322,261 317,300 318,690 322,800 318,000
2. Scientific investigations in space 68,855 74,300 77,900 77,139 73,600 78,000
3. Space applications. . . . . . . . 20,203 19,900 21,000 23,094 19,700 21,000
4. Space technology. . . « . . . . . 139,998 142,500 141,800 143,026 142,700 142,000
5. Aircraft technology . . « « + .« . 51,714 55,300 56,000 52,840 55,400 56,000
6. Supporting activities . . . . . . 34,171 34,000 36,900 39,898 33,500 37,000
Total direct program costs, funded 639,293 648,261 650,900 654,687 647,700 652,000
Reimbursable program:
1. Manned space flight . . . . . . . 1,241 1,400 1,616 1,211 1,400 1,616
2. Space applications. . « . . . . . 939 1,330 1,284 1,131 1,330 1,284
3. Space technology. + + « « « o + & 522 570 600 487 570 600
Total reimbursable program costs. 2,702 3,300 3,500 2,829 3,300 3,500
Total program costs, funded . . . 641,995 651,561 654,400 657,517 651,000 655,500
Change in selected resources* -—— ——— —-——— -15,522 561 -1,100
Total 641,995 651,561 654,400 641,995 651,561 654,400
1967 1968 1968 1969 1970
adjustments
*Selected resources as of June 30 are
as follows:
Unpaid undelivered orders . . . . . 54,265 -2,751 35,806 36,367 35,267
AQVANCEeS.: « & 4 o« o o s o o o o o 157 ——— 342 342 342
Total selected resources. . . . . 54,421 -2,751 36,148 36,709 35,609
(cont.)



(cont.)
Budget plan Costs and obligations
1968 act. 1969 ‘est. 1970 est. 1968 act. 1969 est. 1970 est.
FINANCING:
Receipts and reimbursements from:
Federal funds . . . ¢ ¢ ¢ ¢ ¢« o o o o o o o o o o o s o« o o o -2,494 -3,000 -3,200
ZOSIWQOH’mH MOCHomm** . Y . . . . . . . . . . . . . . . . . . 3 'Nom lwoo 'woo
Unobligated balance 1lapSing .« « « « o o o o o o o o o o o o o 130 ——= -
BUDGET AUTHORITY. &+ ¢ & o o o o o o o o o o o « « « o o o o & 639,423 648,261 650,900
Budget authority:
Appropriation . . . ¢ ¢ ¢ ¢ ¢ 4 e e e e o s o e o o s s e e o o 628,000 603,173 650,900
Transferred to other accounts . . . . ¢ & ¢ ¢ ¢ & o v ¢ o o o & -127 -280 -—-
Transferred from other accounts . . o« o« ¢ ¢ « o o« o o o o o o 11,550 45,368 —_——
APPROPRIATION (adjusted). . . ¢ ¢ o ¢ ¢ o o o o o o o o o o & 639,423 648,261 650,900
Relation of obligations to outlays:
Obligations incurred, NEt .« « + ¢ o o « o o o o o o o o s o o = 639,293 648,261 650,900
Obligated balance, start of year. . . « « o o &+ o o o o o o o« & 101,291 86,373 74,934
OGHHQm.ﬁmQ Hum.unmbom ’ meQ o“m %mmH. . . . . . . . . . . . . . [ . - - lmm ’ wqw I.Np ? wwh llNo ) mwh
Adjustments in expired accounts . . . « ¢ ¢ « o o ¢ o o o o o ~2,685 — o
OUtlaysS « ¢ o ¢ o o o o o o o o o o o o o o o o o o o o o e @ 651,527 659,700 655,000

**Reimbursements from non-Federal sources are

receipts for services

performed on Communications

Satellite Corporation projects (42 U.S.C. 2473) and for personal property sold for replacement

purposes (40 U.S.C. 481).



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST

RESEARCH AND PROGRAM MANAGEMENT
SUMMARY OF OBLIGATIONS BY INSTALLATION

(In thousands of dollars)

Fiscal Year Fiscal Year Fiscal Year

1968 1969 1970
MANNED SPACE FLIGHT. . . . . . $315,098 $312,028 $307,450
John F. Kennedy Space Center,

NASA . . ¢ ¢ ¢ e« o« o« o « & 93,131 97,669 97,501
Manned Spacecraft Center . . 95,737 97,998 97,748
Marshall Space Flight Center 126,230 116,361 112,201

SPACE SCIENCE AND APPLICATIONS 77,073 82,510 88,053
Goddard Space Flight Center. 68,305 73,490 79,024
Wallops Station. . . . . . . 8,768 9,020 9,029

ADVANCED RESEARCH AND TECH-

NOLOGY . . v &« o« o« o ¢ « « . 189,059 193,924 135,600
Ames Research Center . . . . 33,781 34,036 34,050
Electronics Research Center. 15,352 17,237 18,566
Flight Research Center . 9,469 9,680 9,615
Langley Research Center. . . 62,213 62,947 63,308
Lewis Research Center. . . . 66,222 67,845 68,061
Space Nuclear Propulsion

Office . . . . . . . . . . 2,022 2,179 2,000

SUPPORTING OPERATIONS
NASA Headquarters. . . . . 58,063 59,799 59,797

TOTAL. . . « « « « « « « « $639,293 $648,261 $650,900




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 BUDGET REQUEST

NEW RESEARCH AND DEVELOPMENT PROJECTS

The fiscal year 1970 budget estimates ccntain $56,200,000
for the following projects:
Lunar and Planetary Exploraticn Program

Mariner-Mercury 1973 . . . . . . . . . . §$3,000,000

The objectives of the Mariner-Mercury 1973 mission are to
obtain scientific data on the planets Mercury and Venus from a
Mariner spacecraft as it flies past each planet. By using a
gravitational swingby maneuver at Venus, the launch vehicle
energy required to reach Mercury is reduced by a factor exceed-
ing 3:1. A launch in 1973 will permit the acquisition of data
from two planets by the same spacecraft during the same flight.
Relatively little is known of Mercury, the last terrestrial planet
to be explored. Therefore, this mission will permit the first
close-up measurements of the planet's surface characteristics and
properties of its atmosphere. Although the experiments will
emphasize Mercury, they will also be used to collect additioﬁal
data on Venus such as the acquisition of television pictures
which have not been attempted on previous Venus missions.

The Mariner spacecraft for the 1973 Venus/Mercury mission
will be based upon the design of the Mariner-Mars 1969 space-
craft. The funds requested for FY 1970 will provide for system
design and long lead time developments, especially the scientific

instruments.
Planetary Explorers . . . . . . . . . . . $8,000,000

The Planetary Explorer spacecraft is a small, relatively
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inexpensive, planetary orbiter which will complement the larger
and more complex Mariner spacecraft series in exploring Mars
and Venus and their space environments. It will carry 50 pounds
of instruments to measure both planetary and interplanetary
particle and field environments, as well as for planetary upper-
atmosphere experiments. A block of five flights i1s planned to
provide for exploration and near-continuous orbital monitoring of
the planets Venus and Mars, with single launches to Venus in
1972, 1973, and 1975, and to Mars in 1973 and 1975

Funds requested for FY 1970 will be used for the detailed
design of the spacecraft A structural test model and thermal
control model for the Venus 1972 version will also be built and

tested during this time.

Space Applications Program

Synchronous Meteorological Satellite (SMS) . $3,600,000

The objectives of the Synchronous Meteorological Satellite
(SMS) are to: (1) demonstrate a prototype operational SMS; (2)
permit continuous observation of major weather systems routinely,
thus enhancing the ability to predict and locate severe short-
lived storms; (3) derive important wind field data over consider-
ably larger areas and in much less time than heretofore possible,
and (4) provide capability for rapid dissemination of processed
meteorological data to local meteorologists.

Feasibility and project definition studies were completed
in FY 1968 FY 1970 funds are requested to undertake the design
and development of two SMS satellites, planned for launch in 1971
and 1972, capable of continuous weather observation analysis of
cloud motions through observations that will permit derivation of
important wind fields, and for obtaining other significant meteor-

ological data from synchronous altitude.

- 30 -



Earth Resources Technology Satellites (ERTS) . . $14,100,000

The objectives of the Earth Resources Technology Satellites
are to: (1) assess the practical value of remote sensing of
earth resources from space: (2) compare the capabilities in earth
resources data acquisition of a space system versus aircraft; (3)
determine whether, and in what configuration, an operational
space-assisted user-oriented earth resources survey system should
be pursued: (4) determine which remote sensors are most effective
for earth resources surveying: (5) develop and improve data handl-
ing procedures: and (6) ensure full understanding of operational
system requirements and costs. It is planned to design, develop,
launch and test spacecraft capable of conducting a variety of
selected experiments in the earth resources disciplines. A
defainition and preliminary design study 1is being conducted in
FY 1969. Starting in FY 1970, effort will be initiated on pro-
curement of two spacecraft and associated sensors for launch in
1971 and 1972. These missions will result in a major advancement
in our understanding of the overall subject of earth resources

survey from space.

Nuclear Rockets Program

NERVA development . . . « « « « « « « - - $27,500,000

The objective of this joint NASA-AEC project is to provide
a rocket propulsion system for application to advanced orbital,
lunar and planetary missions. System analysis, design, and de-
velopment of this nuclear engine through pre-flight rating tests
1s planned. The engine will have a specific impulse of approxi-
mately 825 seconds, a thrust of approximately 75,000 pounds
(1500 megawatts reactor power) and will include the capability

for multiple cycles of operation, long duration operation, and



and high reliability. A nuclear stage using this type of engine
would be capable of performing a wide variety of high energy and
high payload space missions beyond the performance potential of
chemical rockets.

Initiation of full-scale development, including final engine
design, procurement, fabrication and testing of component develop-
ment hardware; procurement of long lead items; and test stand
modifications is planned for FY 1970. Pre-flight rating test

completion is planned for mid-calendar year 1977.



OFFICE OF MANNED SPACE FLIGHT
APOLLO PROGRAM

From its inception, the Apollo program has focused on de-
veloping and demonstrating a basic national capability to conduct
manned space operations around the earth and moon, and on the
moon. The development of the Apollo spacecraft, the Saturn launch
vehicles and the associated operations base, with the construc-
tion of the ground facilities required to achieve this, has brought
together the largest and most varied scientific and engineering
team ever assembled for a peaceful program. This partnership of
industry, universities, and government has advanced the Apollo
program to the point where the national goal of manned lunar land-
ing and return during 1969 appears attalnable. The accomplishment
of this goal should be a decisive demonstration of the Nation's
ability to conduct complex space operations, and should provide a
sound foundation for a new and increasingly productive era in
space flight.,

Saturn/Apollo flights began 1n October 1961 when a Saturn I
demonstrated the propulsion concept of clustering large liquid
fueled engines. Seven years later, in October 1968, after fifteen
successful flights, the Apollo phase of the Saturn I/IB series of
launches was concluded with the completion of the Apollo 7 mission.
The Apollo 5 mission, using a Saturn IB, resulted in the initial
flight test of the Lunar Module. This unmanned test, in January
1968, verified the ascent and descent stage propulsion systems,
including restart and throttle operations, and qualified the Lunar
Module for manned flight testing.

Apollo 7, the first manned Apollo mission, was launched from

Cape Kennedy on 11 October 1968 and added a number of "firsts"

- 33 -



to the history of manned space flight. It was the first American
flight with a three-man crew in one spacecraft. It was the first
manned mission where the spacecraft had its own propulsion system,
a 20,500 pound thrust engine, for major maneuvers in earth orbit.
It was the first manned demonstration of the spacecraft and
ground support communications system required for deep space
operations: the first test of the television equipment planned
for a manned lunar mission; and the first use of an advanced on-
board computer capable of controlling the spacecraftfs attitude
and velocity.

The first Apollo Saturn V, an unmanned development test
flight designated Apollo 4, was launched on 9 November 1967.
During this Apollo 4 mission, the Saturn V vehicle launched an
Apollo Command and Service Module into a high elliptical orbit
to test the systems and to verify the heatshield‘s ability to
withstand the intense heat of re-entry from lunar distances.

The major test objectives were achieved, and the 6 million 1n-
dividual parts in the complex Saturn V performed reliably. The
second unmanned flight test of the Saturn V occurred on 4 April
1968. During this Apollo 6 mission, the "POGO" phenomenon
(longitudinal oscillations) developed, causing unacceptably high
stresses in the space vehicle. Additionally, igniter fuel lines
in the upper stages ruptured, resulting in a premature shutdown
of two engines on the second stage, and the failure of the third
stage engine to restart. Despite these difficulties, the Saturn
V placed the Apollo spacecraft into orbit around the earth. The
resolution of anomalies that occurred in Apollo 6 by a government
and industry task team under the direction of the Marshall Space
Flight Center is considered an outstanding technical achievement.
The POGO and fuel line rupture problems were resolved through an

extensive program of flight data analysis, mathematical modeling
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using computers, and ground testing, and the Saturn V launch
vehicle was determined to be ready for manned flight.

In the history of man, the flight of Apollo 8 will be
chronicled as the first time man ever escaped the bondage of his
planet, flew to another celestial body and orbited around it,
and safely returned to earth. On 21 December 1968, the first
manned Saturn V launch vehicle sent the Apollo crew of Astro-
nauts Borman, Lovell and Anders 1nto a completely successful ten
orbit mission around the moon. The lunar orbits at sixty nautical
miles provided future Apollo crews with valuable information on
lunar lighting, lunar features and landmarks, and confirmed man's
ability to acquire reference points for guidance purposes. The
mission tested the operation of the tracking and communication
systems at lunar distances, and provided valuable data on per-
turbations in lunar orbit that are thought to be the consequence
of concentrations of heavy metals beneath the lunar surface. The
incorporation of these perturbations into the calculations for
rendezvous and docking during later lunar missions will be of
great assistance 1n assuring the success of these maneuvers. The
flight was a demonstration of the capability of the spacecraft to
function and support man in the hostile environment of space
233,000 miles from the earth: of the accuracy of the guidance
and navigation systems; of its ability to maneuver and change
course* and of the heatshield’'s and spacecraft's structures
capacity to withstand the forces and heat at the high speed of
earth re-entry from lunar distances.

On Apollo 9, the fourth Saturn V launched an Apollo Command
and Service Module and Lunar Module 1into orbit around the earth to

perform the rendezvous and docking maneuvers that will be required

for a landing mission. For the first time, the Command and Service

Module docked with the Lunar Module, and two of the three Apollo
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crew members transferred to the Lunar Module. The reliability
and performance of this module was evaluated during these manned
simulations of lunar operations.

The following mission, Apollo 10, is planned as the last
major step before a manned lunar landing may be attempted. This
mission 1s to be an operational checkout of the complete Apollo
spacecraft in orbit around the moon, including rendezvous and
docking. The success of Apollo 9 and 10 will provide the ex-

perience to attempt the initial lunar landing.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970

Spacecraft . . . . . . . . . $1,034,700 $§ 902,800 §$ 653,800
Saturn V. . . . . ¢ . o s . . 853,965 534,453 496,700
Lunar Exploration. . . . . . - - 11,000
Operations . . . » . . . « . 545,765 546,400 489,600
Saturn IB. . . . . . . . . . 101,100 41,347 - -
Engine Development . . . . . 20,500 o -

Total « . - - - « . . - $2,556,030 $2,025,000 $1,651,100

WHY FUNDS REQUIRED:
Spacecraft ($653,800,000)

The Apollo spacecraft consists of three modules: the Com-
mand Module, the Service Module, and the Lunar Module. The
Command Module is a double-shelled, conical shaped spacecratt cc
taining systems for communications; environmental control; guid.:
and navigation, stabilization and control for inflight and re-e:
maneuvering: thermal protection agalnst the heat of re-entry; a
earth landing systems. Providing the living and crew station
quarters, it 1s the only hardware used during a mission that 1is
recovered. The Service Module is a cylindrical structure storir

most of the spacecraft consumables such as oxygen, hydrogen, anc
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propulsion fuels. The Service Module contains the main space-
craft propulsion system providing 20,500 pounds of thrust; the
reaction control system for secondary propulsion and maneuvering;
the electrical power system: and elements of the communication
and environmental control systems. The Lunar Module is a self-
contained vehicle consisting of a descent stage and an ascent
stage with a two-man cabin. The module serves as a base of
operations on the surface of the moon. Each stage 1s equipped
with 1ts own engine - the descent stage engilne provildes the de-
celerating force necessary for a soft landing; the ascent stage
engine launches the two astronauts up from the surface of the
moon to the orbiting Command and Service Module. Eleven Command
and Service Modules will be in various stages of production and
factory checkout during FY 1970.

During FY 1970, eleven Command and Service Modules and seven
Lunar Modules will be in various stages of production and check-
out., Funds will provide for spacecraft integration, checkout
and reliability, test operations, crew equipment, space suits,

logistics, instrumentation, and scientific equilpment.

Saturn V (5496 _ 700,000)

The Saturn V launch vehicle, this country'’'s most powerful
rocket . possesses nearly five times the thrust of the Saturn IB.
Comprised of three propulsion stages and an 1lnstrument unit, the
Saturn V can launch payloads of nearly 145 tons 1into low earth
orbit, or payloads of 50 tons to the moon. The project includes
fifteen flight vehicles for a planned series of unmanned qualifi-
cation flights, manned lunar landing simulations and manned lunar
landing. Manufacturing, systems installation, test and checkout
of the last seven vehicles will be underway in FY 1970. FY 1970

funds will provide a quick response capability for resolving any
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Saturn V problems encountered in the flight missions, and for
engineering support activity required for flight evaluation.

Five Saturn V launches are planned for the budget year.

Lunar Exploration ($11,000,000)

The activities and developments necessary to expand the
capabilities and usefulness of basic Apollo hardware to conduct
extended exploration of the moon are being studied intensively.
Man‘s capabilities to conduct such an exploration must be en-
hanced by extending his lunar staytime beyond the one-day cap-
ability i1n present Apollo hardware, and by expanding the radius
of exploration through the use of astronaut mobility aids and the
development of lunar traverse vehicles. FY 1970 funding will be
used for the definition of modifications to Apollo hardware, new

system requirements and experiments.

Operations ($489,600,000)

Operations consists of crew training, launch, flight and
recovery, and the program wide technical and Department of De-
fense support required for manned space flights. Included in the
Apollo portion of operations 1is funding of the basic capabillity to
conduct manned flight together with activities necessary for
specific Apollo missions. The associated operations project 1in-
cluded in Space Flight Operations funds only those efforts unique
to that program.

The two principal centers for launch, flight control and
recovery activities are the Kennedy Space Center, Florida and the
Manned Spacecraft Center, Texas. The Kennedy Space Center 1is
responsible for checkout of both the launch vehicles and the space-
craft:; maintenance and operation of the launch facilities; final

integration and integrated checkout of the space vehicle which



includes the launch vehicle payload; the operation and coordina-
tion of supporting facilities, ground support equipment and
logistics support: and the conducting of the launch. The Manned
Spacecraft Center (MSC) in Houston is the headquarters for all
crew, flight, and recovery operations. The astronauts are
based at this Center along with most of their essential training
equipment. Also at MSC is the Mission Control Center with its
highly sophisticated computer complex and extensive communications
links to the tracking network and other worldwide data sources.
Technical operations provide the systems engineering needed
for the integrated technical support, review, and analysis of
the entire Apollo program:; the supporting development necessary
for product improvement: for the contractor administration, audit,
and property administration services provided by the Department
of Defense on a reimbursable basis: and for the nonrecurring
maintenance and rehabilitation of government owned industrial
plants. In FY 1970 systems engineering services provide func-
tional and performance standards for Apollo developed hardware;
technical integration and evaluation; technical documentation;
and overall trajectory analysis. Funding for supporting develop-
ment will concentrate on engineering efforts to improve Manned
Space Flight hardware. The nature of these efforts vary widely,
extending from alternative subsystems to new subsystems to new
material fabrication and testing. Effort in FY 1970 will be
devoted to those promlising areas highlighted in previous work

wilth new tasks focusing on applied systems development.



OFFICE OF MANNED SPACE FLIGHT
SPACE FLIGHT OPERATTIONS PROGRAM

The Space Flight Operations program is directed toward 1in-
creasing the scientific. technical, and economic return on this
nation's investment 1n technology; launch, production, and opera-
tions facilities: the scientific. engineering and management skills
and expertise; operational technigues: and hardware equipment de-
veloped 1in the Geminli and Apollo programs. The present focus for
the Space Flight Operations program 1s the development and opera-
tion of a manned space station that can be launched in the mid-
1970's.

Initial Space Flight Operations willl be conducted in Apollo
Applications, which is built on the strong base of flight experience,
ground facilities, and tralned manpower developed in the Apollo
program. Apollo Applications employs the Saturn I Workshop, the
Apollo Telescope Mount, and basic space vehicle hardware developed
and procured in Apollo. This basic hardware is being modified to
meet the unique requirements of the Apollo Applications missions
and Lo capitalize on the Apollo developed capabillity by accomplish-
ing a limited but carefully selected spectrum of scientific,
technological and medical 1nvestiligations. The project 1s a pro-
gressive step toward the establishment of a long-term space flight
operations capability i1n the Space Station, and furnishes informa-
tion which will be used to reach sound decisions on the content
and configuration of our future operations in the space environ-

ment.



RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Apollo applications . . . . . $253,200 $150. 000 $308,800
Space station . . . e a0 s -—— —-——— 9,000
Operations... « + <« + o o« « = —— ——— 36,300
Total program plan . . $253,200 $150 000 $354,100

Application of funds reserved from apportionment
pursuant to the Revenue and Expenditure Control

Act of 1968 . . - ¢ . .+ o s o« = e v e e e e s -117,473
Budget authority requested. . . . . . .+ « . .« o $236 627

WHY FUNDS REQUIRED:
Apollo Applications ($308,800.000)

Apollo Applications consists of three basic missions and
relies primarily on hardware developed and produced for the Apollo
program. They are:

1. Obtaining information on how best to sustain or improve
the effectiveness of man 1n space in terms of biomedical considera-
tions, living conditions, mobility, and work station designs.

2. Effecting long duration operations Since the quantity
of data return and other accomplishments is generally directly
proportional to the duration of the flight, the value and economy
of each mission can be greatly enhanced by increasing the amount
of time that can be devoted to productive activities.

3. Conducting scientific technical, and applications tasks
with the purpose of assessing, experimenting with, and increasing
man’s capabilities for performing these tasks; as well as the
acquisition of useful data and results.

4. Providing information to support the effort in develop-

ing the long duration Space Station of the mid-1970"'s.
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The Saturn T Workshop mission planned for flight in 1971
requires the launch of two Saturn IB vehicles to establish and
begin operation of a large volume workshop in earth orbit. An
unmanned flight, consisting of a Saturn IB with an Airlock Module,
and a Docking Adapter, will be launched first. A second Saturn
IB launch, occurring approximately one day later, will be manned
and will rendezvous with the S-IVB stage of the first flight.

The experiments planned on this mission are chiefly devoted to
determining and evaluating task performance of men 1n space over
extended periods of time, and 1nclude habitability experiments,
medical evaluations of the effect of long duration space flight
on the crew, engineering experiments and various technology and
scientific experiments, including earth science observations.

The Workshop revisit mission uses a single Saturn IB launch
of a three-man Command and Service Module to rendezvous and dock
with the Workshop stored 1in orbit at the completion of the pre-
vious mission. This mission is the first flight test of the
concept of reusing a habitable space structure after a period
of several months of untended operation 1in orbit. Its planned
duration of 56 days 1s the next step 1n the progressive extension
of mission length to systematically test and evaluate the ability
of both man and equipment to function effectively for long periods
of time 1in spacsa,

The third mission, planned for early 1972, uses the Workshop
as a base of operations for a manned solar observatory. A Saturn
IB will launch a three-man Apollo Command and Service Module con-
figured for a 56-day mission. After the Command and Service
Module rendezvous and docks with the Workshop, the crew enters
and reactivates the Workshop and prepares for the operational
phase of the mission. Later, a second Saturn IB launches the

unmanned Apollo Telescope Mount (ATM) which will rendezvous and
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dock with the Workshop. The ATM incorporates high resolution solar
telescopes and spectrographs for observing dynamic phenomena on
the surface and in the corona of the sun.

Backup hardware will be provided for both the Workshop
(with Docking Adapter and Airlock) and the Apollo Telescope Mount,
including a second set of experiments for the Workshop and Solar
Astronomy missions.

Funding in FY 1970 will cover storage and mainhtenance costs
required for the Saturn IB’s provided by Apollo and for continuing
production effort on vehicles #213 and #214: detailled englneering,
fabrication, and certification testing of modified spacecraft
subsystems to qualify them for long duration missions; and start
of assembly of flight spacecraft. FY 1970 funds will also be
used 1in extensive development and qualification tests of com-
ponents and subsystems of the Saturn I Workshop; the Airlock
Module: Multiple Docking Adapter; and the ATM. Fabrication of
flight hardware will be initiated during the year.

Space Station ($9,000,000)

The Space Station system will consist of the station itself,
experiments, supporting modules and logistic systems for personnel
transfer and resupply. Based on the findings of completed ad-
vanced studies. a selection of detailed objectlives and program
constraints 1s being made and industry 1s being asked to prepare
preliminary designs of station and logistic systems configurations.
After completion of these contractual efforts, a comprehensive
in-house analytical review will be conducted, to refine concepts,
develop preliminary design specifications, defline support require-
ments, and assess preliminary manufacturing and test requirements,
Funds requested in 1970 are for continuling definitlon studiles,

preliminary engineering and necessary supporting work.
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Operations ($36,300,000)

Operations include efforts at the Kennedy Space Center and
the Manned Spacecraft Center that are directly involved with pre-
launch, launch, flight, crew, and recovery planning activities
and the technical operations needed for integrated technical
support, review, and analysis of the Apollo Applications missions.
FY 1970 funds are required for mission planning and analysis;
initiation of procurement for an ATM simulator; trainer modifica-
tions to Apollo Application configurations; maintenance of Saturn
IB launch capability including equipment and systems in storage,
by keeping it in a condition of good repair to permit reactiva-
tion to support Apollo Applications launches:; modification of
launch check-out equipment to accommodate Apollo Applications
unique hardware; test planning and procedures for check-out of
previously deactivated equipment and systems as well as Apollo
Applications unique hardware and documentation planning for re-

activation of launch complexes for Apollc Applications.



OFFICE OF MANNED SPACE FLIGHT
ADVANCED MISSIONS PROGRAM

The objectives of the Advanced Missions program are to
examine advanced manned space flight program concepts, including
logical extensions of the national space capability through analysis
of present hardware systems for growth potential; to develop re-
gquirements for future systems:; to provide guildance for research
and technology activities: and to provide technical information

and cost data upon which future program decisions can be based.

RESQURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Advanced missions studies . ., . $§ —-- $2,500 $2,500
Total $ —m $2,500 $2,500

—— e

WHY FUNDS REQUIRED:

Advanced Missions Studies ($2,500,000)

Advanced studies provide for future manned space flight
program planning. The studies utilize the capabilities of in-
dustry to perform conceptual designs and provide technical trade-
off data to supplement i1n-house activities. During FY 1969,
emphasis 1s being placed on support cf the Space Station defini-
tion effort.

FY 1970 funding will be used as follows:

a. Rescue and Escape - Studlies will be undertaﬁen to examine
and identify methods and systems for astronaut escape and rescue
on lunar orbit and lunar surface missions. Conceptual design of

manned and unmanned earth based rescue systems will be studied for
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low earth and geosynchronous orbit missions. The impact of the
projected use of such systems on the design and operation of
Space Stations and lunar surface shelfters and vehicles will be
assessed.

b. Advanced Lunar Studies - Studies will be conducted on
advanced studies which have the potential for ut:ilization in the
latter half of the 1970°s. The studies will be concerned with
spacecraft systems reguired to transport personnel and cargo to
the mcoon and systems to provide shelter and support for explora-
tion activities. System synthesis studlies will provide planning
data applicable to development of an early lunar station using
Apolio system derivatives.

c. Advanced Space Station Studies - Advanced Space Station
studies will include 1dentification of advanced mission regulre-
ments and operational modes for a semlpermanent space station.
New modules required for second generation payloads and systems
required for missions in synchronous orbit will be examined.

The 1mplications of deep space missions for these modules and

systems may alsc be examined.
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OFFICE OF SPACE SCIENCE AND APPLICATIONS
PHYSICS AND ASTRONOMY PROGRAM

The Physics and Astronomy program 1s directed to increase
human knowledge of the earth's space environment, the sun, the
stars, and more distant celestial bodies. Research 1s being con-
ducted to 1nvestigate the earth's upper atmosphere and 1onosphere;
the magnetosphere and the interplanetary medium, the sun,6 the
stars, and galaxies:® cosmic dust:; cosmic rays and other physical
and astronomical phenomena found beyond the earth's atmosphere.

Techniques used to gather information on these phenomena
range from theoretical and laboratory research through aircraft,
balloon and sounding rocket flights to small Explorer spacecraft,
large automated orbiting observatories, and manned spacecraft.
Research groups involved in this program are located at NASA
field centers, other government laboratories, universities, and
industrial laboratories. Opportunities are also extended to
scientists 1n other nations to participate i1n the program through
flight experiments on NASA spacecraft and cooperative sounding

rocket and satellite projects.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970

Supporting research and techno-
logy/advanced studies . . . $22,904 $19,900 $19,600
Data analysis . . . - « « + 2,900 3,400 3,700
Sounding rockets . . . . . . 20,000 20.100 20,100
Solar observatories . . . . . 11,332 12,000 14,800
Astronomical observatories. . 44 768 36,900 28,600
Geophysical observatories . . 20,064 13,200 6,800
Explorers . . +« o « s s o . 17.532 19,616 26000
Total . . . . ~ + . - . $139.500 $125,116 $119 600
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WHY FUNDS REQUIRED:
Supporting Research and Technology/
Advanced Studies ($19,600.000)

This project provides for advanced technological development
of experiments and spacecraft components for future flight pro-
grams, the support of theoretical and laboratory research and
the conduct of scientific flight research using balloons and air-
craft. The program 1s carried out by universities, nonprofit and
industrial research centers. NASA centers and other Government

agenciles.

Data Analysis ($3,700,000)

This project exploits fthe data obtained from space scilence
experiments on NASA spacecraft. Reduced data records are for-
warded by each principal 1nvestigator to the National Space
Science Data Center (NSSDC) located at the Goddard Space Flight
Center. After processing and cataloging, the availability of the
data 1s made known to the world scientific community through
periodic announcements by the NSSDC.

The funding in FY 1970 provides for a continuation of the
data collection effort of the NSSDC. As the boldings i1mprove,
the usefulness of the NSSDC to the scientific community 1s being
reflected in an 'ncrease 1n the requests for data. The FY 1970
funding also provides for modest support of correlative studies
which uti1lize data from several separate 1nvestigations as well

as new apprcaches to the analysis of availlable data.

Sounding Rockets ($20,100,000)

Sounding rockets conduct sclentific studies at altitudes
betwe:n 80 and 1 000 miles. These rockets are relatively small,

inzxpensive vehicles capable of carrying a wide variety of in-
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strumentation to conduct studies in planetary atmospheres, 1ono-
spheric physics, energetic particles, astronomy, and solar physics.
Sounding rocket flights are extremely useful 1n developing 1n-
strumentation for lafter use on satellites. The usefulness of
sounding rockets for astronomical observations of the sun and
stars 1n the X-ray and ultraviolet regions of the spectrum have
been greatly increased by the development of accurate attitude
control systems capable of spatial pointing accuracies of one arc
second.

FY 1970 funds will continue the current sounding rocket program
of 100 to 125 flights per year. It is expected to utilize the
recent advancements 1n attitude control. together with additional
improvements 1n the altitude capability of the Aerobee series of
rockets, to provide for greater program emphasis 1n the astronomy

and solar physics disciplilnes.

Solar Observatories ($14.800,000)

The Orbiting Solar Observatory (0SO) 1s a spin-stabilized
satellite designed to continuously point at the sun and scan the
celestial sphere., Observations of solar and astronomical events
are recorded and transmitted to ground based statlions for analysis
and dissemination i1n appropriate scientific publications by the
Praincipal Investigators.

In FY 1970, funds will provide for continued analysis and
publication of scientific results based on data obtained from
0S0-1IV-. orbital operation and data analysis of 0SO-F: completing
ground testing for launch preparations and in:itial data analysis
for 0S0-G; design, developmsnt, and :nitial manufacture of space-
craft and experiment i1nstrument components on 0SO-H: and initial

develcpment on 2SO0-1, J. K,



Astronomical Observatories ($28 600 000)

The Orbiting Astronomical Observatory (OAO) project is de-
signed to develop and use an accurately stabilized automated
space observatory system for telescopic observations of celestial
objects in the electromagnetic spectral range from the X-ray
region through the ultraviolet into the visible region. The
early experiments in the OAO project will provide exploratory
sky mapping surveys in the ultraviolet, with later experiments
providing high resolution studies of faint objects.

FY 1970 funds will provide for completion of the OAO-B
observatory tests and prelaunch operations, as well as support
for launch, in-orbit operations, and processing and analysis of
data from the scientific experiment. Funds will also be used
on the OAO-C mission for qualification tests of the experiment;
acceptance tests of the flight experiment; modification, inte-
gration, and test of the spacecraft; and initiation of the

observatory tests.

Geophysical Observatories ($6,800,000)

The Orbiting Geophysical Observatory (0OGO) project has as
a primary objective the accomplishment of a coordinated series
of scientific studies of the earth's environment and the effect
of solar activity on that environment. Five observatories have
been launched at approximately one year intervals, starting with
OGO-I in 1964. These missions and the planned OGO-F mission
cover the period from minimum to maximum activity of the current
sunspot cycle, and provide for widely spaced measurements through-
out the earth's magnetosphere as well as the nearby interplanetary
medium.

FY 1970 funds provide for operational support for data

acquisition, and data analysis for OGO-IV, V, and F.
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Explorers ($26,000,000)

Explorers are small special purpose satellites designed and
instrumented to provide for specialized scientific investigations
and are flown in the unique orbits required for these i1nvestliga-
tions. The Explorer class spacecraft and their experiments are
developed by NASA installations, unilversilties, 1ndustry and co-
operating foreign countries. They are used for investigations
of the earth’'s atmosphere, lonosphere, and magnetosphere; explora-
tion of the magnetospheric boundary region and 1nterplanetary
space: and astronomical observations of the sun and other celestial
objects.

The early Explorer satellites have been responsible for many
of the discoveries made 1n the earth's environment during the
past decade.

FY 1970 funds provide for launching of the magnetospheric
boundary and interplanetary space explorer IMP-G; flight gquali-
fication and launch preparation of the Radlo Astronomy Explorer
RAE-B, a radiation belt study on the Small Scientific Satellite
8Ss-A, and five cooperative satellites: and continued develop-
ment of other approved Explorer missions.

In FY 1970 1t 1s planned to initiate Atmosphere Explorer
missions (C and D) which were deferred in FY 1969, These require
onboard propulsion needed to maintain the low orbital altitudes
necessary to i1nvestigate the lower boundary and energy balance
of the upper atmosphere on a global basis. Additilonal Small
Scientific Satellites, Small Astronomy Satellites, and inter-
agency and International Cooperative Satellites are also planned
to i1nvestigate phenomena discovered 1in the earth‘s environment
and to provide sky surveys 1n wave length regions not visible

from the ground.



OFFICE OF SPACE SCIENCE AND APPLICATIONS
LUNAR AND PLANETARY EXPLORATION PROGRAM

The objective of the Lunar and Planetary Exploration pro-
gram 1s the scientific exploration of our solar system utilizing
manned and automated spacecraft supported by earth-based research.
The current program places emphasis on planning the further ex-
ploration of the moon by manned systems and on the exploration
of the planets and the interplanetary medium using automated
spacecraft. Intermediate and long range objectives encompass a
broad exploration of the solar system and interplanetary space
through more comprehensive missions to the outer planets and to

the asteroids and comets. The ultimate achievement of these

objectives will provide data to better explain the origin, history,

and mechanisms of development of our solar system, thereby in-
creasing our understanding of the evolution of the earth and the
processes that control its environment.

The fundamental scientific objectives of the lunar explora-
tion program are to understand the moon's origin, evolutionary
history, relationship to the earth and the solar system, and
processes of formation. Projects now completed have advanced
considerably our knowledge of the moon and provided a wealth of
data which aided and will continue to aid 1n unraveling the
mysteries of our nearest neighbor. The Ranger project, the
first step 1n this effort, provided the first close up picture
of the moon‘’s surface through the thousands of lunar photographs
its spacecraft transmitted to earth. The subsequent Lunar Or-
biter project provided the large scale detailed photographs of
the moon required for the selection and certification of sites

for the Apollo manned lunar landing missions. The Surveyor
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project, by demonstrating the soft landing of a complex space-~
craft verified the ability of Apollo to land on the lunar sur-
face. 1In addition, Surveyor made valuable contributions to our
knowledge of the moon by taking hundreds of high resolution
photographs of the lunar terraln, measuring lunar surface bear-
ing strength and by making the first rudimentary chemical analysis
of lunar materials. The 1nitial phase of lunar exploration came
to a close with the successful completion of the Surveyor project.

The next phase of our exploration of the moon will be con-
ducted by men in the Apollo program currently approaching fruition.
The initial landings and the subsequent modifications to the
systems necessary for comprehensive exploration of the moon are
funded under the Manned Space Flight program. However, a manned
exploration of this scope requires a very solid foundation of
scientific research if 1t 1s to be an effective program. Funding
requested under the Supporting Research and Technology and Data
Analysis projects will provide the science planning which will
serve as the base for conducting meaningful exploratiocn of the
moon.

The planetary and interplanetary programs have experienced
a high d=gree of success beginning with the Mariner II flyby of
Venus and continuing wlith the most recent successful launching
of the Pioneer IX spacecraft into an orbit around the Sun. The
Mariner II mission in 1962, the first flyby mission to Venus,
provided new data on the magnetic and atmospheric characteristics
of the planet. The Mariner IV mission to Mars 1n 1965 provided
the first close up photography of the planet's cratered surface

and showed that 1ts atmospheric density was very low compared

to the earth. Mariner V, launched 1n June 1967, made more pre-
cise measurements of Venus' ionosphere, magnetosphere, and
atmosphere. Pioneer IX. launched 1n November 1968, 1s the
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latest in the current series of spacecraft designed to measure
the interplanetary medium. Earlier missions provided data en-
abling a better understanding of the mechanisms related to the
propagation through space of solar disturbances, the effect of
these disturbances on terrestrial phenomena, and the relation-
ship between solar activity and solar and cosmilcC rays.

The next phase of the Planetary program includes a series
of missions to Mars, Venus, and Mercury, and the firs+t mission
to the vicinity of Jupliter. Twe Mariner flyby missions to Mars
are scheduled for 1969 to be followed by twoc Mariner orbilters
in 1971, 1In 1973, a single Mariner spacecraft will be used to
study both Venus and Mercury. The Viking project . utilizing
the orbiter/lander team approach found so successful 1n explor-
ing the moon will be launched to Mars. This project, combining
a lander and a Mariner class orbiter, will be launched to Mars

by the Titan/Centaur launch vehicle in 1973. Pioneer E 1s

scheduled for launch in 1969 for further interplanetary studies.

Modification of the successful Pioneer spacecraft design will
permlt missions beyond Mars to the vicinity of Jupiter: Pioneer
F and G launches are scheduled for the 1972 and 1973 Jovian

opportunities.

RESQURCES REQUIRED:

{Thousands of Dollars)

1968 1969 _ 1970

Supporting research and tech-

nology/advarced studies - . $19.800 $20.600 524,600
Data analyst's . . . . . . . . 600 2.600 2.700
Pioneer . . = . C e e 6,000 5,000 18,200
Mariner-Mars 1969 . e . - 62 8570 27.200 4,900
Mariner-Mars 1971 . . S - 18,300 45,400
Mariner-Mercury 1973. . . . , - 3,000
vViking. . - . . . o~ . - 8.100 40 .000
Planetarv explorers . . . . - - 8,000
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{Thousands of Dollars)

1968 1969 1970

Advanced planetary missions
technology . . « - - - . . $12,000 —— -
SUrveyor + 2 .« a2 o .« - s o 33 .000 e —-——
Lunar orbiter. . . . . . . . 9.500 —— -
Mariner-Venus 1967 . . ., . . 3,400 o -
Voyager. . . . - -~ o « 2 - . 350 —— ——
Total $147,500 $81,800 $146,800

Supporting Research and Technology/
Advanced Studies ($24,600 000)

Supporting Research and Technology provides for support of
flight missions by conceiving and developlng sclence experiments
and engineering capabilities and by conducting studies that define
the objectives and requirements of various long range flight
mission possibilities. Data obtained from ground based activities
supported by this program are combined with flight results to
vield significant advancement 1n our knowledge of the moon and
solar system. The advanced technical development part of this
program is oriented toward i1nitiating technological development
of future subsystems, components, techniques and processes that
may have applicat:ion to long range spacecraft concepts and pro-
viding the laboratory research required to determine the feasi-
bility of alternative design concepts for future, more complex
missions to the planets. Areas of interest are new telecommuni-
cation and data automation techniques and concepts, and 1ncreased
reliability and lifetime of components. The advanced studies pro-
gram 1dentifies and evaluates long range potential missions 1n
terms of new information to be galned from the planets.

During FY 1970, effort in the lunar science area will largely



largely be devoted to 1ncreasing our scilentific knowledge of the
moon, continuing laboratory investigations and theoretical studies
related to the moon and drawing on data from ground based research
and from Ranger, Surveycr, Lunar Orbiter Apollo 8 and subsequent
Apollo missions. Research 1n the advanced technical development
program will concentrate in the areas of Jupiter flyby and Grand
Tour missions; provide more emphasis %o the critical technologilies
for Venus probes and buoyant Venus stations; and develop concepts

for an advanced Mars lander 1n the later 1970°s.

Data Analysis ($2,700,000)

The primary purpose of spacecraft missions to the moon or to
the planets 1s to conduct experimental 1nvestigations which will
advance our knowledge and understanding. Data are obtalned by

scientific instruments aboard the spacecraft and are transmitted

to earth for analysis by the scientists conducting the experiments.

The initial data reduction and analysis is funded by the flight
project as a part of 1ts project responsibilities. Very often
the time required to reduce and analyze the data, and to publish
the results, 1s longer than the period of support provided by the
project.

In 19706, the Lunar Data Analysis project will support con-
tinuing Lunar Orbiter photographic analysis. This analysis will
emphasilze geographical areas outside the Apollo landing zone,
primarily for scientific interest. The balance of the funds
requested will suppcort analysis of data obtained in early Apollo
lunar orbital and landing m:ssions. The purpose of these
analyses wi1ll also focus on potentlal Lunar Exploration mission
requirements. The Planetary Data Analysis project will centinue
to support the reduction of data from the Mariner IV, Mariner V,

and Pioneer missions;, and also from earth upper atmosphere ex-
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periments. It will provide the results for the use of the

scientific community in advancing the knowledge of mankind in

general.

Pioneer ($18,200,000)

The objectives of the Pioneer project are to provide for the
continuing investigation of the interplanetary medium and the
propagation of solar and galactic phenomena in this medium; and
to provide 1initial exploration of the remote regions of the solar
system 1n order to increase knowledge of the origin and evolu-
tion of the earth, sun. and planets, and the dynamic processes
that shape the terrestrial environment.

The current series of Pioneer spacecraft weight about 140
pounds each and are launched by the Thrust-Augmented Improved
Delta. The first three of these, Pioneers VI, VII, and VIII
were launched successfully in 1965, 1966, and 1967 respectively;
all three continue to operate successfully. Pioneer IX was
successfully launched on 8 November 1968. All spacecraft sub-
systems are performing normally, and all on-board scientific
instruments are transmitting valuable scientific information on
the interplanetary medium. Pioneer IX and Pioneer E, to be
launched 1in 1969, are essential elements of our network of deep
space "weather stations". The experiments for these Pioneers
are designed to measure the solar wind flow, magnetic fields,
and the electron density in space; and to observe the energy
spectra, fluxes, and direction of solar and galactic cosmic rays.
The opportunity to perform these experiments on widely separated
spacecraft 1n deep space 1is providing unique and valuable scientitf-
1c i1information about the sun and 1ts influence on the solar
system. The combination of measurements from the four widely

separated stations enable us to detect and estimate the paths
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of solar storms. This information helps forecasters to provide
advance warning of radiation dangers to spacecraft and of varia-
tions in the protective magnetic envelope of the earth which
affects the long range radio communication of the world.

In FY 1969, the development of Pioneer F and G was 1initiated
to be launched into trajectories permitting the exploration of
the environment of interplanetary space between one and five
Astronomical Units (AU) from the sun. including the asteroid belt
and the magnetosphere of Jupiter. (One AU 1s equal to the mean
earth-to-sun distance, 92,000,000 miles.) With this type of
trajectory, we should be able to study the hazardous region of
the asteroid belt and measure the gradient of the sun'‘s influence
on interplanetary space and the penetration of galactic cosmic
radiation into the solar system. While the spacecraft is 1n the
vicinity of Jupiter, instruments will measure the properties of
charged particles, magnetic fields, and radio frequency emissions.
Data from these measurements will be used to study the composi-
tion and dynamics of the atmosphere surrounding the planet and
1ts i1nteraction with the interplanetary medium. It will also be
used to analyze the thermal balance of Jupiter and the source of
energy which the planet seems to have. These missions will re-
quire modifications to the spacecraft to compensate for the
lessening of solar radiation as a power source and the more de-
manding communications and thermal conditions. New experiment
instrumentation will also be required to make measurements in
the asteroid belt and near Jupiter. Also 1n FY 1969, NASA
initiated, as part of the Pioneer project, a cooperative project
with West Germany, Helios, for measurements of the interplanetary
medium to within 0.3 AU of the sun.

FY 1970 funds will be used for design and development work

on the spacecraft and the selected experiments for Pioneer F and G.
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Operational support for the five active Pioneer spacecraft and
for data analysis will continue. U.S. experiments for Helios

will be selected and begun.
Mariner

The objective of the Mariner program 1s to conduct the
early exploration of the planets with automated spacecraft in
the medium weight class, about 1000 pounds. The Mariner space-
craft represents the tool in the Planetary program for remote
observations, from an attitude controlled spacecraft of the
other planets 1n the solar system. Mariner II flew by Venus
1in December 1962 to provide the first direct temperature and
magnetic field measurements from near the planet. This was
followed by the Mariner IV flight past Mars on 14 July 1965.
Mariner IV's primary objective was to conduct initial close
up scientific observations of Mars and its environment. The
objective was achieved and included pictures of the planet show-
ing a cratered surface similar to that of the moon. Although
close up pictures of Mars were the primary goal, valuable in-
formation on the planet‘s atmosphere and ionosphere was also
acquired. On 19 October 1967, Mariner V flew past Venus some
2,600 miles from the planet's surface and made measurements to
determine the properties of the Venusian atmosphere and the inter-
action between the planet and the interplanetary medium, 1mprov-
ing and significantly augmenting the data acquired five years
earlier by Mariner II. According to Mariner V, Venus 1s a hot
planet with a thick lower atmosphere ~ mostly carbon dioxide.
The heavy atmosphere 1s surrounded by a sphere of hydrogen
analogous to that of earth.

The next step 1n the scientific exploration of the planets

consists of two Mariner spacecraft to flyby Mars in early August
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1969 to provide data on the planet's physical, chemical, and
thermal properties. These spacecraft will be instrumented to
transmit more data from scientific instruments during this one
opportunity than has been transmitted by all previous planetary
missions combined. The scilence instruments consist of two tele-
vision cameras, an 1nfrared spectrometer, 1nfrared radiometer,
and an ultraviolet spectrometer. In addition to these flight
instruments, 1t 1s also planned to conduct a planetary occulta-
tion experiment making use of the spacecraft's radio egulipment,
and a celestial mechanics experiment using the tracking data.

The scientific 1nvestigation of Mars using orbiting space-
craft will begin in 1971. The Mars 1971 spacecraft, which will
use many of the proven subsystems of the Mariner IV and Mariner
1969 exploratory flyby missions, will begin detailed studies of
the atmosphere and environment of the planet, and provide a close
up look at large areas of the surface. This 1971 mission will
provide broad topographic and thermal coverage- seasonal varia-
tions 1n the atmosphere and on the surface; and other long-term
dynamic observations. Some of the scientific instruments for
the Mariner-Mars 1971 missions will be i1mproved versions of
those carried on the Mariner-Mars 1961 flyby. However, the
scientific data return will be 1ncreased significantly. This
increase 1n data return results from the spacecraft being in orbit
about the planet allowing multiple measurements and observations
over a period of several months. From orbit, it will observe
approximately 70% of the planet's surface including the wave of
darkening, cloud movements and any other dynamic and seasonal
changes in the planet's atmosphere or on the planet's surface.

A single modif:ed Mariner spacecraft will be used to study
both Venus and Mercury i1n 1973. Although the similarities be-

tween Mars, Venus, and Earth make the study of these planets
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1mportant to our knowledge of earth and its place in the solar
system, the knowledge of other planetary bodiles can also make a
significant contribution. In 1973, using the same rocket required
to go to Venus, a spacecraft can be accelerated by Venus' gravity
and orbital velocity so that the same spacecraft can also swing
by Mercury and begin the exploration of this, the closest planet
to the sun. The Mariner spacecraft. which will be launched by

an Atlas/Centaur. will return both ultraviolet and visual tele-
vision pictures, atmosphere and 1onosphere data. as well as
thermal maps from both Venus and Mercury. In addition, it will
monitor the space environment 1n the unexplored regions between
Venus and Mercury.

The funds requested for FY 1970 will support post-launch
operations for Mariner-Mars 1969 through encounter, and initial
analysis of scientific and engineering data. FY 1970 funds re-
quested for Mariner-Mars 1971 will be used to procure flight
hardware, and provide for tests of prototype subsystems, and
environmental systems tests of the prototype spacecraft. Fiscal
Year 1970 funds will also be used to prepare functional specifi-
cations for Mariner-Mercury 1973 spacecraft and to permit initial

flight hardware procurement activitilies.

Viking ($40,000 000)

The exploration of Mars 1nitiated 1n 1965 by the Mariner
series of spacecraft will be continued 1n 1973. While these
prior missions were to study the planet from orbital or flyby
distances, the 1973 mission will be the first opportunity to
obtain data from direct measurements 1n the Mars atmosphere and
on 1ts surface.

The objectives established for the Viking project are to

obtain. through the use of two lander/orbliter missions to Mars
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in 1973, scientific data which will significantly increase our
knowledge of the Mars atmosphere and surface with particular
emphasis on providing information relevant to life on the planet.
Entry objectives include measurements of atmospheric composition
and structure. Post-landing objectives are to visually charac-
terize the landing sites,6 search for organic compounds, and 1n-
vestigate the ability of the environment to support life.

Orbiter objectives are to study the dynamic characteristics of
the planet and its atmosphere from orbit, to provide pictures

of the landing area, and to relay data from the lander on the
Mars surface to earth. This teamwork between the orbiter and
lander should yield scientific results which would not be attain-
able for 1independent lander and orbiter missions.

The lander to be used for this mission will be a soft lander
similar to those used 1n the Surveyor project. Technology de-
veloped for Surveyor and the Apollo Lunar Module will be directly
applicable to the Viking lander. This lander will be mated with
a modified Mariner 1971 orbiter. which will have the capability
to insert the lander into orbit prior to landing. This will

permit orbital entry for the lander which has the advantage of

smaller surface dispersions for the lander, lower entry velocities,

and better control of entry angles,

FY 1970 funds will provide for the completion of functional
specifications, selection of prime contractor for the lander
system, 1nitiation of detailed system design for the lander and
orbiter, and will provide for continued development work on long
lead 1tems During FY 1970, the specific scientific ilnstruments
to be flown will be selected after the results of the Mariner
1969 mission are known and development work on these instruments

will begin.



Planetary Explorers ($8,000,000)

The Planetary Explorers are relatively small, low-cost,
spin-stabilized spacecraft designed for a Thor/Delta launch and
to orbit the near planets. The five-shot program includes
launches to Venus in 1972, 1973, and 1975 and to Mars in 1973
and 1975.

The Planetary Explorers will team with the larger Mariner
spacecraft to produce a highly efficient program to explore the
near planets, just as the most efficient program to explore the
earth and 1ts environment proved to be a mix of small Explorer
orbiters with larger satellites such as Nimbus and 0GO. As part
of its role on the team, the magnetically clean Planetary Ex-
plorers will make those sensitive readings of the particle and
field environments around Venus and Mars which are difficult to
make aboard the higher-powered Mariners with their strong in-
ternal magnetic fields. The Planetary Explorers will thus free
the Mariners to concentrate on conducting those high priority
experiments which require stable and precise pointing, high power,
and high data rate. Effort during Fiscal Year 1970 will include
completion of the detailed design. fabrication, and test of a

structural test model and a thermal control model.



OFFICE OF SPACE SCIENCE AND APPLICATIONS
BIOSCIENCE PROGRAM

The Bioscience program has three principal objectives:
(1) the attainment of a thorough understanding of the effects
of the space flight environment on terrestrial organisms; (2)
the search for extraterrestrial life, with the primary emphasis
directed initially to the moon and nearest planets; and (3)
prevention of the transfer of terrestrial organisms to the planets,
so that their scientific value for studying hypotheses on exist-

ence of extraterrestrial life will not be destroyed.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Supporting research and tech-
nology/advanced studies . . ., $10,122 $ 9,900 $11,400
Planetary gquarantine. . . . . - 1,678 1,300 3,000
Biosatellite. . . - - - - . - . 30,000 21,500 18,000
Total. « - » - »~ -~ « « - » $41,800 $32,700 $32,400

WHY FUNDS REQUIRED:

Supporting Research and Technology/
Advanced Studies ($11,400,000)

Research 1n environmental biology deals with the response
and interaction of living earth systems with the variables of
the space and planetary environments. Critical space environ-
mental factors, e.g., aitered gravity, are being studied to
determine the manner in which each of these individually or in
combination with others, influence normal function 1in biologic

systems removed from their normal earth habitat. Knowledge of
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this nature is required to establish expeditious and efficient
means for using a variety of living organisms to assist 1in the
biologic exploration of the unique space environment. The ground
based research carried out under Supporting Research and Technology
(SR&T) supports flight research on the Biosatellite and other
flight projects.

Behavioral biology seeks fundamental knowledge concerning
the behavior of organisms, their behavioral mechanisms of adapta-
tion to artificial and extraterrestrial environments, and determin-
ing the biologic bases of such behavior, thus providing a broader
understanding of the function of the total organism and its
environmental interactions. Both ground based and in-flight
studies are designed to investigate the effects of weightlessness
and other conditions peculiar to the space environment.

Emphasis is placed on intensive studies 1in four areas,
which appear to hold promise of the greatest return in terms of
basic scientific information and future applicability to space
research. These include: (1) effects of the space environment
on behavior; (2) experimental analysis of behavior; (3) neurological
and biochemical bases of behavior: and (4) biological information,
control, and communication systems.

The Physical Biology program involves ground based basic re-
search in bioinstrumentation, comparative physiology and bio-
physics. In comparative physiology, studies are being carried
out on the dynamics of physiological systems, special attention
is being paid various oscillatory activities in the thermoregula-
tory, cardiovascular, behavioral, and hormonal systems. While
the long-term goals of studying these phenomena have implications
for understanding of the mechanism of life processes and the
workings of entire physiological systems, a more direct goal for

space biology and medicine is in monitoring and evaluating the
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physical condition and well being of astronauts durlng space
flight missions.

The Exobiology research program has dual objectives of
understanding the controlling factors 1n the origin of life,
and determining the uniqueness of life on earth. The research
ranges from the analysis of fossil remains and simulation of
planetary atmospheres and other environmental extremes, to the
development of automated life detection equipment intended to
increase the reliability of the data by broadening the basis
for analysis of individual samples. In addition to the biological
interest in Mars, laboratory experiments now suggest that organic
synthesis may be occurring on Jupiter which has a primitive re-
ducing atmosphere. The development of prototype instrumentation
for exobiologic studies on the Martian surface is needed as a
precursor to flight instrument developed for an early Mars
lander. The life detection and organic analytical techniques
developed in various laboratories must now be converted into
flight instruments which in turn must be tested and integrated
into a suitable payload so as to achieve the scientific objec-
tives of the exobiology program. Such work must be done in FY
1969 and 1970 1n order to support Viking, a 1973 Mars lander,
and later missions. The development of this instrumentation 1s

considered to be the most important single 1tem in the Bio-

sclence Supporting Research and Technology project and 1s extremel.

critical to the Viking mission. The entire increase i1in the Bio-
science SR&T project has been requested for this purpose.

The Bioscience Communlcations project was established to
increase effective communication between NASA program sclentists
and administrators and scientists in universitiles, 1ndustry, and
other government agencies. Through support of ad hoc and i1nter-

disciplinary conferences, synposla, sclentific training programs,
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research literature and reports, and the Space Science Board

of the National Academy of Sclences, the project works toward
a more complete exchange of information and ideas within the

sclentific community-

Funding for advanced programs and technclcegy is used to de-
fine the requirements for future Biliosclence missions and to
develop specific mission plans based upon those requirements.

In cooperation with the other life science programs in OART
and OMSF, experiment priorities are established and specific

payloads recommended for the proposed missions.

Planetary Quarantine ($3,000,000)

Earlier Planetary Quarantine efforts were directed toward
reducing and assaying the bilologic contamination on spacecraft
and toward defining decontamination and sterilization procedures
needed to reduce that contam:ination to levels required to main-
tain the planets free of terrestrial life. Excellent results
have been achieved 1n limiting contamination 1n spacecraft
manufacture and assembly, More recently. studies have been
continuing to critically examine various factors, including
microbial resistance and survival characteristics, that suggest
modification i1n ster:lization methods and procedures, so that
planetary quarantine requirements will be achieved at less
cost along with greater ease and assurance. Of particular value
have been the results of studies of the probability of release
of organisms buried in the solids of the spacecraft and growth
of terrestrial micrec-organisms 1n severe environments as may be
encountered on Mars ard Venus.

The Planetary Quarantine activity 1s shown as a separate
line item because of its direct relationship to the planetary

flight program. Continuing efforts are being made, before
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initiation of space flights destined to land on the planets,
to assure adequate technology development in the solution of
the complex problems related to the planetary quarantine con-
straints. The funding increase requested 1s in direct support
of the Viking mission

Investigations in FY 1970 are directed towards further
simplifying the sterilization requlrements and in direct support

of planetary missions.

Biosatellite ($18,000,000)

The biological effects of the space flight environment are
being studied in the Biosatellite project. During flights of
Biosatellite I and II the engineering design and 1integrated
operation of the spacecraft systems were thoroughly checked out.

The Biosatellite II experiment results showed that there was
an interaction between radiation and weightlessness and other
factors encountered in space flight.

Biosatellite D, Primate Mission, is to be flown early in
1969 and will carry a primate and subject the animal to a long-
duration period of weightlessness {(up to 30 days) and through
extensive 1nstrumentation will determine the changes that occur
to his central nervous system and physiology The primate’s
brain waves will be recorded and analyzed as will 1ts cardio-
vascular system performance (through electrocardiograms), its
alertness, memory, and coordination through the use of a be-
havioral task performance panel. Also, through the use of a
unique automated and minlature wet-chemistry laboratory, measure-
ments of calcium and other urine constituents will be made to
determine the changes 1in body metabolism.

Funding for FY 1970 will provide for continued development

of the primate experiment, the analyses of the Biosatellite D
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flight results, the acceptance of the spacecraft,

tions for launch of Biosatellite F.

and prepara-



OFFICE OF SPACE SCIENCE AND APPLICATIONS
SPACE APPLICATIONS PROGRAM

The objectives of the Space Applications program are to:

(1) conduct a broad program of research and technical develop-
ment orlented toward the application of space techniques for
the benefit of mankind: (2) expand the knowledge of atmospheric
and space phenomena: (3) develop and test procedures, 1nstruments,
subsystems, spacecraft, and 1nterpretive techniques for the
various applications: (4) fulfill NASA's responsibilities under
the Communications Satellite Act of 1962; (5) develop and im-
plement for the Environmental Science Services Administration
(ESSA), Department of Commerce, the operational meteorological
satellite system; and (6) cooperate with the user government
agencies such as the Departments of Agriculture, Commerce, In-
terior, and Department of the Navy through the Earth Resources
Survey Program Review Committee to achieve the practical bene-
fits to mankind in earth resources.

Effort in the Space Applications program 1s directed to-
ward research, development, and flight test of experiments, sub-
systems, and spacecraft in the areas of applications technology,
communications, earth resources, geodesy, meteorology, and
navigation and 1includes dev=lopment of operational systems for
user agencles.

Through these efforts the knowledge and technology of space
are applied to the solution of the practical problems of man-
kind. Examples of these applications are: (1) 1mproved weather
forecastina through more knowledge and better understanding of
the Atmosphere and 1ts content and energy: (2) improvement of

communication techniques through understanding and expansion of
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the frequency spectrum, development of space antenna designs
and pointing accuracies, and increasing multi-access capabilities;
(3) increasing our knowledge of the size and shape of the earth
through the acquisition of global datum; and (4) better under-
standing and assessment of the factors affecting the agriculture
environment, water resources, and soil and terrailn conditions.

The Space Applications flight programs include Tiros, Nimbus,
Synchronous Meteorological, Applications Technology, Geodetic,
and Earth Resources Technology Satellites. Planned launches dur-
ing the FY 1970 period include ATS-E, Nimbus D, a number of
Meteorclogical Sounding Rockets, support to the Tiros Operational
Satellite System funded by ESSA, and support of launches for
the Intelsat III series for COMSAT. In FY 1970, effort will be
initiated on hardware procurement for two Earth Resources Tech-
nology Satellites (ERTS) planned for launch in 1971 and 1972
and on two Synchronous Meteorological Satellites (SMS) planned
for launch in 1971 and 1973.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Supporting research and tech-
nology/Advanced studies . . . $19,300 $19,600 S 22,400
TTROS/TOS 1mprovements. . . . . 9,100 5,800 5,200
Nimbus. . . . 33,700 31,800 29 200
Synchronous meteorologlcal
satellite . . . . o + + .+ . . —— -——— 3,600
Meteorological soundings. . . . 3,000 3,000 3,000
Cooperative applications
satellite . . W e e 100 100 100
Arplications technology
satellite . . « < . + . + . 25,600 24,700 44,200
Geodetic satellites . . . . . . 3,400 2,400 3,000
Earth resources survey. . . .« . 5,300 11,200 25,100
Aircraft program. . . . (5,300) (9,200) (11,000)
Earth resources technology
satellite . . . . . .+ - . (-=-) (2,000) (14,100)
Total. . . . . . . - . $99,500 $98,600 $135,800

o S Msiinch . iy Sl
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WHY FUNDS REQUIRED:

Supporting Research and Technology ($22,400,000)

The objectives of the supporting research and technology
are to conduct programmatic and project oriented technological
development, fundamental studies, component and subsystem de-
sign, materials i1mprovement research, and advanced mission
studiles to determine feasibility and conceptual characteristics.
The effort includes supporting activitiles in the applications
disciplines (applications technology, communications, earth re-
sources, geodesy, meteorology, and navigation) and a number of
interdisciplinary activities. FY 1970 funds are required to
maintain the current level of supporting research and technology
efforts 1n the separate applications disciplinary areas and to
place increased emphasis on certain technology areas, particularly
development of automatic data processing capabilities related

to earth resources survey.

TIROS/TOS Improvements ($5,200,000)

The objectives of this project are: (1) to provide re-
search and development toward advanced meteorological satellite
systems, particularly in support of the TIROS Operational System
(TOS) program: (2) to provide maximum interim operational data
for use in weather analysis and forecasting; (3) to measure
emitted infrared and reflected solar radiation in selected
spectral regions; and (4) to observe cloud cover and patterns,
and measure the earth atmosphere heat balance.

Nine TIROS resesarch and development spacecraft funded by
NASA and nine operational spacecraft funded by ESSA have been
successfully launched. Current development effort by NASA is

to complete the TIROS M spacecraft for launch in second quarter



of calendar year 1969. Under TOS Improvements, effort will be
continued in the development of advanced sensors and subsystems
such as high resolution radiometers and attitude determination
systems which will be incorporated into future operational
spacecraft. FY 1970 funds are required for post launch support
and data acquisition and handling for TIROS M, for continued
sensor and subsystems development for TOS Improvements and for
a systems definition study for a future spacecraft system

(TIROS N).

Nimbus ($29,200,000)

The objectives of this project are to develop a significantly
improved meteorological satellite to provide data for use by the
scientific community: to carry out flight tests to prove the appli-
cability of the instrumentation; to fulfill special data require-
ments of the atmospheric scilences research community which can be
provided unigquely by this instrumentation functioning as a space
meteorological observatory and to provide the basis for further
significant technological advances in meteorological satellites
for operational as well as scientific uses. These objectives
will be extended in the Nimbus E and F missions to develop an
applications observatory in polar orbit at low to medium altitude
that will flight test technology and experiments for meteorology
and other applications disciplines.

Seven spacecraft are in the series of which two have been
successfully launched: Nimbus I, 28 August 1964, and Nimbus II,
15 May 1966. A third spacecraft launch, 18 May 1968, was lost
due to launch vehicle failure. Immediately thereafter, action
was initiated to provide a replacement for this launch. This
mission, identical to the Nimbus B configuration, has been desig-

nated B2 and is scheduled to be launched in FY 1969, D in 1970,
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E in 1972, and F in 1973.

FY 1970 funds are required for continued data acquisition
and analysis of spacecraft in orbit:; to complete, test and launch
Nimbus D: and to continue the development of Nimbus E and F

spacecraft and selected experiments.

Synchronous Meteorological Satellite (SMS) ($3,600,000)

The objectives of the Synchronous Meteorological Satellite
(SMS) are to: (1) demonstrate a prototype operational SMS; (2)
permit continuous observation of major weather systems routinely,
thus enhancing the ability to predict and locate severe short-
lived storms:; (3) derive important wind field data over con-
siderably larger areas and 1in much less time than heretofore
possible: and (4) provide capability for rapid dissemination of
processed meteorological data to local meteorologists.

Feasibility and project definition studies were completed
in FY 1968. FY 1970 funds are required to undertake the design
and development of two SMS satellites capable of continuous
weather observations, analysis of cloud motions through observa-
tions that will permit derivation of important wind fields, and
for obtaining other significant meteorological data from syn-

chronous altitude.

Meteorological Soundings ($3,000,000)

The objectives of this project are to investigate the
structure and characteristics of the atmosphere through the use
of sounding rockets and to develop a small inexpensive meteoro-
logical sounding rocket system. Three areas of effort are in-
volved: (1) large research sounding rockets to explore the
characteristics and phenomena of the atmosphere between 30 and

about 100 km which is otherwise inaccessible; (2) the development



of an inexpensive operational meteorological sounding rocket
system capable of reliable launches amenable to the requirements
for range support, research, and network operations; (3) sound-
ing rocket field experiment support, which, through cooperation
with other countries, provides for the establishment of self-
sustaining capabilities for coordinated meteorological sounding
rocket launches from sites that will contribute mutually valuable
data. Approximately 50 large research rockets and about 125
small development rockets are launched each year. FY 1970 funds
are required to procure additional large research and small de-
velopmental rockets, flight test various payload experiments,
improve rocket performance and to continue field experiment pro-
jects with other cooperating countries to obtain additional

atmospheric research data.

Cooperative Applications Satellite ($100,000)

This cooperative project between the United States and France
in space meteorology consists of developing instrumented balloon
techniques to be utilized in conjunction with an earth orbiting
satellite for the purpose of obtaining the characteristics of air
masses, particularly in-site measurements of speed and wind
direction at various altitudes. The meteorological data obtained
will be used by U.S. and French scientists to assist 1n under-
standing the structure of the atmosphere and extended weather
forecasting capability. One spacecraft and one backup with in-
struments wi1ll be provided by France. The spacecraft will be
launched by NASA 1n 1970 to gather data from approximately 500
balloons, developed and launched by France 1in the Southern
Hemisphere. Satellite tracking and data acquisition, reduction
and analysis will be provided by France, after 1initial tracking

by NASA. The U.S. will provide the Scout launch vehicle, and
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backup if required. launch services, 1nitial satellite tracking,
and analysis, along with France, of the reduced data.

FY 1970 funds are required to continue technical support,
procure the Scout launch vehicles, and provide for launch and

post launch support.

Applications Technology Satellites ($44,200 000)

The overall objectives of this project are fto design, de-
velop, flight test and evaluate a variety of scientific and tech-
nological experiments in the space applications disciplines by
use of a series of spacecraft, most of which are launched into
synchronous orbit. Seven spacecraft are in the series of which
four have been launched to date one planned for medium altitude
and three for synchronous orbit. However, due to launch vehicle
anomalies, two planned orbits, medium altitude of ATS II and
synchronous orbit of ATS IV, were not achieved. Three additional
spacecraft are being developed for launch: ATS-E for launch 1in
Cy 1969, F in 1972, and G 1n 1974. ATS-E will flight test an
experimental three-axis gravity gradient stabilization system
for spacecraft 1in geostationary orbit, test a millimeter wave
experiment, and L-band communications experiment. and will measure
the environment of the geostationary orbit. ATS-F and G also
will be launched in synchronous orbit to flight test a space
erectable parabolic antenna, approximately 30 feet 1n diameter,
and capable of accurate pointing to about .1 degree of arc.

A number of additional scientific and technological experiments
will alsoe be fiight “=sted on these missions. Effort will also
continue 1n FY 197C to develop premising advanced experiments
which have been defined but have not been assigned to a specific
flight missicn.,

FY 1970 funds are requlired to complete development of the



]

ATS-E spacecraft and associlated experiments 1in preparation for
launch 1n the third quarter of CY 1969, to complete the space-
craft design for ATS-F&G, 1nitiate development of these space-
craft and selected experiments, and continue development of

advanced applications experiments.

Geodetic Satellites ($3,000,000)

The objectives of this project are to support the National
Geodetic Satellite Program (a joint NASA/DOD/DOC program under
NASA management) and to develop the application of geodetic
satellite techniques to solid-earth geophysics and oceanography.

Three geodetic satellites have been launched, PAGEOS I,

23 June 1966: GEOS I, 6 November 1965; and GEOS II, 11 January

1968. Data obtained from these launches are utilized 1in the
establishment of a unified worldwide geodetic datum. Effort will

be initiated in FY 1970 for an additional mission (GEOS-C) for
launch 1n late CY 1970, to obtain the additional data required

to meet the gravimetric objective of the National Geodetic Satellite
Program, and to demonstrate the feasibility of employing a geo-
detic satellite radar altimeter to measure the mean sea level of

tihe oceans. FY 1970 funds are required for continued data acqui-

sition and analysis, and for preparations for the GEOS-C mission.

Earth Resources Survey ($25,100,000)

The objectives of this project are to: (1) assess the
practical value of remote sensing of earth resources from space;
(2) compare the capabilities 1n earth resources data acquisition
of a space system versus ailrcraft; (3) determine whether, and in
what configuration, an operational space-assisted user-oriented
earth resources survey system should be pursued; (4) determine

which remote sensors are most effective for earth resources survey-



ing; (5) develop and 1mprove data handling procedures; and (6)
ensure full understanding of operational system requirements
and costs.

This project i1ncludes two activities 1n the earth resources
disciplines: (1) an aircraft flight program to develop and test
remote sensing techniques, sensors, and data handling systems at
altitudes from 500 feet to above 50,000 feet altitude; and (2)
to design, develop, launch, and evaluate two spacecraft carry-
ing earth resources experiments.

The objectives of the alrcraft program are to promote the
development, modification, calibration, and test of remote sensors
being planned for future space missions and to contribute to the
development of data handling and analysis techniques needed be-
fore earth resources space hardware becomes avallable. Three
aircraft are utilized in this activity, each equipped with a
variety of sensors and data handling subsystems to obtain earth
resources data. Aircraft flights are conducted over a number of
domestic and foreign test sites.

The objectives of the Earth Resources Technology Satellite
(ERTS) are to design develop, launch and test a series of space-
craft conducting a variety of experiments 1n the earth resources
disciplines.

Effort 1n the earth resources survey 1s coordinated with other
user agencies through the Earth Resources Survey Program Review
Commilttee which includes representatives from Departments of
Agricul'ure, Commerce, K Incterior. and Navy, and 1s chaired by NASA.

FY 1970 furds are reguired to continue aircraft operations,
sensor procurement, data processing. and to conduct about 50 flights
over 60 test sites and to initiate spacecraft and sensor hardware

development for two ERTS spacecraft.



OFFICE OF SPACE SCIENCE AND APPLICATIONS
LAUNCH VEHICLE PROCUREMENT PROGRAM

The objective of the Launch Vehicle Procurement program is
to provide launch vehicles and related services to support mission
requirements and to improve existing vehicles to support future
mission needs. Operational vehicles currently being procured
are: Scout, Delta, Thor Agena, and Centaur. In addition to
these vehicles, initial funding for the Titan III C is also in-
cluded in FY 1970. Integration of the Centaur stage with the

Titan booster is being initiated to support the Viking mission.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970

Supporting research and tech-
nology/advanced studies . . . $ 4,350 $ 4,000 $ 4,000
SCOUL + 5 v o0 e o o o o e e e 10,200 12,600 15,700
Delta . . . « o « o & & o« &+ « = 33,696 24,000 33,700
AGENA + v o v 0t 0 e e e e e 7,999 11,900 7,300
Centaur . . « - « « « » + « « . 68,305 47,700 57,600
Titan III C . ¢ & o o0 = « o o « — ——= 5,900
Totale « = & &+ 2 & o o - - $124,550 $100,200 $124,200

WHY FUNDS REQUIRED:

Supporting Research and Technology/
Advanced Studies ($4,000,000)

Under this project launch vehicle requirements to support
future missions are defined and new technology required for ad-
vanced missions is developed in a timely and orderly manner. In
FY 1968 and FY 1969 advanced studies efforts have been directed

toward the Centaur/Burner II integration, Saturn S-1IVB/Centaur
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integration, and solar-electric propulsion. In FY 1970 advanced
studies are planned in the areas of chemical and electric high-
energy upper stages. FY 1969 supporting research and technology
efforts are being conducted in five disciplines of launch vehicle
technology: Propulsion and energy conversion, guldance, control
and navigation, instruwentation and electronics, structures and
materials, and vehicle engineering. In FY 1970 efforts in these

areas will be continued.

Scout ($15,700,000)

Scout 1s the smallest launch vehicle in the NASA vehicle
family. It 1s capable of lifting small payloads into earth
orbit and performing small probe and reentry missions. FY 1970
funds for procurement of Scout vehicles will be utilized to pur-
chase vehicle hardware, production systems engineering and manage-
ment, vehicle checkout and launch services, maintenance and en-

gineering services and vehicle improvements.

Delta ($33,700,000)

The Delta vehicle 1s capable of lifting a wide variety of
medium-sized payloads 1nto earth orbit or launching smaller pay-
loads 1ntc deep space. It has launched more meteorological,
communications, and scilentific spacecraft than any other NASA
vehicle. Its ~<onf-.guration consists of a Thor booster, Delta

second stage, and a third stage as necessary to support given

missions. FY 1970 funds will be utilized to procure first and
second stage vehicles, launch services, and other supporting
services. In addition, funding will be necessary for vehicle

related engineering support and maintenance of ground support

equipment. Vehicle improvements will also be continued,



Agena ($7,300,000)

The Thor Agena launch vehicle is utilized for polar orbital
missions which exceed the capability of the Delta vehicle. The
Atlas Agena vehicle was phased out of NASA use during FY 1968.
During FY 1970 funds will be required to purchase Agena upper
stages and Thor boosters in addition to a variety of launch re-

lated activities.

Centaur ($57,600,000)

The Centaur is the largest vehicle system employed by NASA
exclusively for automated space missions. It consists of the
Atlas booster and the high energy Centaur upper stage. This
vehicle 1s uniquely qualified to launch high velocity deep
space and heavy earth orbital missions. During FY 1970 funds
will be utilized for procurement of vehicle hardware for the
Orbiting Astronomical Observatory, Mariner-Mars 1971, Pioneer,
Planetary Explorer, and Mariner-Mercury 1973 missions. In
addition, funds will be necessary for launch services and other
supporting activities, for continuation of the Centaur improve-

ment program, and for the Titan Centaur integration.

Titan III C ($5,900,000)

The Titan III C vehicle is capable of lifting heavy pay-
loads into earth orbit. It consists of two five-segment solid
stages and three liquid propellant stages. Titan III C will be
procured through the U.S. Air Force which has primary management
responsibility for this vehicle. During FY 1970 funds will be
needed to initiate procurement of vehicles and services for the

Applications Technology Satellite F and G missions.



OFFICE OF UNIVERSITY AFFAIRS
SUSTAINING UNIVERSITY PROGRAM

The University program 1includes support from many elements
of NASA. University investigators concelve and design the ma-
jority of NASA space science experiments., conduct extensive
supporting research, advise the agency of policy and technical
issues, and, 1in the process, train thousands of engineers,
scientists, and managers for the national aerospace program,
Through thelr participation. universities galn new knowledge
and experlence necessary to their own advancement and for the
development of responsive educational programs.

The Sustalning University program supports university train-
ing and research essential to the NASA effort which is outside
the responsibility of other NASA organizations. These grants
complement project research and field center activities but are
generally broader and longer range than project research. Multi-
disciplinary research and training actlivities are supported
which include the consideration of social and economic implica-
tions of scientific and technical advancement as well as those
which promote closer working relationships among universities,
industry, and NASA Centers. Graduate training, summer fellow-
ships, and research 1n areas where NASA has identified special
needs, such as management of technology and engineering systems
design, are supported under the Sustaining University program.

The program 15 designed to bring the universities into
closer partnership with NASA. Tt helps 1increase the nation's
technological resources by sharing with the universities the re-
sponsibility of determining. directing, and assessing research

and training pursuits. This support is largely managed by the



universities, and thereby provides the distinct benefit of
contributing to greater fiscal and academic strength in each
university. The program also has the effect of providing

greater geographic distribution of research support.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Research ., . . . . « « + - - . S 6,000 $5,000 $5,000
Administration and Management, 1,500 1,500 1,500
Engineering Systems Design . . 1,000 1,000 1,000
Special Training . - - . . . 1,500 _ 1,500 1,500
Total . . . . - + . - . - $10,000 $9.,000 $9,000

—

WHY FUNDS REQUIRED:

Research ($5_ 000.000)

The research element of the Sustaining University program
supports activities that are broader in scope and longer range
in nature than mission oriented project research. Multidisciplin-
ary approaches to research are stressed and participating uni-
versities are given extensive local control and flexibility to
assess and respond to broad Agency needs. The emphasis 1s on
multidisciplinary studies that include the social, economic,
and public policy aspects of scientific and technical develop-
ments. This program also complements NASA's project research
and supports activities that encourage the application of aero-
space research to the understanding and solution of contemporary
human problems.

With a budget of $5 million in FY 1970, the research element
of the Sustaining University program will support multidisciplin-
ary programs at 25 universities. A limited number of research
projects will be supported at developling institutions in coopera-

tion with NASA Centers.
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Administration and Management ($1 500,000)

The success of future complex technological efforts 1s be-
coming increasingly dependent on the education and training of
individuals with a much broader understanding of the management
process, as well as sclence and technology. This portion of the
program 1s almed at supporting those few universities that have
a responsibility for education 1n the fields of adminlistration
and management. Students and faculty associated with these
programs are encouraged to use the facilities and managerial
staff of NASA and similar organizations as a research labora-
tory to enable them to gain insight into the realistic problems
of public management., They are given access to data, systems,
and management experilences not usually available.

The $1.5 million i1n FY 1970 will be allocated to continue

support for research and training programs at ten universities.

Engineering Systems Design ($1,000,000)

The engineering systems design element brings together the
relevant englneering specialists at the doctorate level to create
a research team to undertake a major systems design problem, such
as a satellite communications system. The design apprcach uses
and promotes the most recent advances in both the engineering
and physical sc:ences and incorporates advanced informatlion and
systems theories as part of graduate tralning programs.

In FY 1970 a bwdget of $1 million will allow NASA to continue
the support of graduate students and supporting research in

englneering svstems design at five institutions.

Special Training ($1,500,000)

As aervospace manpower deficienciles are 1dentified, the

Sustalning Univers.ty program responds with special training
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activities to meet the new conditions and demands. A Summer
Faculty Fellowship Program is designed to help young faculty
members become familiar with the newest aerospace developments
in engineering and science. A faculty fellowship program in
systems engineering design brings young faculty members from
different engineering and scientific disciplines together to work
on space related problems requiring a team approach. Other
activities of a specialized nature include summer institutes for
upper division undergraduates to acquaint them with some of the
substantive problems of space science and engineering; and post-
M.D. training in aerospace medicine for a few selected medical
doctors.

In FY 1970, $1.5 million is requested for continuation of

these specialized training activities.



OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
BASIC RESEARCH PROGRAM

The Basic Research program supports fundamental research
in the physical and mathematical sciences. It is aimed at pro-
viding an understanding of the physical phenomena pertinent to
other NASA programs concerned with current and future aircraft
and space activitlies. Thils basic research 1s carried out prin-
cipally 1n NASA‘s Research and Space Flight Centers supplemented
by investigations at universities, 1ndustrial research labora-
tories, and other Government research centers. Fundamental under-
standing of physical phenomena in many fields of scilience is re-
quired to develop the technology for NASA‘s programs. Basic
research in NASA, therefore, must encompass a wide spectrum of
disciplines. It ranges from very fundamental studies into the
nature and properties of atoms and molecules to the more applied
research areas such as determining the best materials for the

supersonic transport airplane.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Supporting research and
technology + -« -~ « =~ - = « = $21 465 $21,000 $21,400
Total - « +« « & o + » - o $21,465 $21,000 $21,400

WHY FUNDS REQUTRED:

The Basic Research program is divided 1nto four broad
disciplines: Fluid Physics, Electrophysics, Materials, and
Applied Mathematics.

The Fluid Physics subprogram promotes basic research on aero-
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dynamic and gas dynamlc problems relevant to NASA objectives in
both aeronautics and space. During the past year the program

has been reoriented to emphasize aeronautics problems. In aero-
nautics, for example, preliminary results show promise for under-
standing and reducing sonic boom and noise. A program of re-
search on ailr pollution from aeronautics sources 1is beginning.
Entry research continues with studies primarily concerned with
experimental simulation and verification of theories regarding
high speed entry.

The objective of the electrophysics subprogram is to obtain
a better understanding of fundamental electron-atom-molecule be-
havior i1n an environment of acoustic, nuclear, electric, and
magnetic forces. The research results are directly relevant to
advancing communications technology, plasma propulsion technology,
and the technology associated with several advanced space power
supply systems.,

The materials subprogram covers a broad spectrum of activities
ranging from explorations of the behavior of materials in unusual
environments to very fundamental studies to define the relation-
ship between atomic and electronic structure of solids and their
physical and mechanical characteristics. Increased emphasis is
being placed on those programs which are especially applicable
to aeronautics. These 1nclude studies of ceramics and polymers
for advanced composites for ailrcraft structures and propulsion
systems. Long range studies to determine feasibility of process-
ing materials 1n space are a recent addition to the program.

The applied mathematics subprogram 1s aimed at producing the
new and 1mproved mathematical techniques required to solve aero-
nautics and space problems. The areas of 1nterest include the
mathematics to optimize the control of spacecraft and the mathe-

matics required for rendezvous and for precise re-entry.
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
SPACE VEHICLE SYSTEMS PROGRAM

The Space Vehicle Systems program 1s an applied research
and technology program dealing with entry vehicle and launch
vehicle aerothermodynamics. with launch vehicle and spacecraft
structures, with spacecraft environmental protection and control,
and with space vehicle design criteria. The objectives of the
program are to conduct research 1n laboratory facilities and by
selected flight experiments to: Provide baseline technological
information required for decisions relative to new space vehicle
mission undertakings; provide the advanced technology for the
conception and design of future manned and unmanned spacecraft
and for launch vehicles; and encourage and support technological
innovations in the approach to space vehicle design to permilt
new and useful accomplishments.

Although the principal focus for the advanced research and
technology efforts is NASA vehicles and missilons, the program
also recognizes and contributes to related DOD technology needs.

A new activity has been 1nitiated, providing a data bank for
the collection and dissemination of information on aerospace
safety and providing for research programs 1n selected areas of

aerospace safety.



RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Research and Technology:

Space vehicle aerothermo-

dynamicCs . . « o o - o o $11,815 S 9,605 $ 8,545
Space vehicle structures . . 9,779 8,771 8,980
Space environmental protec-

tion and control . . . . . 10,754 10,550 9,105
Space vehicle design

criteria . . . . o . o . - 1,752 1,774 1,570
Aerospace safety research. . ~—— - 1,800

Total., -~ . . . - - . « . $34,100 $31,700 $30,000

k- = = AL
WHY FUNDS REQUIRED:
Research and Technology ($8,545,000)

A primary objective of this ongoing research during FY 1970
is development of technology for manned orbital logistics vehicles
with the goals of 1mproved economy through land recovery and re-
use and improved operational flexibility through greater maneuver-
ability during reentry.

Research will continue also on a number of techniques for
terminal descent and landing of semiballistic types of space-
craft like Apollo. Of these, the gliding parawing offers promise
for early application, and an ongoing largescale flight program
will continue during FY 1970.

Another major objective 1s to develop technology for plane-
tary atmospheric probes and hard landers. Also, Parachute/
decelerator flight experiments will 1nvestigate deployment, per-
formance and reliability of planetary decelerator systems under
conditions representative of deployment in the atmosphere of Mars.

Scout-launched reentry technology experiments, which deal
with aerothermodynamic aspects of atmosphere entry flight, will

continue. A planetary atmosphere experiment will 1nvestigate a

- 89 -



technique to use speclal measurements of vehicle motions and
heating to determine the properties and composition of an un-
known planetary atmosphere. A heat transfer and boundary layer
transition experiment will measure heat transfer K map the transi-
tion region, and measure the acoustic environment.,

The cooperative NASA and USAF Lifting-Body Flight Research
program will continue to investigate piloting problems and fly-
ing and handling qualities of configurations representing advanc-
ed concepts of manned reentry vehicles. During FY 1970, the
HL-10 tests will move into the supersonic phase. The X-24A will
begin flight tests, and the M-2 will be modified and used as a
research tool for investigating advanced lateral control tech-
niques.

Major objectives of the space vehicle structure subprogram
relate to establishing new and improved concepts and developing
advanced analysis and test techniques to permit future vehicles
to achieve appropriate balance between performance, efficiency
and cost.

Emphasis will be given to structural concepts for manned
lunar exploration involving expandable shelters and airlocks for
near-term applications. Critical problems associated with or-
bital space station structures will be studied also.

Emphasis wi1ll be given to improving the effectiveness of
structural test programs of launch vehicles to reduce costs with-
out 1ncreasing the r sk of failure.

Unique structures are being studied to develop feasible con-
cepts for orbiting radio telescopes 1,000 meters 1n diameter to
operate at frequencies lower than 10 megahertz (MHz).

The importance of meteoroid protection increases as space
vehicles become larger and mission durations become longer. A

flight experiment to 1nvestigate the effectiveness of meteoroid
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bumpers will be undertaken to provide correlation with laboratory
investigations. Flight experiments to obtain additional data

on both the near-earth and 1interplanetary meteoroid environments
may be included on missions conducted for other purposes.

As more complex space missions are undertaken, the need for
active thermal control systems increases also. Emphasis will be
placed on development of techniques for more advanced and re-
liable temperature control of spacecraft.

Two "piggyback” experiments will be carried on the NASA
Orbiting Frog Otolith Experiment; one is to verify a new radia-
tion dosimetry technique, the other is to qualify in flight a
thin-film meteoroid velocity sensor.

The space vehicle design criterla subprogram develops,
documents, and publishes criteria, including models of the en-
vironments, that are applicable to the design of space vehicle
structures, propulsion systems, and guidance and control systems.
The FY 1970 funds will be used to contract for the services of
technical experts outside of the Federal Government who have

knowledge and experience 1n fields of current interest.

Aerospace Safety Research ($1,800,000)

The objective of this new activity 1s to insure that NASA
maintains and pursues an adequate research program to provide
information needed for safety. An Aerospace Safety Research and
Data Institute has been established at the Lewls Research Center
which functions as a central point within NASA for the gathering
of technical data and coordination and stimulation of an active
research program for 1ncreased safety of aerospace activities.
Preliminary activities relating to the establishment of the
Technical Data Bank and the survey and analysis of ongoing safety-

related research and development activities are underway.
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
ELECTRONICS SYSTEMS PROGRAM

The objective of the Electronics Systems program is to
1dentify and support endeavors fundamental to new and continued
progress 1in electronic technology. Component and system progress
in terms of performance, reliability, and cost provide the means
for timely and efficlent attainment of future national goals in
aeronautics and space. Research activities are performed both
in-house and under contract. In building a base of technology 1in
electronics, NASA has struck a balance between system oriented
efforts and efforts to develop new technology applicable to aero-
nautics and space operations. In addition to the accumulation
of fundamental knowledge which can be drawn from over the years,
this program includes critically needed technigques and components,
particularly those which will be pacing 1tems in future aero-
nautical and space developments: exploration of more than one
possible path to a desired goal; and configuration of selected
techniques and components 1nto systems in order to demonstrate
their technical feasibility, and collect data on thelir opera-

tional potential and cost effective application.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Supporting research and
technology . . +« -« « « . . - $37,557 $34,271 $35,000
Flight projects. . . . . - . . 500 500 - ==

Total - . -~ « - « « .« . . $38,057 $34,771 $35,000




WHY FUNDS REQUIRED:

Supporting Research and Technology ($35,000,000)

The requested FY 1970 funds are needed to support basic and
applied research and advanced technical development efforts in
the disciplines related to electronics and control. Avionic com-
ponents are an 1ntegral part of all automatic and semiautomatic
systems used 1n aircraft and manned and unmanned space vehicles.
Key systems and components such as communications, flight con-
trol, navigation and guidance, computation and data processing,

a myriad of sensors, reference and control systems, approach

and landing, surveillance and identification, and hazard avoidance
depend on electronic equipment. Specific objectives of the guid-
ance program are advanced precilsion inertial and electromagnetic
sensors and simplified techniques for navigation and guidance
applicable to supersonic aircraft and future space vehicles, In-
creased emphasis on V/STOL aircraft guidance, control and dis-
play systems will help realize the promise which V/STOL vehicles
have 1n relieving overloaded transportation systems in major
population centers. Advanced research in avionics offers sub-
stantial support to various aspects of alir traffic control such

as communications, navigation, surveillance, and hazard avoidance.
Research 1n communication at higher frequencies (centimeter to
millimeter wave lengths) 1is expected to result in higher informa-
tion transfer rates, smaller and lighter weight antennas, simpler
power generation equipment. Continued advancements in the tech-
nology of computing and data processing are required to keep pace
with the growing complexity, variety and volume of data attendant
to the experimental development and operation of advanced aero-
nautical and space vehicles: the end objective 1s to facilitate

the acquisition and extraction of useful information for human
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users. Instrumentation research will be continued to advance
measurement capabilities in the far ultraviolet and soft X-ray
regions. Development of instrumentation systems will be carried
on using laser technology for accurate measurement of gas para-
meters and flow field characteristics of test models at hyper-
sonic speeds. Research in solid state technology with emphasis
on integrated circuits in which many components are combined
into one functional assembly of minute weight and size for aero-
space application will be continued; integral to the program 1s
the search for materials and techniques to provide longer useful
lifetimes of components and a consequent reduction 1n cost of

both system and component testing.



OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
HUMAN FACTOR SYSTEMS PROGRAM

The objective of the Human Factor Systems program is to
provide the essential research data and the technology necessary
to ensure the safe and proper participation of man 1n advanced
aeronautical and space missions and to further the development
of the systems necessary to sustain him. The program elements
include: (1) Human Research and Performance, (2) Life Support
and Protective Systems, (3) Man-Systems Integration, and (4)
Advanced Concepts. The program efforts are concentrated on the
measurement of stress 1n man and animals under the unique environ-
mental factors of aeronautical and space missions, particularly
the relationships of stress to the operators® safety, performance,
and proper utilization. These measurements are made 1in controlled
simulation studies and validated by essential flight experiments.
The life support technology effort 1s concentrating on providing
advanced technology for efficient, reliable, and maintalnable
long duration subsystems. These are assembled into complete
environmental control systems and tested in long duration manned
space cabln simulator tests.

The work is accomplished through a multidisciplinary approach
which 1ncludes research in physiology, psychology, medicine,
biology, engineering, physics, chemistry, and electronics at NASA
Centers, Department of Defense aerospace medical laboratories,

other Government facilities, universities, and industry.



RESOURCES REQUIRED:

{(Thousands of Dollars)

1968 1969 1970
Supporting research and
technology . . . . - « . . $18,228 $17,910 $21,600
Biotechnology flight
projects . . .« 4 o s 4 4 . . 1,600 1,790 2,000
Total - « « » - « & - - = $19,828 $19,700 $23,600

—_— O

WHY FUNDS REQUIRED:
Supporting Research and Technology ($21,600,000)

This 1s an 1ntegrated program effort directed toward fulfill-
ment of the Human Factor Systems program objectives. In FY 1970,
emphasis will be given to investigations to define and understand
such phenomena as changes 1n man‘s cardiovascular function due
to prolonged exposure to zero gravity and other space flight
stressors, behavioral changes in small groups of men isolated
and confined for extended periods, the unique design features
necessary to ensure the highest reliability of life support and
protective systems, and the psychological and physiological
effects of aircraft noise, These and other problem areas require
research in cardiovascular, respilratory, and vestibular physiology:
1n bioinstrumentation, to measure the effects of stresses on man
and animals® 1n radiobiology, stress endocrinology, and micro-
biology: 1in water and waste management; 1n oxygen regeneration
and air pollution control; 1n space suits; 1n extravehicular
activities: in man-machine 1interactions, and 1n many more areas-
The work 1s directed toward defining and solving known and antici-

pated problems in future aeronautical and space operations.

Biotechnology Flight Projects ($2,000,000)

The small flight* experiments are designed to provide informa-

- 96 -



tion necessary to qualify man and his support equipment for extend-
ed space flight. In FY 1970, work will continue on experiments
which will examine the total physiological effects of prolonged
weightlessness (90 days or more) on a small primate; ascertain

the need of induced or artificial gravitational force in space
vehicles: and test life support and protective equipment designed
to function in zero gravity. The study to determine the character-
istics of an earth orbiting biotechnology laboratory will be con-
tinued and expanded. Further work will be done on preparing ex-
periments on vision in the lunar environment; these will include
investigations in color perception, contrast, and distance
judgments under conditions of no atmospheric scattering of light.

A Scout launch is scheduled for a vestibular experiment to study
the action in weightlessness of the basic cells in the frog's

balance mechanisms which is similar to that in man's inner ear.



OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
SPACE POWER AND ELECTRIC PROPULSION SYSTEMS PROGRAM

The primary objectives of the Space Power and Electric Pro-
pulsion program are to: (1) establish or advance the state-of-
the-art of a limited number of systems and components having the
greatest potential of satisfying estimated future mission require-
ments to the point where there is a high degree of confidence 1in
their ultimate successful development, and (2) effect a timely
and orderly introduction of the new or advanced technology emanat-
ing from the program.

Current estimates of potential future mission power system
requirements encompass a wide range of power, life and mission
environments. No one power system can meet these varied require-
ments. The space power program 1s aimed at providing the research
and technology necessary for the i1mprovement and/or development of
a limited number of solar, chemical and nuclear systems for anti-
cipated auxiliary power and electric propulsion mission requlre-
ments ranging from watts to kilowatts in the 1970's to megawatts
in the 1980°s.

The early application of solar powered electric thrusters
for spacecraft position control and for small, automated, inter-
planetary spacecraft continues to be a major goal of the electric
propulsion program. Th= experience to date from the ATS (Appli-
cations Technology Satellite) flight program, coupled with the
design and ground evaluation of typical thruster systems, con-
firms the.r potential advantages of spacecraft operational flex-
ibility and simplicity, increased payload or decreased trip time,
or reduced spacecraft weight. The proposed SERT II (Space Electric
Rocket Test) flight, the continuing ATS program, and the ground
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technology program are essential

application.

RESOURCES

steps toward the goal of early

Supporting research and
technology . . - . . o + ~ &

SNAP-8 technology. . - . - - .

Space electric rocket test
(SERT) . . + =« o « =+ + 5 = o

Total . . . 5 + « &+ « &

REQUIRED:
(Thousands of Dollars)
1968 1969 1970
$42 385 $40, 700 $39,400
(7.500)% (5.000)% (5.000) *
1,350 1,500 500
S43z735 $425200 $39I9OO

*Included 1in the Supporting Research and Technology.

WHY FUNDS REQUIRED:

Supporting Research and

Technology ($39,400,000)

The nuclear power system technology program 1s focused on

a limited number of energy conversion concepts to meet a broad

range of potential space power requirements that may grow from

watts to kilowatts

beyond.

1n the 1970's, to megawatts in the 1980°s and

This broad power range 1s being met by technical emphasis

on both static and dynamic conversion systems including thermo-

electric, Brayton. SNAP-8.

version Sys tems .

advanced Rankine,

and thermionic con-

The technoleogy underlying these systems is

difficult and long range requiring sustained effort to establish

englneering data on new materials,

systems under conditions of temperatures,

never before achieved

components, subsystems and

life and reliability

1n power systems.

Emphas.s 1in the FY 1970 solar power generation program will

be placed on obtaining improved understanding of the structural

dyramic characteristics of large area solar cell arrays.

addition,

technological advances

In

in the electromechanical drive



systems needed to turn the large solar cell arrays to track the
sun will be pushed. Methods for compact stowage during launch,
and reliable, automatic deployment once in space, will be pursued
for these high power solar cell arrays. Major advances 1n the
resistance of solar cells to degradation in the space environment
will be sought 1n FY 1970,

An urgent need exists 1n FY 1970 to advance the technology
required for distribution, regulation, and control of space
vehicle electrical power. The electrical components and circuits
needed to perform these critical functions continue to be 1in-
adequate. Deficienciles 1n these power processing equlpments have
been the cause of spacecraft faillures in recent years. Efforts
to advance this technology must be increased in FY 1970 1f re-
liable, long life power systems are to be possible i1n the future.

A major goal of the chemical power program in FY 1970 con-
tinues to be the development of nondestructive test methods that
would permit a determination of rechargeable battery life ex-
pectancy from tests performed for less than 1% of battery life,
The development of such a test program would contribute sub-
stantially to i1ncreased battery life and reliability. A second
major goal in FY 1970 1s the work to achieve 1mpact resistant,
heat sterilizeable batteries for use on planetary landing capsules.
Emphasis will turn toward larger batteriles for higher power and
toward remote activation to avoilid deterioration during the ex-
tended travel time requlired to reach the planets.

The electric thruster technology program continues to make
progress toward the goal of early mission application. During
FY 1969, such systems have seen their first NASA operational
flight i1n the Applicatiocas Techrnology Satellite (ATS) program
where accurate production of very low thrust for accomplishing

east-west stat'on keeping was the principal advantage sought and

- 100 ~



realized. During FY 1970 the electric propulsion program will
focus on the high, specific impulse ion thruster system with
electric thrust vectoring capability which shows to advantage in
long duration missions for both auxiliary and prime propulsion
applications. Work on the high temperature resistojet and the
use of biowastes as propellants from the life support system

for manned space stations will also continue.

The flight safety program provides coordination and direc-
tion for the NASA portion of the joint AEC/DoD/NASA reviews and
analyses of proposed missions utilizing nuclear space power
systems, provides guidelines for future mission applications,
develops specific design information in areas where NASA has
special competence, and the recovery of NASA launched space-

craft carrying nuclear materials, when feasible.

Space Electric Rocket Test (SERT) ($500,000)

The SERT flight program's overall objective 1s to provide
information on the operation of electric thruster systems in the
space environment. The SERT II orbital flight has as its primary
objective the verification of long term electron bombardment lon
englne performance in space. The spacecraft will also carry
experiments aimed at assessing possible electric propulsion
spacecraft interactions. SERT II 1is considered to be the next
major step 1in the development of electric propulsion for prime
propulsion of interplanetary spacecraft. The launch is scheduled
for CY 1969 using the Thorad Agena launch vehicle from the Western
Test Range. The FY 1970 funds are required for launch support

and data reduction.
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
NUCLEAR ROCKETS PROGRAM

The objective of the Nuclear Rockets program is to provide
'rocket propulsion systems for application to advanced orbital,
lunar and planetary missions. In carrying out this objective,
the AEC-NASA Space Nuclear Propulsion Office is conducting a
detailed program of system analysis, design, development and
testing to provide a 75,000 pound thrust NERVA engine capable
of performing advanced space missions. Engine development is
proceeding using the base of technology established through the
Phoebus and NERVA technology programs.

The Nuclear Rockets program activities to be conducted in
FY 1970 include, for NERVA development, the establishment of the
final engine design; the procurement, fabrication and testing
of component development hardware; and the initiation of procure-
ment of nozzle forgings and other long leadtime hardware for the
first development reactor and engine. In addition, the design
of Engine Test Stand No. 1 (ETS-1) modifications will be estab-
lished and a contract will be initiated for the fabrication of

the new exhaust duct for NERVA engine testing.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Supporting research and »
technology « « « « + « « o & $12,500 $ 6,000 $ 8,000
NERVA. &« & & o o' 6 o o o o + o 37,500 22,200 27,500
NRDS operations. « . .« « « .« . 4,000 3,800 1.000
Total « « « o o o o o o = $54,000 $32,000 $36,500
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WHY FUNDS REQUIRED:
Supporting Research and Technology ($8,000,000)

The supporting research and technology effort (SR&T) covers
a very broad spectrum of programs, most of which are of relatively
small dollar value. The general aims are: (1) to provide support
to the NERVA engine design and development program (2) to ex-
tend the technology for solid-core, nuclear rocket systems beyond
current performance levels; (3) to establish the technology base
required for nuclear stage development: and (4) to investigate

the feasibility of advanced propulsion concepts.

NERVA ($27,500,000)

The prime output of the Nuclear Rockets program will be a
nuclear engine, developed through Pre-Flight Rating Tests (PFRT),
having a specific impulse of approximately 825 seconds, and a
thrust of about 75,000 pounds (approximately 1500 megawatts of
reactor power). This engine will provide a major advance 1in
propulsion capability. A nuclear stage would be capable of per-
forming a wide variety of advanced space missions, beyond the
performance potential of chemical rocketry. It can greatly ex-
tend the usefulness of the Saturn V launch vehicle, can be used
effectively in Space Propulsion of rendezvoused payloads and as

an upper stage for low cost boosters.

NRDS Operations ($1,000,000)

The Nuclear Rocket Development Station is the national site
for the ground, static-testing of nuclear rocket reactors and
engines. Eventually, it will be used to test the propulsion
modules or rocket stages associated with flight development.

The funding in this area provides for NASA's share of the general

site operations, the major portion of which is supported by the AEC.
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY

CHEMICAL PROPULSION PROGRAM

The Chemical Propulsion program has the objective of pro-
,viding required technology to permit the straightforward develop-
ment of advanced chemical rocket systems necessary for the nation's
future space mission. Elements of this program are: (1) identi-
fication of future mission propulsion requirements; (2) research
into fundamental propulsion concepts to meet these requirements;

(3) study of principal design parameters; (4) investigation of

sound technical solutions to key design problems; (5) development
of experimental design, fabrication, and test techniques; (6)
demonstration of experimental engines and motors and, (7) evalua-

tion of concepts and verification of technical capability to
meet the mission requirements.

The development of advanced propulsion systems to meet
future space program needs for launch vehicles and spacecraft
requires a carefully planned technology base which should precede
the actual system development‘phase by many years.

Applied research and experimental work is directed toward
two primary types of propulsion: systems using liquid propellants
and motors which use solid propellants. Hybrid chemical pro-
pellant systems which use both liquid and solid propellants are
also included. Thrust levels range from millipounds to several
million pounds and applications range from small attitude stabili-
zation thrusters for spacecraft to very large motors for first
stages of future launch vehicles. This program is directed to
find solutions to these requirements which are reliable, economical
and expeditious.

. Propulsion processes, performance improvement, combustion

- 104 -



problems, engine design, engine materials, and fabrication
techniques are major categories of active research. In addi-
tion, propellant physical properties, and chemical reaction
phenomena, as they relate to advanced propulsion systems, are
explored and reported. The basic technological investigations
are supported by complementary system demonstration programs,
which have the purpose of establishing the validity of the ad-

vanced propulsion systems concepts generated by the program.

RESQURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970

Supporting research and
technology - =+ « » o =~ « - = $33,537 $28,900 $25,100
Large solid motor project. . . 3,500 —-—— ———
Total . . .+ & + + » &+ o . $37.037 $28,900 $25,100

- = i

WHY FUNDS REQUIRED:
Supporting Research and Technology ($25,100,000)

High performance liquid, solid, and hybrid propellants are
being examined for use in launching payloads at low cost and for
use 1n orbital, lunar, solar, and planetary space systems. High
performance propellants can be translated 1nto greater payload
capabilility or 1into carrying the necessary payload with a smaller
launch and space vehicle system. The work extends the use of
hydrogen fuel as a rocket propellant for space missions and 1is
examining the use of high density mild cryogenic oxidizers and
fuels for certain long duration in space missions. A strong
effort in simplified, relatively low-cost engine systems for
launch vehicle systems will be continued. New propulsion con-
cepts and advanced engine designs to improve the capabilities

for transporting and maneuvering payloads in the solar space en-~
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vironment are being explored.

Research on solid propellant motor systems includes non-
destructive testing techniques for inspection and qualification
of loaded motors, ignition, methods of combustion termination and
restart, and improved predictability of propellant burning rate.

Experimental engineering programs in liquid and solid pro-
pellant motors verify research design and data extrapolations by
demonstration tests of breadboard systems. Very often such tests
disclose new problems that require continued research effort.

The experience helps greatly in defining the appropriate design
criteria, cycle selection, and operating conditions for such new
equipment. The work involves the design, fabrication and test

of experimental components and systems to determine their practi-
cality, providing a sound basis for selection of advanced pro-
pulsion equipment. It furthermore provides a clear indication

of design and test methods that will reduce the cost of develop-
ment and production of these equipments. Fabrication process
specifications, development procedures, costs, schedules, facility
and special equipment requirements, can be assessed as a result

of such work.
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
AERONAUTICAL VEHICLES PROGRAM

The role of the Aeronautical Vehicles program 1s to provide
continued i1mprovements in the safety, efficiency and utility of
all classes of mi1litary and commerclal aircraft. Advanced data
for the design of new aircraft., technological advances needed
to develop safer and superior commercial aircraft, and leader-
ship 1n the generation of advanced alrcraft concepts are integral
parts of the program. Effort in the advanced research and tech-
nology disciplinary areas of aerodynamics, loads and structures,
propulsion, operating environment and flight dynamics; plus
proof-of-concept effort in the general aviation, V/STOL, sub-
sonic, supersonic and hypersonic alrcraft areas, 1s conducted
1in furtherance of the above objectives. Proof-of~concept activity
is system 1integration technology whereby full scale operating
systems are used to extend laboratory technology in system elements.
The programs 1n these areas encompass work in materials, noise
and sonic boom. operational aspects, propulsion system and air-
frame 1integration, and the relationships which exist between the

pllot and the total aircraft system.

RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970
Advanced research . . . . . . . S12 800 $16,891 $21,785
General avlation aircraft
technology. . - « + +~ + - 4 . 450 535 500
V/STOL aircraft techvology. . . 7,057 8,740 11,250
Subson:c aircraft technology. . 7,905 17,046 16,190
Supersonic aircratt technology. 24,050 21,893 20,900
Hypersonic aircraft technology. 14,538 9,795 8,275
Total. . S . - - . . $66,800 $74,900 $78,900
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Advanced Research ($21,785,000)

Advanced research in aircraft aerodynamics is a continuilng
investigation of airflows determining flight performance, sta-
bility, and control. The program in this area embraces the sub-
sonic, transonic, supersonic, and hypersonic flight regimes in-
volved in advanced aeronautical vehicles. Funds are required
for extensions of basic studies on the supercritical wing and 1its
adaption to transonic aircraft, development of theory and computer
programs for analyzing supersonic aircraft configurations with
respect to performance optimization and sonic boom minimization,
and application of fluid physics to the critical aerodynamic
problems of hypersonic cruise flight. Provision has been made
for upgrading of critical wind tunnel facilities as well as for
the operational support required to increase their effectiveness.

The underlying goal of the loads and structures program 1s
the achievement of lighter weight airframes which exhibit superior
reliability and safety. The program involves analytical and ex-
perimental studies of the structural environment and the structural
behavior and response to this environment, including the evaluation
of new concepts. Included are basic studies of the structural
response to gust loads, evaluation of gust alleviation systems,
buffeting and flutter, structural fatigue, the use of composite
materials to achieve lighter weight airframes, and the development
of improved stress analysis procedures.

The primary goals of the Advanced Research air breathing
propulsion program are to provide advanced technology through
analytical and experimental investigations of engine components
and propulsion concepts which either are not readily identified
with a specific flight spectrum or else identified over a broad

flight spectrum. Included are research studies of: Dbasic
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mechanism of fan and compressor noise generation and suppression,

jet exhaust noise suppression, development of engine noise pre-

~diction techniques, technological assessment of nuclear power

for aircraft use, and smoke suppression of jet engines. Basic
studies will be continued on advanced bearing and lubrication
systems, and on aircraft-propulsion system integration problems.

The research effort in the aircraft operating environment
program is aimed at solving general problems associated with the
runway and flight environments, flight safety, noise, flight in-
strumentation and sonic boom. It involves theoretical analyses
and laboratory and flight test experiments to validate current
engineering procedures and develop solutions to aircraft opera-
tional problems. The results provide the research for safer and
quieter aircraft operations and the basic environmental design
déta for application to specific classes of aircraft.

The flight dynamics research program is aimed at the deter-
mination of the dynamic interaction and the fundamental relation-
ships between the pilot and the cockpit displays, aircraft con-
trol system characteristics, aircraft flight response behavior
and the required flight path performance. It involves theoretical
analyses, ground based simulator studies and measurements in the
real flight environment to investigate basic handling qualities
factors. The program also includes studies of improved methods
for aircraft control and of improved test techniques, and re-

search to establish more realistic piloted flight simulators.

General Aviation Aircraft Technology (Ssoo;boo)

The general aviation industry continues to exhibit rapid
growth, especially in the area of the scheduled air taxi opera-
tion (so-called third level carrier, mini-airlines, etc.) where

the small airplane is providing air transportation links between
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small communities and major air terminals. In order to assure

a continuing increase in the level of operational safety and
utility, the NASA is conducting research to provide the necessary
technology base which the industry and FAA can use for constantly
improving these aircraft. The program encompasses aerodynamics,
structures, and flight dynamics technology which, coupled to the
effort in the operating environment area, is already beginning

to £ill the technology gaps in the general aviation area.

V/STOL Aircraft Technology ($11,250,000)

Technology effort will be increased both in the disciplinary
and proof-of-concept areas. Particular emphasis will be given
in continuing wind tunnel and analytical studies to providing
basic information to support the design of advanced lift-fan and
rotor V/STOL concepts. General flight research will utilize, for
example, the newly-acquired XC-142 tilt-wing and XV-5B lift-fan
vehicles. These studies will add to the limited information now
available, enabling the establishment of more reliable criteria
on which low speed control and handling qualities requirements
for future V/STOL aircraft designs will be based.

More specific, proof-of-concept type programs will be initiated
to evaluate 1n flight two concepts for providing significantly
improved short-take-off and landing aircraft: one for prop-driven
and one for jet-propelled transports. Similar programs will be
started leading to verification of two promising rotor concepts
aimed at improving the cruise performance and reducing the vibra-
tion of conventional helicopters.

Another program will be initiated to provide the XV-5B re-
search airplane with higher-performance lift-fans and an improved
control system enabling handling quality research over a broader

envelope of take-off and descent conditions more representative
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of future production V/STOL aircraft.

Subsonic Aircraft Technology ($16,190,000)

Technology work on subsonic aircraft is oriented toward
safety of flight, improvement of flight efficiency and the re-
duction of noise. In the disciplinary areas, aerodynamic tech-
nology will be conducted on advanced aircraft configurations
with particular emphasis on seeking favorable flow interactions
between airframes and high by-pass ratio turbofan engines.
Structures research applicable to subsonic commercial ailrcraft
will include studies of structural loads and environment, fatigue
and the development of improved crack detection techniques. Pro-
pulsion technology will seek to improve the efficiency, utility
and safety of present and advanced subsonic aircraft propulsion
system concepts and to provide supporting in-house technology
for the Quiet Engine Project. 1Included are analytical and ex-
perimental research studies of high performance, low noise fans,
compressors, combustors and turbines and studies of problems related
to the integration of the Quiet Engine with subsonic aircraft.
Flight dynamics research will be concentrated on investigation
ot handling qualities and operational techniques of subsonic jet
transports to provide a more rational foundation for certifica-
tion criteria, studies of pilot-managed automatic flight control
in terminal area operations, and tests of improved vertical situa-
tion displays for noise abatement steep approaches.

In FY 1969 a program was initiated to study supercritical
airfoils in flight through the modification of an F-8 aircraft
on loan from the Navy. In FY 1970 the modified aircraft will be
instrumented and flight tested.

In continuing to provide the full research and technology

support required by the Interagency Aircraft Noise Abatement Pro-
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gram, the NASA will conclude the nacelle fan noise minimization
program by conducting flight tests of choked inlet nacelles
(final configurations of acoustically treated nacelles will have
been completed in FY 1969) and fabricating and testing components

for the Quiet Engine project.

Supersonic Aircraft Technology ($20,900,000)

The supersonic aircraft technology effort is directed to-
ward advancing the state-of-the-art in the technical disciplines
specifically related to both civil and military supersonic air-
craft. Broad based technology programs have been generated aimed
at classes of problems whose results are applicable to these air-
plane requirements. Such a program 1s pointed necessarily at
new and advanced configurational development through removal of
state-of-the-art gaps that may restrict utilization of the super-
sonic flight regime.

By interagency agreement, NASA will continue to provide
technical support and assistance to the FAA in the evolution of
the U.S. prototype supersonic transport. Design problems arising
during the current development have indicated several areas
wherein i1mprovements can be achieved through the planned research
program. In addition, technology directed at advanced supersonic
transport configurations is a major element of the program.

NASA will continue to provide technical assistance to the
Navy and Air Force in the evolution of the proposed VFX, FX and
AMSA airplanes. Based upon presentations made by potential air-
frame and engine contractors, a NASA research program was formu-
lated to ger=rate solutions to potential technical problems.

This program involving a number of technical disciplines 1s be-
ing actively pursued.

Utilizing an F-111A aircraft, measurements of high-frequency
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inlet airflow oscillations are continuing. In addition, flight
tests of a boron composite horizontal tail and an investigation
of aerodynamic buffet will be made.

Performance and aerodynamic data obtained during flight
from a YF-12A airplane will be compared with information from
ground based facilities, 1n order to assess the validity of current

analytical and experimental procedures.

Hypersonic Aircraft Technology ($8.275,000)

At the present early stage 1n the development of hydrogen
fueled airbreathing hypersonic airplanes optimum configuration
concepts are not clearly defined. Parametric studies of complete
configuration designs are being performed in sufficient depth to
resolve this problem and evaluate realistic potentials for these
aircraft. In these studies, tradeoffs among the aerodynamic,
structural and propulsion disciplines will be evaluated from
flight-profile analyses.

As vehicle concepts are developed, experimental model studies
w1ll continue to be made over the required operating speed randge.
The general performance level of hypersonic propulsion systems,
ut1l1zing subsonic and/or supersonic combustion, and their effect
on the performance of hypersonic aircraft, 1s to be determined.

To obtain satisfactorv aerodynamic characteristics, tests of
configuration modifications will be conducted. Various structural
concepts that offer the least welight and thermal protection
systems will be Investigated.

The hypersonic research englne proof-of-concept program,
initiated 1n FY 1965. continues to furnish design information for
hypersonic propulsion systems. A boilerplate engine, which will
incorporate the most advanced aerothermodynamic technology develop-
ed during the program, will be tested at the Lewls Research Center's

Plum Brook Facility.
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QFFICE OF TRACKING AND DATA ACQUISITION
TRACKING AND DATA ACQUISITION PROGRAM

The purpose of this program is to provide responsive and
efficient tracking and data acquisition support to meet the re-
quirements of all NASA flight projects. 1In addition, support
is provided, as mutually agreed, for projects of the Department
of Defense, other Government agencies, and other countries and
international organizations engaged in space research endeavors.

Support is provided for manned and unmanned flights; for
spacecraft, sounding rockets, and research aircraft; for earth
orbital and suborbital missions; for lunar and planetary missions;
and for space probes.

Types of support provided include: (a) tracking to deter-
mine the position and trajectory of vehicles in space, (b)
acquisition of scientific data from onboard experiments, (c)
acquisition of engineering data on the performance of spacecraft
and launch vehicle systems, (d) transmission of commands from
ground stations to spacecraft, (e) communication with astronauts
and acquisition of medical data on their physical condition, (£)
communication of information between various ground facilities
and mission control centers, and (g) processing of data acquired
from the space vehicles. Such support is essential for achiev-
ing the scientific objec-ives of all flight missions, for executing
the critical decisions which must be made to assure the success

of these flight missions, and, in the case of manned missions, for

insuring the safety of the astronauts.
Tracking and data acquisition support 1s provided by a world-
wide network of NASA ground stations supplemented by appropriate

instrumentation ships, aircraft, and ground stations of the Depart-
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ment of I’atfense. These facilitles are interconnected by a net-
work of ground communication lines wundersea cables. high fre-
quency rad:o links, and communication satellite circults, which
provide the capability for instantaneous transmission of data
and critical commands betwesen spacecraft and the control centers
in the United States from which the tlights are directed. Fa-
cilities also are providad te process into meaningful form the
large amounts of dara which are collected from flight projects.
In addition, 1instrumentation faci!lities are provided for support
of sounding rocket launchings and flight testing of resesrch

airrcraft.

RESOURCES REQUIRED:

{Thousands of Dollars)

1968 1969 1270
Operations . . . . -~ ~ » . - - $211 483 $226,950 $239 400
Equipment. . . - . < o . .~ . 51 .567 41,222 46,100
Supporting research and
technology . . - .~ . .+ « . . 12,800 11 500 12,500
Total = . . « - .+« . . . . $275 850 $279 .672 5298,000

WHY FUUNDS REQUIRED:
Operations (5239 400,000)

Funds are requlred for the operat:on and maintenance of the
woridwide tracking and data ascquisition f£acilities A signifi-

cant portion of the increase from FY 1969 to FY 197G 1s attribut-
abble to the operation of ta- Manned Space Flight Netwcork 1n sup-
port of the Apollo proegram Relimbursement for an 1ncrease 10
services provided by DCD . ard provis:on of funds to cover a full
y2ar s cost of a limited s«cond shifr of personnel, contribute
1o tha ncrease 1n FY 197) tor the operation of this network.

In the Deep Space Network, additional enginsering effort is
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necessary as the network capability evolves from one of basically
lunar support to one of planetary support involving multiple
spacecraft. A small increase in Satellite Network operations is
required in FY 1970 to provide for the operation of selected con-
trol centers at Goddard Space Flight Center and for cost-of-living

additions.

Equipment ($46,100,000)

The tracking and data acquisition support requirements
placed on the networks establish needs for equipments which are
essential to provide the continual on-~going support for approved
and planned programs. Funds for equlpment are required to re-
place obsolete and wornout items, to modify existing systems to
maintain compatibility with changes in spacecraft instrumentation,
to increase the support utilization and efficiency of existing
systems, and to complete or provide new systems required to support
specific flight missions of approved and planned programs. 1In
FY 1970, emphasis will continue on sustaining the existing capa-
bility of the networks with only minor augmentations of equipment
to meet the requirements of new programs such as the Earth Re-

sources Technology Satellite (ERTS).

Supporting Research and Technology ($12,500,000)

Supporting Research and Technology is the activity whereby
concepts, techniques, and hardware are developed, tested, and
evaluated for use 1n the networks to meet support requirements
of new flight projects. In FY 1970, emphasis will continue on
assessing network responsiveness and operating techniques which
show promise of improving network effectiveness in terms of cost

and performance.
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OFFICE OF TECHNOLOGY UTILIZATION
TECHNOLOGY UTILIZATION PROGRAM

This program provides a necessary follow-on to all govern-
ment supported programs 1n line with the principle that tech-
niques and methods discovered and/cr developed with public sup-
port should be made available to the public expeditiously for
their benefit. Those techniques and methods which are of direct
benefi1t to the aeronautical and space communitles almost auto-
matically are put to use throughout that community. However,
there are 1nevitably discoveries and developments 1n any line
of research which are of potential benefit to users outside of
the developing community. It 1s the purpose of the program to
uncover such useful discoveries and provide a mechanism for
making them known and availlable to the general public. In addi-
tion, this program provides a similar service 1n connection wlth

management techniques for large, complex research and development

activities by giving wide dissemlination to new systems and concepts

in this area.

The primary objectives of the Technology Utailization program
are: (1) to i1ncrease the return on the national 1nvestment 1in
aerospace research and development by encouraging additional uses
of the knowledge gained in those programs: (2) to shorten the
time gap between the discovery of new knowledge and 1ts effectuive
use in the marketplace: (3) to aid the movement of new knowledge
across 1industry, disciplinary, and regional boundaries; (4) to
contribute to the knowledge of better means of transferring
technolcgy from 1ts points of origin to 1ts points of potential

use .
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RESOURCES REQUIRED:

(Thousands of Dollars)

1968 1969 1970

Identification and publication . $1,500 $1,600 $1,700
Evaluation . . . . « + <« + 2 . . 700 800 950
Dissemination. . . . - - - . . . 1,600 1,400 2,350
Analysis « « « o o s s 4 s a2 e o 200 — -
Total « « o & « & » - -~ » - 54,000 $3,800 $5,000

~— - == A

WHY FUNDS REQUIRED:
Identification and Publication ($1,700,000)

Technology Utilization Officers at NASA field installations
and specialists from universities, research institutes and pri-
vate industry search through selected areas of scientific and
technical endeavor, and identify and document those inventions,
innovations, improvements, and discoveries that have potential
utility to the nonaerospace sector of the economy. Continued
increased emphasis is placed on the identification and reporting

of new technology by NASA contractors.

Evaluation ($950,000)

Personnel at NASA installations and research institutes
evaluate the new technology so identified, determine its novelty,
significance and potential ncnaerospace industrial application
and utility and prepare reports which are published and made
available to the scientific, industrial and academlc communities.
In addition, NASA personnel and research institute personnel are
continually evaluating technology transfer mechanisms and feeding

the new knowledge back into the Technology Utilization program.

Dissemination ($2,350,000)

This program element is accomplished by the employment of

- 118 -



regional dissemination centers that store, retrieve and interpret,
the new technology developed by NASA for local i1ndustry. Bio-
medical application teams are also employed to asslist researchers
in defining and solving medical problems by adaptation of NASA
technology. In addition, Government developed computer software
is evaluated and disseminated to industry. Cooperative programs
are underway with several other agencies such as the Bureau of
Reclamation, Law Enforcement Assistance Administration, Social
Rehabilitation Service of HEW, Small Business Administration,
Atomic Energy Commission and others to disseminate applicable

new technology developed by NASA,
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